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An intriguing strategy for hetero- or carbocycle synthesis involves
sequential reactions of doubly nucleophilic compounds with ha-
lomethyl vinyl ketones. However, only a few examples of this type
of cyclization have been reported,1 probably because of a lack of
selectivity between theâ andR′ sites and sensitivity of these com-
pounds to basic reaction conditions conspire to render most strate-
gies problematical.2 These difficulties might be circumvented by
employing 6-bromomethyl-4H-1,3-dioxin (1, Scheme 1) as an
equivalent of bromomethyl vinyl ketone. Thus, the reactive allylic
halide moiety of bromide1 was expected to smoothly participate
in substitution reactions and, moreover, permit the employment of
highly basic nucleophiles. Subsequently, the enone functionality
could be unveiled by a facile retrocycloaddition reaction of the 1,3-
dioxin ring3 to afford the generic compound2 whose remaining
nucleophilic site could then be activated, if necessary, for conjugate
addition to afford the desired cyclic compounds3. We disclose
herein the realization of this methodology and document its consid-
erable potential for the construction of natural product ring systems.

The synthesis of bromide1 (Scheme 2) commenced with the
preparation of 4-iodomethyl-1,3-dioxane (4) from allyl iodide
following a Prins cyclization protocol reported for the analogous
chloride.4 The iodide4 was heated with solid KOH under reduced
pressure (55°C, 160 mmHg) to afford 4-methylene-1,3-dioxane
(5) which distilled directly from the reaction mixture. The iodide-
leaving group is critical for the success of this elimination reaction
since similar treatment of 4-chloromethyl-1,3-dioxane4 required
higher temperatures and was accompanied by comparable amounts
of the endocyclic double bond isomer, 6-methyl-4H-1,3-dioxin.
Bromination of the enol ether5 in the presence of Hu¨nig’s base
proceeded smoothly to provide the bromomethyl vinyl ketone
equivalent 1. The synthesis can be easily scaled to provide
multigram quantities of the stable bromide1 and, in fact, is
accomplished in fewer steps than those required for the preparation
of bromomethyl vinyl ketone itself.1c

We first examined the reactions of Weilerâ-ketoesters dianions5

with bromide1 (Scheme 3). Indeed, severalâ-ketoesters6 cleanly
afforded the desired alkylation products7. While the retrocycload-
dition reactions of the dioxins7 proceed at an acceptable rate in

refluxing toluene to give the corresponding enones (12 h), products
requiring no chromatographic purification were obtained by per-
forming the reaction at higher temperatures for shorter periods of
time (toluene, sealed tube, 180°C, 15 min). We were pleased to
find that the resulting enones underwent facile 7-endoring closures
when subjected to reaction conditions (0.2 equiv of Cs2CO3, CH3-
CN, rt, 1-2 h) successful for related 7-endoring closures using
exocyclic enolates of cyclicâ-ketoesters.6 To the best of our
knowledge, these are the first examples ofendo-Michael additions
of endocyclicenolates leading to seven-membered rings.7

We next turned our attention to annulation reactions using
bromide1 (Scheme 4). The Weiler dianion ofâ-ketoester9 and
the enolates of ketones12, 15, 18, and21 all gave good yields of
the corresponding alkylation products. Moreover, in several cases
the 1,3-dioxin moiety of the resulting products tolerated post-
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alkylation modifications such as additional enolate formation (12
f 13 and21 f 22) and the nucleophilic and acidic conditions of
the Stork-Danheiser enone synthesis8 (15 f 16 and 18 f 19).
The sequential retrocycloaddition reactions and Michael additions
of ketones10, 13, and16 all gave rise to bicyclo[4.3.1]decane-3,-
10-diones, (11, 14, and 17) the central substructure of the CP
compounds.9a,b Danishefsky’s recent report of annulation with
iodomethyl vinyl ketone and enamine derivatives of cyclohexanone
served as precedent1b for our complementary approach (alkylation
followed by conjugate addition) to the carbon framework of these
fascinating farnesyl transferase/squalene synthase inhibitors. Inter-
estingly, the rate of these cyclizations appears to correlate with the
pKa’s of the enolate precursors. The inability to identify a conjugate
addition product from the retrocycloaddition product of thedes-
phenylthio corresponding to ketone13 is in keeping with this trend.

Fused-bicyclic products are also accessible using this annulation
strategy. In contrast to16, the γ-methyl carbon of the retrocy-
cloaddition product of enone19 is activated by an ester substituent
and, consequently, furnishes a diastereomeric mixture of the fused
bicyclic diketo esters20 upon completion of the annulation
sequence. In addition, a six-membered, fused-ring annulation was
effected by subjecting the retrocycloadduct of triflate22 to Heck
reaction conditions10 to afford the dienone23 as a single diaste-
reomer (see Supporting Information for diagnostic nOe’s).

We have also investigated the preparation of nitrogen-containing
heterocycles by the general strategy outlined in Scheme 1. To that
end, the alkylation of the carbanion derivatives of nitrile24, ester
27, and the Williams lactone3011 with bromide1 all proceeded
uneventfully and furnished the expected dioxin-containing products
25, 28, and 31, respectively, in excellent yield (Scheme 5). As

before, the dioxin moiety survived subsequent manipulation of the
nitrile 24 and ester27 alkylation products to arrive at the desired
cyclization precursors, trifluoroacetamide25 and carbamate28,
respectively. The retrocycloaddition of these compounds was best
accomplished at temperatures lower than those previously utilized,
although the subsequent Michael additions could be effected using
the same conditions employed for the carbon nucleophiles (Schemes
3 and 4). It should be noted that benzazocines related to29 have
been the object of considerable synthetic activity9c since they have
been prepared en route to the antitumor compound FR-9004829d

(cf. ring-opened tautomeric ketohydroxylamine form).
Subjection of the retrocycloaddition product of lactone31 to

conditions introduced by Ohfune12 for removal of the Boc group
led to concomitant conjugate addition of the secondary amine
generated during methanolysis of the intermediate trimethylsilyl
carbamate. The carbonyl of the resulting piperidin-4-one32 was

then reduced stereoselectively (Scheme 6, BH3, -78 °C) to provide
only the equatorial alcohol33. Removal of the Williams’ auxiliary
by the standard hydrogenolysis protocol11 then concluded a
relatively concise synthesis13 of the naturally occurring (2S,4R)-4-
hydroxypipecolic acid (34).

In conclusion, we have shown that readily available 6-bromo-
methyl-4H-1,3-dioxin (1) constitutes a useful bromomethyl vinyl
ketone equivalent. The exceptional reactivity of the allylic halide
moiety of dioxin 1 allows facile substitution by a variety of
nucleophiles. The 1,3-dioxin ring is sufficiently robust to permit,
if necessary, further multistep transformation of the alkylation
products. The potentially sensitive enone moiety can then be
released under mild, thermal conditions and, once generated,
smoothly participates in novelendo-conjugate addition reactions
with both carbon and nitrogen nucleophiles.
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