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The pyran-containing fragments 1 and 2 of AM3 have been synthesized from the common pyran intermediate 3. Careful orchestration of the
alcohol protecting groups was necessary to facilitate deprotection of alcohol functionality in the presence of the chemically sensitive polyene

chain.

Amphidinol 3 (AM3, Figure 1) is a biologically active poly-
ketide natural product isolated from the marine dinoflagellate
Amphidinium klebsit. The amphidinols display antifungal
activity againstAspergillus nigerand hemolytic activity of
human erythrocyte's? These biological properties are thought
to arise from disruption of cell membranes by the hydropho-
bic C(52)-C(67) polyene chain of AM3?243Qther intrigu-
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ing structural features of the amphidinols include the acyclic
polyol region typically containing a series of 1,5-diols and
two highly substituted tetrahydropyran ring systems.

The biological activity and structural complexity of AM3
has ignited the interest of several synthetic laboratdries]
the Rychnovskyand Paquetfegroups have assembled large
portions of the natural product. We report herein syntheses
of the fully functionalized C(26)C(42) and C(43)C(67)
pyran-containing fragments of AM3.

Our retrosynthetic disconnection of AM3 provides three
major fragments (Figure 1): the C(43)—C(67) fragmént
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Figure 1. Retrosynthetic analysis of amphidinol 3.

the C(26)-C(42) fragmeng, and the acyclic polyol fragment  diols. The results also prompted us to pilot the removal of

(previously synthesized in our laboratory, not shoWwiye the PMB ethers in the presence of the skipped-polyene.

envisioned that the C(42)C(43) bond between the two However, employing conditions that were effective on earlier

pyran-containing fragments would be formed via the coupling intermediates lacking the skipped-polyene dbitve were

of aldehydel and a vinyl metal species formed from iodide unable to effect deprotection df—likely due to competing

2. Fragmentd and2 can be further simplifed to pyra®, an DDQ oxidation of the triené!

intermediate containing all of the stereocenters within each  The unsuccessful deprotection reactions summarized in

fragment. Figure 2 prompted us to reexamine our protecting group
We have previously reported the synthesis of polyéhe  strategy. After considering several options, we concluded that

and had planned to elaborate this fragment to an aldehyde

similar to1. However, attempted deprotection of the terminal _

C(43,44) acetonide @fto progress toward the required C(43)

aldehyde could be accomplished only<r20% yield (Fig-

ure 2), despite examining a number of protic and Lewis

acidic conditions that had been effective on intermediates

43

that lack the polyene side chain. Significant decomposition oH oH P

of the polyolefinic intermediates occurred under all the \ 7§
f:onditions examipe?i.'l’hes_e _effo_rts alerte(_j us to the sensitiv- various protic 1) DDQ

ity of the polyolefin-containing intermediates and foreshad- and lewis acids CH,Cly/H,0, 0 °C
owed potential problems later in the synthesis were we to <20% 2) 1% NaOH/MeOH

continue with acetonide protecting groups for the vicinal
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cyclopentylidene ketals might be a good replacement for the || NN

acetonide protecting groups df Cyclopentlylidene ketals
are more acid labile than acetonidésind the use of cyclic
ketals would result in minimal changes to our previously
developed routéTo test this proposal, we performed some
initial experiments with polyen& (eq 1)!* These studies
revealed that the terminal C(43,44) cyclopentylidene ketal
and the more acid stable C(50,5ttans-cyclopentylidene
ketal could be removed by brief treatment with acidic
methanol in modest yield (unoptimized). Encouraged by this
result, we chose to explore pyrah (Scheme 1) as our
common pyran intermediate in order to facilitate late-stage
deprotection.

Accordingly, by using appropriate modifications of our
previously reported sequentee developed a synthesis of
the key common pyran intermediaf by replacing the
problematic acetonide protecting group<iwith more acid
labile cyclopentlylidene ketals. Moreover, the polyene-
incompatible PMB ethers @&fwere replaced with TBS ether
protecting groups ir8 (see the Supporting Information for
details).

The fully functionalized C(43)C(67) fragmentl. was syn-
thesized from pyra® (Scheme 1). Removal of the primary
TBDPS ether 08, in the presence of the two secondary TBS
ethers, by using TAS-F proceeded in-/6% yield* Swern
oxidation of the primary alcohol, addition of vinyl-MgBr to

Scheme 1. Synthesis of the C(43)C(67) Fragment

TB8S otes 1) TAS-F, DMF, 70-96%
TBOPSO O 2) (COCl),, DMSO, NEt3
j\/‘\/q\/\ CHchQ, -78°Ctort
0 594 T o 3) #Mgar, THF, 0 °C
@‘O O 82% (2:1 dr) (2 steps)
3 4) (EtO)3;CCHj3, pivalic acid,

xylene, 140 °C, 54%
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1) FeCl3 on Silica
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2) TESCI (2 equiv)
Imidazole, DMAP
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3) DIBAL,

CH,Cl,, -78 °C, 70%

D NGNS PMesBr

11
nBuLi; HMPA (12 equiv)
THF, -78 to -40 °C to rt, 75% (92:8)
2) (COCl),, DMSO; NEt;
CH,Cl,, -78 to -40 °C, 73%

OHC TBS oTBS
%)
OTES

and the internatrans-cyclopentylidene ketal; however, the
polyene was not stable to these conditions, therefore neces-
sitating deprotection prior to installation of the polyene. Thus,
the diol resulting from deprotection & was protected as
the bis-silyl ether by using TESCI, and the C(56)-ethoxy-

the resulting aldehyde, and then Johnson orthoester Claisertarbonyl group was reduced with DIBAL at78 °C to

rearrangemefitof the derived allylic alcohol provided ester
9 with excellente:Z selectivity (43% overall yield). We opted
to remove the terminal C(43,44) cyclopentylidene ketal of
9 by using Fed on silica gelt® We found these conditions

provide aldehyd&0. Olefination ofLOwith the ylide derived
from dimethylphosphonium saltl installed the polyene
chain in 75% yield and 92:B/Z selectivity. This olefination
represents an improvement over our previously published

to be the most efficent way to selectivity deprotect the HornerWadsworth-Emmons olenfination that we used for
terminal acetonide in the presence of the two TBS ethersthe synthesis of4 (86:14 E/Z)8 Swern oxidation of the
primary TES ethéf then provided aldehydé, the fully

(10) It is speculated that the two-step deprotection sequence was elaborated C(43)—C(67) fragment of AMS3.
necessary because after removal of the first PMB ether, oxidation of the

second PMB ether results prmethoxybenzylidene acetal formation. The

Construction of the C(26)C(42) pyran fragment began

acetal is further oxidized to the benzoate, which then undergoes hydrolysis by deprotection of the terminal cyclopentylidene ketaBof

with basic methanol.

(11) For examples of low-yielding PMB deprotection on polyolefinic
substrates see: (a) Couladouros, E. A.; Bouzas, E. A.; Mangos, A. D.
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Commun.1968, 1684.

(12) (a) Van Heeswijk, W. A.; Goedhart, J. B.; Vliegenthart, J. F. G.
Carbohydr. Re4977,58, 337. (b) Hampton, A.; Fratantoni, J. C.; Carrol,
P. M.; Wang, S.J. Am. Chem. Socl965, 87, 5481. (c) Evans, D. A.;
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(FeCk on silica gel, 85% to reveal diol12, which was
converted to epoxide3 by using Martinelli’'s selective
tosylation protocol (Scheme 2.Treatment of13 with
dilithiopropyné?® installed the propargyl unit of4 (85%).

Use of the unusual dilithiopropyne reagent was necessary
because treatment df3 with the corresponding Grignard
reagen® resulted in significant bromohydrin formation.

(17) Rodriguez, A.; Nomen, M.; Spur, B. W.; Godfroid, JTétrahedron
Lett. 1999,40, 5161.
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Scheme 2. Synthesis of the C(26)C(42) Fragment
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Protected C(26)-C(42) Fragment

Protection of the secondary hydroxyl group of the bisho-
mopropargyl alcohol afforded TBS-eth&# (83% overall
from 13). Stannylaluminatiott of 14 followed by iodination
yielded15 (94%). Deprotection of the primary TBDPS ether
using TAS-P* provided alcoholl6 (76%), which underwent
Swern oxidation and propenyl Grignard addition to afford
allylic alcohol 17 as an inconsequential 2:1 diastereomeric
mixture (82%). Treatment df7 with 2-methoxypropane and

rearrangement followed by conversion of the methoxycar-
bonyl to the methyl ketone unit i@, 30% yield).

In summary, the fully functionalized pyran-containing
fragmentsl and2 of AM3 have been synthesized from the
common pyran intermediatgé A revised protecting group
strategy was employed to facilitate deprotection of alcohol
functionality in the presence of the sensitive polyene chain.
The silyl ether and cyclopentylidene ketal protected pydan

PPTS generated an intermediate vinyl ether which was heatedvas elaborated to the C(43)—C(67) fragment in nine steps

at 170°C in chlorobenzene to effect Claisen rearrangerfrent.
This provided the C(26)C(42) pyran fragmer2 with 95:5
E/Z selectivity in 43% yield. While the efficency of this
Claisen sequence is moderate, the yield fsbm 17 is higher

from this two-step sequence than from other Claisen
sequences that we explored (e.g., Johnson ortho ester Claisen

(20) Hopf, H.; Bohm, I.; Kleinschroth, Drg. Synth.1981,60, 41.

(21) (a) Sharma, S.; Oehlschlager, A.JCOrg. Chem1989,54, 5064.
(b) Corminboef, O.; Overman, L. E.; Pennington, L.DAm. Chem. Soc.
2003,125, 6650.

(22) Ohyabu, N.; Nishikawa, T.; Isobe, M. Am. Chem. So2003,125,
8798.
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(10% yield) and to the C(26)C(42) fragment in 12 steps
(17% yield). Further progress toward completion of the total
synthesis of amphidinol 3 will be reported in due course.
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