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ABSTRACT

Pericyclic reaction cascades are unparalleled in their ability to quickly generate complex structures with excellent stereocontrol. Herein, the use of
a biomimetic Stille/8π electrocyclization/Diels�Alder cascade to successfully assemble the core structure of (�)-PF-1018 is reported.

Inaddition tobioactivity, themolecular architecture of a

natural product can provide a major impetus for its choice

as a target in total synthesis. This is especially true when a

beautiful structure can be coupled with efficient and

innovative construction methods. Pericyclic reaction cas-

cades have been shown to play an important role in the

biosynthesis of numerous natural product scaffolds,1 en-

abling chemists to borrow wisdom from nature by choos-

ing bold retrosynthetic disconnections that rapidly build

complexity.2

(�)-PF-1018 (1), an insecticidal polyketide isolated
from a fungal strain Humicola sp.,3 would certainly

appear attractive to many synthetic chemists (Scheme 1).

The molecule features a complex tricyclic core that con-

tains a total of two quaternary and four secondary

stereocenters, all of which are contiguous. This compact

nucleus is connected to a bicyclic tetramic acid moiety

bearing one additional stereocenter. At the time of its

isolation, the relative stereochemistry and overall structure

of (�)-PF-1018 (1) were confirmed by X-ray crystallogra-

phy, whereas its absolute stereochemistry was inferred by

degredation of the natural product and correlation with

L-proline.
Biosynthetically, (�)-PF-1018 (1) could arise from linear

polyene 4 (Scheme 1), itself assembled on a polyketide

synthase (PKS)4 from L-proline, four acetyl CoA units, and

four methylmalonyl CoA units. This hypothetical polyene 4,

contains five trisubstituted double bonds, four Z-configured

and one E-configured, as well as two disubstituted double

bonds, each with the E-configuration, in addition to the

bicyclotetramic acid headgroup. A thermal 8π conrotatory

electrocyclization of the terminal alkenes would yield a 1,3,5-

cyclooctatriene 2 that could subsequently engage in an

intramolecular Diels�Alder reaction to afford (�)-PF-1018

(1). It is common, however, for cyclooctatrienes of type 2 to

rapidly undergo thermal 6πdisrotatory electrocyclizations to

yield bicyclo[4.2.0]octadienes, such as compound 3.5 At least
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conceivably, the chemical environment of the PKS may be
required for the Diels�Alder reaction to outpace the 6π
electrocyclization, representingapotentialdesignchallenge in
our synthesis. Additionally, the potential reversibility of the
6π electrocyclization also has to be taken into account,
although the relevance of this process under biosynthetic
conditions is questionable given the relatively high tempera-
tures typically required for 6π cycloreversions.6

Froma synthetic point of view, polyene 4was deemed an
unsuitable intermediate for various reasons. We antici-
pated that this polyene would be highly unstable due to its
inbuilt acidic functionality. Second, polyene 4 could po-
tentially engage in multiple pericyclic reaction modes that
would be difficult to control. Finally, even if the 8π
electrocyclization involving the terminal double bonds

was to occur preferentially, we felt that the sole stereo-
center in the tetramic acid portion would be unlikely to
control its stereochemical outcome. Therefore, we opted to
dissect (�)-PF-1018 (1) into the known proline-derived
phosponate 57 and the “hydrated” polyene component of
type 6 (Scheme 2). The latter fragment would fulfill three
purposes: (a) to reduce the number of available electro-
cyclization modes, (b) to potentially suppress the 6π
electrocyclization in favor of the desired intramolecular
Diels�Alder reaction, and (c) to enable an asymmetric
approach to the tricyclic core, independent from the
bicyclotetramic acid moiety. Further retrosynthetic dis-
connection led us to vinyl iodide 7 and vinyl stannane 8,8

using a strategy that we had successfully employed in the
synthesis of other highly unsaturated polyketides.5e�g

Starting from aldehyde 9, available in five steps from
propargyl alcohol,5f a syn-selective Evans aldol employing
oxazolidinone 10 provided alcohol 11 as a single diaste-
reomer (Scheme 3).9A two-step trans-amidation/silylation
protocol gave protected Weinreb amide 12, which was in
turn reduced to the corresponding aldehyde and subse-
quently olefinated to afford methyl ester 7. The key
domino Stille/8π electrocyclization/Diels�Alder cascade
using Liebeskind-type Stille conditions,10 followed by
heating, furnished the desired tricycle 15 in an optimized

Scheme 2. Retrosynthetic Analysis of PF-1018

Scheme 1. Biosynthetic Analysis of PF-1018 Scheme 3. Asymmetric Synthethsis of the Tricyclic Core
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yield of 32% as a single diastereomer. Compound 15 was
the only isomer, amongmany conceivable ones, that could
be isolated under these conditions.11 Its structure was
verified by X-ray crystallography which also confirmed
its absolute configuration by virtue of the heavy silicon
atom (Figure 1). It is noteworthy that employing the
diastereomeric vinyl iodide anti-7, as well variants of the
vinyl iodide 7 with the alcohol unprotected, yielded no
isolable Diels�Alder products under the same conditions
and only complex mixtures that contained isomeric
bicyclo[4.2.0]octadienes were obtained.

With the tricyclic diene 15 now in hand, we were faced
with the challenge of converting it to the corresponding
triene in order to complete the core structure of (�)-PF-
1018 (1). We anticipated that removing the ester function-
ality would improve thermal stability toward homolytic or
heterolytic bond cleavageof the carbon skeleton, anddiene
15 was first desilylated and then reduced to give diol 16
(Scheme 4). After selective protection of the primary
alcohol moiety, it was possible to obtain hindered ketone
17 via oxidationwithDMP.However, further transforma-
tion into the corresponding enol triflate or hydrazone, as
well as epimerization of the R-methyl group using base,
proved unsuccessful, even under forcing conditions.

Unfortunately, despite extensive efforts,12 dehydration of
alcohol 18 by syn-elimination or E1-elimination was also
problematic and could never be effected in synthetically
useful yields.

We reasoned that the hindered, neopentylic alcohol 18
may possess an unfavorable geometry for the requisite
stereoelectronics of a syn-elimination, prompting us to
investigate methods for its stereochemical inversion. Re-
duction of ketone 17proceeded smoothly underBirch-type
conditions (Li, NH3/THF, �78 �C) but was completely
unselective, yielding a 1:1 dr. By contrast, conversion of
alcohol 18 into its chloromethyl sulfonate derivative 19,
followed by treatment with CsOAc at elevated tempera-
tures and prolonged reaction times,13 cleanly yielded the
inverted acetate 20. Solvolysis of acetate 20 delivered the
inverted alcohol 21, which was accompanied by a small
amount desilylation to give diol 22, the structure of which
was confirmed by X-ray crystallography (Figure 2). We
were encouraged by the axial orientation of the alcohol
evident from the crystal structure, the geometry of which
appears well-suited for anti-elimination. However, expo-
sure of alcohol 21 to an array of standard elimination
conditions has not yet successfully introduced the requisite
alkene for the core structure of (�)-PF-1018 (1). All
attempts to convert the secondary alcohol function in 21
into a leaving group led to its decomposition, presumably
via interference of the proximate, highly nucleophilic
alkene functionality.

Scheme 4. Derivitization of the Tricyclic Core and Successful
Inversion of the Alcohol Functionality

Figure 1. X-ray structure of tricyclic ester 15.
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In summary, we have completed a concise asymmetric
synthesis of the tricyclic core of (�)-PF-1018 (1), utilizing a
three-fold domino Stille/8π electrocyclization/Diels�Alder
sequence. Considering the number of pericyclic reaction
modes available to the intermediate polyene 6 from the key
cascade, as well as the potential formation of diastereomers,

the fact that tricycle 15 could be reproducibly isolated as a
single diastereomer in synthetically useful yields is remark-
able.Extensive effortwas channeled intodehydrationof this
adduct, and studies directed at incorporation of the final
alkene and completion of the total synthesis are currently
underway.
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Figure 2. X-ray structure of diol 22.
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