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Since the isolation of amphidinolide A by Kobayashi in 1986,
the structural complexity, effects upon biological systems, and
scarcity of the amphidinolide natural products have stimulated
intense research efforts in several disciplifdssignificant feature
common to all 35 members of this ever-growing family of
molecules is a highly oxygenated and stereochemically rich
macrocycle, ranging in size from 12 to 29 atoms. A small fraction

of these otherwise diverse natural products have been prepared by

total synthesis.

Herein we describe a stereoselective synthesis of amphidinolide

T1* (Figure 1,1), whereby an intramolecular, transition metal-
catalyzed reductive alkyrealdehyde coupling related to methods
developed in our laboratorigsand in the Montgomery group
assembles the 19-membered macrocycle by formation of the-C12
C13 carbor-carbon bond (redk). In contrast to all previous
amphidinolide synthesésthe macrocyclization also addresses a

Scheme 1. Enantioselective Synthesis of the C13—C21 (3)
Fragment of 1 Using a Nickel-Catalyzed Alkyne—Epoxide
Reductive Coupling
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forward functional group manipulation providéd! Stereoselective

stereochemical issue in the same operation, in this case installatiorinstallation of the Ph&CCH, group was best accomplished by

of the C13 stereogenic center (with very high stereocontrol).

21 Me

amphidinclide T1 (1}

Figure 1. Amphidinolide T1 (). Asterisks indicate carbercarbon bonds
formed using a nickel-catalyzed reductive alkyrédehyde (redx,
intramolecular) or alkyneepoxide (bluek, intermolecular) coupling.

The catalytic, stereoselective macrocyclization strategy we
employed also enabled preparation of the entire-@131 fragment
(3) of the target in only four steps, one of which was another nickel-
catalyzed reductive coupling reaction developed in our group: that
of an alkyne and an epoxide (Figure 1 (bi«¢ and Scheme 1.
The construction of nearly half of amphidinolide T1 was thus
reduced to the synthesis of two enantiomerically pure coupling
partners: an epoxide and an alkyne.

Jacobsen'’s (salen)Co(lll)-catalyzed hydrolytic kinetic resolution
efficiently solved the first of these problems, affordifig)-n-
propyloxirane in>99% ee (Scheme 2)An Evans oxazolidinone
auxiliary was used to prepare the requisite alky?e iy way of
a diastereoselective propargylation with 3-bromo-1-phenyl-1-
propynel® The Ni-catalyzed, alkyneepoxide reductive coupling
smoothly united these two building blocks, completing the synthesis
of this fragment ) of amphidinolide T1 in an average yield of
87% per step and with 95:5 regioselectivity with respect tmth
epoxide ring openingnd addition to the alkyne.

As summarized in Scheme 2, three of the four stereogenic centers

in the C1-C12 fragment?) were established in a reagent-controlled

fashion, whereas the other capitalized on a strong stereochemical

biag! in an addition reaction to an oxocarbenium species derived
from a lactol 6).12
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Lewis acid-promoted allenylsilane addition to hemiaceialin
analogy to Danheiser's method for allenyl addition to aldehydes
and acyclic acetal® Warming to ambient temperature effected
concomitant removal of the TBS protective group, givéig 40%
overall yield and high diastereoselectivity, mirroring the levels of
stereoselection observed by Woerpel in a recent series of investiga-
tions1112Because the remaining stereogenic center in this fragment
lay remote to those of the tetrahydrofuran, a diastereoselective
alkylation using the pseudoephedrine-based chiral auxiliary devel-
oped by Myers proved to be the best course of acfidn. this
way, the fully elaborated C1C12 fragment, carboxylic acid, was
afforded in 65% overall yield fron® (>95:5 dr).

Scheme 2. Synthesis of the C1-C12 Fragment (7) of

Amphidinolide T1
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Scheme 3. Synthesis of Amphidinolide T1 (1) via Stereoselective
Macrocyclization: Intramolecular, Nickel-Catalyzed
Alkyne—Aldehyde Reductive Coupling
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Fragment coupling via ester formation between alcdhahd
carboxylic acid7 and conversion of C13 to an aldehyde set the
stage for a nickel-catalyzed reductive macrocyclization of (1,19)-
alkynal 8. To our delight, allylic alcohol9 was obtained with
complete selectivity for the desired configuration of the C13
carbinol}’ thus completing both assembly of the 19-membered ring
and installation of all of the stereogenic centers of amphidinolide
T1 (Scheme 3).

Two other features of this stereoselective macrocyclization are
noteworthy and compensate for the moderate yield. That the

undesired C13 diastereomer was undetectable was surprising

becauséntermolecular couplings of closely related compounds were
nearly nonstereoselective (1.5:1). Further, even if the intermolecular
coupling were perfectly selective, the catalytic macrocyclization
led to a significantly shorter synthesis because it obviated protection
(and subsequent unmasking) of carboxylic a@icnd the free
hydroxyl group in3.

With the macrocycle in hand, the only remaining task was
conversion of the C12 and C16 benzylidene groups to a ketone
and methylidene, respectively. After investigation of several end-
game strategies, we found that protection of the C13 hydroxyl,
global ozonolysis, selective methylenation at C16 using a modifica-
tion of Takai's method? and finally HF—pyridine removal of the
TBS protective group afforded amphidinolide T1),( whose

spectroscopic and spectrometric data were identical in every respect

to those reported by Kobayashi for the naturally occurring enan-
tiomer?
In conclusion, two nickel-catalyzed, carbecarbon bond-

forming reactions were instrumental in an enantioselective synthesis

of amphidinolide T1 {). A catalytic alkyne-epoxide reductive
coupling (intermolecular) completed the preparation of one half of
1, and a catalytic alkynealdehyde reductive coupling (intra-
molecular) simultaneously assembled the macrocgolé estab-
lished the configuration of a stereogenic center with complete
selectivity in the desired fashion. This is the most direct synthesis
of an amphidinolide T natural product to date, in terms of both
longest linear sequence (16 steps frdjnand total number of
synthetic operations (28J9"We are currently developing an analo-
gous, modular strategy for the synthesis of the other amphidinolide
T natural product4?c
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