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ABSTRACT

A triply convergent synthesis of r-methylene cyclopentenones has been demonstrated in which an intermediate C,O-dianion is formed and
trapped on carbon by electrophiles.

A variant of the Nazarov reaction1 in which oneπ electron
pair is supplied by an allenyl ether has been a research
interest of long standing in our group.2 We have prepared
the allenyl ethers according to Brandsma’s excellent proce-
dure3 (eq 1) by isomerizing propargyl ethers1 under basic
conditions. In the case of1a, the isomerization to2a takes
place in the presence of potassiumtert-butoxide in 90% yield.
In the case of1b, the isomerization requires the use of
n-butyllithium as the base and inevitably leads to a mixture
of allene and acetylene.

An alternative approach that leads to allenes2b exclusively
takes place in three steps from2a. R-Lithiation of 2a is
followed by trapping of the resulting anion with trimethylsi-
lyl chloride. With theR-carbon atom blocked, exposure to
sec-butyllithium leads to theγ-lithiated allene ether that is
then alkylated.4 Desilylation leads to pure2b. Neither of the

two approaches to2b is completely satisfactory. Since
both terminal carbon atoms of the allene can be deproto-
nated, a more direct approach to2b would be throughR,γ-
allene dianion4 (Scheme 1). Deprotonation of theγ-car-
bon atom would take place last; therefore, selective electro-
philic trapping at that site might be possible. Every attempt
to put this plan into practice failed. AlthoughR,γ-dilithio-
allenes are known, it is apparently necessary to have
stabilizing groups (e.g., R3Si, SPh, Ph) at both ends of the
allene.5

Consideration of this problem suggested the simple solu-
tion that is summarized by Scheme 1. Lithiation of2a leads
to 3, which adds to amide5 to produce tetrahedral intermedi-
ate6. Theγ-allenic protons in6 are acidic, and exposure to
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sec-butyllithium leads toO,C-dianion7. Whereas theC,C-
dianion 4 apparently cannot be formed,7 is a readily
accessible intermediate. Exposure of7 to iodomethane,
followed by quenching the reaction with 5% HCl in ethanol
gave9a in 75% overall yield.

The cyclization leading to9a is a triply convergent process
involving an allene, a morpholino amide, and an electrophile.
As such, it may be useful for application to the synthesis of
diverse small-molecule libraries.6 At a minimum, this
modification to our method has the potential to simplify the
preparation ofR-methylene cyclopentenones substituted at
C6. We had also postulated that the approach that is outlined
in Scheme 1 would lend itself to the preparation of
R-methylene cyclopentenones that incorporate functionality
at C6 that is not compatible with the conditions for
R-lithiation of allenyl ethers. This proved to be the case.

Table 1 summarizes the results that were obtained with
various electrophiles. Product yields varied from moderate
to good; in all cases, a negligible (<5%) amount of cyclic
product unsubstituted at C6 was isolated from the reaction
mixtures. In the case of allyl bromide andn-butyl iodide,
we found it necessary to add HMPA in order to accelerate
the alkylation reaction that was slow at-30 °C. The yield
of 9f through the triply convergent procedure (54%; see Table
1) is comparable to the yield of9f from allene2b (R ) n-Bu;
61%). When alkyl halides were used as electrophiles,
quenching the reaction with aqueous KH2PO4 catalyzed the
cyclization and generally led to a mixture of the (E)- and
(Z)-isomers at the exocyclic double bond. Treatment of this
mixture with aqueous HCl led to isomerization of the (E)-
and (Z)-isomer. The reaction could also be quenched with
aqueous HCl, in which case only the (E)-isomers were
isolated. When ketones were used as electrophiles, no
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Scheme 1a

a Reaction conditions: (a) 1.2 equiv ofn-BuLi, THF, -78 °C,
20 min; (b) 1.0 equiv of5, -78 °C, 30 min; (c) 1.7 equiv ofsec-
BuLi, -78 °C, 20 min; (d) 3.0 equiv of MeI,-78 °C for 30 min
and then-40 °C for 30 min; (e) aqueous HCl.

Table 1. R-Hydroxy Cyclopentenonesa

a Yields calculated from the corresponding amides.
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isomerization of the exocyclic double bond was observed7

even when the reactions were quenched with HCl (see9d
and 9e). This may be an indication that the rate of acid-
catalyzed isomerization of the exocyclic double bond is
diminished by electronic deactivation by the allylic hydroxyl
group. Alternatively, the sterically favored isomer may be
the (Z)-isomer in these cases. The (E)-isomer may be
disfavored by destabilizing interactions of the sterically
demanding C6 substituent with the C4 phenyl group.8 When
trimethylsilyl chloride was used as the electrophile, it was
necessary to quench the reaction with KH2PO4 since pro-
tiodesilylation of9b took place rapidly in the presence of
HCl. Under these conditions, the (Z)-isomer9b was isolated
as the sole reaction product.

There are three broad categories of the cyclopentannela-
tion, differing in theR,â-unsaturated electrophilic component.
The morpholino amides lead toR-hydroxy cyclopentenones,
whereas nitriles lead toR-amino cyclopentenones9 and
ketones toR-alkyl (or aryl) cyclopentenones. Our goal was
to determine whether what was successful in the case of
morpholino amides would also work in the other two
categories. When we used enone10 as the electrophile, the
intermediate alcohol11 was isolated and then cyclized in a
separate step (Scheme 2). The cyclization could be effected

either by trifluoroacetic anhydride/2,6-lutidine or FeCl3. The
yields of products were in all cases moderate or good (Table
2).10 As in the cases described in Table 1, exposure of the

cyclic products to HCl led to isomerization of the exocyclic
double bond.

The triply convergent strategy also works in the case of
R,â-unsaturated nitriles (eq 2). Addition of3 to R-methyl-
cinnamonitrile followed byγ-deprotonation of the intermedi-
ate, trapping of the dianion with either benzophenone or
trimethylsilyl chloride, and cyclization led to (Z)-products
13 (KH2PO4 quench) or14 (FeCl3 quench).11 The choice of
electrophiles appears to be limited, since the deprotonated
imine function in the intermediate dianion is a reactive

(7) Stereochemistry of the exocyclic double bond was assigned on the
basis of comparison of the1H NMR chemical shift of the vinyl proton at
C6. The vinyl proton of the (E)-isomers appears up to 1.2 ppm downfield
of where it appears in the spectra of the (Z)-isomers. In cases in which a
single isomer was isolated, stereochemistry was assigned by analogy, or,
in the case of9d and12d, by NOE.

(8) In the case of9d, this hypothesis is supported by an MM2 calculation.
(9) Tius, M. A.; Chu, C. C.; Nieves-Colberg, R.Tetrahedron Lett.2001,

42, 2419-2422.
(10) Dr. Oliver Weichold was the first person in our research group to

prepare C6-substituted cyclopentenones through a variant of the process
that is summarized in Scheme 2.

Scheme 2a

a Reaction conditions: (a) 1.2 equiv ofn-BuLi, THF, -78 °C,
20 min; (b) 1.0 equiv of10, -78 °C, 30 min; (c) 1.7 equiv of
sec-BuLi, -78 °C, 20 min; (d) E+ (see Table 2); (e) aqueous
NaHCO3; (f) FeCl3, CH2Cl2.

Table 2. R-Ethyl Cyclopentenonesa

a Yields calculated from the corresponding amides.
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nucleophile. All attempts to use alkyl halides as electrophilic
traps for the dianion led to complex mixtures of products.

We have recently described an asymmetric version of the
cyclopentannelation reaction that makes use of allene15.12

We were particularly interested in learning whether the
asymmetric version of the cyclization would also be ame-
nable to this new approach. The three preliminary experi-
ments have led to gratifying results (eq 3). Cyclopentenone
(R)-9awas obtained in 70-75% yield and in 78% ee. This
represents a modest improvement over our earlier work that
had led to (R)-9a in 67% yield and 70% ee.12 Cyclopentenone
(R)-9cwas formed in 54% yield and 60% ee, whereas (R)-
9e was formed in 53% yield and 60% ee.13

In conclusion, we have been successful in developing a
very convenient procedure that leads to C6-substituted
R-methylene cyclopentenones. The success of the method
depends on being able to generate dianions such as7 and to

trap them with diverse electrophiles. The result is a triply
convergent process14 that combinesR-lithioallene3 with an
R,â-unsaturated morpholino amide, ketone, or nitrile and with
an electrophile. The respective products areR-hydroxy-,
R-alkyl-, or R-aminocyclopentenones. Structures that cannot
be prepared through our earlier method (9b, 9d, 9e, 12b,
12d, 13, and14) are readily accessible. Significantly, this
protocol is also successful in the asymmetric version of the
cyclopentannelation (eq 4). These results extend the scope
of the cyclopentannelation reaction, add to its versatility, and
suggest applications to the synthesis of small-molecule
libraries.
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(11) It is usually necessary to protect theR-amino function in this series
to prevent polymerization of the products from occurring. In the case of
13, the polymerization through Michael addition to C6 by the amino function
is sterically inhibited.
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