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The efficient entry to the C;—Cy,, C13—Cig, and C,;—Cys fragments of azaspiracid is outlined. The C;—Cy, portion is constructed using a key
asymmetric allenyl borane addition to the corresponding o.f-unsaturated aldehyde. The synthesis of the C13—Ciq portion utilizes an Evans
asymmetric alkylation followed by Sharpless asymmetric dihydroxylation. In addition, a novel solution to the mismatched effects of a neighboring
chiral oxazolidinone during a Sharpless dihydroxylation is detailed.

Azaspiracid (1) was recently isolated in Killary Harbor, in the water samples. The low amounts isolated, as well as
Ireland, from the musseéWytilus edulist Two structurally apparent seasonal occurrence, have hindered further inves-
similar derivatives, azaspiracid-2)(and azaspiracid-3j, tigation.

were later discovered in the Arramore Island region of

Donegal, Ireland. Azaspiracidsl—3 have been shown to _
possess considerable toxicity in vitro with lethal doses in
mice of 0.2, 0.11, and 0.14 mg/kg, respectively. The relative
stereochemistries df—3 were determined by extensive NMR
studies, but their absolute stereochemistry is, as yet, unde-
termined (Figure 1).

In addition, the origin of the azaspiracids remains a
mystery. These compounds are believed to be dinoflagellate
in nature, due to their highly oxygenated polyether structure;
however, none of the known phytoplanktons were observed

(1) (@) Satake, M.; Ofuji, K.; Naoki, H.; James, K. J.; Furey, A.;
McMahon, T.; Silke, J.; Y.; Yasumoto, T. Am. Chem. S0d.998,120,
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The structural architecture of spirocyclepossesses a tandem reaction sequent&he necessary £.salkene will
challenging array of features: 47 carbons, 20 stereocenterspe constructed using a Still-Gennari coupfingetween
and 9 rings, including a unique azaspiro linkage fused to a aldehydeABC and phosphonoestBE. The Gg»1bond will
[3.3.1] bicyclic nonane ring system. The formidable structural be formed from a dithiane addition & to the aldehyde
features of this molecule, in combination with the biological AB, setting the G, stereochemistry. Finally, the;&3bond
toxicity, make azaspiracid (1) an attractive synthetic tatget. should be available via a sulfone ester coupling between
Other spirocyclic compounds, such as pinnatoxin A and fragmentsA andB followed by spirocyclization.
okadaic acid, have also garnered considerable synthetic Fragment A. The critical G ether linkage, embedded in
interest? the dihydropyran ring, represents the major challenge in the

Strategy. Because of the structural complexity and size construction of fragmerA. This stereocenter was envisioned
of azaspiracid, it is imperative that any synthetic approach to arise from a boron-mediated, asymmetric allenyl addition
toward1 be highly convergent. For this reasdnyas broken to the o,f8-unsaturated aldehyde. Successful examples of
down into five relatively equal fragmengs—E (Scheme 1). asymmetric propargyl or allenyl additions to unsaturated

aldehydes are relatively rafein part to the decreased
I, eactvi imparted by he alkerie.
. o The construction of fragmerit was accomplished in nine
Scheme 1. Retrosynthetic Plan for Azaspiracid)( . .
steps from commercially available 1,4-butaned®l(Gcheme
OTBDPS 2). Monoprotection o4 as its TBDPS ether followed by

Scheme 2. Synthesis of the\ Fragment
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AB TESO g a (i) TBDPSCI, DMAP, EtN, CHyCly; (i) TPAP, NMO, mo-
% lecular sieves, CkCl,; PhsP=CHCQMe, 78% (two steps); (iii)
c E DIBAL-H, CH.Cl,, —78 to 0°C, 99%; (iv) TPAP, NMO, molecular
sieves, CHCI,, 89%; (v) triphenylpropargyl stannaid, CHCl,,
H —78 °C, 74%, 80% ee; (vi) TESOTf, 2,6-lutidine, GEl,, —78
1-OTBDPS 302Ph° oRg H °C, 85%; (vii) n-BuLi, CeCk (1.3 equiv), THF;12, 63%; (viii)
(/\/l(j\) mom Lindlar's catalyst, H, quinoline, hexanes, 57%; (ix) #-HF,
Nl w0 MeOH, CHCl,, then PPTS, 64%.
A B

TPAP oxidation and in situ Wittig olefination provided the

To construct the & »s anti-configuration, we envision an  rans-estee in 78% overall yield. DIBAL-H reduction 06
oxidation of the aryl allylic selenid&BCDE with in situ with subsequent oxidation using TPAP proceeded without

[2,3]-sigmatropic rearrangement. Our laboratory has recently incident in 89% yield. Incorporation of the propargyl
reported the first catalytic method for accomplishing this
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functionality using Corey’s bromoborane reageli ef-
ficiently provided the desired alcoh8lin 74% yield. The

1 g. Ultimately, the iodidel6 was effectively synthesized
using triphenylphosphine and iodide in the presence of a

enantiomeric excess (ee) of 80% as well as the absoluteslight excess of imidazole in 91% yield. Finally, the key
configuration were determined via Mosher ester anafysis. alkylation of the iodidel6 with the sodium enolate derived

Formation of the dianion o8 followed by addition of the

from commercially available oxazolidinori& was success-

Weinreb amidd.2 (prepared from the commercially available fully accomplished in 99% yield with excellent diastereo-
acid chloride) resulted in significant amounts of elimination selectivity (ds> 20:1).

of the3-phenyl sulfonyl group. For this reason, tHegfcohol

Our interest now shifted to the critical dihydroxylation

function was masked using TESOTTf to provide the silyl ether using the Sharpless asymmetric dihydroxylation methodology

9. Lithiation of the acetylene using-BuLi, followed by
addition to the amidd.2, in the presence of Cef{lielded
the desired acetylenic ketont0 in 63% yield. Partial

(Table 1)!! The Sharpless mnemonic predicted that AD mix

reduction using Lindlar’s catalyst in the presence of quinoline Taple 1. Selected Examples Sharpless Dihydroxylation

incorporated the necessasig alkene in 57% yield. Finally,
after considerable experimentation, desilylation usinglEt
HF followed by in situ ketalization using PPTS provided

the desired fragmer& in 64% yield.

Fragment B. Incorporation of the critical G stereocenter
represented the first major hurdle in the construction of
fragmentB. Treatment ofL3 with 2-methoxy-1,3-dioxolane

in the presence of zinc chloride gave the desired &dah
61% yield (Scheme 3 Reduction of the aldehydk4 using

Scheme 3. Construction of the G Stereocentér
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a (i) 2-methoxy-1,3-dioxolane, ZngICH,Cl,, 61%; (ii) DIBAL-
H, ELO, —78 to 25°C, 76%; (iii) PhP, I, imidazole, MeCN, BEO
(1:3), 91%; (iv) NaHMDS, THF~78°C; 16, —78°C, 99%,>95%
ds.

DIBAL-H provided the allylic alcoholL5. The iodidel6 was
initially constructed via the mesylate (M3, EtN, 0 °C,

Selectivity Based on Carbonyl Substitution
o}
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entry alkene additive yield (d.s.)

1 18 none 36% 1

2 18 NaHCO3 87% {2.5:1)
E 20 NaHCO, 77% (10:1) |

aj) LiOBn, BnOH, THF, 0°C, 90%, 85% recovered auxiliary. T The
d.s. was not determined due to impurities.

o should give the desired stereochemistry; however, it should
be noted that Brimble and co-workers have recently observed
a complete reversal in selectivity using the AD mixes on an
Evans alkylated produét. Treatment of alken&8 with AD

mix o**% did induce dihydroxylation, with contaminant
cyclization, to provide the desired lactod® in a disap-
pointing 36% yield. The stereochemical outcome of the
dihydroxylation was secured via X-ray crystal analysis of
19. The yield of this transformation could be improved
dramatically by buffering the solution with three equivalents
of sodium bicarbonate; however, poor selectivity was
observed (2.5:1) One possible explanation for the poor
selectivity in the dihydroxylation could be a mismatched
interaction between the oxazolidinone and the chiral osmium
species. To investigate this hypothesis, the alkeBevas

92%); however, conversion to halide using sodium iodide converted into its benzyl est@0. Subsequent dihydroxyl-
in acetone proved to be capricious on amounts greater thardtion, with in situ lactonization, indeed did lead to improved

(4) For a recent review, see: Brimble, M. A.; Far&. A. Tetrahedron
1999,55, 7661.
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selectivity (10:1) ofl9without a significant decrease in yield
(77%). The major diastereomer could be easily recrystallized
to greater than 20:1 selectivity in 68% isolated yield.

(11) Kolb, H. C.; VanNieuwenhze, M. S.; Sharpless, K.@em. Rev.
1994,94, 2483.

(12) Allen, P. A.; Brimble, M. A.; Prabaharan, ynlett1999, 295.

(13) AD mix o* = [(DHQ).PHAL (154 mg), kOsG:2H,0 (25.5 mg),
K,CO;3 (2.90 g), KsFe(CN) (7.00 g)] Commercially available AD mixg
proved to be slow and inefficient.

(14) The undesired diastereomer appears to be preferentially consumed
in the dihydroxylation in the absence of NaHgO

(15) Nicolaou, K. C.; Daines, R. A.; Chakraborty, T. K. Am. Chem.
Soc.1987,109, 2208—10.
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With a viable route to the lactonk9, the next challenge
was the construction of the bicyclic methoxy aceBl

(Scheme 4). This reorganization required the conversion of

Scheme 4. Completion of theB Fragmert
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a(i) p-TsOH, MeOH, 64% (after three cycles); (ii) imidazole,
MeCN, 90°C, 97%.

the y-lactone into the desired-lactone and formation of
the furan acetal via the ;¢ hydroxyl function. Initially,
treatment of acetal9 under aqueous acidic conditions did
lead to removal of the g acetal; however, approximately
10% elimination of thep-hydroxyl function was also
observed. Fortunately, treatment ®® under methanolic
acidic conditions led to conversion to desired furan acetal
21 in 64% vyield after three cycles. The remaining mass
balance consisted of the anomeric methoxy flzaa(12%)
and the desired bicyclB (7%) as well as the dimethoxy

acetal22. These products were easily separable, and resub

mission of22 and2laled to the same equilibrium mixture.
Finally, lactonization of21 with imidazole in acetonitri&®
at reflux gave the desired fragmeBtin 97% vyield. X-ray
crystal analysis of the bicyclB allowed for the conclusive
establishment of the (g stereochemistry.

Fragment C. The synthesis of the dithiane fragmedt

was based on close analogy to literature precedent (Schem

5).16 Starting from the known lacton23 (available in five

(16) (a) Andrus, M. B.; Li, W.; Keyes, R. K. Org. Chem1997,62,
5542. (b) Chen, S.-H.; Horvath, R. F.; Joglar, J.; Fisher, M. J.; Danishefsky,
S. J.J. Org. Chem1991,56, 5834. (c) Mohr, P.; Waespe-Sarcevic, N.;
Tamm, C.; Gawronska, K.; Gawronski, J. Kelv. Chim. Actal1983,66,
2501. (d) Smith, A. B.; Maleczka, R. E.; Leazer, J. L.; Leahy, J. W,;
McCauley, J. A.; Condon, S. MTetrahedron Lett1994 35, 4911. (e)
Kocienski, P. J.; Brown, R. C. D.; Pommier, A.; Procter, M.; Schmidt, B.
J. Chem. Soc., Perkin Trans.1B98, 9.
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Scheme 5. Synthesis of Fragmer@?
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a(i) DIBAL-H, CH,Cl,, —60 °C, 95%; (ii) HS(CH)sSH,

steps from commercially available methyR)¢(—)-3-hy-
droxy-2-methylpropionate), reduction to the lac&s was
accomplished using DIBAL-H in 95% vyield. Subsequent
treatment of24 with 1,3-propanedithiol in the presence of
BF3-Et,O provided the thioacet&5in 72% yield. It should
be noted that less than 5% epimerization gtwas observed
during this sequence. Finally, protection the Hydroxyl
function as its TES ether provided fragméhin 84% yield.
The stereoselective construction of the-Ci,, Ci3—Cag,
and G;—C,s fragments of azaspiracid has been achieved in
nine, eight, and eight steps, respectively. The synthesis of
the G—Cy, portion utilizes the Corey allenyl borane meth-
odology as an effective method for asymmetric addition to
a functionalized,a,f-unsaturated aldehyde. ThesECig
fragment is constructed using an Evans alkylation followed

by a Sharpless asymmetric dihydroxylation. A unique

solution for increased diastereoselectivity in a mismatched
system is reported. Our continued progress toward the total
synthesis ofl will be reported in due course.
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