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In 1988, Verbist reported isolation of a novel marine metabolite Scheme 1
of Lissoclinum bistratundesignated as bistramide '&.Isolation H

O OH
of four additional congeners of the family followed in 1994. )l\/K/H 13 F':Ae

e .. .. - N 18 Y
Initially demonstrated to elicit potent cytotoxicity (g22—45 nM), Fe m H 5

bistramide A () was reported to have a profound effect on cell
cycle regulation, leading to growth arrest, differentiation, and

apoptosis in several cell linédsSubsequent studies revealed that 37 Mo Me
bistramide A induced highly selective activation of a single protein /nitially Unknown Me” ™ - U

. . 5 ~: . Stereochemistry OH
kinase C (PKC) isotyp&).> Given the suggested proapoptoic H o oH Me
function of PKC4,5 the ability to selectively modulate the activity I NHR ROW ,
of this isotype in vivo is of pivotal significance to PKC biology. o Zn T NH2 HO"18 i o HY "o

Stimulated by the intriguing biological profile and unique H

molecular architecture of the bistramides, we established a program *, Fragment A (2) *, Fragment B (3) Fragment C @7

. . i . . M
directed at the synthesis, structure elucidation, and evaluation of ,,, s i

the chemical biology of this unique family of marine metabolites. ; '
In this Communication, we present the first synthesis of bistramide oH 4 1% o

A, featuring a novel strategy for spiroketal construction. Our HO , | NR;
investigation provided unambiguous structural determination of this
natural product,including assignment of the previously unknown

Cs7 stereochemistry. Furthermore, the synthesis confirmed Wipf's
recent stereochemical assignment of bistramide C, which relied on PO
the total synthesis of thesgstereoisomer of this natural product

and the use of chiroptical analySis.

From the outset, our objective was to design a flexible and 0
convergent strategy to bistramide A which would enable efficient PO/\/M 8 /\‘/T\/\/NRz
assembly of both diastereomers at ©r direct comparison of the 7 Me 9
two synthetic samples with the natural product. The synthesis plan
called for disconnections of bistramide A at the;@nd the Gs
amide linkages, dissecting the target into three subunit®) AR

\ Me

NR,

of the acetonide protecting group, oxidative cleavage of the terminal

3 qc Seh 1), For th hesis of spiroketal f alkene, removal of the Boc and acetonide protection, and installation
(3), an .G)( cheme )j orthe synthesis o SpIro eta ragmgnt of the Fmoc group gave N-protected amino a®i®4% ee,>97%
A, we designed a bidirectional approach featuring a sequential ring- de)

opening/cross-metathesis of highly strained cyclopropenone acetal Assembly of the pyran fragment @)(began with the Brown

. . 0 . :
8 with termmal alkenes’ and . l.m portantly, this tactic WOUld. crotylboratioi® of aldehydel 7, followed by acylation with acryloyl
enable a highly convergent entry into an advanced polyol reotif . . : . ’
. . . ) . chloride to afford diend.8 (Scheme 4). Ring-closing metathekis,
starting with readily available homoallylic alcohols. oll d by hvd tion. furnished lactoh®(72% two st
Implementation of this approach is depicted in Scheme 2. ISII;XVI? 5’ Y roger:ja on, lurr.ns ef ”acod l() ZO‘ oseps(i.
Following extensive investigation of the ring-opening/cross-me- ! re uc_:tlon arr: .lacltet.y atllon,h oflowe z nﬂb_romote
tathesis sequence, the optimized synthetic route began with the ring-c'g ¥005|dat|on W't stly dleng ethezo, gaye the desired enone
21 with good efficiency and distereoselectivityStereochemical

opening metathesis of cyclopropene acfalith alkenelO. Acid- ' ; ; :
mediated removal of the initially produced acetal, which proved to 2SSignment o21was confirmed by NOESY. Protodesilylation and
oxidation of the resulting alcohol to the acid, followed by DCC-

be inert toward subsequent metathesis, furnished dietdime63%

yield. Treatment of12 with the second metathesis partrk3 mediated coupling witiN-hydroxysuccinimide, afforded fragment
afforded the desired cross-metathesis prod4cin 68% yield?! C @. _ _ _
Hydrogenation of dienon&4 with concomitant hydrogenolysis of Final fragment coupling began with PyBOP-mediated condensa-

three benzyl ethers, followed by Deslartin oxidation2 produced ~ tion of primary amine2 with Fmoc-protected amino acBi(Scheme
spiroketall5 as a single diastereomer. Completion of the synthesis 5). Fmoc deprotection, followed by treatment of amine with
of (379-fragment A @) entailed Cr-mediated olefinatidaJtsuno— activated ested in acetonitrile, afforded the final targétwith the
Corey reductiot and phthalimide deprotection. Alternatively, the longest linear sequence of 15 steps. This route was utilized to
(37R)-diastereomer was obtained using the antipode of the ox- generate both diastereomers g€ Direct comparison of the two
azaborolidine reagent (not showi). synthetic samples with the natural product, including preparation
Synthesis of the central amino acid fragmé3)trelied on Brown of the mixed samples, revealed that thef8Zongene(1, Scheme
crotylboratiort® of aldehydel 6 (Scheme 3). Subsequent installation  5) was identical in every respect (500 MHE NMR, 125 MHz
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13C NMR, HPLC, optical rotation) with the natural sample of

bistramide A.

In closing, we have developed a highly convergent, fully
diastereocontrolled and efficient synthesis of bistramide A, which
provided unambiguous structural assignment of this complex natural
product and set the stage for the detailed investigation of its
chemical biology. Our approach featured a novel and potentially
broadly applicable olefin metathesis-based strategy for the spiroketal

construction.

Scheme 5

NH; O OH OH

HO™ % H
Me NHFmoc Me  NHFmoc

Fragment B (3)

Me FPYyBOP,DMF

H 85%

OH

Fragment A (2)

1. EtNH, DMF

é Fi 4
o]
ragment C (4) Y

Me  Bistramide A (1) Me DMF, 20 °C
OH 15 steps 65%

Acknowledgment. Financial support was provided by the

American Cancer Society (RSG-04-017-CDD). A.V.S. acknowl-
edges the support of Burroughs Wellcome Fund Interfaces No.
1001774. S.AK. is a fellow of the Alfred P. Sloan Foundation.
S.A.K. thanks the Dreyfus Foundation for a Teacher-Scholar Award
and Amgen, Inc. for a New Investigator Award. We thank Professor

G. F. Biard for a generous sample of bistramide A.

Supporting Information Available: Full characterization of new

compounds and selected experimental procedures. This information is

available free of charge via the Internet at http://pubs.acs.org.

References

(1) Gouiffes, D.; Moreau, S.; Helbecque, N.; Bernier, J. L.; Henichart, J. P.;

Barbin, Y.; Laurent, D.; Verbist, J. Hetrahedron1988 44, 451.

(2) For isolation of bistratenes, which were deduced to be identical with
bistramides, see: Degnan, B. M.; Hawkins, C. J.; Lavin, M. F.; McCaffrey,

E. J.; Parry, D. L.; Watters, D. J. Med. Chem1989 32, 1354.

(3) Biard, J. F.; Roussakis, C.; Kornprobst, J. M.; Gouffes-Barbin, D.; Verbist,

J. F.J. Nat. Prod.1994 57, 1336.

(4) For selected examples, see: (a) Riou, D.; Roussakis, C.; Biard, J. F.;

Verbist, J. F.Anticancer Res1993 13, 2331. (b) Liscia, E.; Riou, D.;

Siavoshian, S.; Boesch, S.; Lebert, V.; Tomasoni, C.; Dabouis, G.; Biard,

J. F.; Roussakis, GAnticancer Res1996 16, 1209. (c) Johnson, W. E.
B.; Watters, D. J.; Suniara, R. K.; Brown, G.; Bunce, C. Blochem.
Biophys. Res. Commuh999 260, 80.

(5) Griffiths, G.; Garrone, B.; Deacon, E.; Owen, P.; Pongracz, J.; Mead, G.;

Bradwell, A.; Watters, D.; Lord, Biochem. Biophys. Res. Commfi96
222 802.

(6) Brodie, C.; Blumberg, P. MApoptosis2003 8, 19.

(7) Newton, A. C.Chem. Re. 2001, 101, 2353.

(8) (a) Foster, M. P.; Mayne, C. L.; Dunkel, R.; Pugmire, R. J.; Grant, D.

M.; Kornprobst, J. M.; Verbist, J. F.; Biard, J. F.; Ireland, C. M.Am.

Chem. Soc1992 114, 1110. (b) Solladie, G.;' Bauder, C.; Biard, J. F.

Tetrahedron Lett200Q 41, 7747.
(9) Wipf, P.; Uto, Y.; Yoshimura, SChem. Eur. J2002 8, 1670.

(10) For selected examples of ring-opening metathesis of cyclopropenes, see:

(a) Bringer, P.; Muller, Benn, R.; Mynott, Rngew. Chem., Int. Ed. Engl.

1989 28, 610. (b) Gagne, M. R.; Grubbs, R. H.; Feldman, J.; Ziller, J.

W. Organometallics1992 11, 3933. (c) Michaut, M.; Parrain, J. L.;
Santelli, M.Chem. Commuril998 1567.

(11) (a) Scholl, M.; Ding, S.; Lee, C. W.; Grubbs, R. Brg. Lett.1999 1,
953. (b) Chatterjee, A. K.; Morgan, J. P.; Scholl, M.; Grubbs, RJH.
Am. Chem. So200Q 122, 3783.

(12) Dess, D. B.; Martin, J. Cl. Am. Chem. Sod.991, 113 7277.

(13) Barma, D. K.; Kundu, A.; Zhang, H. M.; Mioskowski, C.; Falck, J.JR.
Am. Chem. So2003 125 3218.

(14) Corey, E. J.; Helal, C. Angew. Chem., Int. EA.998 37, 1986.

(15) For complete details, see Supporting Information.

(16) Brown, H. C.; Bhat, K. SJ. Am. Chem. S0d.986 108 293.

pseudoequatorial siloxyethyl and axial methyl substituents.

JA046588H

J. AM. CHEM. SOC. = VOL. 126, NO. 31, 2004 9547

17) Stereochemical outcome of C-glycosidation is consistent with the axial
delivery of enol silane to the oxonium ion intermediate having the



