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A new alkyl-substituted nonenolide, microcarpalide 1, has been isolated from fermentation broths of an unidentified endophytic fungus.
Microcarpalide is weakly cytotoxic to mammalian cells and acts as a microfilament disrupting agent. The structure of 1 was elucidated by
application of spectroscopic methods. The absolute configuration was determined by the exciton chirality method.

As part of a research program aimed at the discovery of new Microcarpalidel was isolated by bioassay-guided frac-
natural products, we have been screening fermentation brothgionation after repeated normal-phase chromatography of the
of endophytic fungi from plants growing in Hawaii for ethyl acetate extract (0.25 g) as an optically active, colorless
activity against the cytoskeleton, specifically, microtubules oil (18 mg, 7.2%}[a]p —22 (¢ 0.67, MeOH)}. The IR
and microfilaments. Ethyl acetate extracts of broths were spectrum ofl displayed significant bands at 3380 and 1715
examined for anticytoskeletal activity by means of immuno- cm!indicating the presence of alcohol and ester functional
fluorescence microscopy procedutes. groups, respectively. The UV/vis spectrum recorded in
The crude extracts of strain 112/1&pbtained from the ~ MeOH showed end absorption only. Examination of 1He
bark of Ficus microcarpal., showed strong antimicro- NMR spectrum ofl recorded in CRCN indicated the
filament activity as evidenced by 50F5% actin filament  presence of a minor component (ratio of 3.5:1) in the
loss at 5ug/mL in A-10 cells (rat smooth muscle cells). chromatographically apparently homogeneous material. This
Hence this isolate was selected for large-scale fermentationratio was a function of the solvent used for NMR, which
(4 L) and isolation of the active principle. Cultivation was suggested the presence of conformers. Inspection éfthe
performed in 2-L Erlenmeyer flasks containing 0.5 L of NMR spectrum ofl, which displayed many doubled and
potato-dextrose broth for 3 weeks as standing cultures in theseyeral extensively broadened resonances, corroborated this

dark. interpretatior?. This problem was so severe that even a simple
T Present address: Southwest Foundation for Biomedical Research, P.O.Carbon cc_>u_nt f(_)ﬂ' could not be Ob_tamed \_Nlth confidence.
Box 760549, San Antonio, TX 78245-0549. Further difficulties arose becausalid not yield a clear-cut

(1) For experimental procedure, see: Luesch, H.; Yoshida, W. Y.; Moore,
R. E.; Paul, V. J.; Mooberry, S. L1. Nat. Prod.2000,63, 611—-615.

(2) Taxonomic identification of strain 112/13 has so far been unsuc- (3) Owing to limited solubility ofl in other common NMR solvents,
cessful. The strain has been deposited in the UH Chemistry Department’s acetoneds, methanold,, DMSO-ds, and CDC} were the only other solvents
culture collection under the accession number 112/13. tried, with inferior results.
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molecular ion under a variety of ionization conditions (El, observed between H-4 and H-52rand the lack of any NOE

FAB, CI, ES). correlation between these protons was indicative waas
Eventually, a partial gross structure bfvas established  ring fusion and hence adyn stereochemistry for theeco

on the basis of the resonances for the major conformer byacid at C-4/C-5.

analysis of COSY, gHSQC, and gHMBC spectra recorded The relative stereochemistry of the vicinal diol moiety at

in CDsCN (see Supporting Information). This analysis C-9/C-10 was assigned by application of the method of

suggested thdt contained a double bond ttinsgeometry Murata® A sample of1 in methanol-d yielded *H NMR

(3J = 15.8 Hz) and a vicinal diol function. On the basis of data that suggested the presence of three conformers, the

this information, we prepared the ketal derivat®ewhich major one amounting to about 70%. The characteristic

displayed a much-improved ratio of minor to major con- coupling constants extracted from HETLOC spéctaf this

former of 1:7 in CDC} solution (see Supporting Informa- sample are shown in Table 1. This analysis strongly

tion). Gratifyingly, 2 proved to be amenable to mass

spectrometric analysis. The low-resolution EIMS Bf ]

indicated a molecular mass of 340 and the HREIMS (found Table 1. Characteristi@3) Values of1 for the C-9/C-10 Diol

340.2279A = —2.9 mmu) suggested a molecular formula g nction Measured in Methanokd

of CigH3,0s5 for 2 and hence one of H20s for 1. The

detailed analysis of the COSY, gHSQC, and gHMBC spectra J (H2) . classification®
of both 1 and 2 resulted in the assignment of the structure (classification)* for threo diol
shown in Figure 1. The connectivity within the nonenolide 33 (H-9, H-10) +4.4 (medium)Pe medium

3J (H-9, C-11) +1.8 (small)® small

3J (H-10, C-8) +1.5 (small)® small

2J (H-10, C-9) —0.9 (medium)be medium

2J (H-9, C-10) —0.3 (medium)be medium

Me a According to Figure 5 in ref 32 According to Table 1 in ref 55 Values

Me
% 0 betweerlarge andsmallas defined in Table 1, ref 5 are regardedrasdium
SN (ref 5).
4
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OH suggestedhreo configuration of the C-9/C-10 diol function

Figure 1. Gross structure o2. of 1. . . .
Next we established the preferred conformatio2 @fith

the aid of a ROESY experiment. The most important

ring was deduced from COSY data and is in accord with correlations are shown in Figure 2. Using the H-4/H-5
the gHMBC spectra.

The lactone structure followed from chemical shift con-

siderations for the C-9 hydroxymethine proton and from a

gHMBC correlation of H-9 to C-1, which could be observed

in the data set of(major) but not in that o2.# The presence Q\H(\H/(——\\H Me

of an exocyclic secondary free hydroxyl group at C-10 was ..\§\\7/6LH5 _\/\Me

readily inferred from the gHMBC data df. nCgHy3 o 0 ./ | O
The structural features present within the ring including OH H O H

C-10 accounted for ten carbon atoms, all of the five oxygen U

atoms, and fifteen hydrogen atoms of the molecular formula

as well as the three degrees of unsaturatiori.oThis in Figure 2. Key ROESY correlations o2.

turn suggested the presence of gHG substituent, which
had to be placed on C-10. A broad methylene envelope at o ) ) )
1.28-1.40 ppm and a broad three-proton triplet at 0.87 ppm protons of knownanti orientation as a starting point, the

in the H NMR spectra ofl. and of2 suggested the presence analysis suggests that H-5 and H-7 are placed on one face
of ann-hexyl unit. of the ring, whereas H-4, H-6, H-&nd H-9 reside on the

With the gross structure in hand, we turned to the OPPOSite facé. _
determination of the relative stereochemistry of the C-4/C-5  This NOE-based result was corroborated by coupling

ketal function of2. The large coupling constant of 8.8 Hz constant analysis fd2, which was of particular importance
with respect to the stereochemistry at C-9. Proton H-7

(4) A detailed inspection of tht#H NMR spectrum of2 suggested that
the data for the predominant conformer fare similar to those of the (5) Matsumori, N.; Kaneno, D.; Murata, M.; Nakamura, H.; Tachibana,
minor conformer ofl. Thus3Jy—sn—sis large (9.4 Hz) irL(minor) and in K. J. Org. Chem1999,64, 866—876.

2, whereas irl(major)3J4-s1-6 is small (2.0 Hz). Moreover, H-6 resonates (6) Uhrin, D.; Batta, G.; Hruby, V. J.; Barlow, P. N.;"Keér, K. E. J.
upfield of H-7 in 1(minor) (Ad = — 0.61 ppm) and ir2 (A6 = — 0.45 Magn. Reson1998,130, 155—161.

ppm) but downfield of H-7 inl(major) (Ad= + 0.2 ppm). The changes (7) Luesch, H.; Yoshida, W. Y.; Moore, R. E.; Paul, V. J.; Corbett, T.
are largely due to the shifting of the resonance of H-6 rather than that of H. J. Am. Chem. So@001,123, 5418—5423.

H-7, possibly as a result of reorientation of the diamagnetic shielding cone  (8) H-8" and H-8 indicate the H-8 proton resonating at high and low
associated with the lactone carbonyl across the ring. field, respectively.
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showed a large coupling to H8J4-71-s = 11.2 Hz), which exist with respect to hydroxylation pattern and double bond
is indicative of atrans diaxial orientation. In turn, H'8 position. It is also related to a series of 12-carbon poly-
coupled to H-9 with?Jy_gn—9 = 8.7 Hz. The large H-/8H-9 hydroxy-lactone phytotoxins such as pinolidoXnletha-
coupling constant was of some concern as it might suggestloxin,'® putaminoxint* and the herbarumin'§,all of which

an anti orientation and hence tans relationship between  bear a propyl substituent at C-9.

these two protons rather thartis one, as we had concluded Microcarpalidel is but the second £ nonenolide natural
from the ROESY data. If Hi8and H-9 were to reside on  {oxin described to date and the first one for which a total

the same face of the ring at all, the magnitude of the coup!ing structure and a molecular mechanism of action, namely
constant would suggest that they cannot be present in agisyyption of actin filaments, may be proposed. It is tempting

staggered (gauche) conformation tand hence ayn- to speculate that the propyl-substituted nonenolides share a
periplanararrangement would have to be postulated instead. -5mmon mode of action with.

Coupling constant calculatiohbased on dihedral angles of
0° and 180°predicted a value fotJy_gn-o 0f 9.4 and 11.4
Hz, respectively. The former value was in excellent agree-
ment with the experimental value of 8.7 Hz and suggested
a small dihedral angle between Ma®d H-9. This confirmed
our earlier assignment, based on ROESY, cikaelationship
between these two protons.

After having secured the H/81-9 stereochemistry, we
were now in a position to establish the absolute stereo-
chemistry of the C-9/C-18yndiol function on the basis of
the absolute configuration at C-4/C-5.

In A-10 cells, pure samples dfdisrupted microfilaments
in approximately half of the cells at a concentration of-0.5
1.0ug/mL as shown by the immunofluorescence procedure.
At concentrations above 2@g/mL a cytotoxic effect was
observed in the A-10 cell line as evidenced by cell loss. The
cytotoxicity of 1 against cancer cells is similarly weak with
ICso values in the KB (human nasopharyngeal carcinoma)
and LoVo (human colon adenocarcinoma) cell lines of 50
and 90ug/mL, respectively, as determined by the sulfo-
rhodamine B assal. The large differential between the

The latter was readily determined by application of the antimicrofilament activi_ty and the cytlo-toxicity potential!y
exciton chirality method® The bis-p-methoxy benzoa® makesl a tool for studies of cell motility and metastasis.
was prepared by standard methods after acetylation of ketal The most well-known compounds of fungal origin with
2 followed by mild acid hydrolysis. Th&H NMR spectrum antimicrofilament activity are the cytochalasins, some of
of 3, acquired in CBCN at 50°C, suggested the presence Which are several orders of magnitude more potent as
of one major conformer>90%). The coupling constant cytotoxins thanl.
between H-4 and H-5 was determined to be 5.8 Hz. This
value is considerably smaller than that observezifor these Acknowledgment. The authors thank A. Hernandez, G.
two protons $J4-4n-s = 8.8 Hz) and suggested a difference Tien, and M. Vierra for bioassays and the Victoria L. and
in conformation betwee® and3. However, after inspection  Bradley S. Geist Foundation for support of this work. Funds
of Dreiding molecular models this proved to be of no serious for an upgrade of the NMR instrumentation were provided
concern. The flexibility of the 1-oxa-cyclodecene system by the NSF (CHE 9974921) and the Pardee Foundation.
present within3 is not sufficient to allow for inversion of
the sense of helicity of the C-4/C-5 dibenzoate function  Supporting Information Available: H and3C NMR
during conformational twisting of the ring at ordinary spectra ofl and of2, tables of NMR data of and of2, and

temperature. CD spectrum of3. This material is available free of charge
The CD spectrum o8 in acetonitrile solution showed a  via the Internet at http://pubs.acs.org.

first negative and a second positive Cotton efféctif 264
NM A€ = — 7.6, Amax 246 NMAe = + 6.5,2Ac = — 14.1).
This is indicative of negative exciton chirality and hence of

OL016515S

4R,5Rabsolute configuratio# Since H-9 resides on the (L1 Bodo, B.iMolho, L; Davoust, D.; Molo, Rhytochemistri.983
same face of the molecule as H-4, as shown in Figure 2, it (12) Isolation: Evidente, A; Capasso, R.; Abouzeid, M. A.; Lanzetta,
follows that the absolute configuration at the C-9/Cti@o R.; Vurro, M.; Bottalico, A.J. Nat Prod 1993, 56, 1937—1943. Stereo-
diol is 95 10S chemistry: de Napoli, L.; Messere, A.; Palomba, D.; Picciatella, V.;
lolIs 95,1Us. . _ o Evidente, A.; Piccialli, GJ. Org. Chem2000,65, 3432—3442.
Microcarpalidel is related to achaetolidé with which it (13) Arnone, A.; Assante, G.; Montorsi, M.; Nasini,G.; RaggGazz.

Chim. Ital. 1993,123, 71-73.
(14) Evidente, A.; Lanzetta, R.; Capasso, R.; Andolfi, A.; Vurro, M.;
Zonno, M. C.Phytochemistry1997,44, 1041—-1045.

shares the molecular formula, although obvious differences

(9) Haasnoot, C. A. G.; De Leeuw, F. A. A. M.; Altona, Tetrahedron (15) Rivero-Cruz, J. F.; Garcia-Aguirre, G.; Cerda-Gracia-Rojas, C. M;
1980,36, 2783—2792. Mata, R.Tetrahedron2000,56, 5337—5344.

(10) Harada, N.; Nakanishi, kKCircular Dichroic SpectroscopyExciton (16) Skehan, P.; Storeng, R.; Scudiero, D.; Monks, A.; McMahon, J.;
Coupling in Organic Stereochemistriniversity Science Books: Mill Vistica, D.; Warren, J. T.; Bokesch, H.; Kenney, S.; Boyd, M.JRNatl.
Valley, CA, 1983. Cancer Inst.1990,82, 1107—1112.

Org. Lett., Vol. 3, No. 22, 2001 3481



