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ABSTRACT

A novel route to (()-platencin is reported, in which the highly stereoselective alkylative quaternization of a cyclohexenone scaffold via 1,4-
diastereoinduction and two radical carbon�carbon bond-forming reactions that involve titanium(III)-mediated cyclization and stannyl-radical-
mediated skeletal rearrangement are utilized.

Drug resistance that results from genetic mutations in
bacterial strains, such as methicillin-resistant Staphylococ-
cus aureus (MRSA), is one of themost pressing concerns in
the clinical environment. Massive effort to screen natural
resources that would potentially overcome the drug resis-
tance has led to the discovery of platencin (1)1�3 and plate-
nsimycin (2),1,4 both of which are highly potent antibiotics
with a novel chemical scaffold, from the strains of Strep-
tomyces platensis (Figure 1).

These compounds share a 3-amino-β-resorcylic acid
anilide linkage that attaches similar complex terpenoid
motifs with unique bond connectivity. Although they are
structurally similar, they differ in themode of action that is
responsible for their antibiotic activities. Platencin (1)
blocks two proteins essential for bacterial fatty acid bio-
synthesis, β-ketoacyl�acyl carrier protein (ACP) synthase II

(FabF) and III (FabH)5whereas platensimycin (2) selectively
inhibits FabF. As platencin (1) and platensimycin (2)
potently inhibit the growth of antibiotic-resistant bacteria

fatal to humans through their unique mechanisms, both

compounds have caught the attention of the scientific

community with the prospect that they would serve as

new antibiotics. Nevertheless, despite these attractive

properties, their clinical application is still fraught with

many hurdles due to poor in vivo efficacy that stems from

rapid clearance from tissues. Therefore, intensive effort is

beingmade to solve theseproblems, including chemicalmod-

ification of the natural compounds andwide-range screening

for natural platencin/platensimycin congeners with a view to

discovering potent analogues with improved pharmacoki-

netic properties suitable for clinical trials. In this context,

chemical access to these potent antibiotic leads that would

allow us to design and, create new platencin/platensimycin

analogues is highly demanded.6 In this paper, we disclose a

new route to (()-platencin (1), which features the stereo-

selective preparation of a quaternized cyclohexenone scaf-

fold via 1,4-diastereoinduction followed by two radical

transformations that involve a titanium(III)-mediated

cyclization7 and a homoallylic radical rearrangement.8

In our retrosynthetic analysis, platencin (1) was dis-
sected to platencinic acid (3) that would be accessible from

tricyclic intermediate 4 in a few steps involving radical

skeletal rearrangement (Scheme 1). Intermediate 4 that

possesses vicinal tertiary�quaternary stereocenters would

Figure 1. Platencin and platensimycin.
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be traced back to epoxide 6, with the prospect that epoxide
6 would undergo radical cyclization with a low valent
organotitanium(III)7 species to afford tricyclic ketone 5, a
suitable precursor for compound 4. Epoxide 6 would
reasonably be obtained from enone 7 that is accessible from
alcohol 8, which in turnwould be prepared by the alkylative
quaternization of alcohol 9. Aswill be seen, our approach in
this line features highly stereoselective processes that involve
the transformation of epoxy enone 6 into tricyclic com-
pound 5 through the thermodynamic epimerization of the
radical center as well as the quaternization of compound 9
via the alkoxy-directed 1,4-diastereoinduction. It should be
mentioned that the stereocenter of the hydroxyl group of 9,
despite its disappearance at the later stage of the synthesis,
plays a pivotal role in forming other requisite stereocenters
relevant to those of the target natural product.
The synthesis commenced with the alkylation of known

enone 109 with iodide fragment 11 that was prepared
from 1,3-propanediol10 to provide compound 12 as a 1:1
diastereomericmixture in69%yield (Scheme2).Thenext task
was the quaternization of compound 12 by alkylation of the
corresponding enolate with 2,3-dibromopropene. Although
the alkylation of compound 12with 2,3-dibromopropenewas
found to provide a mixture of nearly equal amounts of two
diastereomers with respect to the quaternary stereocenter, it
occurred to us that if free alcohol 9was used as the substrate a
chelation-controlled alkylation could be operative to possibly
allow stereoselective construction of the quaternary carbon.11

Toour delight, the prospectwas indeed found tobe realizable.
Thus, alcohol 9 that was derived by desilylation of compound
12with TBAFwas subjected to alkylation with 2,3-dibromo-
propene using 3 equiv of LDA to furnish compound 8 in a
highly stereoselective manner (ca. 96:4) along with a small
amount of regioisomer.12 The stereochemical outcome
may be rationalized by a chelating model, in which the
conformation of lithium alkoxide intermediate i is fixed to
allow the alkylation to stereoselectively take place from the
less hindered site (Scheme 3). This represents a rare
instance of a highly stereoselective direct quaternization
of an enolate having “fixed geometry”.

Scheme 1. Retrosynthesis of Platencin (1) Scheme 2. Stereoselective Synthesis of Tricyclic Motif 5 via
Radical Cyclization

Scheme 3. Proposed Rationale for Highly Stereoselective Qua-
ternization of Compound 9
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Then, alcohol 8 was again protected as TBS ether 13,
which was subjected to reductive enone carbonyl transpo-
sition with DIBAL followed by acid treatment to furnish
enone 7 in 83% yield. Regioselective epoxidation of enone
7 with mCPBA took place smoothly to give epoxide 14 in
80% yield as a diastereomeric mixture (dr = 2:3).13 Then,
epoxide 14was transformed into compound 6 in 78%yield
by treatmentwith t-BuONa in the presence of Pd(PPh3)4 in
heated 1,4-dioxane. With bicyclic compound 6, the key
radical cyclization was examined by using a low-valent
titanium(III) reagent generated in situ under Nugent�
RajanBabu conditions.7a The cyclization of epoxide 6

that constitutes two diastereomers (ca. 2:3) under the
conditions was found to successfully provide the desired
tricyclic compound 5 as a single stereoisomer in 87%yield,
indicating that both diastereomeric epoxides were trans-
formed into compound 5 irrespective of their original
stereochemistry.14 This result is attributable to the inter-
mediacy of diastereomerically single radical ii that arose by
rapid epimerization of the carbon radical center: the
thermodynamically preferential conformation of ii in
which the bulky TBS group is situated at the equatorial
position allows intermediate ii to undergo stereoselective
cyclization (Scheme 4).

Scheme 4. Plausible Mechanism for Highly Stereoselective Ra-
dical Cyclization of Epoxy Enone 6 to Yield Single Tricycle 5
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Next, tricyclic compound 5 was subjected to side-chain
elongation (Scheme 5). Compound 5 was first oxidized
with Dess-Martin periodinane to afford aldehyde 15
quantitatively. Then, aldehyde 15 was alkynylated with
lithium ethoxy acetylide to give alcohol as a diastereo-
meric mixture (dr = 1:2; structure not shown), which, in
turn, was subjected to dehydration with PPTS to provide
R,β-unsaturated ester 16 in 71% yield in two steps.
It should be mentioned that pretreatment of 15 with

LHMDS to form a ketone lithium enolate was quite impor-
tant to avoid undesired alkynylation at the ketone carbonyl

group.TheMg-mediated transformationofester16 inMeOH
gave methyl ester 17 that was produced via reduction of the
carbon�carbon double bond and the ketone carbonyl group
concomitant with transesterificationwith the solvent.15 Then,
ester 17 was transformed into xanthate 4 in 70% yield, a
material suitable for radical skeletal rearrangement.8

Xanthate 4, when reacted with n-Bu3SnH in the presence of
AIBN, underwent radical rearrangement to furnish desired
compound 18 in 73%yield.With this architecture relevant to
platencin, installation of the double bond at the C6 position
(platencin numbering) was then examined. Desilylation of
compound 18 with LiBF4 afforded lactone 19 via facile
cyclization of the resultant hydroxyl ester.16 Although the
hydrolysis of lactone 19was found to be problematic because
the resultant hydroxyl carboxylic acid (structure not shown)
readily underwent lactonization during workup processes to
regenerate lactone 19, careful treatment of the crude car-
boxylic acid with IBX allowed us to successfully deliver keto
carboxylic acid 20 without the accompanying undesired
lactonization.17 Compound 20 was then esterified with tri-
methylsilyldiazomethane in MeOH to provide ketone 21 in
96% yield over three steps from 19. Next, ketone 21 was
converted into the correspondingTMSenol ether,whichwas
successfully oxidized with IBX-NMO in DMSO to provide
enone 22 in 57%yield in two steps.18 Hydrolysis of enone 22
with aq NaOH afforded platencinic acid (3) quantitatively,
which, by subjecting to the known amidation reaction with
3-amino-β-resorcylic acid,3b eventually furnished (()-platen-
cin (1). The spectroscopic and analytical data of synthetic
platencin exactly matched those reported in the literature.
In conclusion, we have established a new route to (()-

platencin that features the stereoselective quaternization of
a cyclohexenone motif through chelation-controlled alky-
lation followed by two successful radical reactions, i.e.,
highly stereoselective radical cyclization as well as skeletal
rearrangement. It should be noted that the present route is
applicable to the asymmetric production of platencin simply
by switching racemic fragment11 to chiral 11.On thebasis of
the present route, the derivatization of new platencin analo-
gues is underwaywith a view to discovering potent antibiotic
leads through structure�activity relationship studies.
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Scheme 5. Completion of Total Synthesis of (()-Platencin (1)
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