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ABSTRACT

FR252921
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 havat C13, was prone to macrolactonization in an acidic medium
entered clinical trials, while others such as calcinuerin, and, therefore, could be transformed into the macrolactone
cyclosporine A, and FK506 have already been developed FR252921. On the basis of this nonstereoselective bio-
for clinical use in organ transplantation. In 2003, a novel mimetic transformation, it seemed reasonable to assume that
immunosuppressive agent, FR252921, was isolated from theFR252921 possesses tBeconfiguration at C12 and thR
culture broth ofPseudomonas fluoresceNs 408813t This configuration at C13, but until this year the configuration of
compound displays immunosuppressive activity against mu-the stereogenic center at C18 remained unknown. In 2006,
rine splenocyte proliferation stimulated with lipopolysac- Ma et al. disclosed an approach to an isomer of FR252921
charide (LPS) or anti-CD3 mAb in vitro without blocking that turned out to be th&(E,E) (12R,13R,18R) stereoisomer
T-cell activation. Further studies indicated that FR252921 by examination of théH NMR data and not theH,E,E)
inhibits protein-1 (AP-1) transcription activity and acts (12R,13R,18R) isomer as reported (vide infrajery re-
dominantly against antigen-presenting cells (APC) comparing cently, Falck et al. unequivocally established, by total
to T-cell. It is also worth noting that FR252921 strongly synthesis, the absolute configuration of FR252921, which
synergizes the effects of FK506 in vitro and in vivo. When was revealed to be (12S,13R,18R).

we started the synthesis of FR252921, the overall structure In this context, we wish to report our results initially
was established, but the absolute configuration of the threedirected toward the elucidation of the absolute configuration
stereogenic centers was unknown. Interestingly, Pohanka eof FR252921, and we disclose herein a convergent and
al. recently isolated from a strain ¢fseudomonas new versatile synthetic route to this novel immunosuppressant.
antimicrobial agent, named pseudotrienic acid B, with a Assuming that FR252921 possesses $reonfiguration at
molecular architecture very similar to that of FR252921. C12 and theR configuration at C13, we embarked in the
was shown that this bioactive metabolite, possessing the wellsynthesis of botlsandRisomers at C18. The overall strategy
establisheds configuration at C12 and the configuration employed to synthesize FR252921 needed to be flexible
enough to allow access to both stereoisomers at C18, as well
(1) () Fujine, K.; Tanaka, M.; Ohsumi, K.; Hashimoto, M.; Takase, S.; as to offer the potential to provide a wide range of structural

Ueda, H.; Hino, M.; Fujii, T.J. Antibiot.2003,56, 55-61. (b) Fujine, K ; derivatives for SAR studies. As outlined retrosynthetically
Abe, F.; Seki, N.; Ueda, H.; Hino, M.; Fuijii, T. Antibiot.2003,56, 62~
67. (c) Fujine, K.; Ueda, H.; Hino, M.; Fuijii, TJ. Antibiot.2003,56, 68—

71. (3) Yu, S;; Liu, F.; Ma, D.Tetrahedron Lett2006,47, 9155—9157.
(2) Pohanka, A.; Broberg, A.; Johansson, M.; Kenne, L.; Levenfors, J. (4) Falck, J. R.; He, A.; Fukui, H.; Tsutsui, H.; Radha,Afgew. Chem.,
J. Nat. Prod 2005,68, 1380—1385. Int. Ed. 2007,46, 4527—4529.
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Scheme 1. Formation of FR252921 from Pseudotrienic Acid B Scheme 2. Synthesis of Aminotrienic Ested
and Retrosynthetic Analysis of FR252921 o 4 steps o
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in Scheme 1, the construction of FR252921 relied on a HZNMY% 100% YN A0
macrolactonization of the seco-acll, which could be “og TPS-0
dissected into the four key fragmer@s-F. The first amide
bond would be formed by combining aminotrienic ester

and carboxylic acidD, while another peptide coupling the Schwartz reagent GfrHCI generated in situ (GErCl,
between amin® and fragmen€ would install the second g a| .H, THF) followed by iodolysis (b, THF) afforded
amide bond. Thel,E)-dienic side chain was planned to arise - e £ yinyl jodide 10 as a single stereoisomer (89% yield).
from a Pd-catalyzed cross-coupling between vinyliodide 5 yransformation to the corresponding vinyl stannade
and alkenyl metaF. . - was realized by performing a halogemetal exchange upon
As reported for the synthesis of pseudotrienic acid B, treatment wittt-BuLi (2.1 equiv, THF), followed by trapping

methyl sorbatel was transformed into aminotrienic esr  of the resulting vinyllithium species with tributyltin chloride
in four steps with an overall yield of 25% by using cross- jn THE (95% yield) (Scheme 3).

metathesis and HorneWadsworth-Emmons olefination as

the key step8.The carboxylic acid4, in which the stereo-
genic centers were controlled by using the highly face- _

selective crotyltitanium complexS(S)-1° was prepared in Scheme 3. Synthesis of Vinyl Stannangl

four steps from the commercially availaliNeBoc glycine 1. CpaZrCly L

methyl esteB (43% overall yield). Subsequent coupling with ?L,BFALH I BuSaC _SnBu
aminotrienic esteR by using HOBt, HBTU, and NMM in W AW\/ Et,0 W
acetonitrile produced amide(96% yield), which represents 9 THF 10 95% 1

89%

the C1-C14 fragment of FR252921The N,O-dimethyloxa-
zolidine 5 was cleaved by using-TsOH in MeOH, which
afforded theN-Boc-protected aminoalcoh6lin 82% yield.
Subsequent protec“on of the hydroxy| group at C13 as a Next we turned our atten“on tOWard the SyntheSIS Of the
TIPS ether (2 equiv of TIPSOTf, 2,6-lutidine) furnished requiredE-vinyl iodide of typeE with the S configuration,
aminoalcohol7 quantitatively. It is worth mentioning that ~ €ompoundl5, which was prepared from the known allylic
under these conditions thert-butoxycarbamate was replaced ~&lcohol12? Oxidation with manganese oxide furnished the

treatment with TFA in CHCl, to give the desired amino-  allyltitanium complex RR)-II to produce, after TBS protec-
trienic ester8 (Scheme 2). tion of the resulting homoallylic alcohol (TBSOTf, 2,6-

lutidine), compound.4 with high enantioselectivity (>95%
ee, 55% vyield from12)° After regioselective oxidative
cleavage of the terminal double bond (Qs®MO then
NalQ,), the resulting aldehyde was further oxidized smoothly

As a first approach, a Stille coupling was planned for the
construction of the C26C21 bond. The synthesis of the
required alkenyl metafF, vinyl stannanell, was achieved
from the commercially available non-1-y8e A regio- and
stereoselective hydrozirconation applied to alk@r®y using

(8) Huang, Z.; Negishi, EOrg. Lett.2006,8, 3675—3678.
(9) Vinyl iodide 12 was obtained by performing a zirconium-assisted

(5) (@) Amans, D.; Bellosta, V.; Cossy,Angew. Chem., Int. EQ006, carboalumination of propargyl alcohol according to: Negishi, E.; Van Horn,
45, 5870—5874 and references therein. (b) Amans, D.; Le Flohic, A.; D. E.; King, A. O.; Okukado, NSynthesisl979, 501—502.
Bellosta, V.; Meyer, C.; Cossy, Pure Appl. Chem2007,79, 677—684. (10) The absolute configuration d# was confirmed by théH NMR

(6) Hafner, A.; Duthaler, R. O.; Marti, R.; Rihs, J.; Rhote-Streit, P.; spectra of the two corresponding mandelates, following the procedure
Schwarzenbach, B. Am. Chem. S0d.992,114, 2321—2336. described by: Seco, J. M.; Quifioa, E.; Rigueral &rahedron: Asymmetry

(7) Sakaitani, M.; Ohfune, YTetrahedron Lett1985,26, 5543—5546. 2001,12, 2915—2925.
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to the corresponding carboxylic acid (NaGJONaH,POy, guently saponified by NaOH to give the desired dienic
2-methyl-2-butene), which was then esterified upon treatmentcarboxylic acidR-17almost quantitatively (99%). Thus, the
with trimethylsilyldiazomethane, thus giving rise to methyl chiral 5-hydroxy acidR-17was synthesized efficiently in 3
esterl5in 61% overall yield froml4 (3 steps). Coupling of  steps from vinyl iodideL3in 37% overall yield (Scheme 5).
vinyl stannanell and alkenyl iodidel5 was then achieved

by perorming & PAGIMeCN):catayzed Sille crose . |

coupling in DMF!* which successfully led to the required

(E,E)-dienel6, corresponding to the C1&29 fragment of Scheme 5. Synthesis of Carboxylic Acidk-17
FR252921 (79% yield). After deprotection (TBAF) and Q oH 9
saponification (LiOH), the hydroxycarboxylic ac&17 was I/ﬁ)kH m IWO!BU
isolated in an overall yield of 89% (Scheme 4). 13 Et,0, -78 °C 18
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. & N=ph! Et,0, -78°C 55%
RGO »
Ph;h}ﬁj"'o : 2. TBSOTY, 2,6-lutidine | (3 steps)
o~|/\- HoCly, 78 ° .
 RRIL CHaCla, 78 7C At this stage, the core structure of FR252921 could be
880 © 1. 0sO/NMO OTBS produced by assembllng amlﬁaand cqrpoxyhc acids-17
then NalO, under classical peptide coupling conditions (HOBt, HBTU,
IWOMe 2. NaCIO,, NaH,PO,, IW NMM, CH:CN), which allowed the isolation of dipeptide
15 2-methyl-2-butene 14 S-20(76% vyield). Saponification of methyl ester by LiOH
11 3. TMSCHN, proceeded smoothly and set the stage for the crucial
PACI(MeCN)2 | 7g% 61% (3 steps) macrolactonization step. After screening a large number of
DMF, rt unrewarding proceduré$,we were pleased to note that

8BS0 O OH O the seco-acids-21 underwent macrocyclization by using
1. TBAF Yamaguchi conditions (2,4,6-trichlorobenzoyl chlorideNgt
C7”15W°Me > lon C7H1SWOH 4-DMAP, toluenec = 0.0015 M, 65°C) 55 which, however,
16 89% (2 steps) 517 produced the unexpected macrolact&22(48% vyield for

the 2 steps). Indeed, after close examination of the COSY
H—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
g of E configuration, into aZ-olefin during the macrolacto-

' nization step under Yamaguchi conditions. Furthermore,
examination of théH spectrum also showed that the value

titanium enolatell, 2 generated in situ frortert-butylacetate ~ ©f the coupling constant between H2 and H3 was 11.5 Hz,
lithium enolate and CpTi(ODAGE! titanium complex, which was abnormally small for & double bond. These

which yielded theg-hydroxyeste.8in 71% yield with high observations allowed ug to attribute tﬂgsonfiguration_for
optical purity (ee> 95%)1 A [PdCL(MeCN),]-catalyzed the C2-C3 double bond® Treatment of silyl etheB-22with

Stille cross-coupling between vinyl stannakieand alkenyl 1 BAF led to S-23in 84% yield, which is the (2,4E,6E,
iodide 18 afforded the E,E)-dienelg, which was subse- 12R,138,188) stereoisomer of FR252921 (SCheme 7) Con-

sidering these results, we wondered about the influence of
(11) (a) Stille, J. KAngew. Chem., Int. Ed. Engl986,25, 508—524. the absolute configuration of the C18 stereogenic center
(b) Betzer, J.-F.; Lallemand, J.-L.; Pancrazi,3ynthesid998, 522—534. during the cyclization process. Indeed, some conformational

(c) Nicolaou, K. C.; Li, Y.; Sugita, K.; Monenschein, H.; Guntupalli, P.; it ; ; i
Mitchell, H. 1. Fyiaktakidou, K. C.. Vourloumis. D.: Giannakakou. P restrictions could be the result of the relative orientation of

O'Brate, A.J. Am. Chem. So@003,125, 15443—15454.

In parallel, the-hydroxy dienic acidl7 possessing thR
configuration was also synthesized. The versatile strategy
disclosed above for the synthesis offenantiomer can also
be used by simply taking th&g)-11 allyltitanium complex,
but to shorten the preparation of this chiral carboxylic aci
we decided to investigate a more efficient synthetic route.
Thus, aldehydel3 was treated with the optically active

(12) (a) Riediker, M.; Duthaler, R. GAngew. Chem., Int. E&Engl. 1989 (14) Many unsuccessful procedures were attempted according to: (a)
28, 494—495. (b) Duthaler, R. O.; Herold, P.; Lottenbach, W.; Oertle, K.; Trost, B. M.; Chisholm, J. DOrg. Lett.2002,4, 3743—3745. (b) Hikota,
Riediker, M.Angew. Chem., Int. Ed. Endl989 28, 495-497. (c) Duthaler, M.; Sakurai, Y.; Horita, K.; Yonemitsu, OTetrahedron Lett1990, 31,

R. O.; Hafner, A.Chem. Rev1992,92, 807—832. (d) Duthaler, R. O; 636—6370. (c) Mitsunobu, OSynthesisl981, 1-28. For a review on
Herold, P.; Wyler-Helfer, S.; Riediker, MHelv. Chim. Actal99Q 73, 659~ macrolactonizations, see: Parenty, A.; Moreau, X.; Campagne, Ghs.
673. Rev.2006,106, 911—939.

(13) The absolute configuration d® was confirmed by théH NMR (15) Inanaga, J.; Hirata, K.; Saeki, H.; Katsuki, T.; YamaguchiBull.

spectra of the two corresponding mandelates; see ref 10. Chem. Soc. Jprl979,52, 1989—1993.
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the substituents located on the three stereogenic centers, anseco-acid®25 was isolated almost quantitatively (99% yield).
therefore thdR stereoisomer at C18 needed to be synthesized. This constitutes a formal synthesis of FR252921. The spectral
As previously, the carboxylic acig-17 was coupled with and analytical data oR5 were in agreement with those
amine8 to produce the dipeptidB-21, which after saponi-  previously reported by Falck et &}’ After a macrolacton-
fication and Yamaguchi macrolactonization furnished the ization using Shiina 2-methyl-6-nitrobenzoic anhydride
protected macrolacton@-22, subsequently transformed to (MNBA),*8in the presence of 4-DMAP in a highly diluted
R-23 upon treatment with TBAF (Scheme 6). Unfortunately, THF solution (c= 0.0006 M), FR252921 was obtained in
the presence of th& configuration at the C2C3 double poor yield (~5%) accompanied by significant impurities,
bond was also observed in this case. Therefore, the isomeri-which could only be separated from the natural product by
zation of the C2C3 double bond is not due to the reverse-phase chromatography (Schem¥ 7).
configuration of the stereogenic center at C18 but probably
to the conditions used in the Yamaguchi macrolactonization

(Scheme 6). Scheme 7. Completion of the Synthesis of FR252921
o]
o] NN
MeO
: MeoM 1. TEAICH,Cl, OH
Scheme 6. Synthesis of (2Z,4E,6E) Isome823andR-23 Ho HNT 2RI NN Ho HN
- : HOBt, HBTU H =
0 or 2_1[; 0 BOCHN\/\rgo NMM, CHaCN 5 N\/W/go
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© 9 i MNBA o
- e CH
8 2_28R=Me TNy HO HN” _ 4-DMAP :
LiOHE H ooy TR e | T8 Ho HN
S21  _ N o IR H o :
‘R=H o) N 12 o
R-21 ~5% o 13
2 eomap FR252921 25
= - 48%
Juppz = 11,5 Hz o /©\/: “ toluene, 85 °C| (2 ste:)s)
f\H3 d=6.68 ppm
Ho N NN
&0 Hy 5=7.02 BAF o q'Ps In summary, a concise and highly convergent synthesis
< K (F;)O HN PP y O HN of the promising immunosuppressant FR252921 has been
“13\%0 ;:*/F 0 achieved. Notable features include highly enantioselective
0 allyltitanations as well as an enantioselective aldolisation to
g'_gg ggg]gg]gg S22 control the configuration of the stereogenic centers, a Pd-
(2Z4E S’E) ' catalyzed Stille cross-coupling to construct tieH)-diene
Stereoisomers of FR252921 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
1Ihe natural product by only minor modifications of the

These results allowed us to conclude that the presence ob ding blocks. H th lactonizati rat
the TIPS groups could be indirectly responsible for the . uiiding blocks. However, the macrolactonization strategy

isomerization of the C2—C3 double bond and consequently IS not su_JitabIe to prepare FR252921 in satisfying yields. cher
would prevent the formation of FR252921. Therefore, strategies are currently underway_to qbtam appremat_)le
treatment of theN-Boc aminoalcohol6 with TFA in amount of FR2.52921 to pursue b|o|og|.cal testing. This
CH,Cl,, followed by a peptide coupling witR-17 (HOB, modular and highly convergent synthesis should also be

HBTU, NMM, CHsCN), gratifyingly furnished dipeptida4 amenable to design analogues for biological evaluation. Our
with th,e free 'hydroxyl éroup at C13 (78% for 2 steps). After investigations along these lines will be reported in due course.
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