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ABSTRACT

The appropriate choice of dimethylsulfonium methylide generation conditions enables the highly regioselective tandem ylide addition −eliminative
olefination to 1,3-dienedioates providing 1,3-butadien-2-ylmalonates, a novel class of 2-substituted 1,3-dienes suitable for quick assembly of
precursors for type 2 intramolecular Diels −Alder reactions.

Bicyclo[n.3.1] alkenes with multiple functionalities and a
bridgehead double bond are useful intermediates, notably for
the synthesis of taxoids,1 phomoidrides2 (CP molecules), and
other classes of natural products.3 The type 2 intramolecular
Diels-Alder (T2IMDA) reaction4 (Scheme 1) is one of the

few direct methods5 that provide bridged bicyclic rings,
incorporating a bridgehead double bond6 (anti-Bredt olefin).

For T2IMDA, the dienophile component is attached to the
2 position of the 1,3-diene with an appropriate tether. For
this, 1,3-butadienes substituted with suitable functionality at
the 2 position are a prerequisite that would enable the
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attachment of the dienophile fragment. Moreover, 2-substi-
tuted 1,3-butadienes are an integral part of many natural
products.7 This has resulted in the development of a number
of methods for their preparation.8-11 Many of these meth-
odologies involve organometallic species such as 1,3-
butadienyl-2-metal9 or 2,3-butadienyl-1-metal,10 which often
suffer from poor regioselectivity or low yield and, in some
cases, require starting materials that are not readily accessible.
More recently, attractive alternative methods such as Barbier-
type coupling8,11c and ethylene-alkyne cross-metathesis11b,d

have been reported for their preparation. However, although
efficient, few methods are applicable to the synthesis of
2-substituted 1,3-butadienes where a quick assembly of a
dienophile fragment can be made to perform T2IMDA.

We envisage that the nucleophilic addition of a carbene
anion equivalent12 to an activated 1,3-diene1 (Scheme 2)

would provide a solution to this. Depending on the regio-
and stereoselectivity of the addition, four isomeric 2-substi-
tuted 1,3-diene products,E andZ 2, 3, can be formed.

As a continuation of our work on developing new
methodologies using dimethylsulfonium methylide4,13,14we
have recently reported15 an interesting observation that4 in
combination with a base, such as sodium dimsylate, under-
goes a tandem ylide addition-eliminative olefination on
various activated olefins and thus acts as an equivalent of a
carbene anion. This strategy has been used in sequential
tandem olefination-alkylation for the preparation of 1-sub-
stituted vinyl silanes, styrenes, and products derived from
them.16 The methodology has been extended for sequential
tandem double olefination of vinyl phosphonates and alde-
hydes to provide di- and tri-substituted 1,3-dienes with very
high regio- and stereoselectivity.17 We were curious to know
whether this novel olefination is applicable to extended
conjugated systems such as 1,3-diendioates1 and if so, which
of the two regioisomeric dienic products2 or 3 (Scheme 2)
would dominate. Although, the conjugate addition18 of carbon
or heteroatomic nucleophilic reagents to activated olefins is
a highly useful reaction in organic synthesis, the regiose-
lectivity issue, namely, 1,4-addition versus 1,6-addition,19-22

sometimes becomes challenging to extended conjugated
systems. We report herein the first example of tandem 1,4-
addition-elimination of ylide4 to 4-aryl/alkyl-substituted
1,3-diendioates1 to give 1,3-butadien-2-ylmalonates2, a
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novel class of dienes with a functionality at the 2 position
amenable for further maneuvering and/or quick lodging of
a dienophile fragment.

When 4-phenyl dienedioate1a was added to ylide4,
generated using Me3SI and sodium dimsylate in DMSO-
THF under the reported conditions,15 we obtained a mixture
of diene 2a, vinylcyclopropane5a, and the thiomethyl
product6a (2a/5a/6a) 50:20:30) (Scheme 3). Although the

formation of the cyclopropane5a could be curbed (Table 1)
by varying the stoichiometry of the reactants, the formation

of product 6a23 could not be minimized. Therefore, we
modified16b the generation of ylide4 by usingn-BuLi in THF
instead of sodium dimsylate.24 When this modified procedure
was implemented in the reaction of1a with 4, the dienic
product2a was formed in very good yield (96%) (Scheme
4). The reaction was highly regioselective, and the dienic

product3 could not be detected as 1,6-addition of ylide4
did not take place. Moreover, if the reaction was quenched

with MeI (5 equiv) before workup, methylated product7a
was obtained in 87% yield.25

This reaction was found to be general and independent of
a substituent such as a OMe group present in the aryl ring,
as well as a substituent such as Me group at position 3 of
the diendioates1. The diesters1b-e were prepared by
Knoevenagel condensation of the corresponding substituted
cinnamaldehydes with diethyl malonate. When these sub-
strates were reacted with ylide4, the desired products7b-e
were isolated in good yields after methylation (Table 2). The

substituent at position 4 of the diene1 may not need to be
an aryl group; for example, Me in diene1f and Me and an
alkyl group in1g also gave the desired methylated products
7f and7g, respectively. The stereochemistry of the double
bond at theγ,δ position remained unaffected during the
process. The (E)-stereochemistry of this double bond in

(23) Compounds6aand2awere unseparable;6awas characterized after
methylation. (24) Caution! Na-Dimsylate is known for its explosive nature.

Scheme 3

Table 1. Tandem Addition-Eliminative-Olefination on1a
Mediated by Me3SI and Na-Dimsylate

entry (equiv) Na-dimsylate Me3SI (equiv) 2a:5a:6aa

1 2.5 1.2 50:20:30
2 3 1.5 74: -b:26
3 4 2.5 78: -b:22
4 3 3 45:30:25

a Determined from crude product by1H NMR. b Peaks for5a could not
be seen.

Scheme 4

Table 2. Sequential Tandem Sulfonium Ylide
Addition-Eliminative Olefination-Alkylation of Diendioates1

a Isolated yield.b 3 equiv each of K2CO3 and allyl bromide were used.
c3 equiv each of K2CO3 and benzyl bromide were used.
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products7a-d was assigned from the1H coupling constants
(J ≈ 16 Hz). The starting dienes1e and1g were contami-
nated with 18% and 35% of the (Z)-isomer, respectively.
Thus the products7e and7g were also contaminated with
the isomeric product in the same proportions. When the
reaction between1a and ylide4 was quenched with 3 equiv
of allyl and benzyl bromides, the corresponding alkylated
products7h (74%) and7i (53%) were isolated. The yields
were improved (Table 2; entries 8 and 9) by adding
anhydrous K2CO3 into the reaction mixture prior to addition
of bromides.

By quenching the reaction with a suitable alkyl halide that
has the desired tether length and an in-built dienophile or
has the capability to provide one, the system would be ideally
suited for T2IMDA. The cycloadduct from T2IMDA reaction
would be the bicyclo[n.3.1] alkene with a bridgehead double
bond, and the size of the bridge would depend upon the tether
length. As a model study, the olefination product2a was
deprotonated using sodium hydride and reacted with the
substituted benzyl bromide8,26 which provided the alkylated
diene7j in excellent yield (Scheme 5). The acetal group in

7j was hydrolyzed, and the resulting aldehyde9 was sub-
jected to Knoevenagel condensation with malononitrile
catalyzed by triphenylphosphine27 under solvent-free condi-
tion at 80 °C. Interestingly, a domino28 Knoevenagel-

T2IMDA sequence provided the bridged bicyclic product
rac-10 in good yield. The stereochemical feature ofrac-10
was determined by COSY and ROESY analysis and was
further confirmed by X-ray crystallography29 as shown in
Figure 1.

In summary, we have developed a novel and operationally
simple regio- and stereoselective synthesis of 2-functionalized
1,3-butadienes from readily accessible activated 1,3-dienes
using dimethylsulfonium methylide. This led to the synthetic-
ally valuable intermediates suitable for quick assembly of
dienophiles thus ready for a T2IMDA. The ability of this
methodology has been demonstrated by synthesizing a
bicyclo[6.3.1] dodecene skeleton efficiently in a domino
Knoevenagel-T2IMDA sequence with excellent stereo-
control.
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(25) To a-10 °C suspension of Me3SI (3 mmol) in THF (3 mL) was
addedn-BuLi (3 mmol, 1.6 M hexane solution). After 20 min, diendioate
1 (1.0 mmol) in THF (3 mL) was introduced, and the reaction was slowly
allowed to warm to room temperature. After 1 h, the reaction mixture was
cooled, and methyl iodide (5 mmol) was added and stirred at room
temperature for 15 h. The reaction mixture was diluted with water and
extracted with diethyl ether. The combined extracts were washed with brine,
dried over magnesium sulfate, filtered, and concentrated under vacuum.
The residues were purified on silica gel using hexane/ethyl acetate to give
the dienes7.

(26) Synthesis of8 has been achieved fromo-cresol. See Supporting
Information.
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A. V.; Nagaiah, K.Eur. J. Org. Chem.,2004, 546-551.
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(29) Selected X-ray crystallographic data: C59H56Cl3DN4O10 (corresponds

to two molecules of10 + CDCl3 in the unit cell);M ) 1089.44; triclinic,
P-1; a ) 12.1477(10) Å,b ) 15.0735(8) Å,c ) 17.2611(15) Å,â )
100.049(7),V ) 2718.4(4) Å3, Z ) 2, Dcalcd ) 1.331 g cm-3, µ ) 0.232
mm-1. Reflections collected: unique: 22688/9454 [R(int) ) 0.0314]; final
R indices [I > 2σ(I)]: R1 ) 0.0578, wR2) 0.1565; R indices (all data),
R1 ) 0.0801, wR2) 0.1703.

Scheme 5
Figure 1. ORTEP plot of two molecules ofrac-10 + CDCl3.
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