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ABSTRACT

A total synthesis of the naturally occurring, cytotoxic macrolide FD-891 is described. Three fragments were first stereoselectively constructed
using mainly asymmetric aldol and allylation reactions. The complete framework was then assembled using two Julia −Kocienski olefinations
to connect the three fragments and a Yamaguchi reaction to close the macrolactone ring.

The cytotoxic macrolide FD-891 (1) was isolated from the
fermentation broth ofStreptomyces graminofaciensA-8890
and was found to be active against several tumor cell lines.
In addition, it was found to potently prevent both perforin-
and FasL-dependent CTL-mediated killing pathways. In
contrast to the structurally related concanamycin A, however,
it was unable to inhibit vacuolar acidification.1 According
to the results of chemical degradation, NMR studies, and
X-ray diffraction analyses of some degradation products, an
erroneous structure for FD-891 was initially proposed,2 which
was subsequently corrected by the same authors to that
depicted in Scheme 1.3

For our synthesis of this bioactive metabolite, we have
chosen the retrosynthetic plan shown in Scheme 1. According
to it, the molecule of macrolide FD-891 is disconnected to
fragments2 (C1-C12) and3 (C13-C26) via a macrolac-
tonization and a Julia-Kocienski olefination. A subsequent
disconnection of3 through a second olefination converts it
into fragments4 (C13-C18) and5 (C19-C26). In two

previous communications, we have published a stereoselec-
tive synthesis of2,4 as well as of a fragment structurally
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Scheme 1. Retrosynthetic Analysis of FD-891
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related to35 but aimed at the synthesis of the wrong structure
initially published for FD-891.2

Aldehyde4 was synthesized as depicted in Scheme 2. The
known aldehyde66 was subjected to asymmetric aldol
reaction using theZ enolborane derived from Oppolzer’s
chiral propionate7 equivalent7. This provided aldol adduct
8 as a single stereoisomer (dr wasg98%, as the minor
stereoisomer was not detected by means of high-field1H/
13C NMR). Introduction of the MOM8 protecting group and
functional manipulation gave nitrile12, reduction of which
afforded aldehyde4 (used directly in crude form in the
reaction with5).

Intermediate fragment5 was prepared as shown in Scheme
3 following the methodology previously described by us.5

Thus, the known aldehyde139 was subjected to asymmetric
aldol reaction with chiral reagent7 to yield aldol 14 as a
single stereoisomer. Hydroxyl silylation and reductive cleav-
age (DIBAL) of the chiral auxiliary gave an intermediate

aldehyde which was submitted to asymmetric aldol reaction
with Oppolzer’s reagentent-7.7 This yielded a single
crystalline aldol16,10 which was converted into the silyl
derivative17. The latter was then transformed into methyl
ketone20 via the intermediate acid18 and the Weinreb11

amide19.12 Reduction of20 under chelation control13 and
O-methylation using methyl triflate and Proton Sponge14
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Scheme 2. Synthesis of Fragment4a

a Acronyms and abbreviations: TPS,tert-butyldiphenylsilyl; Tf,
trifluoromethanesulfonyl; MOM, methoxymethyl; DIBAL, diisobu-
tylaluminum hydride.

Scheme 3. Synthesis of Fragment5a

a Acronyms and abbreviations: CDI, 1,1′-carbonyldiimidazole;
TBS, tert-butyldimethylsilyl; 2,6-lut, 2,6-lutidine; DIAD, diisopro-
pyl azodicarboxylate.
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stereoselectively afforded compound22. Hydrogenolytic
O-debenzylation to23, introduction of the tetrazolylthio15

moiety via Mitsunobu reaction using PBu3,16 and Mo(VI)-
catalyzed sulfide-sulfone oxidation17 gave rise to the desired
aryl sulfone5.

With all key fragments in hand, the synthesis proceeded
as shown in Scheme 4. Connection between4 and 5 was

performed using the Julia-Kocienski18 olefination protocol,
which yielded olefin 24 in good yield (75%, based on
recovered5) as a singleE stereoisomer. Selective cleavage
of the TPS group19 gave alcohol25, which was converted
into aryl sulfone3 via Mitsunobu reaction (PPh3 performed
better here than PBu3) and Mo(VI)-catalyzed oxidation.

The final attack toward macrolide1 was carried out as
depicted in Scheme 5. Connection of fragments2 and3 was
performed as above with the aid of the Julia-Kocienski
olefination protocol and gave26. The yield was, however,
not as high as in Scheme 4, and the reaction was not
stereoselective. Changes in various reaction conditions did
not lead to improvements.20 Separation of theE and Z
stereoisomers of26was not feasible but could be done after

selective cleavage of the MOM group,21 which yieldedE-27
andZ-27. Hydrolysis of the ethyl ester group ofE-27 was
achieved under mild, anhydrous conditions using TMSiOK.22

Macrolactonization of the resulting hydroxyl acid was
performed at high dilution (0.006M) using the Yamaguchi
procedure23 and yielded lactoneE-28. Cleavage of all silyl
groups with TASF24 finally gave macrolideE-1 (FD-891).25,26

(14) Blakemore, P. R.; Kocienski, P. J.; Morley, A.; Muir, K.J. Chem.
Soc., Perkin Trans. 11999, 955-968.

(15) Voitekhovich, S. V.; Gaponik, P. N.; Koldobskii, G. I.Russ. J. Org.
Chem.2005,41, 1565-1582.

(16) (a) Mitsunobu, O.Synthesis1981, 1-28. (b) Hughes, D. L.Org.
React.1992, 42, 335-656. (c) Valentine, D. H., Jr.; Hillhouse, J. H.
Synthesis2003, 317-334.

(17) Masuda, T.; Osako, K.; Shimizu, T.; Nakata, T.Org. Lett.1999,1,
941-944.

(18) Blakemore, P. R.J. Chem. Soc., Perkin Trans. 12002, 2563-2585.
(19) Hatakeyama, S.; Irie, H.; Shintani, T.; Noguchi, Y.; Yamada, H.;

Nishizawa, M.Tetrahedron1994,50, 13369-13376.

(20) Under the standard conditions for the Julia-Kocienski reaction
(KHMDS, THF), we obtained an 80:20E/Z mixture but in only 23% yield,
even when using a 4-fold excess of aldehyde2.

(21) (a) Guindon, Y.; Morton, H. E.; Yoakim, C.Tetrahedron Lett. 1983,
24, 3969-3972. (b) Guindon, Y.; Yoakim, C.; Morton, H. E.J. Org. Chem.
1984,49, 3912-3920.

(22) Laganis, E. D.; Chenard, B. L.Tetrahedron Lett.1984,25, 5831-
5834.

(23) Inanaga, J.; Hirata, K.; Saeki, H.; Katsuki, T.; Yamaguchi, M.Bull.
Chem. Soc. Jpn.1979,52, 1989-1993.

Scheme 4. Synthesis of Fragment3a

a Acronyms and abbreviations: HMDS, hexamethyldisilazide;
HMPA, hexamethylphosphortriamide; DME, 1,2-dimethoxyethane.

Scheme 5. Final Steps of the Synthesis of1a

a Acronyms and abbreviations: TASF, tris(dimethylamino)sul-
fonium difluorotrimethylsilicate.
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Following the same series of reactions, lactoneZ-27 was
transformed intoZ-1, a stereoisomer of the natural macrolide.
Its biological properties will also be investigated and
compared with those of the natural product.

In summary, a convergent synthesis of the cytotoxic
macrolide FD-891 has been achieved. We are presently
investigating how to improve the unsatisfactory yield of some
of the final steps.27
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