TETRAHEDRON

Pergamon

.
Metabolites From The Sponge Plakortis simplex.
n £

Determination of Absolute Stereochemisiry of Fiakortin.
Isolation and Stereostructure of Three Plakortin Related Compounds

Francesco Cafieri, Ernesto Fattorusso,* Orazio Taglialatela-Scafati

Dipartimento di Chimica delle Sostanze Naturali, via D. Montesano 49, I-80131 Napoli, Italy

Angela Ianaro

nartimento di Farmacologia Spcfi

i
Dipartimer

Abstract: The polyketides dihydroplakortin (3), and the dodecanoic acid derivatives 4 and 5, were
isolated from the Caribbean marine sponge Plakortis simplex, and their structures fully characterized
by spectioscopic and chemical means. The absoluie siereochemistries of the known piakoriin (1) and of
compounds 3-5 were determined by applying Mosher’s and Kusumi’s methods on opportune
degradation products. The isolated compounds exhibited cytotoxic activity tested in vitro on WEHI
164, murine fibrosarcoma cell line. © 1999 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

Sponges of the genus Plakortis are well known among marine chemists as prolific producers of
biologically active secondary metabolites. Apart from few classes of alkaloids, such as the pyrroloacridine
plakinidines' or the pyrrolidine containing plakoridines,”” almost all the isolated molecules are assumed to
derive from the polyketide pathway, and most of them contain stable cychc perox:des The first of these
group in a P. halicondricides.” Subsequen
include plakinic acids,”’ the strongly antifungal peroxyketals named peroxyplakoric acids,’ and the recently
reported activators of cardiac SR-Ca’* ATPase plakortones A-D.° In addition, an unusual furano o.pB-
unsaturated ester (2)*'° has also been described.

As a part of our screening for biologically active products from marine sources, we have recently begun
the chemical investigation of the sponge Plakortis simplex.'""? In this paper we report the isolation, structure
elucidation, and absolute stereochemistry of three bioactive polyketides from this organism, namely
dihydroplakortin (3), the a.B—unsaturated ester 4, and its 9,10-dihydro derivative S. Furthermore, the absolute

reochemistry of nlakortin (1) hag n determined.
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Although the isolated metabolites possess two different backbone frdl’IlCW()rkS, they appear losely
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related from a biogenetic point of view, ¢

common precursor.
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RESULTS AND DISCUSSION

A specimen of P. simplex (order Homosclerophorida, family Plakinidae) was collected by hand during an
expedition to the Caribbean Sea, and immediately frozen. After homogenization, the organism (57 g dry wt.)
was exhaustively extracted first with methanol and then with chloroform. The methanol extract was partitioned
between n-BuOH and water, and then the organic phase, combined with the CHClL extract, was subjected to

chromatography over a column packed with reversed phase silica gel (RP18) and eluted with a system of

solvents of decreasing polarity form H,O/MeOH 9:1 to H,O/MeOH 1:9. The less polar fractions were further
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analysis revealed that fractions eluted with n-hexane/EtOAc 9:1 and 8:2 were mainly composed of apolar
polyketides. Repeated HPLC purifications of these fractions allowed us to obtain plakortin (1), and the novel
metabolites dihydroplakortin (3), compounds 4 and § in a pure state, as colorless oils.

The major product, which amounted to more than 90% of the total yield of polyketide fraction, was
casily identified as the known plakortin (1) by comparison of its [at]p value and NMR data with those
previously reported.’

As stated above, plakortin (1) w

neverthelece thic molecule ite 3-enimer. and the free acid (named nlakortic acid) have heen isolated bv several
wevertneless, this moecuze, 1S >-epuner, and tne iree acid (hamegd plaxortic acia) have been 1s01aled dy several
rcanreh granine ac tha mniere hinantive matahalitae of many cnaciae of the gamee Dlalbasse 361315 110 wavar  in
researcn groups as tne major oivactive melaooutes o1 maiy SpecCics O inc genus riaxorhis nowWever, in
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, C-4,

C-6 and C-8 has never been defined. Only the relative stereochemistry of the peroxide ring is known, being

spite of the wide occurrence of plakortin, the absolute configuration of its four stereogenic centers C-

determined in the original work of Faulkner ef al.’ by a lanthanide-induced shift study.
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Scheme 1. a. KMnO4/NalO, in -BuOH. b. (S) or (R) PGME, benzotriazolyloxytri(pyrrolidinyl)
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N-methylmorpholine (4 eq.), in DMF. ¢. H; on 10% Pd d. (R) or (S) MTPA chloride in dry
pyridine.

Our strategy for the assignment of absolute stereochemistry of plakortin is based on application of the

Mosher’s modified method'® and of the recentl

. 7 .
! nodified y reported Kusumi’s method"” on opportune degradation
nrovhiicte (Serheme 1Y Owidative oleavags (K NN,/ aT). 1n r,‘ﬂnﬁ Y nf the Annhls et A9‘10 nf‘ n]alrnrﬁn {l\
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afforded the carboxylic acid 6 in high yield (80%). This was then analyzed with the chiral amide Kusumi
method,'” which is based on the reaction between a carboxylic acid and (5) and (R) phenylgiycine methyi ester
(PGME). The A8 (S-R) values obtained by analysis of 'H NMR spectra of the PGME amides 7 and 8 are
reported in Fig.1. As pointed out by Nagai and Kusumi in their original paper,’” the differences are not very
marked; however, they are completely consistent and indicate the R configuration at the C-8 of compound 6,
and thus of plakortin.
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Fig.1. Ad (5-R) values (in Hz) for PGME amide derivatives of compound 6

In order (0 determine the absolute stereochemistry of the peroxide ring, plakortin was initially reduced to
the acyclic diol 9 (H/10% Pd, on charcoal catalyst, 88% yield). 'H and ’C NMR resonances of compound 9
have been fully assigned by 2D methods (COSY, HMQC, HMBC) and are reported in the Experimental
Section. Treatment of two aliquots of 9 with (-) and (+) MTPA chloride in dry pyrxdme provided mono ester
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Therefore, on the basis of the already reported relative geometry, the absolute configuration of the C-4 (R)

and this allowed us to establish the absolute stereost
allowed us to estabd the apsolute stereost
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)gf‘L er wiih puuwrun, a uosezy related Lompounu was LSUldl(‘)U (J, [lljD +‘§3], dﬂ(l it was charact terized
as 9,10-dihydroplakortin taking into account the following evidence: i) the EIMS (40 eV) spectrum of 3
exhibited a molecular ion peak at m/z 314, two mass units higher than that of 1. This peak was very small due to
a facilc loss of the side chain and, accordingly, the base peak was detected at m/z 201 (M" - CsHi7). The
molecular formula CysH3404 of 3 has been confirmed by high resolution EIMS (found m/z 314.2474, calculated
m/z 324.2457). ii) The 'H NMR spectrum of 3 appeared almost identical to that of plakortin, the main
differences being confined to the lack of the two olefin proton signals, substituted by two overlapping methylene
signals between & 1.22 and 1.24, and to the consistent upfield shift of the H-11, H-8 and Hi-12 signals. The

.
structure of this novel metabolite was confirmed by 2D NMR spectroscopy and, in particular, COSY, HMQC,
and HINADRO b 1 i3 . -

and HMBC spectra were used to assign all the 'H and "C NMR resonances of 3 (Table 1).

Absolutie s[ereo(,neml.slry of Lompounu 3 I.’ldS D@Cﬂ reduuy defined [)y connection with the above
determined configuration of plakortin (Scheme 1). In particular, catalytic hydrogenation of dihydroplakortin
(H2/10% Pd, on charcoal catalyst) atforded compound 9 (identified by [o]p value, 'H and C NMR data), thus
indicating that the absolute configuration of the chiral centers of 3 must be assigned as that of the corresponding
carbons in plakortin (1).

Compound 4 was isolated as a colorless oil, [o]p + 20. The molecular formula C,sH300; was deduced by
high resolution EIMS (found m/z 294.2189, calculated m/z 214.2194) and it was in accordance with NMR

of the four degrees of unsaturation us formula were attributed to a B OXy- OL.B—

v 1) (w LN L I 1

unsaturated ester group by analysis of the FT-IR (KBr) spectrum, which showed absorption bands at Vi 1720
. £

0 oo ctinoalite ume canfirmed hy o .
v Ciil . 108 PIESEince of such function ahty was confirmed b_y CNMR lcsonances O
-~

2 (8 86.5), and C-3 (8 160.5), which are similar to those already reported for compound 2.*

The '"H NMR spectrum of 4 contained a methyl ester signal at 8 3.66, a singlet at 8 4.71, due to the proton
attached to C-2, a methyl singlet at & 1.30, two olefinic multiplets centered at 8 5.11 and 5.38, respectively, and
a series of signals between 8 0.8 and 3.0, which the 2D NMR COSY and HOHAHA spectra allowed us to assign
to two distinct spin systems. All the proton resonances observed in the '"H NMR spectrum were unambiguously
associated with the relevant carbon signals in the “C NMR spectrum using a 2D HMQC experiment (assignment
shown in Table 1). A -CH,CH-CH,CH; moiety was deduced for the first spin system, and, in particular, its
ested by the key HMBC cross peaks (7 and

I) of both H,-5 and H-4 with a quaternary oxygen-bearing carbon at 8 90.3 (C-6) and with the cnolic carbon at

d 160.5 (C-3), belonging to the o.,-unsaturated ester.
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Tabie i. "H and “C NMR Spectrai Data of Dihydroplakortin (3), Compounds 4 and 5 (in CDCly).

ey sl -
Pos. 3 4 3
OC, mult. S6H,muli., JinHz &8C, muli. 8H,muit., JinHz &C, muit. 8H, muii., / in Hz
1 170.9, C 166.7, C 166.7, C
2a 31.2,CH, 3.01,dd,159,97 865, CH 4.71,s 866, CH 470 ¢
b 2.38,dd, 159,35
3 789, CH 4.51.m 160.5, C 161.2,C
4 348, CH 220, m 450,CH 291, m 452, CH 294, m
Sa 35.1,CH, 145,dd,13.5,48 415 CH, 1.97,dd, 124,83 41.6,CH; 2.00,dd, 12.5, 8.0
b 1.30, dd, 13.5,9.0 1.43,dd, 12.4, 2.0 1.51,dd, 12.5,2.5
6 80.6, C 50.3,C 96.1,C
Ta 452, CH, 1.37° 473 CH, 199 dd,11.8 59 462, CH, 1.68,dd, 13.8, 5.1
b 1.33* 1.69,dd, 11.8,9.9 1.46*
8 30.1,CH 147,m 420,CH 200, m 30.8,CH 1.47°
9 342, CH, 1.22° 134.0,CH 5.11,dd, 15.3,9.7 34.1, CH, 1.23°
10 29.5,CH, 1.23° 132.5,CH 5.38,dt, 15.3, 6.9 294, CH, 1.24°
11 227,CH;, 1.27° 25.3,CH; 202, m 22.5,CH, 1.28
12 13.2,CH; 0.89,¢, 6.9 14.3,CH; 0.96,t, 7.6 13.0,CH; 0.89,1,7.3
13a 27.0,CH, 1.35° 29.6,CH, 1.48 m 26.8, CH, 1.36"
b 1.28° 122, m 1.45°
14 10.1,CH: 0.83,1,6.9 12.0,CH; 0.84,1,7.6 109, CH; 0.87,t,7.3
15a 21.5,CH; 1.38,s 22.5,CH; 1.30,s 22.3,CHs: 1.32,s
b
16a 25.0,CH, 1.21° . 255,CH, 1.77,m 25.6,CH, 1.78, m
b 1.13,dq, i3.9, 6.9 1.33, m 1.36°
17a 10,8, CH; 0.92,1,6.9 11.8, CH; 0.93,1,7.6 11.8, CH; 0.95,1,7.3
b
18 52.0,CH; 3.70.s 50.5, CHs 3.66,s 50.5, CH: 3.65, s

a. Overlapped with other signals.

In addition, the HMBC correlation peaks of C-3 with H,-16 and of C-5 with Hi-15 further confirmed the
0 d 1

proposed C-1 to C-6 substructure, which must possess ethyl and methyl ramifications at C-4 and C-6,
roceneotively The ramatning fraamant nf A wag ancily nccionad haranca ite Y NIMD yahiae anmanrad vasy cimilar
thopbiivivly. 10U Ivdkalitiig HApiiviil U1 5 wad Ladsiy ddd1glivl Utl-audt 1y L1 IVVIR Valuwd appraltd vy silliual
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spectrum of 4. The E geometry of the A™" double bond was inferred by H-9/H-10 coupling constant (J = 15.3

Hz). Once again the HMBC spectrum was used to confirm the connection of this side chain with the furano ring;
diagnostic cross-peaks were detected between H;-7 and C-6 and C-15 and between H-8 and C-6. Based on these
data, the gross structure of compound 4 was assigned as the methyl ester of 3,6-¢poxy-4,8-diethyl-6-methyl-2,9-
dodecadienoic acid.

The ROESY spectrum of 4 showed correlation peaks indicating the spatial proximity of H-4 with H-5a

and Hs-15, which allowed us to infer the relative stereochemistry around the tetrahydrofurano ring. In addition,

D i
CC 2-
»upling of H-2 with H-4 and H,- 16, was indicative of the Z configuration of the A% double bond.
Withh tha oerroe cteantizeas ~F At Avre lhande thhn fAllasxriemer tnols sirne ¢t notahlich 110 ahonliita
¥V iLil  uic 5 U3d dtiuctiul Ul = l.ll VUL UAlIUD, L1IC IUUUWUIS LAdDA W LU OOlauintl iy auvduiuie
I'nd I h

stereochemistry. The strategy used is summarized in Scheme 2. Treatment of 4 with osmium tetroxide/sodium
periodate produced the oxidative cleavage of the two double bonds affording the lactone 12, which contains an
aldehyde function. Compound 12 was initially oxidized to the corresponding carboxylic acid, but,
unfortunately, in this case, application of the above used Kusumi method furnished very small 'H NMR



7050 F. Cafieri et al. / Tetrahedron 55 (1999) 7045-7056

differences between the two diastereomeric amides, which were judged not sufficient to unambiguously deduce
the stercochemistry.

In order to apply a recently proposed MTPA method"’'*"? for the assignment of absolute stereochemistry
at C-2 of primary B-substitited alcohols, compound 12 was reduced to the corresponding alcohol 13 by
reaction with sodium borohydride in MeOH. Compound 13 was so treated with (-) and (+) MTPA chloride in
dry pyridine, and afforded quantitatively the esters 14 and 185, respectively. Comparison of the C-7 methylene
proton chemical shifts in the '"H NMR spectra of 14 (5 4.23 and 4.21) and 15 (8 4.35 and 4.13), according to
the reported models, suggested R configuration at C-6 of 13, corresponding to C-8 of compound 4

The absolute confisuration of the two remainine asvmmetric centers of comnound 4 was assigned on the

2 L83 RERRip~ SRLAGaaniy Gy IlLILA R L2 crs 2 LR wv Feb -4 LH] L

hasis of the properties of the product obtained by reduction of lactone 13 with LiAlH,. Taking into account the
above determined stereochemistry of C-8 and the reported relative geometiry around the t“ti""‘xymmm Ano Ting,
one of the two triois 16 and 17 could be produced (Scheme 2). Triol 17, possessing a Cs symmeiry, is an
optically inactive meso form, while triol 16 is a chiral molecule. Therefore only measurement of the [o]p value
and cxamination of 'H NMR spectrum were needed for the assignment of their structures. Considering that the
molecule obtained by reduction of lactone 13 showed [a» + 15 and a quite complex 'H NMR spectrum, both
indicative of chirality, it must possess structure 16. Consequently, we assign to compound 4 the 4R,6§

configuration.
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The gross structure of the last metabolite, methyl-3,6-epoxy-4,8-diethyl-6-methyl-2-dodecenoate (S,
colorless oil, [ajp +3), was determined using arguments which parallel those above empioyed for

dihydroplakortin. In particular, the molecular formula, established as CisH3,O3 by high resolution EIMS, is two
mass units higher than that of 4. Moreover, both '"H and *C NMR spectra of 5, lacking the two olefin
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ha” Ag

resonances, substituted by signals in the alkyl region, were in perieci agreement with the structure of a
hydrogenated derivative of compound 4. Full assignment of the 'H and ?C NMR resonances of 5 was
achieved by 2D NMR spectroscopy and is reported in Table 1. The relative stereochemistry around the
tetrahydrofurano ring has been deduced by the strong correlation peak of H-4 with H;-15 evident in the
ROESY spectrum. Furthermore, as in 4, coupling of H-2 with H-4 and H,-16 was indicative of the Z
configuration of the A>* double bond.

Unfortunately, the very small amount obtained for 5 prevented us from determining its absolute

L¢

configuration. We confidently propose the stereochemistry reported in the figure, by assuming that compound 5

Scheme 3. This mechanism parallels that recently hypothesized by Faulkner er al.”®

compound 2. Probably, in a quite similar manner the novel compound 4 could derive from plakortin (1). Our

for the biosynthetic origin of

hypothesis appears strengthened by the absolute stercochemistries found for 1 and 4.
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Scheme 3. Proposed enzymatic mechanism for the biosynthesis of compound § from dihydroplakortin

Some cyclic peroxides of plakortin’® and of chondrillin® families have been investigated for
pharmacological activities and a general trend seems to emerge. Most cycloperoxide acids have exhibited
antifungal®®* and/or antibacterial**® activities which disappear®”” when the acids are converted to the
totoxic cycloperoxi s

We evaluated plakortin (1) and its 9,10—dihydr0 derivative (3) for cytotoxic activity against WEHI 164,
murine fibrosarcoma cell line, at 72 h. Plakortin is cytotoxic with ICso of 7.0 pug/mL, whereas, interestingly, its
hydrogenated analogue is much less active (ICsp > 20 pg/mL).

Not much is known about the pharmacological activity of metabolites belonging to the structural class of
compound 2. Recently Faulkner er al.”® have reported that two furans very strictly related to 2 were active
against the proliferation of Leishmania mexicana promastigotes, whereas no data were available about their
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EXPERIMENTAL SECTION

General Methods. Optical rotations were measured in CHCl; on a Perkin-Elmer 192 polarimeter equipped with
a sodium lamp (A = 589 nm) and a 10-cm microcell. IR (KBr) spectra were recorded on a Bruker model IFS-
48 spectrophotometer. UV spectra were obtained in CH;CN using a Beckman DU70 spectrophotometer. Low
and high resolution EI mass spectra (70 or 40 eV) were performed on a VG Prospec (FISONS) mass
spectrometer. 'H (500 MHz) and *C (125 MHz) NMR spectra were determined on a Bruker AMX-500
spectrometer; chemical shifts are referenced to the residual solvent signal (CDCl: 8y = 7.26, 8¢ = 77.0).

Homonuclear 'H connectivities were determined by using COSY

sonnectivities were determined with HMQC

s VY avas

P

order to suppress signals originating from protons not directly bound to °C (mtcrpuLsc dclay set for ey = 130
Hz). During the auquxsmon time, °C broad band decoupling was performed using the GARP scquem,c Two
and three bond '"H-">C connectivities were determined by HMBC experiments optimized for a 2] of 8.5 Hz.
Medium-pressure liquid chromatographies (MPLC) were performed using a Biichi 861 apparatus with RP18
and SiO; (230-400 mesh) stationary phases. High performance liquid chromatography (HPLC) separations
were achieved on a Beckman apparatus equipped with RI detector and LUNA Si60 (250 x 4 mm) columns.
Solvents were provided by Carlo Erba; reagents by Sigma

Collection, extraction and purification. A specimen of Plakortis simplex as collected in Summer 1992 along
the coasts of Little San Salvador Island, and identified by Prof. M. Pansini (T

=
Q
[¢]
=
[
<
5
-
>

\ voucher

N . . . o
specimen has been deposited at the Istituto di Zoologia, Universita di Genova, Italy with the ref. n° 2006. The

1 - A Y, # . Frae ~osTlamtbinm amd Laiat Focioman 2iandi] oo B P Y 4 | A
organism was immediately frozen after collection and kept frozen until extraction, when the sponge (57 g, dry

weight after extraction) was homogenized and extracted with methanol (4 x 500 mL) and with chloroform (4 x
500 mL). The methanol extract was initially partitioned between H,O and n-BuOH and then the organic phases
were combined and concentrated in vacuo affording 29.3 g of a brown-colored viscous oil. This was subjected
Lo chromatography on a column packed with RP18 silica gel and eluted with a system of solvents of decreasing
polarity from MeOH/H,0 1:9 to 9:1. Fractions eluted with MeOH/H,O 8:2 and 9:1 were combined (13.3 g)
and further chromatographed by MPLC (SiO, 230-400 mesh; solvent gradient system of increasing polarity
from n-hexane to MeOH). Fractions eluted with n-hexane/EtOAc 9:1 and 8:2 were separately

dihydroplakortin (3, 3.5 mg), cumpﬂund 4 (3.0 mg), and compaund 5 (0.8 mg) in a pure state.
Oxidative cleavage of Plakortin. To a solution of plakortin (20 mg) in 10 mL of -BuOH were added 4 mL of
(.04 M Na,CO; and 22 mL of an aqueous solution (.023 M in KMnQO,4 and 0.09 M in NalQ,. The reaction was

allowed to proceed at 37 °C for 20 h with stirring. After acidification with 5 N H,SO,, the solution was
decolorized with a saturated solution of oxalic acid and extracted with dicthyl cther (30 mL, twice). Combined
organic phases were dried over Na,SOy, filtered and then concentrated in vacuo. The obtained fraction
appeared exclusively composed by compound 6 (15 mg, 80% yield), pure by TLC, MS and NMR.

Compound 6. Amorphous solid. [ot],”> +141 (¢ = 0.009 in CHCL). mp. 127-129 °C. IR (KBr) Vpax 2868, 1745,
1690, 1477, 1444, 1394 cm™. '"H NMR (CDCL): 8 4.50 (H-3, m), 3.70 (Hs-15, s) 3.01 (H-2b, dd, J = 15.9, 9.7
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1", 201 (M* — side chain: CioH1704), 1
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(Hs-14, 1, /= 7.6 Hz). EIMS (40 eV) m/z 302 (

- side chain: C/Hy1Oy). HREIMS: m/z 302.1733, caled. for CsHpe06 302.1729.
Preparation of PGME amides of compound 6. To a solution of compound 6 (4.0 mg, 0.013 mmol) in DMF (1
mL) at 0 °C, 3.0 mg (1.5 eq.) of (§) PGME hydrochloride, 8.1 mg of benzotriazolyloxytri (pyrrolidinyl)
phosphonium hexafluorophosphate (PyBoP) (1.5 eq.), 2.0 mg of 1-hydroxybenzotriazole (HOBT) (1.5 eq), 5.5
UL of N-methylmorpholine (4 eq.) were added and the mixture was stirred at room temperature for 3 h. After
addition of brine, the reaction mixture was extracted three times with EtOAc/benzene 2:1 and the obtained
organic phase was washed in sequence with 50 mL of 1.2 N HCl, water, NaHCQO

Il Ju LI -4; Wwdalel ar

ﬂ\

saturated agueous solution,

=LAl a4yt > W

i T 1] ganic nhase wac dried over Na,.SQ, filtared and t
obdtamed organiC phase was dried over Na;dSQ,, fitered and th vent removed unger reguced
nrocenrae affnrding tha (€Y DEIRME nsmaida 7 (8 § v QOF 7 432l TTalmg DY DOMALD L donahlonlds sla anmans
PreSSuUrts aiioramg ine (o) roMo amiGe 7 (5.0 mg, 55 % yieia). usiig (1) PUME nyorocnioniae, i Y
procedure afforded the (R) PGME amide 8 in the same yield. No racemization occurred in the reaction.

Compound 7. {(5) l‘UNil:, amide]. Pale yellow amorphous solid. mp. 56-58 °C. IR (KBr) Vma 2297, 1740,
1678, 1591, 1477, 1444, 1394 cm™. '"H NMR (CDClL): 8 7.34 (phenyl protons, m), 6.52 (PGME NH, d, J =
6.5 Hz), 5.56 (PGME CH, d, J = 6.5 Hz), 4.50 (H-3, m), 3.70 (PGME OCHa, s), 3.68 (Hs-15, s), 3.00 (H-2b,
dd, J = 14.0, 9.6 Hz), 2.37 (H-2a, dd, J = 14.0, 3.7 Hz), 2.31 (H-8, m), 2.19 (H-4, m), 2.05 (H-7b, dd. J =
14.7, 9.6 Hz), 1.72 (H-7a, dd, J = 14.7, 4.5 Hz), 1.61 (H-10b, m), 1.46 (H-10a, overlapped), 1.44 (H-5b,
partially overlapped), 1.37 (Hs-12, s), 1.35, (H-3a, dd, J = 13.9, 2.0 Hz), 1.20 (H-13b, m), 1.14 (H-13a, m),
091 (Hs-11, t, J = 6.6 Hz), 0.89 (Hi-14, t, J = 7.4 Hz). FABMS (glycerol matrix, positive ions) m/z 450

IM-LHV HRFABMS: m/~ 4502423 calcd. for C,.H::NO-450.2414

A%n STRERAVAS . Wl TNV LTS oy ViRALAs. aUL \(quls AN SFIV AT,
Camnnund 1R DOIAME qamidal Dala yallawy amanenhane onlid TD /D) I700 1720 14670 180A 1474
CUpURilid O. UV ) DJIVED adlic ], raiC youy ALUVIPHUUDS DULU. BN \IWNDIL) Vmax £&77, L1037, 1U/7, 1J7%, 19/4%,
TAAY 1201 ~c-1 Iay winam 791 v, € A1 2 /oA, n /ML AT ATTY 3T P 1 & Y- - -4
1442, 1391 cm™. "H NMR (CDCh): 0 7.35 (PGME phenyl protons, m), 6.53 (PGME NH, d, J = 6.4 Hz), 5.55

(PGME CH, d, J = 6.4 Hz), 4.48 (H-3, m), 3.70 (PGME OCHj;, s), 3.68 (H3-15, s), 3.00 (H-2b, dd, J = 16.2,
9.6 Hz), 2.36 (H-2a, partially overlapped), 2.30 (H-8, m), 2.19 (H-4, m), 2.08 (H-7b, dd, J = 14.7, 9.6 Hz),
1.72 (H-7a, dd, J = 14.7, 4.5 Hz), 1.62 (H-10b, m), 1.44 (H-10a, overlapped), 1.43 (H-5b, partially
overlapped), 1.37 (Ha-12, s), 1.34, (H-5a, dd, J = 13.9, 2.0 Hz), 1.19 (H-13b, m), 1.14 (H-13a, m), 0.91 (Hs-
11,1, J =7.6 Hz), 0.88 (Hs-14, t, J = 7.6 Hz). FABMS (glycerol matrix, positive ions) m/z 450 [M+H]".
HRFABMS: m/z 450.2426, calcd. for C,4H;5NO;450.2414

Reduction of plakortin and dihydroplakortin. Palladium on charco al catalyst (10%, 20 mg) was added to 180

mg of plakortin in dry EtOH. The solution was stirred at r.t. under an atmosphere of hydrogen for 5 h. The
catalyst was then removed by filtration and the solvent evaporated to obtain a mixturc, which, purified by
HPLC on SI60 column (eluent n-hexane/EtOAc 8:2), afforded the diol 9 in a pure state (160 mg, 88% yield).
The same compound 9 was obtained when 2 mg of dihydroplakortin (3) were subjected to the same procedure.
Compound 9. Colorless oil. [a]p,” +13 (¢ = 0.024 in CHCL). 'H NMR (CDCl): § 4.15 (H-3, dt, J = 10.4, 2.8
Hz), 3.67 (H»-18, s) 2.50 (H-2b, dd, J = 16.6, 10.4 Hz), 2.32 (H-2a, dd, J = 16.6, 2.8 Hz), 1.90 (H-4, m). 1.59
(H-5b, dd, J = 15.3, 9.0 Hz), 1.39 (H-8, overlapped), 1.38 (H-7b, overlapped), 1.34 (H-13b, overlapped), 1.31
(H-7a, overlapped), 1.28 (H-13a, H,-11, H-5a, H-16b overlapped),1.24 (H,-10, m), 1.22 (H,-9, m), 1.14 (Hs-
15,s), 1.11 (H-16a, m), 0.90 (H;-17, t, J = 7.6 Hz), 0.85 (H3-12, t, J = 6.9 Hz), 0.81 (H;-14,t, J = 7.6 Hz).

BCNMR (CDCL): & 170.5 (C-1), 72.4 (C-6), 70.3 (C-3), 51.7 (C-18), 48.6 (C-7), 41.2 (C-5), 40.3 (C-4),

AVND QY 2AT (OO WAL () IR QL (C_ 1M T & (C_12) 26 & (C_16Y M6 0 (C_11Y 2210 (18 141 ((

HUY -0, 347 \L-TF), IR0 (L-4), £40.0 \U-1U), £2/7.0(C-10), £0.J \(L-10), 20U\ ~11), &I U (L-1J), 14.1 (=
2.3 ¢( ). EIMS (40 eV) m/z 316 (M"), 283 (M" - H,0O - CH;). HREIMS: m/z 316.2606,
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Preparation of MTPA esters o compound 9. Diol § (2.6 mg) was dissoived in 2 mL of dry pyridine, ireaied
with (-) MTPA chioride (80 pL) and then maintained at r.t., with stirring, overnight. After removal of the

solvent, the reaction mixture was purified by HPLC on SI60 column (eluent n-hexane/EtOAc 85:15), affording
(8) MTPA ester 10 in a pure state (3.8 mg, 85% yield). Using (+) MTPA chloride, the same procedure
afforded the (R) MTPA ester 11 in the same yield.

Compound 10. [(S) MTPA ester]. Amorphous solid. mp. 45-47 °C. IR (KBr) Vu.. 3354, 2868, 1740, 1687,
1571, 1541, 1468, 1387, 1186, 1128 cm™. '"H NMR (CDCL): § 7.35 and 7.45 (MTPA phenyl protons, m), 5.63
(H-3, m), 3.59 (MTPA OCHa, 8), 3.35 (Hs-18, 5), 2.52 (H-2b, dd, J = 16.2, 8.1 Hz), 2.44 (H-2a, dd, J = 16.2,

4.0 Hz), 1.60 (H-4, m), 1.18 (H-5b, overlapped), 1.15 (H-8, m), 1.12 (H-16h, overlapned), 1.11 (H-7h

73 bk 71 ~ Ty W OTMRLRPRUE Sy A i (AL Uy RRAJy ALl (\AAT XUV W TwANMI Py AR RA U
averlannedd 1 11 (H_1 1 nvarlannadY 1 N85 (H._ 12?7 m) 102 (LI_T7a Avaslannad) O (LI Ol Avasrlannad)
AV 4 \/Amyy Njy L.2 %k \RET1 1l llv\zllatll}l.ru], L.UL \L127 3.7, 11}, 1.U \11 I1a, vuviiia) }J(Ju", V.70 L1177, UVbllﬂlJ J
0.98 (H-5a, overlapped) 0.97 (H-9a, overlapped), 0.97 (Hy-10, overlapped), 0.96 (H-11a, overlapped), 0.95
(H-16a, overlapped), 0.86 (Hs-15, s), 0.62 (H;-17, t, J = 7.3 Hz), 0.59 (H;-12, t, J = 7.0 Hz), 0.55 (H:-14, t, J

= 7.0 Hz). FABMS (glycerol matrix, positive ions) m/z 533 [M+H]". HRFABMS: m/z 533.3080, calcd. for
C1sHuO6F; 533.3090.

Compound 11. [(R) MTPA ester]. Amorphous solid. IR (KBr) va.x 3350, 2869, 1740, 1687, 1573, 1541, 1468,
1388, 1186, 1129 cm™. '"H NMR (CDCL): § 7.32 and 7.55 (MTPA phenyl protons, m), 5.71 (H-3, m), 3.64
(MTPA OCHs, s), 3.30 (H;-18, s), 2.51 (H-2b, dd, J = 16.2, 8.6 Hz), 2.43 (H-2a, dd, J = 16.2, 4.7 Hz), 1.73
(H-4, m), 1.36 (H-5b, dd, J = 14.3, 6.7 Hz), 1.25 (H-16b, overlapped), 1.22 (H-8§, m), 1.21 (H-7b,

overlapped), 1.13 (H-7a, overlapped)., 1.12 (H-11b. overlappned). 1.12 (H-16a. overlapped). 1.12 (H,-13

e/, RERN 74, ovenappeQ), 14 (TR-120, ovaeliapped), 1.1 (420104, @Appea), .14 A1,
averlannad) 111l fH.Sa nverlannadl 1 NA (H_.Qh AvarlannadY 1 0N& (LI _10 ~varlanmadY 1T NK (H_114
VVVLAIAPEAAL), d.d 1 (RITJa, Uvuliap ), L.UU Lt ou, UVUIIaPyW}, 1.UU \11271VU, UVDLM}JPKJU}, 1.UuU 11317114,
sunelamea AN 1 Nne (IT¥ - P Py 1 NN sy 12 N N7 717 107 o T T LA _N LY L ITX 1 e BPS b Lo BV A YR & PURN
Overiapped), 1.4UJ (n-va, UVt:rl.dppt‘,U), 1.60 \3-12,8), W./3 -1/, L, J = (.2011Z), 000 (Ix-1Z, L, J = /. Z),
0.55 (Hs-14, t, J = 7.3 Hz). FABMS (glycerol matrix, positive ions) m/z 533 [M+H]". HRFABMS: m/z

533.3083, caled. for CpsHasO6F; 533.3090.

Dihydroplakortin (3). Colorless oil. [o],>® +49 (¢ = 0.002 in CHCL); IR (KBr) Vau 1737, 1480, 1450, 1386,
1000 cm™. 'H and C NMR (CDCL): scc Table 1. EIMS (40 eV) m/z 314 (M"), 241 (M* — CH,COOCH3),
201 (base peak, M" — side chain: C;oH;7O4); HREIMS: m/z 314.2474, calcd. for CisHs 04 314.2457; m/z
201.1138, calcd. for CoH,704 m/z 201.1127.

Methyl 3,6-epoxy-4R,8R-diethyl-6S-methyl-2Z, 9E-dodecadienoate (4). Colorless oil. | +20 (¢ = 0.001 in

1 1 13
CHCL); IR (KBr) Vmax 1720, 1690, 1630, 1286 cm™. 'H and “C NMR (CDCL): Table 1. EIMS (70 eV):
2y /e JOA INATY DELT INAT o nr‘u N 1972 /aAt _ gida ~hatas LT N IIDETNAC. o/ 204 21QQ  ~nlad £
IV L79% \1VL . LU0 UVl \ACERY), 100 UiV SIUT Clialll, \Cgil1s5), F1INILAIVIO, VL &479.41207, CalLu. lUl \/1811%()\}1
FA (YA Y1 AL £ 107 1L 4 ey ya 107 1NN
m/z 294.2194; m/z 183.1034, calced. for CioH 505 m/z 183.1021

Oxidative cleavage of compound 4. A suspension of compound 4 (2.2 mg) and NalOy4 (25 mg) in phosphate
butfer (pH 7, 350 pL), H,0 (350 pL) and CH;CN (700 pL) was stirred with OsOy4 (200 pL. of 0.02 M solution
n t-BuOH) at room temperature for 2 h. The reaction mixture was diluted with ether and the organic layer was
separated and concentrated in vacuo. The obtained residue, containing aldehyde 12, was dissolved in MeOH (1
mL), and treated with an excess of NaBH, (8.0 mg) at 0°C. After 1h, the reaction mixture was quenched with
aqueous saturated NH4Cl (500 pL) and extracted three times with EtOAc. The extracts were washed with

ated. Practically pure co und

Compound 13. Amorphous solid. mp. 40-42 °C. IR (KBr) Vaax 3395, 2925, 1732, 1450, 1376, 1250 cm™. 'H

> - ~ e osTy - &1 Fd

NMR (CDCh): & 3.66 (H,-7, m), 2.95 (H-2, m), 2.02 (H-3a, dd, J = 11.8, 6.5 Hz), 1.95 (H-3a, dd, / = 12.5,
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8.5 Hz), 1.88 {(H-6, m), 1.85 (H-11a, m), 1.70 (H-5b, dd, / = 11.8, 10.1 Hz), 1.41 (H Sa, overlapped), 1.40
(H-3b, overiapped), 1.38 (H;-10, s), 1.32 (H-11b, m), 1.28 (H-8b, m), 0.96 (Hs-1 = 7.2 Hz), 0.92 (H;-9

t,J=7.2 Hz). EIMS (70 eV): m%z 214 (M"). HREIMS: m/z 214.1586, calcd. for C12H2203214.1569.
Preparation of MTPA esters of compound 13. Compound 13 (0.3 mg) was dissolved in 300 uL of dry pyridine,
treated with (-) MTPA chloride (10 pL) and then stirred overnight at r.t. After removal of the solvent, the
obtained solid contained the (S) MTPA ester 14. Using (+) MTPA chloride, the same procedure afforded the
(R) MTPA ester 15.

Compound 14. [(S) MTPA ester|. IR (KBr) V. 1732, 1687, 1460, 1375, 1184, 1132 ¢cm™. 'H NMR (CDCl):
87.37 and 7.47 (MTPA phenyl protons, m), 4.23 (H-7a, dd, J = 10.5, 4.5), 4.21 (H-7b, dd, J = 10.5, 3.9), 3.57
(MTPA OCHs, ), 2.96 (H-2, m), 2.05 (H-5a, dd, J = 11.5, 6.5 Hz), 1.97 (H-3a, dd, J = 12.5, 8.5 Hz), 1.92
(H-6, m), 1.85 (H-1la, m), 1.73 (H-5b, dd, / = 11.5, 10.3 Hz), 1.41 (H-8a, overlapped), 1.40 (H-3b,
overlapped), 1.38 (Hs-10, s), 1.32 (H-1ib, m), 1.28 (H-8b, m), 0.96 (Ha-12, t, J = 7.2 Hz), 0.90 (H;-9, t, J =

7.2 Hz). EIMS (70 eV): m/z 430 (M"). HREIMS: m/z 430.1979, calcd. for CpHyeOsF; 430.1967.

Compound 15. [(R) MTPA ester]. IR (KBr) V., 1734, 1689, 1462, 1372, 1184, 1130 cm™. '"H NMR (CDCh):
87.33 and 7.54 (MTPA phenyl protons, m), 4.35 (H-7a, dd, J = 10.8, 4.5), 4.13 (H-7b, dd, J = 10.8, 5.9), 3.63
(MTPA OCHs, s), 2.95 (H-2, m), 2.07 (H-5a, dd, J = 11.7, 6.5 Hz), 1.96 (H-3a, dd, J = 12.5, 8.5 Hz), 1.94
(H-6, m), 1.86 (H-1la, m), 1.72 (H-5b, dd, J = 11.7, 10.3 Hz), 1.42 (H-8a, overlapped), 1.41 (H-3b,
overlapped), 1.37 (H;-10, s), 1.32 (H-11b, m), 1.28 (H-8b, m), 0.96 (Hs-12, 1, J = 7.6 Hz), 0.90 (H3-9, t, J =

L. \1i37%; &5

NAY
7.6 Hz). EIMS (70 eV): m/z 430 (M"). HREIMS: m/z 430.1969, calced. for C2H1905F; 430.1967
Reduction of compound 13. Lithium aluminium hydride (1.5 mg) was added to a stirred solution of compound

13 (0.8 mg, 0.0037 mmol) in dry ether at 0°C. After stirring for 20 min, the excess reagent was destroyed with
EtOAc and the product was partitioned between ether and dilute HCI solution. The ether layer was dried over
Na,SO,, filtered, and the solvent evaporated to yield the triol 16 (0.6 mg), in the pure state.

Compound 16. Amorphous solid. [o]p? +15. 'H NMR (CDCL): & 3.68 (1H, overlapped), 3.67 (1H,
overlapped), 3.66 (2H, overlapped), 1.89 (IH, m), 1.87 (1H, m), 1.74 (1H, overlapped), 1.73 (1H,
overlapped), 1.58 (1H, m), 1.57 (1H, m), 1.36 (1H, m), 1.34 (1H, m), 1.26 (3H, s), 1.19 (1H, m), 1.17 (1H,
m), 0.92 3H, t, J =7.3 Hz), 0.91 (3H, t, J = 7.3 Hz). EIMS (60 eV): m/z 218 (M.

Methyl-3,6-epoxy-4R,8R-diethyl-6S-methyl-2Z-dodecenoate (9). Colotless oil. [a]p> +5 (¢ = 0.001 in HC13)-
4.V Y
r

l i 13
IR (KBr) Vimax 1725, 1687 cm™. "H and "C NMR (CDCL): see Table 1, EIMS (70 eV): m/z 296 (M™), 265 (M*
-0C P 3N HREIMS: m/z 2962359, caled. for C \,131132\.13 iMll/Z 296.2353.
P CEFUIUIY VLA 01 114 1.8 3
C \’IUI()X!LITV assay. wertl i (1 X 1U Cels) were platea on 56-well plﬁ[CS in 50 HL and QUOWCG to auncre at

37°C in 5% COy95% air for 2 h in Dulbecco’s modified Eagle’s medium (DMEM, from Biowhittaker,
Bochringer Ingelhneim). Thereafter, the medium was replaced with 50 uL of fresh medium, and 50 uL of 1:4
v/v serial dilutions of test compounds 1, 3, 4, and 5 were added and the cells were incubated for 72 h. The cell
viability was assessed through the MTT conversion assay.” Briefly, after incubation, 25 pL of MTT (from
Sigma; 5 mg/mL) were added to each cell, and the cells were incubated for additional 3 h. After this time, the
cells were lyzed and the dark blue crystals solubilized with 100 plL of a solution containing 50% v/v SDS with

an ___h_gl d nH of 4524 The nmu‘al dens t (OD) of each cell was measured with a mt(‘r(mlme

spectrophotomctcr cquipped with a 620-nm filter. The viability of cell line in response to treatment with each

ympounds 1, 3. 4. and § was calculated as % dead cells = 10 - (OD treate o~ -~ . 1NN T e
mp Juuux l J, "I, auu D was Ldi&.uldLLu a8 /0 UCdu LC]I\ = lU\} - \\JIJ ledl.bul\)u con Ul) XA 1WA 1THC TOSUIL

arc LXpl’CSSCd as ICso (the concentration that inhibited the ceil gmwm by 50%).
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