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This work is dedicated to Professor Yoshito Kishi on the occasion of his 80" birthday.

Abstract: A convergent and stereoselective total synthesis of the d toxicological studies.™
previously assigned structure of azaspiracid-3 has been achieved
via a late stage NHK coupling to form the C21-C22 bond with the
C20 configuration unambiguously established from L-(+)-tartaric acid.
Post-coupling steps involved oxidation to an ynone, modified Stryker

reduction of the alkyne, global deprotection, and oxidation of the

AZAs are diverse due to primary
uent bivalve metabolism. Mussels
primary AZAs into toxic AZA
metabolites.”® There me 59 AZA structures recognized,

primary alcohol to the carboxylic acid. The synthetic product
matched naturally occurring azaspiracid-3 by mass spectrometry,
but differed both chromatographically and spectroscopically.

that warrant monitoring to reduce human poisonings. The
ovision of rtified AZA reference standards of known
ctures i important need.® Also, probing the toxicology of

AZAs benefits from synthetic inputs and requires an

The azaspiracids (AZAs) are lipophilic toxins produced py
some marine dinoflagellates of the family Amphidomata
(figure 1)."" Widespread AZA occurrence and concentrati
filter-feeding bivalves serves as a conduit into human food

concerns ranging from acute diarrheic shellfish p
chronic cardiomyopathy and neurotoxicity.” This
extensive surveillance efforts to detect and quanti
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1: AZA1 R' =H
2. AZA2 R' = CHz; R2=CH,

R2=CH,

3 AZA3R'=H R2=H

Figure 1. Published structures of AZAs 1-3.8

The structure of AZA1 was originally outlined by Yasumoto,
Satake, and co-workers in 1998!"® and refined by subsequent
extensive efforts.”! Nicolaou and Satake correlated oxidative
degradation fragments of AZA1 with synthetic products to
reduce the structural possibilities, which resulted in total
syntheses of AZA1-3 and seemed to complete the structural
assignments.”) AZA3 is accepted to be the C22-desmethyl
variant of AZA1," with spectroscopic and synthetic data to
support that AZA1-3 otherwise share identical stereochemistry.

Supporting information for this article is given via a link at the end of
the document.
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In mussels, oxidation of the C22 methyl group of AZA1 may
generate the C22 carboxylic acid AZA17, which, upon C22
decarboxylation, yields AZA3.'"” Reported herein is the total
synthesis of the previously assigned structure of AZA3!""®! and
its direct comparison with naturally occuring AZA3.

Prior syntheses of AZA1-3 and ent-AZA1"" relied upon late-
stage formation of the C20—C21 bond that installed the C20
stereogenic center via ketone reductions or a poorly
diastereoselective’"®?  coupling reaction. In the present
approach to AZA3 the key coupling is between C21 and C22 (6
+ 7 = 5, scheme 1). This was to minimize post-coupling
transformations and enhance mass throughput. It also provides
the C20 carbinol configuration at the outset knowingly and
unperturbed from L-(+)-tartaric acid. Thus, AZA3 was to arise
from C21 ketone 4 via global desilylation and C1 oxidation
(scheme 1). Ketone 4 was to derive from propargylic alcohol 5,
that would result from the convergent union of a C1-C21
aldehyde (6) and a C22—C40 alkyne (7) via an NHK reaction.!"?

TBDPSO

desilylation /
C1 oxidation

(6R,10R,13R,14R,16R,17R,19S,20R,21R,24S,

258,2885,30S,32R,33R,34R,36 S,37S,39R)-AZA3  ynone formation /

conjugate reduction

N
N .
o

1

]
TBDPSO
TBDPSO
. —
| NHK fragment N,Teoc
Teoc \\22 coupling 407\ !
40N . H 0-
Y i

OTES

Scheme 1. Retrosynthesis of 3. NHK = Nozaki-Hiy:
butyldimethylsilyl. ~TBDPS =
trimethyl(ethyloxy)carbonyl. TES = trie,

ketone 8 upon
intramolecular

The bis-spiroketal
deacetylation and
transketalizations (schem

C1-C12 alkynyl iodide 9! dehyde 10. The

cetonide 14 was converted to
benzylidenes of 15a yielded masked triol 16,
which was hydrogenated to diol 17. Acylation of the primary and
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oxidation of the secondary alcohol gave ketone 19, which was
converted to silyl enol ether 13. Partner aldehyde 12 was
derived from diol 20!"®via PMB et . An efficient Mukaiyama
aldol reaction!"* between 12 and 13 g d B-hydroxyl ketone
22. Conversion to y-hydroxyl ketone ed reductive
cyclization to stereoselectively gen F 2407

Scheme 2. Genegis of the C1-21 domain. Ac = acetyl. Piv = pivaloyl. PMB =

ethoxybenz

1. HCI, MeOH, 22 °C Ph i‘
H o referencels O‘P 2. PhCH(OMe), O)\O o o

20 O TSOH, CH,Cly, 22 °C
3 18 20| 3¢

(15a:15b = 4: 1)
OH 67%, 2-steps OR OH

14 TBSOTf - 15b
2,6-lutidine 15a R=H
CH,Cly, 0°C 16 R=TBS
87% H,, Pd/C
SOgpyr. 90%
. TMSOTf v DMSO
O OPiv ;
TMSO  OPW gy N"chicl, " V' PrNEt 9'—;0 OR
209 -—————— ‘r o
18 = 7810 0 °C, 99% R Cly =
103TBS 1C;TBS 0°G, 93% OTBS
pivcl, pyr. [ 17 R=H
CH,Cl 18 R =Piv
0t022°C, 77%
1. Anisaldehyde
dimethyl acetal,
TBSO 73 170H  PPTS, CH,Cl,, 22 °C TBSOWOH
OPMB B OH

2. DIBALH, CH,Cl,

-78 °C, 87% for 2 steps 20

SOypyr., DMSO,
iProNEt, CH,Cl,
0°C, 97%

13, 2.7 equivalents

MgBr OEty, CHCl
TBSOM MgBraORlp Lo, TBSO1M0PW
oPMB 6TBS

-20t0-10 °C, 93%
° 22 R'=H RZ=PMB Ac,0, DMAP
< CH,Gly, 0°C, 92%

23 R' = Ac,R? PMB
1 2. DDQ, pH 7 buffer
1 R'=Ac,R CH,Cl,, 0 °C
SnCly, Et3SiH
CH,Cly, -78 °C
AcO
SOg3pyr., DMSO B . H
T(\/IEB\(OTBS i-ProNEt, CH,Clp ('\/‘(&TOTBS
"
21 o OR H
OPiv 0°C, 95% OPiv

24 R=TBS PPTS, MeOH, 22 °C
+ 74% of 25 for 3 steps
25 R=H

Scheme 3. C13-C21 Fragment assembly. DDQ = 2,3-dichloro-5,6-dicyano-
1,4-benzoquinone. DIBALH = diisobutylaluminum hydride. DMAP = 4-

dimethylaminopyridine. DMSO = dimethylsulfoxide. PPTS = pyridinium 4-
toluenesulfonate. pyr. = pyridine. TBSOTf = tert-butyldimethylsilyl
trifluoromethanesulfonate. TMS = trimethylsilyl. TMSOTf = trimethylsilyl

trifluoromethanesulfonate. TsOH = 4-toluenesulfonic acid.
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Aldehyde 10 was joined via an NHK reaction'? with C1-C12
iodoalkyne 9'"*! to generate epimeric propargylic alcohols 26 that
were oxidized to ynone 27 (scheme 4). Conjugate reduction!™®
afforded ketone 8. C17-O-Deacetylation allowed acid-induced
bis-spiroketalization!'"'¥ to consolidate the ABCD-ring system in
29. Selective deprotection and oxidation gave the C1-C21
aldehyde 6.

AcO,
OTBDPS : F H OTBDPS
) Ha otes _Js AcO, QTBS
, o A0,
= i H 1 = N2t
= o =" 10 OPiv N, b= x HO H OPiv
H © OMe 12 H (¢] OMe 213
9 CrCly, NiCl, THF
3 26 X = CHOH A
22°C, 82% AT MnOs, CHoCly, 0 °C, 84%
(CuHPPhj3)g, PhSiH3, H,0, PhMe, 22 °C
85%
OTBDPS OTBS
PPTS, CH,Cl,
A0—=0°C
OTBS ~41% for 2 steps. 10 3 O H OPiv
OR 8 R AC
28 RoH ;lr(Qcoz, MeOH, 22 °C

29 R= PiVJ DIBAL-H, CH,Cl,
30 R=H -95°C, 85%

;[ DMP, pyr., Hy0
(6) = ChiyCr,, 0°C, 94%

Scheme 4. Convergent assembly of the C1-C21 domain. DMP = Dess-Martin
periodinane.

The C22—C40 coupling partner 7 was obtained from alkyne
(scheme 5) via iodination and allylic ether modification.
installation of the C22 iodine atom was critical to congi

R
,Teoc \22 DDQ
aoN pH 7 buffer
o CH,Cl,, 0°C

6PMB 99%

31R=H —l NIS, AgOTf, DMF

32R=| 22°C, 99% 33R=H TESOT, 2,6-|
—~— 0

7R = TES < CH,Cly, -78°

Scheme 5. Elaboration of the 022—C4O domain

PMB = 4- methoxybenzyl TES
trifluoromethanesulfonate. Teoc = 2-
dimethylpyridine.

derwent decomposition
conditions. The resultant epimeric
oxidized to ynone 34, which was
etone 4. This modified Lipshutz-
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Stryker reduction also benefited from careful optimization:
inclusion of 1,2-bis(diphenylphosphino)benzene (BDP) was
critical for success."® Global de tion of 4 was achieved
with freshly prepared TBAF solutio ied primary alcohol
35. Two-step oxidation to the carboxylic leted the total
synthesis of 3. As observed by Evans,. Icohol was
largely inert towards oxid i nbuffered Dess-Martin
periodinane®® conditions.

5 X=CHOH _| DMP, pyridine
34 X=CO —=— CHyCl,, 70%
~OH ] (CuHPPhy)g

4 —<— BDP, PhSIH

H,0. PhMe
TBAF, THF ~ 22°C.64%
78°C
79%

35 Y'=CH;0H — 4 DMP, CH,Cl,, 0 °C
j 2. NaClO,, 2-methyl-2-butene
NaH,PO,4 /H,0, t-BuCH, 22 °C
78% for 2 steps

3 Y=CO.H

eme 6. Completion of the synthesis of 3. BDP = 1,2-bis(diphenyl-
Osphino)benzene. TBAF = tetra-n-butyl-ammonium fluoride.

This article is protected by copyright. All rights reserved.
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COMMUNICATION

A convergent and
stereospecific total
synthesis of the
previously assigned
structure of the marine
neurotoxin azaspiracid-
3 reveals non-identity
and thus necessitates
structural revision of
the primary
azaspiracids.

(6R,10R,13R,14R,16R,17R,195,20R,21R,24S,
255,285,305,32R,33R,34R,36 5,37 5,39R)- Azaspiracid-3

OH of 0
L, HOe2ar0n
O OH

L-(+)-tartaric acid
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