
added to methyl 2,4-pentadienoate (V) which resulted in
a β,γ-unsaturated methyl ester that was converted to an
α,β-unsaturated ester after exposure to Cs2CO3. DIBAL
reduction to the primary alcohol followed by Swern oxida-
tion yielded the α,β-unsaturated aldehyde (VI). In the
presence of the ligand derived from (R)-(�)-binaphthyl
amino alcohol, Ti(IV)-catalyzed addition of O-benzyl,
O-TMS ketene acetal to the α,β-unsaturated aldehyde
(VI) resulted in the aldol product (VII). Hydrolysis of the
benzyl ester with LiOH in aqueous methanol formed the
β-hydroxymercaptoheptenoic acid (VIII). Scheme 2.

To complete the synthesis of FR901228, the β-hy-
droxymercaptoheptenoic acid (VIII) was coupled to the
16-membered cyclic depsipeptide (IV) using the BOP
reagent, followed by LiOH-mediated hydrolysis, resulting
in the free acid product (IX). Cyclization of the hydroxy
acid (IX) with TsOH, DEAD and PPh3 and oxidation of
the bis(S-triphenylmethyl)lactone (X) with iodine in
methanol solution yielded the depsipeptide FR901228.
Scheme 3.

Fermentation and Isolation

Culture of Chromobacterium violaceum No. 968, a
Gram-negative, motile rod-shaped bacterium with a
single polar flagellum, was grown in a stainless steel jar-
fermentor with production medium containing 1% glu-
cose, 1% nutrient broth and 0.05% Adekanol LG109
(antifoaming agent) (2). Fermentation was carried out at
30 °C under aeration of 20 l/min, an inner pressure of
1.0 kg/cm2 and agitation at 200 rpm for 72 h. After fer-
mentation was terminated, cultures were sterilized at
120 °C for 30 min. The cultured broth was passed through
a diatomaceous earth filter and the filtrate was extracted
twice with EtOAc. The extract was evaporated under
reduced pressure to yield an oily residue. The oily residue
was mixed with silica gel in methanol. After evapora-
ting the solvent, the dry powder and gel mixture was

C24H36N4O6S2 Mol wt: 540.7024

CAS: 128517-07-7

EN: 158963

Synthesis

A sequence of reactions has been performed to syn-
thesize FR901228 (1): (i) the formation of a 16-mem-
bered cyclic depsipeptide, (ii) the asymmetric construc-
tion of the hydroxymercaptoheptenoic acid and (iii) an
intramolecular oxidative coupling of the thiols to form a
15-membered disulfide-containing ring.

For the first step, L-valine methyl ester (I) was coupled
to N-Fmoc-L-threonine using the BOP reagent [(benzo-
triazol-1-yloxy)tris(dimethylamino)phosphonium hexa-
fluorophosphate], removing the N-Fmoc group with
Et2NH and coupling to N-Fmoc-(S-triphenylmethyl)-D-cys-
teine to yield the tripeptide (II). The tetrapeptide (III) was
prepared by deprotection of the tripeptide (II) and BOP-
mediated peptide coupling of the resulting amine with
N-Fmoc-D-valine. The secondary hydroxyl group was
activated as the tosylate and eliminated by treatment with
DABCO to produce the internal alkene. After removal of
the Fmoc protecting group by addition of Et2NH to the
reaction mixture, the 16-membered depsipeptide (IV) was
formed. Scheme 1.

For construction of the hydroxymercaptoheptenoic
acid (VIII), cesium triphenylmethylthiolate anion was
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Introduction

FR901228 was isolated from the fermentation broth of
Chromobacterium violaceum No. 968 and identified as an
antitumor agent through efforts in the search for novel
agents which selectively reverse the morphological
phenotype of Ras oncogene-transformed cells (2, 3).
Induction of Ras activity has been detected in associa-
tion with many human tumors and expression of activat-
ed Ras results in induction of cancer-related features
of transformed cells as seen in tumor progression (4, 5).
It is well known that Ras plays a pivotal role in the

separated through a column of silica gel in n-hexane
and FR901228 was eluted with EtOAc. Fractions of
FR901228 were concentrated under reduced pressure
to yield a slightly yellowish powder. The powder of
FR901228 was dissolved in a mixture of dichloro-
methane-methanol-acetonitrile at room temperature
which showed colorless prisms of FR901228.

Description

Colorless prisms, m.p. 235-45 οC; [α]D +39o

(c 1.0, CHCl3) (2).
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Scheme 2: Synthesis of Intermediate (VIII)
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Pharmacological Actions

Antimicrobial activity

FR901228 at 100 µg/ml exhibited weak antimicrobial
activity against Shizosaccharomyces pombe, Aureobasi-
dium pullulans IFO 4466 and Aspergillus niger, but was
not effective against Candida albicans, Staphylococcus
aureus, Bacillus subtilis, Pseudomonas aeruginosa or
Escherichia coli (2).

In vitro antitumor activity

The cytotoxic activity of FR901228 was determined by
the colorimetric 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) assay (2). It exhibited potent
cytotoxic activity against human lung adenocarcinoma
A549 and PC-9, human squamous cell carcinoma PC-1
and PC-10, human small cell lung carcinoma ADH and
LX-1, human stomach adenocarcinoma MKN28 and
MKN74, human mammary adenocarcinoma MCF-7 and
ZR-75-1 and human colon adenocarcinomas Colo201
and SW480 at IC50 concentrations of 0.3-3.2 ng/ml (2, 6).
FR901228 showed cytotoxic effects against the human
normal endothelial cell HE-9 and mouse fibroblasts

intracellular signaling cascade leading to cell proliferation
and phenotypic transformation. Blocking Ras-induced
signaling pathways has become a major goal for current
anticancer drug development.

FR901228 is a bicyclic depsipeptide with a structure
unrelated to any known class of cyclic peptides. An
unusual disulfide bond connects a thiol and D-cysteine.
Cleavage of the disulfide bond by reduction abolished the
anticancer activity of FR901228 (Wang and Chan, unpub-
lished data). The disulfide bond may be a redox-con-
trolled conformational switch. FR901228 is soluble in
chloroform, EtOAC and DMSO (2, 6) and is sparingly
soluble in methanol and ethanol (2). It is insoluble in
water and n-hexane (2). The hydrophobic property of
FR901228 may orientate it primarily to the cytoplasmic
membrane. Treatment of Ras-transformed cells with
FR901228 reversed morphologic transformation and
inhibited Ras-induced myc expression (3), indicating that
FR901228 blocked the Ras-induced mitogen-activated
signaling pathway. The target site in the mitogen-activat-
ed signaling pathway for FR901228 may be upstream of
the Raf (Wang et al., unpublished data). In addition,
FR901228 was found to act as an inhibitor of histone
deacetylase (7). FR901228 appears to have multiple mol-
ecular targets for its anticancer activity.

(VIII)(IV)

Scheme 3: Synthesis of FR-901228

1) BOP, DIEA

2) LiOH
+

N
H

O

O

CH3

CH3

CH3NH

NHO

S

O
NH2

O

CH3

CH3 CH3

C(Ph)3

(IX)

N
H

OH

O

CH3

CH3

NH

NHO

S

O
N
H

O

CH3

CH3 CH3

C(Ph)3

S

OH

O

(Ph)3C

S
OH

O

OH

(Ph)3C

N
H

O

O

CH3

CH3

NH

NHO

S

O
N
H

O

CH3

CH3 CH3

C(Ph)3

S

O

(Ph)3C

(X)

TsOH, DEAD, P(Ph)3

I2, MeOH

NH

NHO

S

O

S

N
H

N
H

O

CH3

CH3 CH3

O

O

O

CH3

CH3

Scheme 3: Synthesis of FR901228



ligand expression (11). Since both c-myc and Fas ligand
expression are important in the induction of apoptosis
(12-17), their suppression may contribute to the effect of
FR901228 in blocking CD3-induced apoptosis of T cells.
The discrepancy between the effect of FR901228 on
induction and blockade of apoptosis of different types of
cells requires additional studies to clarify the compound�s
precise mechanism of action.

Toxicity

Results of an acute toxicity study in 5-week-old,
female BDF1 mice showed that the LD50 values of
FR901228 were 6.4 mg/kg i.p. and 10.0 mg/kg i.v. (2).

Pharmacokinetics

The pharmacokinetics of single doses of FR901228
were studied in rat plasma using a liquid chromatograph-
ic/mass spectrometric method (LC/MS) that quantified
FR901228 with concentrations of 1-5000 ng/ml in rat (18).
For the intravenous study, FR901228 was dissolved in
40% ethanol, 5% polyethylene glycol 400 (PEG 400) and
55% normal saline. Each rat was given FR901228 at
10 mg/kg. Beginning at 2 h after administration of the
drug, blood samples were collected for LC/MS analysis.
Plasma FR901228 concentrations in rats declined from
2000 ng/ml to 13 ng/ml within 3 h in a biphasic manner.
The mean initial half-life was 6 min and the mean termi-
nal half-life was 87 min. The mean total clearance was
425 min/kg and the mean Vdss was 22.3 l/kg. The mean
Vdss value indicated a large volume of distribution consis-
tent with the lipophilic property of FR901228. For the oral
study, FR901228 was formulated in 64% ethanol, 2%
PEG400 and 34% normal saline and given to rats at
50 mg/kg by gavage. Using a non-crossover AUC
method, the oral bioavailability of FR901228 up to 6 h
was measured, yielding a mean value of 15.6 ± 7.3%
(SD, n = 3). Although oral absorption of FR901228 was
found to be more than 15%, the authors indicated that the
accuracy of bioavailability needed to be clarified (18).

The pharmacokinetics of FR901228 in human are
being determined in two phase I dose-escalation studies
involving cancer patients. Results are not yet available.

Clinical Studies

Two phase I trials with FR901228 are ongoing. The
agent is being evaluated as a single therapy or in combi-
nation with other agents. Patients are given FR901228
via a 4-h continuous infusion on days 1 and 5, every 3
weeks. The studies have not yet been concluded.

Manufacturer

Fujisawa Pharmaceutical Co., Ltd. (JP).

Balb/c3T3 and NIH3T3 cells at IC50 concentrations of 2.7-
9.2 ng/ml (2). However, FR901228 was not cytotoxic to
human and mouse primary normal fibroblasts at a con-
centration of 500 ng/ml (2).

In vivo antitumor activity

The antitumor activity of FR901228 was evaluated on
human solid tumors and murine ascitic and solid tumors
(2, 8). FR901228 had a dose-dependent inhibitory effect
on the growth of human mammary adenocarcinoma
MCF-7 and MX-1, lung adenocarcinoma A549, large cell
lung carinoma Lu-65 and LC-6 and stomach adenocarci-
noma SC-6 cells in both immunosuppressed and nude
mice at 0.56-5.6 mg/kg (2, 8). FR901228 inhibited the
growth of mouse solid tumor cells in normal mice, includ-
ing Colon 38 carcinoma, M5076 reticulum cell sarcoma
and Meth A fibrosarcoma at doses of 1.0-5.6 mg/kg; it did
not inhibit Colon 26 adenocarinoma (8). FR901228 also
showed inhibitory effects on mouse ascitic leukemia P388
and L1210 cells and melanoma B16 cells in mice at
0.056-0.56 mg/kg (8). FR901228 appears to be a new
type of antitumor drug which may be clinically effective on
tumors which are refractory to antitumor drugs such as
mitomycin, cisplatin, cyclophosphamide, vincristine and
5-fluorouracil (8).

Biological and molecular activity

FR901228 induced cell growth arrest and apoptosis of
cells in culture in a dose- and time-dependent manner.
Flow cytometric analysis showed that FR901228 treat-
ment of normal and H-Ras-transformed mouse embryo
fibroblast NIH3T3 cells induced a growth arrest of cells in
the G0/G1 phase of the cell cycle (3). Treatment of H-Ras-
transformed NIH3T3 cultures with FR901228 resulted in
a reversion to a morphology indistinct from normal cells
and reduction of c-myc expression, indicating blockade of
the Ras-induced signaling pathway by FR901228 (3).
Human mammary adenocarcinoma MCF-7 and MDA-
MB231 cultures which were treated with FR901228
showed an increased population of cells accumulated in
the G2/M phase of the cell cycle (6, 7). Treatment of
MCF-7 and MDA-MB231 cultures resulted in increased
expression of p21Cip1 and phosphorylation of Bcl-2 that
may contribute to cell growth inhibition and apoptosis (6).
On the other hand, treatment of human B cell chronic lym-
phocytic leukemia cells with FR901228 resulted in induc-
tion of apoptosis, increased expression of Bax and
decreased level of p27Kip in a dose-dependent manner
(9). FR901228 also showed inhibitory effects against
histone deacetylase, resulting in accumulation of acety-
lated histone species in cells that may play a critical role
in growth arrest of cells and morphological reversion of
transformed cells (7, 10). In contrast, pretreatment of
cultures of T cell hybridomas blocked CD3 activation-
induced apoptosis and suppression of c-myc and Fas

Drugs Fut 1999, 24(11) 1187
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