Concise Formal Total Synthesis of
Platensimycin Mediated by a
Stereoselective Autoxidation and

ORGANIC
LETTERS

2010
Vol. 12, No. 24
5677—5679

Hydroxyl Group Directed Conjugative

Reduction

Philip Magnus,* Heriberto Rivera, and Vince Lyncht

Department of Chemistry and Biochemistry, University of Texas at Austin,
1 University Station A5300, Austin, Texas 78712-1167, United Sates

p.magnus@mail .utexas.edu

Received October 21, 2010

ABSTRACT

Me 10

Me

The synthesis of 13, an advanced intermediate in the Nicolaou synthesis of platensimycin 1, was made from 9 by autoxidation to give 10,
which was stereoselectively reduced providing 12. Finally, dehydration of 12 by heating in DMSO resulted in 13.

The structure® and broad spectrum antimicrobial activity?
of platensimycin 1 has rapidly attracted considerable attention
from the organic synthesis community.® The retrosynthesis
for 1 involves the cross-conjugated 2,5-cyclohexadieneone
2 formed from the intramolecular carbenoid insertion of 3,
Figure 1.* The acid 4 is available in both R- and S-
enantiomeric enriched forms from the microbial reduction

T Author for inquiries concerning the X-ray data.
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Figure 1. Retrosynthetic analysis of platensimycin 1.

of the corresponding 1-tetralone-2-carboxyethyl esters fol-
lowed by hydrogenolysis of the benzylic hydroxyl group.®

The recent reports by Mulzer®'t and Corey® concerning
the conversion of 2 into 6, and 5 into 6 respectively, and the
subsequent reduction of 6 and dehydrogenation to give 7 as
a mixture of stereoisomers at C-9 (40:1, Mulzer), a pivotal
intermediate in the Nicolaou synthesis of both (£)-1%* and



Scheme 1. Mulzer’s and Corey’s Route To form 6 and 72
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@ Reaction conditions: (a) MeMgl, THF, —78 °C, 4 h (71% brsm); (b)
NBS, (BzO),, CCl,, reflux (75%); (c) NaOMe, THF, 0 °C (80%); (d)
n-BusNF, THF, 130 °C (88%); (e) Mulzer’s conditions: (i) cat. Ir-cat 1,*
H,, 84%; (ii) HIO#DMSO, DMSO, cyclohexene (60%), 1.3:1 epimers at
C-9 (major isomer shown); (f) Corey’s conditions: (i) [Rh(cod),]BF,,(RR)-
DIOP, H, 600 psi (72%); (ii) TMSOTf, MesN, followed by IBX, MPO,
DMSO (80%) (small amount of C-9 epimer).

(—)-1,%° Scheme 1, prompted this report. In this letter we
describe the use of 2 as a key intermediate in the formal
total synthesis of platensimycin 1 that avoids the above
strategy and leads to 13 (Scheme 3) in a completely
stereoselective sequence.

We have explored an alkylation and autoxidation strategy
as depicted in Scheme 2. The final product 10 only requires
a hydroxyl directed stereospecific conjugated reduction of
the tetrasubstituted dienone double bond, followed by
formation of the tetrahydrofuran ring to complete a formal
synthesis of platensimycin.®°

Treatment of 2 with MeMgCI (3.0 equiv) in THF at —78
°C resulted in the complete consumption of 2 and the
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Scheme 2. C-4 Alkylation and C-10 Autoxidation
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formation of 8 (63%).%' Whereas, treatment of 2 with MeLi
(excess) in THF at —78 °C also gave 8 (ca. 30%) along with
recovered 2. Quenching the above reaction at —78 °C with
D,0 resulted in the incorporation of one deuterium atom o-
to the cyclopentanone carbonyl group in recovered 2, thus
indicating, as suspected, that enolization of 2 by MeLi is
the deleterious pathway that drastically reduces the yield of
8.

Treatment of 8 with t-BuOK/t-BuOH/Mel gave 9 (61%),
with no detectable amounts of any geminal dimethylation
product. It was found that exposure of 9to O, and n-BuyNBr/
KOH/H,0/t-BuOH®’ gave 10 (65%) as a single stereoisomer
whose structure was established by single X-ray crystal-
lography, Figure 2. When the autoxidation process was

Figure 2. ORTEP of 10.

conducted at —78 °C in the presence of P(OMe)s, the
o-hydroxyenone 11 (8%) was also isolated. It appears likely
that 10 arises from 11a by rearrangement of the intermediate
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allylic hydroperoxide.®2 The stereochemistry of the newly
introduced C-10 sec-hydroxyl group is the correct relative
configuration.

Next, the possibility of selective reduction of the tetra-
substituted dienone double bond in 10 by conjugate hydride
reduction directed from the C-10 hydroxyl group was
examined. Eventually, it was found that treatment of 10 with
LiAIH,(OEt), in THF at —78 °C cleanly gave 12 (64%) and
recovered starting material (30%), Scheme 3. The desired

Scheme 3. Hydroxyl Directed Conjugate Reduction
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stereochemistry at C-9 was confirmed by X-ray crystal-
lography (Figure 3).

Despite the fact that 12 would appear to be readily
converted into 13 by reported procedures,®* ¢ treatment of
12 with trifluoroacetic acid in CH,Cl, gave small amounts

Figure 3. ORTEP of 12.

of 13 and, interestingly, Epi-12. Since the ring cleavage of
tetrahydrofurans with electrophilic reagents is well-known®
and forms the basis of the synthesis, for example, of
4-chlorobutanol from THF, it is somewhat surprising that
12/13 would be stable to strongly electrophilic reagents.

In consequence, we treated the 1,3-diol 12 with dimeth-
ylsulfoxide® (as solvent, relatively neutral reaction condi-
tions) under microwave conditions and obtained 13 in good
yield.

The sequence of reactions from the known ketone 2 to 13
proceeds in five steps in an overall yield of 10% and is
completely stereoselective.

Acknowledgment. The Welch Chair (F-0018) is thanked
for their support of this work.

Supporting Information Available: Complete experi-
mental details and compound characterization. This in-
formation is available free of charge via the Internet at
http://pubs.acs.org.

OL102557K

(8) For rearrangements of allylic hydroperoxides, see:Beckwith, A. L.;
Davies, A. G.; Davidson, I. G. E.; Maccoll, A.; Mruzek, M. H. J. Chem.
Soc., Perkin Trans 2 1989, 815-824.

Org. Lett, Vol. 12, No. 24, 2010

(9) (a) Starr, D.; Hixon, R. M. J. Am. Chem. Soc. 1934, 56, 1595-1597.
(b) Starr, D.; Hixon, R. M. Org. Syn. Coll. Val. I1. 1943, 571-572.
(10) Gillis, B. T.; Beck, P. E. J. Org. Chem. 1963, 28, 1388-1390.

5679



