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The identification in 1982 of a mutation in the Has gene Figure 1.
provided the first indication of a link between specific molecular

changes in regulatory proteins and caricér.The mutantas Scheme 1
i H H H i 1. TrtSH, Cs,C05, 78%
protein, in which valine replaces glycine-12, was shown capable 0 2 OIBAL. 9% 0 1. TiV) catalyst
of inducing morphological changes in mouse fibroblast (NIH- W —— A A~
P o 3.(coch, omso  H STrt oTMS
3T3) cells. Inthese cells the transformed phenotype is indicative EtyN 74% s BroN
of oncogenic activation and correlates with increased tumori-
genicity_. Recently, a div_erse_g:lass of natural pr_oducts and o R R o R R
synthetic drugs has been identified that reverses this phenotype I X _~_~ 1. LIOH, CH3OH L X A~
p B P ; BnO STrt HO STt
and hence “de-transforms” tumorigenic cell lines. Among these quantitative
icical® i in B7-8 |- 4a, R'=H, R"=0H 99%, >98%ee 5a, R'=H, R"=0OH
are radicicdl® and the tyrphostingleptomycin B8 L-739,749? P A s Abehers Ko Py

and trapoxin A%11 A new member of this class, FR-901,228
(1), was isolated from the culture broth of the terrestrial

bacterium Chromobacteriumviolaceum using a phenotypic ~ D-CyStéine suggests the possibility of a redox-controlled con-
reversion assay of Heas transformed NIH-3T3 cells. FR- formational switch-” The reducing environment inside the cell

901,228 was also shown to be highly active in animal-based IS 8xpected to convert FR-901,228 to a monocyclic dithiol. The
assayd2-14 This finding is not surprising since the ability of effect of disulfide reduction on thg detransformlng activity is

a drug to reverse the morphological effect of oncogenic unknown. In an effort to address issues raised by the striking
transformation is often accompanied by in vivo antitumor antitumor activity of FR-901,228, we have undertaken its total

activity. The molecular basis for either activity of FR-901,228 Synthesis.

has yet to be identified There are three principal challenges associated with the
FR-901,2281) (Figure 1) is a bicyclic depsipeptide structur- synthesis of FR-901,228: (1) the asymmetric construction of
ally unrelated to known classes of cyclic peptidedn addition the hydroxy mercapto heptenoic acid, (2) the formation of a

to a dehydro amino aci&-butyrine, the depsipeptide incorpo- 16_—me_mbered c_yclic depsipeptide, and (3) an intramolecular
rates an unusual building block,%8E)-3-hydroxy-7-mercapto- oxidative coupling of the thiols to form a 15-membered

4-heptenoic acida. A disulfide bond between this thiol and ~ disulfide-containing ring. First, we planned to use an asym-
metric aldol reaction to construct a protected mercgptyy-
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Scheme 2 yielded only recovered starting material or undesired side
1. Fmoc-L-Thr 1. ENH products. The Keck modificatidhof the Steglich esterification
, 0P, DIEA, 95% HO O 2 Fmoc OVl (carbodiimide, DMAPHOTS, THF) yielded the desired lactone
i )\/LKN o =7 13 but in a disappointingly low yield. The ready availability
LN O 3 FmocDCysiSTH 5 NH H ocH, %% of the enantiomeric aldol produdb led us to consider an
) BOP, DIEA, 97% e . . o .
6 OCH \1\: 7 esterification strategy involving hydroxyl activation (e.g. Mit-
3 ™S . . -
NHFmoc sunobu reactiof ). Thus, the peptidellb containing the
unnatural R)-(+) hydroxy acid 5b was prepared by an
w o % analogous route using thB)¢(+) binaphthyl amino alcohol in
7N XN © the aldol reaction. Cyclization of the hydroxy aci@b with
O_NH T OCHs o_NH H  ocH, DEAD and PPh afforded a lactone identical t63 as well as
THS T DEf:BNCHO TS T several side products. Extensive optimization of the Mitsunobu
i NH reaction led to conditions that afforded the lactdrdein 62%
o)\/ NHEmoc 9% OJ\KNHz yield2 Addition of TsOH was critical for suppressing elimina-
ol DU tion of the activated allylic alcohdf25 Oxidation of the bis-
(Striphenylmethyl)lactone with iodine in dilute MeOH solu-
Scheme 3 tion?% provided an 84% yield of FR-901,228)( The synthetic

material gavéH and'3C NMR spectral data as well as optical
rotation identical to those published for the natural product. The
synthetic sequence presented in this communication gives the

NH P ocH, depsipeptide FR-901,228 in 14 steps and an overall 18% yield.

1.5a or 5b, The Mitsunobu reaction, previously used in the several syntheses
TS TS - >y
STUNH BOP, DIEA of nonpeptidic lactone¥;2° was shown to be effective in
o~ NH2 Hagsn depsipeptide construction as well.

A Chemical synthesis provides the most effective means to
10 ‘ assess the functional role of the various elements found in FR-

o S:’;,,ZOH 901,228. For example, a depsipeptide analog lacking the

LioH — 11b, R= —CHg, A= OH, A = disulfide bond but retaining the bicyclic structure will address

93% 12b, R=H,R'=OH, R"=H the role of the putative redox conformational switch. Con-

versely, a monocyclic depsipeptide will test the need for a
bicyclic framework. Derivatized analogs will also aid in the
isolation of the FR-901,228 receptor. This molecular target of
FR-901,228 mediates its antitumor activity and therefore is a
regulator of cellular growth and proliferation in the absence of
the drug. Identification of this target will aid in our understand-
ing of the complex regulatory machinery that is subverted in
cellular transformation.
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stage the -threonine residue was converted iaehydrobu-
tyrine. The secondary hydroxyl group was activated as the
tosylate9 which underwent elimination upon treatment with (21) Boden, E. P.; Keck, G. B.. Org. Chem1985 50, 23942395,
DABCO. Addition of EtNH to the reaction mixture effected (22) Mitsunobu, O Synthesis1981, 1981, 1-28.
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mediated hydrolysis affordetRain 93% yield. At this juncture was allowed to stir for an additional 60 min after the addition was completed.

The solvents were removed under reduced pressure, and the mixture was
we turned our attention to forming the crucial ester linkage. A purified by flash chromatography to gis (62% yield).
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