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(+)-Macquarimicin A ) was isolated fromMicromonospora
chalceaby researchers at Abott in 1995 ater, researchers at
Sankyo found thail is a selective inhibitor of membrane-bound

neutral sphingomyelinase (N-SMase) and exhibits antiinflammatory

activity in vivo.2 The structure ofl is characterized by a unique
tetracyclic framework, which comprisescis-tetrahydroindanone
ring, a-keto-d-lactone ring, and a 10-membered carbocyetle.

H
(+)-cochleamycin A (2)

H
(+)-macquarimicin A (1) (-)-FR182877 (3)

As closely related natural products, an antitumor antibiotic
cochleamycin A2)3 and a microtubule-stabilizing agent FR182877

(3)* have been isolated. This class of natural products shares a

biogenetic hypothesis that involves the intramolecular Diélsler
(IMDA) reaction of polyketide intermediatésThis intriguing
feature, combined with biological activities and a formidable
molecular architecture, makes them highly attractive synthetic
targets® In 2002, Sorensen et &land Evans and St&rachieved
enantioselective total syntheses df){ and (-)-3, respectively.
Very recently, Tatsuta et dldisclosed the total synthesis of)-

2. Herein, we describe the first total synthesis #){1, determi-
nation of its absolute configuration, and revision of the proposed
structure concerning the C(2L(3) geometry®

The retrosynthetic analysis is outlined in Schemé& The
tetracyclic framework ofl was projected to arise from the
transannular DielsAlder (TADA) reactiori? of 5. The macrocycle
5 could be elaborated through the intramolecular Frdsuji
reaction of 6, which in turn would be available via the Stille
coupling of ¢)-stannylalkene&’ and E)-iodolalkene8.

(2)-Stannylalkener was synthesized in two steps from dibro-
moalkened!! (Scheme 2). The application of Uenishi's metkod
to 9 generated 4)-bromoalkenelO exclusively. The halogen
lithium exchange of10 followed by treatment with BySnCl
produced?.

The synthesis of the other coupling subst@étgarted from R)-
epichlorohydrin 11) via known acetylenic compouri®* (Scheme
3). The conversion ofl2 to aldehydel3 was conducted in a
straightforward manner and proceeded in 84% yield fidmThe
vinylogous Mukaiyama aldol reaction betwetBand14' gave a

Scheme 1. Retrosynthetic Analysis for (+)-Macquarimicin A (1)
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Scheme 2. Preparation of the (2)-Stannylalkene 72
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Scheme 3. Preparation of the (E)-lodoalkene 82
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“ (a) trimethylsilylacetylene, n-BuLi, BF;-OEt,, THF, =78 to =30 °C; (b) KCN,
Nal, DMSO/H,0 (10:1); (¢) K,CO;, MeOH; (d) TBSCI, imidazole, DMF; (e)
Dibal-H, toluene, —78 °C; (f) BF;-OEt,, CH,Cl,, =78 °C; (g) Dess—Martin
reagent, CH,Cl,; (h) 48% aq. HF/MeCN (5:95); (i) Et,BOMe, NaBH,,
THF/MeOH (4:1), —78 °C; (j) TBSCI, imidazole, DMF; (k) NBS, AgNO;,
acetone; (1) Bu;SnH, Pd,(dba);, PPh,, THF; (m) I,, CH,Cl,, 0 °C.

f,g,h
67%

the resulting diol and conversion to bromoalkyt@followed by
one-pot hydrostannylatieriodinatiort” produced E)-iodoalkene

With stannan€& and iodide8 in hand, assembly was undertaken
(Scheme 4). The cuprous chloride-promoted Stille coupfitfy
(97%), followed by selective deprotecti§rof the TBDPS group
(94%), afforded17. Conversion ofl7 to the methyl carbonate
followed by thermolysis in toluene/MeOH furnished {h&eto ester

1:1 diastereomeric mixture of the adducts, which was converted to 6. Macroallylatior?* was successfully carried out to form a 17-

B-hydroxyketonel5in two steps. The diastereoselective redudfion
of 15 gave the desiredyn1,3-diol exclusively. The protection of

14722 m J. AM. CHEM. SOC. 2003, 125, 14722—14723

membered macrocyclEs (ca. 3:2 diastereomeric mixture) in 84%
yield using Pd(PPj)4/dppe (1:1) as a catalyst. After removal of

10.1021/ja038732p CCC: $25.00 © 2003 American Chemical Society
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Scheme 4 . Total Synthesis of (+)-1 via TADA of 52
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¢ (a) Pd(PPhs),, CuCl, DMSO-THF; (b) NH,F, MeOH; (c) CICO,Me, pyr.
CH,Cl,; (d) MeOH, toluene, 110 °C, in a sealed tube; (e) Pd(PPh;),, dppe,
THF; (f) HF-pyr., pyr.; (g) MeOH-i-Pr,NEt (10:1); (h) PhSeCl, Et;N,
CH,Cl,, -78 °C; (i) mCPBA, CH,Cl,, -50 °C; (j) BHT, toluene, 130 °C, in a
sealed tube; (k) TESOTT, lutidine, CH,Cl,, —=78 °C; (1) DDQ, CH,Cl,/pH 7
buffer (10:1); (m) Dess—Martin reagent, NaHCO;, CH,Cl,; (n) PPTS, MeOH.

the TBS groups irl8, the formation of thes-keto-O-lactone ring
under basic conditions followed by a double-bond introduction was
carried out to affords as a mixture of C(2yC(3) geometrical
isomers??

The stage was set for the key TADA reaction. Under thermal
conditions (130°C), the cycloaddition ob furnished the desired
diastereome# as a sole cycloadduct. In this reaction, tZeE]-
geometry of the reacting diene is the originesfdoselectivityl!
while the lactone ring restricts conformation to control the diaste-
reofacical selectivity completeRp.

The cycloadduct was converted tof)-1 as follows. Silylation
and removal of the MPM group, followed by Dedslartin
oxidation, gave 14-TES-L. Finally, PPTS-catalyzed cleavage of
the TES ether affordedH)-1. Spectral propertiesl and3C NMR
and IR) of synthetic{)-1 were completely identical to those of a
natural sample, and optical rotation of synthetie{l ([0]%% =
+270; ¢ 0.20, MeOH) established the absolute configuration of
natural ¢)-1 ([a]?®> = +285.6;c 0.2, MeOH). Furthermore,
extensive NOE experiments on syntheti€){1 revealed that the
C(2)—C(3) geometry must b2, notE as reportet? (see Supporting
Information for details).

In conclusion, the first total synthesis of J-macquarimicin A
(1) has been accomplished with 27 linear steps frblin 9.9%
overall yield (92% average yield per step). The synthesis features
the transannular DielsAlder reaction, which constructed the
tetracyclic framework ol stereoselectively. Also, the present work
established the absolute configuration-6J<1 and revised its C(2)

C(3) geometry. Further study for the syntheses of the other members
of this class of natural products is currently underway.
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