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In 1993, Fusetani and co-workers described the structure of Scheme 1 2

cylindramide A, a macrocyclic tetramic acid isolated from the
spongeHalichondria cylindratathat was cytotoxic to B16 mela-
noma cells with an 1g of 0.8 ug mL-1.12 Cylindramide A is
structurally related to a number of other tetramic acid-containing

macrolactams that have been isolated from a variety of sources,

including aburatubolactam 2, geodin Al® xanthobaccin Ad
ikarugamycinte discodermidéf and the alteramide's.Because of
their complex structures and diverse biological activities including
cytotoxicity, antimicrobial activity, and inhibition of superoxide
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generation, these compounds have generated a significant degreec, 59%; (2) cyclopentadiene, ZCl, CH,Cl, —78 °C, 96%, dr= 45:1;

of interest in the synthesis communftgnd in this Communication
we report a synthesis of cylindramide A.
Our strategy for the synthesis of cylindramide A is outlined in

Figure 1. We planned to couple two large domains: a subunit

containing the bicyclo[3.3.0]octend)( and a 3-hydroxyornithine-
derived subunit §). The bicyclo[3.3.0]octene ring system was
envisioned to arise from a tandem ring-openinigg-closing-cross
metathesis (ROMRCM—CM) of readily available norborneri2
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Figure 1. Structure of cyllndramlde Al) and synthetic strategy.

Norbornene2 was obtained by a five-step sequence that was
initiated by the cross metathesis of acryloyl oxazolidinéngith
alkene? to give8 in 59% yield (Scheme 1). DielsAlder reaction

(3) (a) LiIOH, H,0,, THF, H,0, —10 °C; (b) HCFHN(OMe)Me, DMAP,
EDCI, CHCl,, 52% (two steps); (4) BFC=CHMgBr, THF, 67°C, 98%.
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a8 Reagents and conditions: 4% Grubbs'’s catalyst3.0 equiv), CHCl,,
40 °C, 59%.

Conversion of3 to 4 commenced with installation of the C17
methyl group and\*>*6olefin by a sequence consisting of conjugate
addition (MeCulLi, 90%, Scheme 3) followed by ketone reduction
and elimination of the resultant secondary alcohol (NaBiRtl then
Martin sulfurane, 53%) to givel6. Removal of the triisopropylsilyl
(TIPS) ether with HF/pyridine provided alcohd¥ in 86% yield.
Oxidation with tetrapropylammonium perruthen&tehethylmor-
pholine N-oxide (TPAP/NMO), followed by immediate reaction
with [bis(2,2,2-trifluoroethoxy)phosphoryl]acetic acid (2-trimeth-
ylsilyl)ethyl estef under Stil-Gennari conditiong,yielded18 in
51% vyield for the two steps. Cleavage of the 2-(trimethylsilyl)ethyl
(TMSE) group with tetrabutylammonium fluoride (TBAF) and
reduction of the isobutyl chloroformate-derived mixed anhydride

with cyclopentadiene under the conditions described by Evans ledwith NaBH, (18—19, 51% over two steps), followed by Dess

to 9 (96%, dr = 45:1)* Although direct conversion of the
oxazolidinone to Weinreb amid&0 was not possible, simple
hydrolysis to the acid and a 1-ethyl-3-(3-dimethylaminopropyl)-
carbodiimide hydrochloride (EDCI)-mediated coupling provided a
suitable alternative (52% over two steps). Addition of vinylmag-
nesium bromide to a solution df0 at reflux provided2 in 98%
yield and set the stage for the key tandem RORCM—-CM
sequence.

When 2 was treated with 4 mol % Grubbs’s catalyst in the
presence of 3.0 equiv dfl, tandem ROM-RCM—CM occurred
to give 3 in 59% vyield and as a 2:1 mixture of separable
diastereoisomers (Scheme 2).
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Martin oxidation, gavel and completed the synthesis of the bicyclo-
[3.3.0]octene domain.

Coupling of key fragmentd and 58 was achieved by Horner
Wadsworth-Emmons reaction, which led 20 in 90% overall yield
from allylic alcohol19. Heating20in toluene at reflux under dilute
conditions resulted in macrocyclization to give the expected
pB-ketoamide in 65% yield as a complex mixture of tautomers.
Removal of thetert-butyldimethylsilyl (TBS) ether with HF
provided21in 95% yield. The synthesis was completed by Lacey
Dieckmann cyclizatiohto form the tetramic acid (NaOMe, 90%),
and finally removal of the 2,4-dimethoxylbenzyl protecting group
(trifluoroacetic acid (TFA), 67°C, 65%) provided cylindramide

10.1021/ja057899a CCC: $33.50 © 2006 American Chemical Society
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aReagents and conditions: (1) (a) MaiLi, ELO, —78 °C, 90%; (b) NaBH, MeOH, 0°C; (c) Martin sulfurane, CbCly,
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Cylindramide A, 1

0 °C, 53% (two steps); (2)

HF/pyr, THF, 86%; (3) (@) TPAP, NMO, Ci€l,, 4 A MS; (b) [bis(2,2,2-trifluoroethoxy)phosphoryljacetic acid (2-trimethylsilyl)ethyl ester, KHMDS,
18-C-6, THF,—78°C, 51% (two steps); (4) (a) TBAF, THF; (b) IBCF, NMM, THF°C, then NaBH, MeOH, H,0O, 50% (two steps); (5) DesdMartin
periodinane, CELCly; (6) 5, NaHMDS, then addl, THF, —78 °C — rt, 90% (from19); (7) (a) PhMe, 105C, 65%; (b) HF, MeCN, 95%; (8) (a) NaOMe,

MeOH, 90%; (b) TFA, 67°C, 65%.

A. Synthetic cylindramide A had physical and spectroscopic
properties in accord with those reporféd.
In conclusion, we have delineated a synthesis of cylindramide

A that proceeds in 19 steps (longest linear sequence) and highlights

the utility of the tandem ROMRCM—CM of simple norbornenes
in the context of complex natural products synthesis.
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5, R = COCH,PO(OEt),
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For other examples of tandem metathesis sequences of this general type,





