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Dominique Amans, Véronique Bellosta, and Janine Cossy*

Laboratoire de Chimie Organique, ESPCI, CNRS, 10 rue Vauquelin,
75231 Paris Cedex 05, France

janine.cossy@espci.fr

Received August 28, 2007

ABSTRACT

A concise and highly convergent synthesis of the promising immunosuppressant FR252921 was achieved by using optically active titanium
complexes to control the configuration of the three stereogenic centers.

In recent years, several new immunosuppressive agents have
entered clinical trials, while others such as calcinuerin,
cyclosporine A, and FK506 have already been developed
for clinical use in organ transplantation. In 2003, a novel
immunosuppressive agent, FR252921, was isolated from the
culture broth ofPseudomonas fluorescensN° 408813.1 This
compound displays immunosuppressive activity against mu-
rine splenocyte proliferation stimulated with lipopolysac-
charide (LPS) or anti-CD3 mAb in vitro without blocking
T-cell activation. Further studies indicated that FR252921
inhibits protein-1 (AP-1) transcription activity and acts
dominantly against antigen-presenting cells (APC) comparing
to T-cell. It is also worth noting that FR252921 strongly
synergizes the effects of FK506 in vitro and in vivo. When
we started the synthesis of FR252921, the overall structure
was established, but the absolute configuration of the three
stereogenic centers was unknown. Interestingly, Pohanka et
al. recently isolated from a strain ofPseudomonasa new
antimicrobial agent, named pseudotrienic acid B, with a
molecular architecture very similar to that of FR252921.2 It
was shown that this bioactive metabolite, possessing the well
establishedS configuration at C12 and theR configuration

at C13, was prone to macrolactonization in an acidic medium
and, therefore, could be transformed into the macrolactone
FR252921. On the basis of this nonstereoselective bio-
mimetic transformation, it seemed reasonable to assume that
FR252921 possesses theS configuration at C12 and theR
configuration at C13, but until this year the configuration of
the stereogenic center at C18 remained unknown. In 2006,
Ma et al. disclosed an approach to an isomer of FR252921
that turned out to be the (Z,E,E) (12R,13R,18R) stereoisomer
by examination of the1H NMR data and not the (E,E,E)
(12R,13R,18R) isomer as reported (vide infra).3 Very re-
cently, Falck et al. unequivocally established, by total
synthesis, the absolute configuration of FR252921, which
was revealed to be (12S,13R,18R).4

In this context, we wish to report our results initially
directed toward the elucidation of the absolute configuration
of FR252921, and we disclose herein a convergent and
versatile synthetic route to this novel immunosuppressant.
Assuming that FR252921 possesses theS configuration at
C12 and theR configuration at C13, we embarked in the
synthesis of bothSandR isomers at C18. The overall strategy
employed to synthesize FR252921 needed to be flexible
enough to allow access to both stereoisomers at C18, as well
as to offer the potential to provide a wide range of structural
derivatives for SAR studies. As outlined retrosynthetically
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in Scheme 1, the construction of FR252921 relied on a
macrolactonization of the seco-acidB, which could be
dissected into the four key fragmentsC-F. The first amide
bond would be formed by combining aminotrienic esterC
and carboxylic acidD, while another peptide coupling
between amineD and fragmentE would install the second
amide bond. The (E,E)-dienic side chain was planned to arise
from a Pd-catalyzed cross-coupling between vinyl iodideE
and alkenyl metalF.

As reported for the synthesis of pseudotrienic acid B,
methyl sorbate1 was transformed into aminotrienic ester2
in four steps with an overall yield of 25% by using cross-
metathesis and Horner-Wadsworth-Emmons olefination as
the key steps.5 The carboxylic acid4, in which the stereo-
genic centers were controlled by using the highly face-
selective crotyltitanium complex (S,S)-I,6 was prepared in
four steps from the commercially availableN-Boc glycine
methyl ester3 (43% overall yield). Subsequent coupling with
aminotrienic ester2 by using HOBt, HBTU, and NMM in
acetonitrile produced amide5 (96% yield), which represents
the C1-C14 fragment of FR252921.5 TheN,O-dimethyloxa-
zolidine 5 was cleaved by usingp-TsOH in MeOH, which
afforded theN-Boc-protected aminoalcohol6 in 82% yield.
Subsequent protection of the hydroxyl group at C13 as a
TIPS ether (2 equiv of TIPSOTf, 2,6-lutidine) furnished
aminoalcohol7 quantitatively. It is worth mentioning that
under these conditions thetert-butoxycarbamate was replaced
by a TIPS carbamate,7 which was merely cleaved upon
treatment with TFA in CH2Cl2 to give the desired amino-
trienic ester8 (Scheme 2).

As a first approach, a Stille coupling was planned for the
construction of the C20-C21 bond. The synthesis of the
required alkenyl metalF, vinyl stannane11, was achieved
from the commercially available non-1-yne9. A regio- and
stereoselective hydrozirconation applied to alkyne9 by using

the Schwartz reagent Cp2ZrHCl generated in situ (Cp2ZrCl2,
DIBAL-H, THF) followed by iodolysis (I2, THF) afforded
theE-vinyl iodide10 as a single stereoisomer (89% yield).8

Its transformation to the corresponding vinyl stannane11
was realized by performing a halogen-metal exchange upon
treatment witht-BuLi (2.1 equiv, THF), followed by trapping
of the resulting vinyllithium species with tributyltin chloride
in THF (95% yield) (Scheme 3).

Next we turned our attention toward the synthesis of the
requiredE-vinyl iodide of typeE with the S configuration,
compound15, which was prepared from the known allylic
alcohol12.9 Oxidation with manganese oxide furnished the
corresponding aldehyde13, which was directly treated with
allyltitanium complex (R,R)-II to produce, after TBS protec-
tion of the resulting homoallylic alcohol (TBSOTf, 2,6-
lutidine), compound14 with high enantioselectivity (>95%
ee, 55% yield from12).10 After regioselective oxidative
cleavage of the terminal double bond (OsO4, NMO then
NaIO4), the resulting aldehyde was further oxidized smoothly
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Scheme 1. Formation of FR252921 from Pseudotrienic Acid B
and Retrosynthetic Analysis of FR252921

Scheme 2. Synthesis of Aminotrienic Ester8

Scheme 3. Synthesis of Vinyl Stannane11
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to the corresponding carboxylic acid (NaClO2, NaH2PO4,
2-methyl-2-butene), which was then esterified upon treatment
with trimethylsilyldiazomethane, thus giving rise to methyl
ester15 in 61% overall yield from14 (3 steps). Coupling of
vinyl stannane11 and alkenyl iodide15 was then achieved
by performing a PdCl2(MeCN)2-catalyzed Stille cross-
coupling in DMF,11 which successfully led to the required
(E,E)-diene16, corresponding to the C16-C29 fragment of
FR252921 (79% yield). After deprotection (TBAF) and
saponification (LiOH), the hydroxycarboxylic acidS-17was
isolated in an overall yield of 89% (Scheme 4).

In parallel, theâ-hydroxy dienic acid17 possessing theR
configuration was also synthesized. The versatile strategy
disclosed above for the synthesis of itsS-enantiomer can also
be used by simply taking the (S,S)-II allyltitanium complex,
but to shorten the preparation of this chiral carboxylic acid,
we decided to investigate a more efficient synthetic route.
Thus, aldehyde13 was treated with the optically active
titanium enolateIII, 12 generated in situ fromtert-butylacetate
lithium enolate and CpTi(ODAG)2Cl titanium complex,
which yielded theâ-hydroxyester18 in 71% yield with high
optical purity (ee> 95%).13 A [PdCl2(MeCN)2]-catalyzed
Stille cross-coupling between vinyl stannane11and alkenyl
iodide 18 afforded the (E,E)-diene19, which was subse-

quently saponified by NaOH to give the desired dienic
carboxylic acidR-17almost quantitatively (99%). Thus, the
chiral â-hydroxy acidR-17was synthesized efficiently in 3
steps from vinyl iodide13 in 37% overall yield (Scheme 5).

At this stage, the core structure of FR252921 could be
produced by assembling amine8 and carboxylic acidS-17
under classical peptide coupling conditions (HOBt, HBTU,
NMM, CH3CN), which allowed the isolation of dipeptide
S-20(76% yield). Saponification of methyl ester by LiOH
proceeded smoothly and set the stage for the crucial
macrolactonization step. After screening a large number of
unrewarding procedures,14 we were pleased to note that
the seco-acidS-21 underwent macrocyclization by using
Yamaguchi conditions (2,4,6-trichlorobenzoyl chloride, Et3N,
4-DMAP, toluene,c ) 0.0015 M, 65°C),15 which, however,
produced the unexpected macrolactoneS-22(48% yield for
the 2 steps). Indeed, after close examination of the COSY
1H-1H correlation, we noticed that the most deshielded
proton, which was usually attributed to H3 since it was
localized in the deshielding plane of the carbonyl group,
turned out to be H4. Therefore, this allowed us to assume a
potential isomerization of the C2-C3 double bond, initially
of E configuration, into aZ-olefin during the macrolacto-
nization step under Yamaguchi conditions. Furthermore,
examination of the1H spectrum also showed that the value
of the coupling constant between H2 and H3 was 11.5 Hz,
which was abnormally small for aE double bond. These
observations allowed us to attribute theZ configuration for
the C2-C3 double bond.16 Treatment of silyl etherS-22with
TBAF led to S-23 in 84% yield, which is the (2Z,4E,6E,
12R,13S,18S) stereoisomer of FR252921 (Scheme 7). Con-
sidering these results, we wondered about the influence of
the absolute configuration of the C18 stereogenic center
during the cyclization process. Indeed, some conformational
restrictions could be the result of the relative orientation of
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Scheme 4. Synthesis of Carboxylic AcidS-17

Scheme 5. Synthesis of Carboxylic AcidR-17
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the substituents located on the three stereogenic centers, and
therefore theRstereoisomer at C18 needed to be synthesized.

As previously, the carboxylic acidR-17was coupled with
amine8 to produce the dipeptideR-21, which after saponi-
fication and Yamaguchi macrolactonization furnished the
protected macrolactoneR-22, subsequently transformed to
R-23upon treatment with TBAF (Scheme 6). Unfortunately,
the presence of theZ configuration at the C2-C3 double
bond was also observed in this case. Therefore, the isomeri-
zation of the C2-C3 double bond is not due to the
configuration of the stereogenic center at C18 but probably
to the conditions used in the Yamaguchi macrolactonization
(Scheme 6).

These results allowed us to conclude that the presence of
the TIPS groups could be indirectly responsible for the
isomerization of the C2-C3 double bond and consequently
would prevent the formation of FR252921. Therefore,
treatment of theN-Boc aminoalcohol6 with TFA in
CH2Cl2, followed by a peptide coupling withR-17 (HOBt,
HBTU, NMM, CH3CN), gratifyingly furnished dipeptide24
with the free hydroxyl group at C13 (78% for 2 steps). After
saponification of methyl ester24 with LiOH, the resulting

seco-acid25was isolated almost quantitatively (99% yield).
This constitutes a formal synthesis of FR252921. The spectral
and analytical data of25 were in agreement with those
previously reported by Falck et al.4,17 After a macrolacton-
ization using Shiina 2-methyl-6-nitrobenzoic anhydride
(MNBA),18 in the presence of 4-DMAP in a highly diluted
THF solution (c) 0.0006 M), FR252921 was obtained in
poor yield (∼5%) accompanied by significant impurities,
which could only be separated from the natural product by
reverse-phase chromatography (Scheme 7).19

In summary, a concise and highly convergent synthesis
of the promising immunosuppressant FR252921 has been
achieved. Notable features include highly enantioselective
allyltitanations as well as an enantioselective aldolisation to
control the configuration of the stereogenic centers, a Pd-
catalyzed Stille cross-coupling to construct the (E,E)-diene
and a macrolactonization to form the 19-membered macro-
lactone-dilactam. If isomers of FR252921 were obtained at
first, the highly convergent strategy allowed us to synthesize
the natural product by only minor modifications of the
building blocks. However, the macrolactonization strategy
is not suitable to prepare FR252921 in satisfying yields. Other
strategies are currently underway to obtain appreciable
amount of FR252921 to pursue biological testing. This
modular and highly convergent synthesis should also be
amenable to design analogues for biological evaluation. Our
investigations along these lines will be reported in due course.
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Scheme 6. Synthesis of (2Z,4E,6E) IsomersS-23andR-23

Scheme 7. Completion of the Synthesis of FR252921
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