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The core trioxadispiroketal system representing C26 ~ —C40 of spirastrellolide A was assembled using a sequenced double-intramolecular hetero-
Michael addition process.

Spirastrellolide A (Figure 1) is a polyketide isolated from arrest. The methyl ester of spirastrellolide A also exhibited
extracts of the Caribbean spor@pirastrella coccinea This potent tubulin-independent activity in a cell-based antimitotic

assayt? As a structurally novel entrant to the okadaic acid
_ class of phosphatase inhibitdrspirastrellolide A and its
derivatives may have therapeutic potential.

The complete stereochemistry of spirastrellolide A is
undefined, but the relative configurations of three separate
portions were reportet.Several individual fragments have
also been synthesiz&dWe were initially interested in
exploring the double-intramolecular hetero-Michael addition
(DIHMA) process for the synthesis of spirastrellolide A's
trioxadispiroketal domairl (Scheme 1. This would rep-
1L resent an extension of this synthetic methodology following
\S 13—0 02" "OH its success in generating the azaspiracid trioxadispiroketal

HO Me: 1@—0Me domaing
— Trioxadispiroketal 1 (Scheme 1) was targeted in an
Figure 1. Two possible diastereomers of spirastrellolide A. arbitrary absolute configuration. Establishment of both C31
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- - _ acetone OTES H 2) DMP, NaHCO;
and C35 spiroketals ifh under thermodynamic control was 30 min, 89% CH,Cly, 3 h, 93%
expected to deliver the natural product’s configurational and 9
conformational array due to double-anomeric stabliz&tion O OTES
and the predominant equatorial orientation of its appendages. OBn O P —>.OTBDPS
Further, the C28 chlorine would be installed at a late stage BnO NP “30
onto the assembled trioxadispirokegaby selectiven-keto OTES :
chlorination. Bis-spiroketa? would arise from linear ynone 3
3via a DIHMA proces$.Ynone3, in turn, would be derived 2DMP = Dess—Martin periodinane.
from the C37#C40 aldehydel, C30—C36 methyl ketong,
and the C26C29 aldehyde6. These units could be
combined sequentially to Cg“stfuf{t the linear ynanby cyclize derivatives of3 under acidic reaction conditions
Mukaiyama aldd and NHK" coupling react|onzs. o resulted ins-elimination of the C37 oxygen functionalities.
The synthesis began with ketobgScheme 2j?Kinetic  various Brénsted and Lewis acids were examined with

enolization _foIIovyed by trapping wi.th TMSCI provideq the gifferent hydroxyl protecting groups at the C27 and C37
corresponding silyl enol ether. This was coupled with the 4conols. A benzyl ether at C37 seemed to be the least labile
L-malic acid-derived aldehydé by a chelation-controlled  qward elimination.

Mukaiyama aldol reactiofi to yield 7. This was originally It was apparent that the rates of elimination needed to be
protected as a TBS ether; however, the silyloxy group gyppressed, while the rates of conjugate addition needed to
underwentg-elimination at later stages. Therefore, benzyl he enhanced, to accomplish the desired trioxadispiroketal

ether formation led tB with subsequent manipulations.  formation with this type of labile substrate. Accordingly, the
Silver trifluoroacetate antll-iodosuccinimide were applied 27 and C38 hydroxyls were liberated frof at low

to convert alkyne8 into iodide 9.2 NHK coupling™ of 9 temperature, and the resultant acid labile didl was
with -malic acid-derived aldehydé gave a propargylic  gypjected to alkyne activation using various metal salts.
alcohol that was oxidized to ynorg Several silver, copper, mercury, and palladium salts were

Our initial intent was to liberate the C27 and C38

hydroxyls from3 under acidic conditions, Whereupon bis- _

Scheme 3

conjugate addition might ensue to form the trioxadispiroketal.
This would involve successive@xoand 6-endaing closures
of the C35 hemiketal and C27 hydroxyls, respectively, upon
the C29—C31 Michael acceptbiHowever, all attempts to
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Scheme 4

surveyed, and the results were mixed. Either a single hetero-desiredo-chloro aldehydd 4. A dimethoxybenzyl group was
Michael addition was accompanied Byelimination (Scheme  strategically installed at the C27 hydroxyl to facilitate
3) and furan formation (11), or no reaction occurred at all. subsequent selective removél.

Next, basic reaction conditions were examined to cyclize

diol 10 (Scheme 4). Upon treatment &6 with potassium || N |

tert-butoxide, the C3835 hemiketal conjugatively added to Scheme 3

the C29—C31 ynone to form spiroketaP. This occurred 1) MOMCI, /-Pr,NEt

without elimination of either C27 or C37 oxygen substituents. CH,Cl,, 1 h, 70% brsm 0.,

Efficient formation of the second spiroket)r:l? required acidic HO O 2) D_(_Z)_DzlpT TIP. TBHP HO SN
reaction conditions. Hence, treatment of ena@evith CSA 15 2000 0;420|; 15h 16

in benzene afforded bis-spiroketal It was presumed that ‘sr o

the thermodynamically favored spiroketal configurations at LGl (CH.OWE. AcOH 1 CI3C)J\ODMB
C31 and C35 emerged from the sequenced base- and acid- )alcet’o(ne, ﬁz)}f LACONTBSO oA BF,- E,0, CH,Cly, 1 h

induced assembly of the trioxadispiroke2alPurification of

2) TBSCI, Im, CH,Cl, 2) TBAF, p-TsOH

ketone2 was challenging due to its instability on silica gel. 12 b 09C to 1t Cl OMOM </ piesf

A retro-hetero-Michael reaction occurred during chroma- ZS’teps 77% 17 2 steps, 74%
tography. As a remedy, crude ketoP&vas simply reduced ’

to alcohol13, which could be isolated in moderate overall ODMB © ODMB
yield. As anticipated, NOE studies confirmed the configura- _OMOM DMP, NaHCOs; ~_OMOM
: . ) . : HO™ > —— H

tions and conformation of_ trioxadispiroketdl3 vyh|ch_ al CH,Cly, 1h, 98% Cl

reflected the thermodynamically favored array, including 18 14

double anomeric stabilization at C31 and C35.
Because tricyclic keton® proved to be unstable, the
original plan to install the C28 chlorireto the ketone after

trioxadispiroketal formation was revised. Instead, an early e previously successful NHK coupling between alde-

apDMB = 3,4-dimethoxybenzyl.

installation of the chlorine was investigated. hyde 6 and iodoalkyned (Scheme 2) became problematic
This revision was simple to initiate, as it required only @ \yith ¢-chloro aldehydé 4. Only trace amounts of the desired

C26—C29a-chloro aldehydel4 instead of the origina. coupling product were observed, whereas dechlorinkted
The synthesis of aldehydBt commenced withrans-2-  \yas returned as the major product. This readficould not

butene-1,4-diol15). Monoprotection followed by Sharpless  pe avoided after several attempts at optimization. Thus, the
asymmetric epomdatldﬁ afforded epoxidel6 (Scheme 5).  corresponding lithium acetylide derivative was employed.
Chloride opening of trimethyl borate-chelated epoxy alcohol alkyne 7 was desilylated and then converted into alcohol
16 yielded the anticipated chlorohydrin ir20:1 regio-
selectivity!® Simple protecting group manipulations followed (15) Tomata, Y.; Sasaki, M.; Tanino, K.; Miyashita, Wetrahedron Lett.

i i iodi idati 2003,44, 8975.
by mild Dess-Martin perlodlnane oxidation then gave the (16) Horita, K.; Yoshioka, T.; Tanaka, T.; Oikawa, Y.; Yonemitsu, O.
Tetrahedron.1986,42, 3021.
(14) Katsuki, T.; Sharpless, B. K. Am. Chem. S0d.980,102, 5974. (17) Furstner, AChem. Re»1999,99, 991.
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Scheme 6

1) AgNOs, KI

EtOH : H,O -

9 RS

_4:1,20min, 83% BnO TESO O

2) TESOTf,CH,Cl,
: 2,6-lutidine :
OPMB = -40°C, 1h, 92% OPMB =
7 3) NaBH,, MeOH 19
2h, 87%
1) n-BuLi, THF, -78 °C
14, 30 min, 80% brsm
2) DMP, NaHCOQ3, CH,CI
t-BuOH, 3 h, 92%
O OR?
TESO O P OMOM
BnO =
f , Cl
OR1 =
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acidic CW

pH 7 buffer, 3 h

l basic conditions

BnO

19in a stepwise process (Scheme 6). TreatmeritSofith
n-BuLi generated the alkoxide/acetylide dianion. This was
added to aldehyd#4 to give a diol that was then oxidized
to ketone20.

Removal of the C27 and C37 hydroxyl protecting groups
from 20 gave chlorohydrin dioR1 (Scheme 6). Submission
of 21 to acidic or basic reaction conditions in attempts to

3000

induce spirocyclizations did not lead to the desired trioxa-
dispiroketal. Under basic reaction conditiorsl gave a
C31-C38 spiroketal, analogous to that formed fraunder
similar conditions (Scheme 4), but with concomitant conver-
sion of vicinal C27,28 chlorohydrin into the corresponding
epoxide. In contrast, the use of acidic conditions or metal
salts to induce trioxadispiroketal formation led to elimination
products while retaining the chlorine atom. Thus, we have
yet to define conditions that allow efficient incorporation of
the vicinal C28,29 chloromethoxy functionalization into the
intact trioxadispiroketal system of spirastrellolide A via the
sequenced DIHMA process. To date, these approaches seem
best suited for the generation of des-chloro analogues of
spirastrellolide A.

In summary, a sequential conjugate addition cascade
assembly of the spirastrellolide A trioxadispiroketal moiety
has been developed, but incorporation of the C28 chloride
was problematic. This approach is readily amenable to the
synthesis of either enantiomer of the spirastrellolide A €26
C40 domain, which may accommodate either absolute
configurational assignment. Extension of this synthetic entry
to the generation of spirastrellolide analogues and evaluation
of their biological activities are ongoing.
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