Stereoselective Total Synthesis
Bistramide A

J. S. Yadav* and Lakshindra Chetia

ORGANIC
LETTERS

2007
Vol. 9, No. 22
4587—4589

of

Organic Chemistry Division-l, Indian Institute of Chemical Technology,

Hyderabad 500007, India
yadavpub@iict.res.in

Received August 25, 2007

ABSTRACT

OTBDPS OTBS QoTBS
] fos [ H OBn
+ QHz + \/Y\/\/
Me NC Me

OBn

—_—

Bistramide A

A highly stereoselective and convergent total synthesis of bistramide A is described. The salient feature of this synthesis is the construction
of the spiroketal subunit by hydrolysis of dialkylated tosylmethyl isocyanide derivative derived via alkylation of TosMIC with suitably substituted

halohydrin derivatives.

Bistramides, A—D and K, constitute a novel class of
bioactive marine natural products that were isolated from
the marine ascidiahissoclinum bistratum—3 They exhibit
high cytotoxicity and significant effects on cell cycle
regulation? Bistramide A displayed an kg of 0.03—0.32
ug/mL for the P388/dox, B16, HT29, and NSCLC-N6 cell
lines? inhibits Na" conductancé,and is selective toward
the activation of a single protein kinase C (PKC) isotype
0.8 1t is also believed that bistramide A can inhibit nucleotide
exchange by stabilizing the closed actin conformatidhese
promising biological activities of bistramide A have mani-
fested it as a potential candidate for anticancer therapy.
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The bistramide A skeleton consists of a substituted
tetrahydropyran and spiroketal subunit connected by a central
y-amino acid linker. The first synthesis of bistramide A was
reported by Kozmin and co-workers in 26G@bnfirming the
assigned stereochemistry and structure as illustrated in Figure
1. Afterward, Kozmin, Crimminsand Panek have also
reported the synthesis of this molecule using two different
strategies. Additionally, Wipf et af reported the synthesis
of bistramide C that is structurally related to bistramide A.
Intrigued by its excellent biological activity and interesting
molecular architecture, we became interested in the total
synthesis of bistramide A. In continuation of the synthesis
of complex natural products, we herein disclose the stereo-
selective total synthesis of bistramide A.

The retrosynthetic analysis of bistramide A is shown in
Figure 1; disconnection at C13 and C18 amide linkages
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Figure 1. Retrosynthetic analysis of bistramide A.

afforded spiroketal fragmer, y-amino acid fragmens,
and pyran fragmenf. Fragment2 was envisaged to be
obtained by alkylation of TosMIC6 with use of iodo
compoundss and7.12

Scheme 1. Synthesis of Compound

reduction (88%) followed by treatment with iodine and
triphenylphosphine yielded iodo compouidd949%).
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Compound5 (Scheme 2) was synthesized starting from
dithiane 12, obtained by following a known procedufe.
Metalation of dithianel2 with n-BuLi at room temperatuté
followed by treatment of the anion with epoxid8 afforded
an alcohol (72%) and was protected as its TBS ethver
(96%) with TBSOTTf and 2,6-lutidine. Treatment b4 with
Raney-nickel under Hatmosphere in EtOH afforded the
primary alcohol (75%) by a concomitant debenzylation,
which was further converted into corresponding iodo com-
pound5 (90%).

Synthesis of spiroketal fragmert of bistramide A is
shown in Scheme 3. TosMI€was first alkylated with iodo

Scheme 3. Synthesis of Spiroketal Fragmet
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The synthesis of compoundis depicted in Scheme 1.
Thus, lactonel0, which was obtained (97% de, 61% vyield
over three steps) from allyl alcoh®l(93% ee)? as reported
earlier’®'* was reduced to the corresponding diol with
LiAIH 4 (82%). The primary hydroxyl group of the diol was
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compound? in the presence afi-BuLi to afford 15 (90%).
Further alkylation of the anion generated frd®with iodo

protected as its pivalate ester (86%) by using pivaloyl compound5 gave dialkylated product (83%), which on
chloride and triethylamine and the secondary hydroxyl group treatment with ag. HF in MeOH/THF afforded spiroketél
as TBS ether by using TBSOTf and 2,6-lutidine to furnish (85%)12 Swern oxidation of alcohd6 followed by Hornet

11 (97%). Deprotection of the pivalate ester by DIBAL
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oxazaborolidin® (94% de, 93% yield) and protection of the
resulting alcohol as its TBS ether yieldetB (91%).
Compound18 was subsequently converted ir2an three
stepst?

After synthesizing amine, we further proceeded to
synthesizey-amino acid fragmen8 (Scheme 4). Accord-

Scheme 4. Synthesis ofy-Amino Acid Fragmen
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ingly, the pureanti aldol adductl9° was converted into the
corresponding Weinreb amide (84%and its free hydroxyl
group was protected as TBS ether to aff@@ (95%).
Ozonolysis 0f20 followed by reductive workup provided a
primary alcohol (75%), which was converted into the
corresponding azidel (80%) by using (PhQP(O)Ns under
Mitsunobu conditions. Hydrolysis of the amiddollowed

by protection of the resulting acid with TIPSOTf gave TIPS
ester (72%, two steps) that was converted jn@mino acid

3 via catalytic hydrogenatiof?.

Scheme 5. Synthesis of Pyran Fragme#t
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Synthesis of pyran fragmedtis shown in Scheme 5. The
known cis epoxy alcohoB (92% ee}* was converted into a
y,0-epoxy acrylate (92% in two steps) followed by treatment
with MesAl in the presence of water following Miyashita’'s
protocof® to furnish regio- and stereoselectively tegn
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product22 (92%). One-pot olefin reduction and benzyl ether
deprotection with Raney-nickel gave a mixture of hydroxy
ester and lactone, which on treatment with PPTS in refluxing
CH.Cl, afforded the later exclusively (78%)The free
hydroxyl group was protected as TBS ether to obtain
compound3 (93%). The acetate (78%) derived from lactone
23following Rychnovsky’s protocéf was treated with silyl
enol ether derived from keton24 in the presence of
TMSOTT to afford exclusively alcoh@5 (62%); which was
further oxidized to corresponding acid?’

Having synthesized all three fragmes3, and4, their
coupling to obtain bistramide A was accomplished by
following a procedure reported in the literature (Schem¥ 6).

Scheme 6. Completion of the Synthesis of Bistramide A
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Coupling of tetrahydropyran suburdtand amine3 in the
presence of PyBOP furnished TIPS ester (62%), which was
selectively deprotected with TBAF to yield acib (89%).

The final peptide coupling of aci@d6 with amine2 led to

the formation of a complete carbon skeleton (65%). Removal
of the silyl protecting groups with PPTS completed the
synthesis of bistramide A (79%). The synthetic compound
was found to be identical with that reported in earlier
synthesis based on the comparisorftsfNMR, 3C NMR,
HRMS, and optical rotation data.

In summary, we have accomplished a highly convergent
and stereoselective synthesis of bistramide A. The spiroketal
functionality was obtained via dialkylation of TosMIC with
suitably substituted halohydrin derivatives. The C15 and C16
streocenters of thg-amino acid fragment were prepared by
Evansanti aldol method. The C9 and C11 stereocenters of
the pyran fragment were prepared by Jdemediated
opening ofcis epoxide.
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