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ABSTRACT: Synthesis of the C19-truncated maltepolide E has been accomplished via a diene-ene RCM strategy without damage
to the C11-C14 alkenyl epoxy unit. Upon release of the C17-OH group, it attacked at the C14 position with double bond migration
and epoxide ring-opening to furnish the C19-truncated maltepolide A and B as proposed for the biosynthesis of maltepolides.

Myxobacteria are a family of Gram-negative bacteria
and produce a variety of structurally diverse secondary
metabolites with significant biological activity.1
Among the known myxobacterial compounds, mac-
rolactones are one of the abundant structural classes
and exhibit antifungal, antibacterial, antiviral, and cy-
totoxic activity.1 Maltepolide A—F (1-6, Figure 1) were H p e THE
isolated from the myxobacterium Sorangium cellulo- 17 Q'\é')% H 1

sum So cel485 originally collected from island of S
Malta.” The most abundant congener is maltepolide A
(1) which was proposed as the immediate product of
maltepolide E (5) formed through a favorable in-
tramolecular vinyl epoxide ring-opening cyclization,
affording a new 2,5-trans-tetrahydrofuran (THF) ring
within the 20-membered macrocyclic skeleton. The
minor congener, maltepolide B (2), possessing a 2,5-
cis-THF ring, was also obtained. Transformation of
maltepolide E into maltepolide A and B has been con-
firmed in laboratory with isolated maltepolide E in the 1: Maltepolide A, R = | 2: Maltepolide B, R =1
pH values of < 6.5 or > 7.5. The vinyl epoxide on the b mg:igg::gg SRIM 6: Maltepolide F, R = I
C19 side chain is susceptible to proton-mediated nu-

cleophilic ring-opening reaction with MeOH or H,O to I: Me/(i)}/\}“ Il Me
yield maltepolide C (3), D (4), and F (6). The
C11,C23-bis-OTBS derivative of 6 was characterized
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Figure 1. Structures and relationship of maltepolide A—F (1-6).



by single crystal X-ray structural analysis, thus con-
firming the assigned structures. Maltepolides were as-
sayed against a panel of transformed cell lines and
moderate cytostatic activity was observed with 1Csg
values of 4.6 (for 3), 6.8 (for 5), 29 uM (for 2), and 39
uM (for 1) against L929 mouse fibroblast cell line.?
Fluorescent microscopy study revealed unique mor-
phological changes in the dividing transformed PtK,
cells caused by maltepolide A and E, suggesting that
maltepolides could target on some kinesin® or a factor
involved in spindle assembly.2

Total synthesis of maltepolide C (3) was reported by
Ghosh and co-workers, featuring an intramolecular
Heck reaction to construct the C6—C9 diene moiety
followed by C5 oxidation to secure the labile diene
keto subunit within the macrocyclic skeleton (Scheme
1).** However, the ?C NMR chemical shift of one
MeO group does not match with the reported value for
the naturally occurring maltepolide C. It is not clear at
this stage about the cause of this discrepancy although
a 1,4-O—0-silyl migration could not be ruled out dur-
ing the synthesis of the C20-C24 side chain.® We envi-
sioned that synthesis of maltepolide E (5), the common
precursor to other maltepolides, should be much more
rewarding because it provides a quick access to other
maltepolide core structures. On the practical side, it
would be very challenging to concurrently handle two
vinyl epoxide moieties during the synthetic sequence.

Scheme 1. Retrosynthesis of Maltepolide C and E
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For example, the Pd-catalyzed Heck reaction condi-
tions might not be applicable to the substrates contain-
ing a vinyl epoxide moiety. Therefore, we aimed to use
a diene—ene ring-closing metathesis (RCM) strategy’ to
build up the macrocyclic core of maltepolide E, from
which the THF-containing core structures of malte-
polide A and B could be readily accessed. According to
the three key bond disconnections at the macrolactone
C-0O bond, the C8/C9 double bond, and the C19/C20
single bond, three key synthetic modules 7-9 were
required (Scheme 1). In order to quickly confirm the
feasibility of the proposed diene—ene RCM reaction,
we decided to focus on construction of the maltepolide
E core without the C20-C24 vinyl epoxide side chain.
After unsuccessful trial in installation of the C11-C15
epoxy enone via Au(I)-catalyzed Meyer—Schuster rear-
rangement of the corresponding propargylic alcohol,®
we turned our attention to the HWE olefination be-
tween the f-keto phosphonate 10 and the epoxy alde-
hyde 11 (Scheme 1).

Synthesis of the PMB-protected C1-C8 acid 22 is il-
lustrated in Scheme 2. An anti aldol 16 was selected

Scheme 2. Synthesis of the C1-C8 Acid Module 22

o) Br,, CCl, o 1. LiAlH,, Et,0
)J\’/ 1, 3h; J\A 0°C,2h
M M Zp
€0 then DBU €0 " 2 MnO,, CH,Cl,
Me  cci,rt, 5h Me rt, 1 h (90%)
12 (95%) 13
o) 15 Ph O OH
c-Hex,BOTf, EtgN =
H J\‘/\ Br 2 3 Me\‘/v\ow Br
Me CH,Clp R Me Me
14 ~78100°C, 6 h Bn~ SO,Mes
(80%; dr = 91:9) 16
1. PMPCH(OMe),
OH OH PPTS, CH,Cl,

OH OPMB

LiAlH, i, 2h
- > - >
EO. 0°C WBr 2. DIBAL-H, CH,Cl, WE”

1 h (80%) Me Me ~78100°C, 6 h Me Me

17 (70% for 2 steps) 18
O OPMB
DMP, NaHCO; I = _ PhsP=C(Me)CO,Me
—_—_—
CH,Cl, CH,Cly, 1t, 20 h
0°C,1h Me  Me (80% for 2 steps)
19
o OPMB CH,=CHBpin, Pd(OAc), (5 mol %)
w Aphos-Y (7.5 mol %), K3PO4¢3H,0
= =
MeO I T B TTH,0 (18 equiv), THF, 35°C, 18 h
e . e Me (90%)

Ph O
o) OPMB

M
J\/YW e\/LOJW
RO N M

Me Me Me
21:R=M 15
T i:l TMSOK, THF oy
22 R=H rt, 24 h (80%) Me e
O~
/N—i-Pr
Me i-Pr
Aphos-Y



for its high stereoselectivity as the precursor of 7.
Starting from 12 the known 3-bromo-2-methylpropenal
(14)° was prepared by bromination/elimination and
redox manipulation and was subjected to the anti-
selective aldol reaction with the chiral propionate 15
under the Masamune conditions.'”"" The anti aldol
product 16 was obtained in 80% yield and with a di-
astereomeric ratio (dr) of 91:9. Reduction of 16 by Li-
AlH,4 gave the 1,3-diol 17 (80%);12 the latter was con-
verted into the cyclic acetal followed by regioselective
reductive acetal cleavage to furnish the primary alco-
hol 18 in 70% overall yield. Oxidation of 18 and Wittig
reaction of the resultant aldehyde 19 with the ylide
Ph;P=C(Me)CO,Me produced the a,B-unsaturated
ester 20 (80% for 2 steps). At this stage, a Suzuki—
Miyaura cross-coupling reaction of 20 with vinyl bo-
ronic acid pinacol ester was performed using our
Pd(OAc),~Aphos-Y cattalystg’13 to give a 90% yield of
21 possessing the 1,3-diene moiety required for the
planned RCM reaction. Finally, hydrolysis of the
methyl ester 21 using TMSOK in THF gave the acid
22 in 80% yield."**"

In order to have flexibility for functional group ma-
nipulation at late stage of the synthesis, the TBS-
protected acid 28 was also prepared from 16 (Scheme
3). The aldehyde 25 was obtained via silylation of 16
(100%), DIBAL-H reduction of 23 (93%), and DMP
oxidation of 24 (85%). The Wittig olefination of 25
(91%) followed by the Suzuki—Miyaura cross-coupling
of 26 with vinyl boronic acid pinacol ester (98%) and
ester hydrolysis (95%) furnished the acid 28.

Scheme 3. Synthesis of the TBS-Protected Acid 28
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Starting from the commercially available racemic vinyl
epoxide 29, the chiral epoxy aldehyde 11 was synthe-
sized as shown in Scheme 4. The vinyl epoxide 29 was
subjected to reaction with CH,=CHMgBr at —40 to 0

°C in the presence of 10 mol % CuBr to form the allyl
alcohol 30 in 86% and in a 98:2 ratio of E:Z isomers."
Sharpless asymmetric epoxidation16 of 30 using Ti(Oi-
Pr);—D-(—)-DIPT as the catalyst at —40 °C afforded the
chiral epoxy alcohol 31 in 80% yield and in 93% ee as
checked by GC analysis over a chiral stationary phase.
DMP oxidation of 31 formed 11 in 65% isolated yield.

Scheme 4. Synthesis of the Chiral Epoxy Aldehyde 11
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Synthesis of the B-keto phosphonate 40 and its HWE
reaction with the epoxy aldehyde 11 is depicted in
Scheme 5. Starting from the known homoallyl alcohol
32 prepared from (S)-Roche ester (32)172l the cyclic
acetal 33 was obtained in 81% yield by treating with
DDQ under anhydrous conditions.'”" Regioselective
reductive cleavage of 33 using DIBAL-H gave the
primary alcohol 34'7 in 89% yield. After protection of
34 as the TBDPS ether 35, its double bond was sub-
jected to oxidative cleavage using OsOs—NalO4—2,6-
lutidine under the Jin’s protocol18 to form the aldehyde
36 in 87% yield. Pinnick oxidation of the aldehyde 36
gave the corresponding acid 37 which was transformed
into the methyl ester 38 in 99% overall yield for the 2
steps. Deprotonation of 39 using n-BuLi (3 equiv each)
at —78 °C formed dimethyl (lithiomethyl)phosphonate19
which reacted with the methyl ester 38 (—78 °C, 1 h) to
afford the (-keto phosphonate 40 in 70% yield along
with 28% of an enone byproduct arising from [-
elimination of the PMBO group from 40. The enone
by-product could be eliminated by addition of dimethyl
(lithiomethyl)phosphonate with the aldehyde 36 (87%)
followed by DMP oxidation of the resultant alcohol
(88%) to furnish 40. HWE reaction of 40 with the ep-
oxy aldehyde 11 in the presence of Ba(OH), as a mild
base at room temperature produced the (E)-epoxy
enone 41 in 87% yield. CBS reduction®” of 41 was first
attempted with (R)-Me-CBS (1.5 equiv) and BH3-SMe,
(2.6 equiv) in THF*' at —15 °C for 6 h but the vinyl
epoxide underwent spontaneous ring-opening reaction.
After optimization, reduction of 41 with (R)-Me-CBS
(3.3 equiv) and BH3:SMe; (1.05 equiv) in PhMe* at —
10 °C for 2 h afforded 42a in 75% yield without the
epoxide ring-opening by-product. Alternatively,
DIBAL-H reduction of 41 (—78 °C, 2 h) gave a 64:36
ratio of two separable alcohols 42a and 42b in 47%
and 26% yields, respectively, along with 13% of the

recovered enone 41. The minor alcohol 42b could be3



converted into 42a through DMP oxidation to 41
(88%) and DIBAL-H reduction. Methylation of 42a,b
(NaH, Mel) furnished the corresponding methyl ethers
43a,b in 91-97% yields. The 'H NMR signals of C15-
OMe are found at 3.23 and 3.16 ppm for 43a and 43b
as compared to 3.25 ppm for maltepolide E? It was
assumed that 43a should have the 15S-configuration.

With both C1-C8 and C9-C19 modules in hand, as-
sembly of the core structure of maltepolide E was exe-
cuted (Scheme 6). The TBDPS ether in 43a was re-
moved using TABF to give the alcohol 44 in 89%
yield. The PMB-protected acid 22 was first used for
the sequence shown in Scheme 6 and the C5,C17-bis-
PMB-protected analogue of the RCM product 46 was
obtained as expected. However, removal of the two
PMB ethers was complicated by spontaneous oxidation
of the C6—C9 diene alcohol moiety under the DDQ
conditions to give a complex mixture of low mass re-
covery. Therefore, the TBS-protected acid 28 was used

Scheme S. Synthesis of the C9—C19 Fragment 43a
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for esterification with 44 under the Yamaguchi condi-
tions to form the desired ester 45 in 50% yield along
with 43% of the benzoate byproduct formed from 44
and the mixed anhydride.

The seco substrate 45 was treated with Grubbs II cata-
1ys'[23’24 in three portions of 5 mol % each (added in 8 h
intervals) in PhMe under high dilution conditions at
room temperature for 24 h (Scheme 6). We were pleas-
ed to note that the desired (8E)-isomer 46 was exclu-
sively formed in 67% isolated yield or 84% yield based
on 20% recovery of 45. It was confirmed by NMR
spectral data that the vinyl epoxide moiety remained
intact during the RCM reaction. Selective removal of

Scheme 6. Synthesis of the Maltepolide Analogues 49-51
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the TBS ether in 46 in mixed TBAF-AcOH (5:1) in
THF (tt, 24 h) gave 44% of the alcohol 47 along with
33% of the recovered 46. Retro-aldol reaction within
47 was observed if AcOH was not used as the co-
solvent in the TBS cleavage step. DMP oxidation of 47
afforded the dienone 48 in 85% yield. Finally, oxida-
tive cleavage of the PMB ether in 48 using DDQ in
CH,Cl, with pH 7 buffer at 0 °C to room temperature
for 15 min furnished the products 49 (45%), 50 (26%),
and 51 (14%). The structures of 50 and 51 were tenta-
tively assigned based on *C NMR signals of C15-
OMe at 57.8 (50) and 57.2 (51) ppm as compared to
57.9 (1) and 57.3 (2) ppm, respectively. Moreover, the
2,5-trans-THF ring in 50 formed in a greater portion
than the 2,5-cis-THF ring in 51 in a good agreement
with the conversion of maltepolide E (5) into malte-
polide A (1) and B (2).2 Comparison of “C NMR data
of the C19-truncated maltepolide A and B with those of
the natural products is illustrated in Figure 2. Except
for C17-C19, the chemical shifts of other carbons in
the C19-truncated maltepolide A (50) are within the
differences of < +0.75 ppm. For the C19-truncated
maltepolide B (51), C11, C14, C17-C19, and C28 have
the chemical shift differences of > +0.82 ppm, indicat-
ing the C20—C24 side chain exerting a greater influ-
ence on the core conformation of 51.
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Figure 2. Comparison of BC NMR data of 50 (a) and 51 (b)
with maltepolide A (1) and B (2) recorded in CD;0D. AS =
d(natural) — d(synthetic).

A preliminary assay of cytotoxicity against 1929
mouse fibroblast cell line was performed for the C19-
truncated maltepolide core structures and precursors
(Table 1). Among the five tested samples, the com-
pound 48 gave the best cancer cell inhibitory activity
with time-dependent ICsy values in the range of ca. 20
UM after incubation for 24, 48, and 72 h, respectively.
In contrast, the closed related compound 46 was inac-
tive in the same assay, indicating irrelevance of the
vinyl epoxide and the importance of the conjugated
dienyl keto unit for the observed anticancer activity.
Comparison of other three samples 49-51 possessing
the same conjugated dienyl keto unit reveals that the
macrolactone ring structure also affects the cytotoxic-
ity. The C19-truncated maltepolide A 50 was inactive
while the C19-truncated maltepolide B 51 showed

moderate activity. It is assumed that the C19-truncated
maltepolide E 49 could be transformed into 50 and 51
under the incubation conditions; 49 might deliver can-
cer cell killing effect through the action of 51. This
assumption is consistent with the observed diminished
ICso values of 49 as compared to those of 51 by 1.2—
1.7 folds after incubation for 24, 48, and 72 h, respec-
tively. The cytotoxicity data of 49-51 also suggest that
the side chain appended at C19 of maltepolide A, B, C,
and E play a key role in the biological function.

Table 1. ICs, (uM) against L929 mouse fibroblast cell line®

Compound 24h 48 h 72h
46 - -
48 20.56+0.99 16.50+0.92 16.55+0.83
49 160.5+22.5 145.9£17.6 119.3+20.2
50 - -
51 138.5+18.6 145.9£17.6 72.28+20.03

®MTT assay was used for incubation with the samples for 24,
48, and 72 h, respectively.

In summary, we have established a diene-ene RCM
strategy for assembling the macrolactone cores of mal-
tepolides. It has been confirmed that the C11-C14 al-
kenyl epoxy moiety in maltepolide E could survive the
Ru(Il) catalysis conditions. The finding implies that
our RCM strategy would be applicable for construction
of the fully functionalized maltepolide E, possessing
another alkenyl epoxy moiety on the C20-C24 side
chain. The synthesized C19-truncated maltepolide E
analogue 49 underwent intramolecular epoxide ring-
opening cyclization to form the corresponding malte-
polide A and B analogues 50 and 51 under mild condi-
tions in a similar manner as proposed for the naturally
occurring maltepolide E (1), proving additional evi-
dence to support the biosynthetic pathways.2 More-
over, the preliminary cytotoxicity data against L929
mouse fibroblast cell line demonstrate the importance
of the conjugated dienyl keto unit in inhibiting cancer
cell growth which might account for the highest activ-
ity reported for maltepolide C (3) although much more
work should be done in future studies.
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