
596 LETTERS SYNLETT

Diels-Alder Reactions of α,β-Unsaturated Thioesters and α,β-Unsaturated Selenoesters
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Abstract:  α,β-Unsaturated thioesters and selenoesters serve as
dienophiles in Diels-Alder reactions with a variety of 1,3-dienes. Good
levels of regioselectivity are obtained with unsymmetrical dienes when
Lewis acid promoters are used. Thioesters and selenoesters are more
reactive than the corresponding methyl esters based on competition
experiments with cyclopentadiene.

Only a few examples of Diels-Alder reactions in which α,β-unsaturated
thioesters serve as dienophiles have been reported1-5 and the use of α,β-
unsaturated selenoesters as dienophiles has not been described. During
the course of two alkaloid total syntheses, we found α,β-unsaturated
thioesters to be useful in situations where the corresponding esters
lacked reactivity needed to participate in Diels-Alder reactions.3,4

Because of their potential for use in synthesis and the limited attention
they have received to date, we have conducted a systematic study of
Diels-Alder reactions of selected α,β-unsaturated thioesters and related
α,β-unsaturated selenoesters. The results are reported herein.

Thioesters and selenoesters 1-4 were selected for study and prepared as
follows. Treatment of crotonyl chloride with one equivalent of
thiophenol or selenophenol in the presence of pyridine gave 1 (45%)
and 2 (48%), respectively. Similar treatment of methyl fumaroyl
chloride with thiophenol or selenophenol provided 3 (mp 70-71oC) and
4 (mp 62-65oC), in 46% and 45% yields, respectively. Cycloaddition
reactions of these dienophiles were examined with isoprene (5),
piperylene (6), 2-trimethylsiloxy-1,3-butadiene (7), and
cyclopentadiene (8). Each cycloaddition was examined under three
conditions: thermal, using a soluble Lewis acid promoter (EtAlCl2 or
TiCl4), and using a solid supported Lewis acid promoter (SiO2-
Et2AlCl).6 The results are documented in Tables 1-4.

Table 1 shows that thermal reactions between 1-4 and isoprene
(Condition A) show little regioselectivity as expected.7-8

Regioselectivity improves to useful levels upon use of soluble Lewis
acid promoters (Condition B).7 Most notable is that the thioester and
selenoester groups in 3 and 4 direct the course of the cycloaddition
rather than the carbomethoxy group.9 Finally, the solid supported Lewis
acid (Condition C) provides useful levels of reactivity with crotonic acid
derivatives 1 and 2, but is ineffective with fumaric acid derivatives 3
and 4.

Table 2 shows that thermal reactions between 1-4 and piperylene afford
a mixture of regioisomeric endo and exo cycloadducts.10 As with
isoprene, the use of either soluble or solid supported Lewis acids
improves both regioselectivity and stereoselectivity with dienophiles 1
and 2. Dienophiles 3 and 4 do not respond well to Lewis acids, however,
as four isomeric cycloadducts are obtained.

Table 3 shows that thermal and soluble Lewis acid promoted reactions
of 1 and 2 with 2-trimethysiloxy-1,3-butadiene give good yields of
cyclohexanones with excellent regioselectivity after a hydrolytic work-
up.11 On the other hand dienophiles 3 and 4 show good regioselectivity
only in the presence of soluble Lewis acid promoters. Once again, the
thioester and selenoester groups direct the regiochemical course of the

cycloadditions. Also, the solid supported Lewis acid (SiO2-Et2AlCl)
destroyed diene 7 and no cycloadducts were obtained.

Table 4 indicates that thermal reactions of cyclopentadiene with 1-4
show little endo-exo selectivity, but the situation improves in the
presence of Lewis acid promoters.12 For example, titanium tetrachloride
improves selectivity to useful levels with all four dienophiles, whereas
SiO2-Et2AlCl improves selectivity in reactions of 1 and 2, but is
ineffective in reactions of 3 and 4.

One feature of thioesters and selenoesters as dienophiles is that they are
more reactive than normal esters. For example, when a 10-fold excess of
dimethyl fumarate (9) and dithioester 10 (mp 135-136oC) were allowed

D
ow

nl
oa

de
d 

by
: S

im
on

 F
ra

se
r 

U
ni

ve
rs

ity
 L

ib
ra

ry
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



June 1998 SYNLETT 597

to compete for a limiting amount of cyclopentadiene, cycloadduct 12
was obtained along with only trace amounts of 13. A competition
between dimethyl fumarate and diselenoester 11 (mp 121-122oC) also
gave 14 and only a trace of 13.13

Another useful feature of thioesters and selenoesters as dienophiles is
that the chemistry of these functional groups differs from the chemistry
of esters. This can be put to good use. For example in a synthesis of
himbacine, a thioester cycloaddition was followed by its reduction to an
alcohol using RaNi, without reduction of an appended lactone.4 To
further demonstrate the utility of this difference in reactivity, the
cycloadduct derived from isoprene and selenoester 4 was treated with
tri-n-butyltin hydride and AIBN to provide keto ester 15 in 56% yield
along with 16% of aldehyde 16.14 This establishes 4 as a reverse
regiochemistry acrylate equivalent in Diels-Alder reactions.15 Finally,
treatment of the cycloadduct derived from isoprene and thioester 3 with
sodium borohydride in ethanol, gave hydroxy ester 17 in 74% yield,
establishing another reverse regiochemistry equivalent. It is our hope
that these studies will encourage others to use thioesters and
selenoesters as dienophiles in appropriate situations.
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