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ABSTRACT

The synthesis of C1�C20 and C15�C27 segments of Aplyronine A is described. Oxidative cleavage of cyclic vinyl sulfones has been used to
prepare key fragments of Aplyronine A. Key precursors are united by Horner�Wadsworth�Emmons and Julia�Kociensky olefination for the
respective elaboration of the C1�C20 and C15�C27 segments.

Aplyronine macrolides were first isolated in 1993 from

the sea hare Aplysia kurodai collected on the Japanese

coast.1 Among them, aplyronine A (Figure 1) exhibited

potent cytotoxicity against HeLa S3 cells with an IC50 of

0.48 ng/mL and impressive antitumor activities against

various cell lines.2 Although aplyronine inhibits polymer-

ization of actin3 and the X-ray cocrystal structure of

aplyronine A•actin is known, micromolar concentrations

are necessary to depolymerize actin. Nanomolar concen-

trations show in vivo anticancer activity, suggesting that

aplyronine A exerts its antineoplastic activity via a yet-

to-be-deteremined mechanism.
Todate, only one total synthesis of aplyronineAhas been

reported by Yamada et al.4 Recently, Kigoshi reported the
synthesis of the C1�C19 segment, featuring an asymmetric
Nozaki�Hiyama�Kishi (NHK) coupling reaction.5 Apart
from these two syntheses, there have been several reports
directed toward aplyronine A.6

AplyronineA is an attractive synthetic target bearing three

stereotetrads (dipropionates): (C7�C10) is anti, syn, anti

while (C23�C26 and C29�C32) bear anti, anti, syn stereo-

chemistries. Recently, all eight possible diastereomeric cyclic

stereotetradswere prepared fromenantiopure cycloheptadie-

nyl sulfones via a diastereoselective epoxidation/methylation

sequence.7 Specifically, it was demonstrated that oxidative

cleavage of cyclic stereoenriched vinyl sulfones afforded the

requisite termini-differentiated fragments, viz C5�C11,

C15�C20, C21�C27, and C28�C34 of aplyronine A.8

Figure 1. AplyronineA:mixture of four side chain diastereomers.
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Herein we communicate the advancement of two stereo-
tetrads to an acyclic intermediate and its union with other
segments to yield the C1�C20 and C15�C27 segments of
aplyronine A.

As outlined in Scheme 1, the synthetic approach is based

on the disconnection of macrocyclic lactone 2 and side

chain 3. Macrocyclic core 2 is accessed from building

blocks 4, 5, 6, 7, and 8. Segments 4, 7, and 8 are derived

by vinyl sulfone strategies creating stereodefined polypro-

pionate fragments. Side chain 3 was projected to be con-

structed from 11-enantiomer.
To obtain stereotetrads 9 and 11 reproducibly, a strate-

gic protecting group switch from �OTBS to �OTES was

crucial to avoid problems in regioselective deprotection of

the final bis-OTBS stereotetrad.9 Epoxide 12 was con-

verted to vinylsulfide 14 on a 100 g scale. Improved

procedures based on our previous report7a afforded die-

nylsulfone 17 on a 60 g scale. In contrast to our previous

methodology, itwasobserved that early�OTESprotection

(14 to 15) performed better for the elimination to dienyl-

sulfide 16 employing AlMe3. Jacobsen epoxidation of 17

proved challenging due to rapid onset followed by stalling

after 72 h. Adding more catalyst and/or oxidant resulted

only in product decomposition.10 It was envisaged that an

increase of the concentration of the actual oxidant [HOCl]

was required. After extensive experimentation at different

pH ranges,11 pH 9.0�9.512 was found to be optimal for

clean conversion to 18 in 2 h.

Due to the sensitivity of 18 to silica, removal of the

Mn-salen without chromatography was crucial. Conveni-

ently, adding hexanes (300% v/v) quantitatively precipi-

tated the Mn-salen, cleanly affording 18 after pad

filtration.14 After treating 18 with 3,5-dimethylpyrazole

(DMP), silica filtration of adduct 19 was a “must” due to

the sensitivity of the next reaction. Syn-directed methyla-

tion to 20 was not trivial.15 The best procedure employed

Scheme 1. Retrosynthetic Analysis Scheme 2. Large Scale Synthesis of 11 and 913
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treating 19 at 50�60 �CwithMeMgBr at rates of 1�2mL/

min, effecting clean conversion to 19. Treatment with

TBSOTf, followed by chemoselective deprotection of

�OTES, afforded stereotetrad 11 on scales up to 4.5 g

(Scheme 2A). Similarly, alcohol 21 was converted to

stereotetrad 9 on scales up to 8 g (Scheme 2B).
Fragment 4, possessing the stereotetrad (C7�C10), can

beobtained fromcyclic vinyl sulfone 9. Similarly, fragment
8with C23�C26 can be prepared from cyclic vinyl sulfone
11. Followingour previous report, fragment 10was chosen
to introduce the C15�C20 array 7. Notably, β-ketopho-
sphonate 6was adopted for joining iodide 4 and aldehyde 7
as developed by Paterson and Calter.6b,6e

The synthesis starts with vinyl sulfone 9 which was
converted to lactone 30 upon ozonolysis followed by
reductive workup (Scheme 3). After protection of the
primary alcohol in 30 as the silyl ether, the lactone was
converted to acyclic dimethylamide16 31 using a protocol
developed for making Weinreb amides.17 Interestingly,
synthesis of the specificmethoxymethyl amide failed under
these conditions. Super-Hydride (LiBEt3H) reduction of
the dimethylamide yielded the primary alcohol18 in vir-
tually quantitative yield, whichwas subsequently converted
to iodide 4 (71% yield over three steps).

The synthesis of the C15�C20 target starts with known

vinyl sulfone 10 that underwent ozonolysis to give acyclic

ester-aldehyde 32 as the Julia�Kocienski olefination sub-

strate (Schemes 4 and 6).8b

In 2007, our group reported a variant of the Taber
reaction,19 in which cyclic vinyl sulfone 10 was converted
to transposed vinyl phosphate 33 featuring a formal end-
for-end REDOX transposition. Treatment of 10 with the
sodium salt of diethylphosphite gave vinyl phosphonate 33
in 93% yield. Oxidative cleavage of 33 provided aldehyde-
ester 34 desired for the Horner�Wadsworth�Emmons
(HWE) coupling step (Schemes 4 and 7). Handling

aldehyde-ester 34 was quite troublesome since it was
exceptionally prone to air oxidation giving the carboxylic
acid. Fortunately, it was found that aldehyde-PMB ether 7
is inert to air oxidation. The aldehyde 7 was obtained in
four steps from vinyl sulfone 10 (Schemes 4 and 7).

The synthesis of C21�C27 intermediate 8 commences

with ozonolysis20 of 11 followed by reduction to afford

lactone-alcohol 35 (Scheme 5). DCAD Mitsunobu

coupling21 of 35 followed by lactone opening generated

Weinrebamide 37, whichwas transformed to alcohol 38via

the intermediate aldehyde. Initial attempts to protect the

alcohol with a benzyl group were unsuccessful due to the

TBSmigration andTES deprotection. To circumvent these

difficulties, TIPS protection was adopted. Final m-CPBA

oxidation delivered the C21�C27 fragment sulfone 8.
With 8 and 32 in hand, Julia�Kocienski olefination

(Scheme 6) was investigated to construct the C15�C27

subunit of aplyronine A. Low E/Z ratios were obtained,

using Li or KMHDS in THF (entries 1 and 3). Changing

the solvent to DME22 gave a better ratio (E/Z = 5.5:1)

(entry 2). Much to our delight, application of Jacobsen’s

solvent combination (DMF/HMPA)23 gave the best selec-

tivity (E/Z = 12:1) in a yield of 60%, 83% based upon

recovered startingmaterial. SubsequentDIBAL reduction

afforded aldehyde 40 in 92% yield.
With compounds 4, 5, 6, and 7 in hand, attention was

directed to the C1�C20 segment synthesis (Scheme 7). The

Scheme 3. Synthesis of Iodide 4

Scheme 4. Synthesis of C15�C20 Terminii-Differentiated Seg-
mentsa
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sodium/lithium dianion of β-ketophosphonate 6 reacted
smoothly with iodide 4 to give 41 in 86% yield. HWE
reaction with 34 was performed best using Myer’s
protocol24 affording enone 42a in 66% yield.25 When
barium hydroxide mediated HWE coupling6b was utilized
with 7, a similar yield (67%, 77% based upon recovered
starting material) was obtained providing enone 42b.
Chemo- and stereoselective reduction of enones 42a, 42b to
alcohols 43a, 43b respectively was achieved using the (R)-
MeCBS26 catalyst (43a; de = 96%). The absolute stereo-
chemistries of product 43a were determined by analysis of
the 1HNMR of their Mosher’s esters.27 Methylation of the
secondary alcohol was achieved using sodium hydride and

dimethyl sulfate or methyl iodide giving 44a (78%) and 44b

(94%), respectively. Deprotection of the primary TBS

group in 44b using 10 mol % CSA gave 45 in 91% yield.

Application of Kigoshi’s oxidation of 45,28 followed by
R,β,γ,δ-unsaturated ester formation (LiHMDS29 and
(EtO)2P(O)CH2CHdCHCO2Et), led to the C1�C20 seg-
ment of aplyronine A as a 4E/4Z mixture (12:1). Finally,
completion of the C1�C20 acid 47was achieved by LiOH
hydrolysis in 78% yield.
In conclusion, synthesis of the C1�C20 and C15�C27

segments of aplyronine A was accomplished via a con-
vergent strategy. The use of vinyl sulfone chemistry was
pivotal for the synthesis of three key precursors. The total
synthesis and biological activity of aplyronine A analogs
will be communicated in due course.

Acknowledgment. We thank Dr. Karl Wood and
Dr. Douglas Lantrip (Purdue University) for providing
MS and HPLC data.

Supporting Information Available. Spectroscopic (1H
NMR, 13C NMR, HRMS), analytical data, and experi-
menatal details. This material is available free of charge
via the Internet at http://pubs.acs.org.

Scheme 5. Synthesis of C21�C27 Tetrazole Sulfone 8

Scheme 6. Julia�Kociensky Olefination of Fragment 8 and 32a

a Isolated yields (entries 1 and 3) were not calculated due to the lowE/
Z selectivity. bDetermined by crude 1H NMR.

Scheme 7. Synthesis of C1�C20 Carboxylic Acid 47
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