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Abstract
The Mukaiyama aldol–Prins (MAP) cyclization of acetals stereoselectively provided substituted
tetrahydropyrans. The scope of the reaction has been expanded to include other electrophiles,
including ketals and α-acetoxy ethers. Finally, a double MAP cyclization with orthoformates is
described.
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The Prins reaction is a powerful transformation that generates a carbon-carbon bond through
the coupling of an activated aldehyde or ketone to an olefin.1 The carbocation intermediate
produced from this reaction has been utilized in subsequent processes to develop elaborate
structures with high levels of stereoselectivity.2 The Mukaiyama aldol-Prins reaction is an
alternative tandem process in which an oxocarbenium generated from the Mukaiyama aldol
addition of an aldehyde to a homoallylic vinyl ether has been shown to undergo an
intramolecular Prins reaction. The carbenium ion intermediate is trapped by addition of a
nucleophile to generate cis-2,6-dialkyltetrahydropyrans (THPs) stereoselectively.3 The scope
of the MAP reaction has been successfully extended to acetal-type electrophiles, and the
preliminary results are described herein.

Recently, the MAP reaction has been applied to the total synthesis of the marine natural product
leucascandrolide A.4 The reaction of aldehyde 1 with vinyl ether 2 produced THP 3 with high
selectivity for the 1,3-anti product but only modest equatorial/axial selectivity at the bromide
center (Scheme 1). The modest selectivity at the bromide center is a known issue with MAP
cyclizations utilizing aldehydes with chelating groups.3 It has been hypothesized that an
oxocarbenium ion electro-phile, which would not be subject to chelation, might avoid this
issue. When dimethyl acetal 4 was employed as an electrophile the equatorial bromide was
obtained in 8:1 selectivity. Unfortunately, the addition was not stereoselective at the methoxy
center, but because of the high selectivity obtained at the bromide center, the MAP reaction
with acetals warranted further investigation.

A proposed mechanism for the MAP reaction of acetals is shown in Scheme 2.4 Initial
coordination of titanium tetrabromide to dimethyl acetal 6 provides oxocarbenium ion 7, which
is activated toward nucleophilic addition. Mukaiyama aldol addition of vinyl ether 2 produces
bromo ether 8 which is then activated to form ion pair 9. Direct collapse of this intermediate
produces an axial bromide (10) while solvolysis produces an equatorial bromide (11).5,6 The
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selectivity of this last, partitioning step is not sensitive to the structure of the acetal and should
provide high selectivities for the equatorial diastereomer. This variation of the MAP cyclization
is expected to work with a variety of oxocarbenium ions.

Initial efforts were undertaken to optimize the MAP cyclization of dimethyl acetal 12 with
homoallylic vinyl ether 13 (Table 1). The use of various bases to sequester adventitious protic
acid were first explored. Without base, a considerable amount of proton mediated Prins
cyclization (16) of vinyl ether 13 was observed (entry 1). Hünig's base proved detrimental to
the reaction due to coordination to titanium (entry 2). Ultimately, the hindered pyridine base,
2,6-di-tert-butyl-4-methylpyridine (2,6-DBMP), proved ideal to buffer the system (entry 3).
As expected, less polar solvent systems disfavored the proposed charged transition states and
diminished yields were observed (entry 4). Additionally, various Lewis acid systems were
explored to further enhance yields and selectivity. Both the attenuated Lewis acid system used
for leucascandrolide A and titanium tetrachloride provided comparable selectivities, but
reduced yields (entries 5 and 6). Bromotrimethylsilane has been shown to provide high
selectivities for axial bromination in similar systems, but led only decomposition of the starting
materials in this study (entry 7).6 Finally, an aluminum tri-bromide/trimethylaluminum mixed
Lewis acid system had been demonstrated to promote very demanding Diels-Alder reactions,
7 but the elevated temperatures required for the MAP acetal reaction with this catalyst furnished
reduced yields and unremarkable selectivities (entry 8). Ultimately, the original conditions for
the MAP cyclization of aldehydes proved to be optimal for acetal substrates.

With an optimized procedure in hand, various acetals were explored as possible coupling
partners (Table 2). A dibenzyl acetal was first employed to provide a benzyl ether that could
easily be deprotected. This reaction proceeded with yields and selectivities comparable to the
dimethyl acetal substrate (entry 1). Cyclic acetals were also employed as a possible method to
control the newly formed ether stereocenter. Initial results with an achiral 5-membered cyclic
acetal were discouraging (entry 2). Reduced selectivities were observed, possibly because the
oxocarbenium ion of the cyclic acetal provided a manifold for chelation, which has been shown
to decrease equatorial selectivity.3a C2-symmetric chiral cyclic acetals have shown enhanced
selectivities for nucleophilic additions.8 When coupled with a chiral vinyl ether, a 71% yield
was obtained with 89:11 bromide selectivity and 70:30 selectivity for the alkoxy stereocenter
in favor of the expected diastereomer (entry 3).

Various other electrophiles were also employed as coupling partners for the MAP cyclization.
Ketals and α-acetoxy ethers were successful coupling partners, providing yields and
selectivities similar to those observed for the acetals (entries 4 and 5).9 Cyclic α-acetoxy ethers
were intriguing electrophiles since selective nucleophilic addition has been demonstrated
depending on substitution.10 Unfortunately, neither simple five- or sixmembered α-acetoxy
ethers provided useful yields of THP products (entries 6 and 7).11 Finally, chiral α-
(trimethylsilyl)benzyl α-acetoxy ethers have been employed to enhance the selectivity of aldol
additions.12 When this chiral auxiliary was utilized for the MAP cyclization, a 90% yield of
the expected THP was produced with 7:3 selectivity for the aldol addition (entry 8).

Orthoesters were also examined as substrates for double MAP cyclizations (Scheme 3). Only
orthoformates proved successful, providing interesting pseudo-C2-symmetric structures (18
and 19).13 Utilizing E homoallylic vinyl ether 20 as a nucleophile selectively produced bis-
THP 21 with two equatorial methyl groups, in agreement with precedent.3c,14 Overall, six new
stereo-centers were generated in this single reaction.

The MAP cyclization has proven to be a very effective method for the formation of a variety
of substituted tetrahydropyrans. Utilization of acetals, α-acetoxy ethers, and orthoformates has
expanded the scope and utility of the reaction. The use of various chiral auxiliaries led to
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enhanced stereoselectivity in the aldol addition step. The expanded scope of the MAP
cyclization will be a powerful tool in natural product synthesis.
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Scheme 1.
MAP cyclizations for leucascandrolide A
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Scheme 2.
Mechanism of the MAP reaction with acetals
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Scheme 3.
MAP reaction of orthoformates
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