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OPTICALLY ACTIVE 2-p-TOLYLSULFINYLACRYLATE
—— A NOVEL CHIRAL DIENOPHILE WHICH EXHIBITS HIGH REACTIVITY AND DIASTEREOSELECTIVITY ——

Yoshitsugu Arai, Shu-ichi Kuwayama, Yoshio Takeuchi,
and Toru Koizumi%*
Faculty of Pharmaceutical Sciences, Toyama Medical & Pharmaceutical University,
Sugitani 2630, Toyama 930-01, Japan

Summary The Diels-Alder reaction of a novel chiral dienophile, alkyl (S)-2-p-tolylsulfi-
nylacrylates 1 with anthracene and cyclopentadiene showed high diastereoselectivity under
the chelation controlled condition.

1 have currently received considerable

Optically active 3-p-tolylsulfinylacrylates
attention as potential chiral dienophiles in the Diels-Alder (D-A) reaction: Our group1a
and Maignan et al'P independently reported that the D-A reaction of optically active 3-p-
tolylsulfinylacrylates with cyclopentadiene proceeded in highly diastereoselective manner
giving cycloadducts which are useful for asymmetric organic synthesis2 « In comparison,
optically active alkyl 2-p-tolylsulfinylacrylates have neither been prepared nor utilized in
the asymmetric D-A reaction’ , although several literatures suggested the dienophilic
reactivity of this class of compounds4 . In this letter we would like to report the first
synthesis of optically active 2-p-tolylsulfinylacrylates 1, and also like to present that
the dienophiles 1 having much higher reactivity than 3-p-tolylsulfinyl isomers are quite
useful chiral dienophiles with high diastereoselectivity.

For the preparation of the optically active title compound 15 , Wwe have designed the
synthetic route which does not contain the possible racemization steps{Scheme 1)6.
Optically pure ethyl p-tolyl sulfoxide 37 prepared from menthyl (S)-p-toluenesulfinate 2 was
treated with 1.2 eq of n-butyllithium at -78°C, followed by phenylselenenylation with
phenylselenenyl chloride to afford 4 in 50 % yield. The (phenylselenenyl)sulfoxide 4 was
treated with n-butyllithium at -78°C and the resulting anion was trapped with carbon dioxide
to give the acid 5 in 82 7 yield. Esterification of 5 afforded the methyl ester 6a and the

ethyl ester 6b in fair yields, respectively8 « The esters thus obtained were subjected
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to m-CPBA or NaBr029 oxidation to afford directly the alkyl 2-p-tolylsulfinylacrylates 1la
and 1b in 70A-80 7% yield1o. The optical purities of both acrylates 1a,b were determined as
no less than 93 % by NMR shift reagent method using Bu(tfme); ''.

The 2-p-tolylsulfinylacrylates thus obtained turned out to be excellent dienophiles,

12

which react even with butadiene, piperylene, and anthracene under the presence of Lewis

acid catalyst. The methyl ester la was subjected to the D-A reaction with anthracene in the

13, Surprisingly, the single diastereomeric cycloadduct 7814 was

presence of zinc chloride
found to form in the cycloaddition, which was confirmed as follows. The cycloadduct 7a was
reduced to the corresponding sulfide 815, which was oxidized with m-CPBA to give two diaste-

reomeric sulfoxides 7a and 7b, quantltatlvely16 The careful HPLC analysis of the crude

t17 reveals that a trace amount(no more than 1 %) of 7b was formed in the

cycloadduc
cycloaddition, indicating that the D-A reaction of 1 with anthracene proceeded in almost 100

% diastereoselection. (Scheme 2)
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Next, in order to elucidate the steric course of the cycloaddition as well as the role
of the Lewis acid, we carried out the D-A reaction of the ethyl ester 1b with cyclopenta-
diene with (or without) the Lewis acid catalyst. The reaction condition and the resulting

diastereomeric ratios are shown in Table 118.

Table 1. D-A Reaction of 2-p-Tolylsulfinylacrylate 1b with Cyclopentadiene

Reaction Conditions Ratio of Diastereomeric Cycloadducts
Lewis Acid Temp. hr. Solvent 9 (endo COOEt) 10 (exo COOEt)
9a 9b 10a 10b 9/10
rt 6 PhH 64 ¢ " 23 2 3.0
ZnCl, 0° 3 CH,C1, 2 = 77 2 19 3.8

Clearly the dramatic change in the formation of the diastereomers was observed.
Without ZnC12 catalyst, the endo cycloadduct 9a and the exo cycloadduct 10a were
predominant. With the catalyst, the corresponding diastereomers 9b and 10b became the major
adducts. The absolute configuration of the cycloadducts was determined by the following
chemical correlation'? (Scheme 3). The major cycloadduct 9b formed under the chelation
controlled condition was subjected to TiCl3 reduction to give 1120([a]D -94° ) in 52 %
yield. The compound 11 with the specific rotation of -55° was derived from (18)-(-)-
bicyelo[2.2.1 Jhept-5-ene-2-endo-carboxylic acid?! (le]ly -80°)by esterification followed by

p-tolylsulfenylation reaction. The absolute configuration of 9b is now established.
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As shown in the Table, it should be noted that the presence of Lewis acid(ZnCl, )?? resulted
in the dramatic change in the ratio of diastereomers: The ratio was almost completely
reversed compared to that of the reaction without catalyst. Thus, the exclusive formation
of 9b with the determined absolute configuration is due to the initial complexation of the
dienophile 1 with Zn012 and the subsequent attack of the diene from the less hindered site
(arrow b in Scheme 3) of the chelated structure A?3 Accordingly, the absolute
configurations of the other cycloaddducts, 9a and 10a,b should be assigned as shown in
Scheme 3, respectively. The similar mechanistic consideration indicated that the absolute
configuration of 7a should be assigned as that shown in Scheme 2.

In conclusion, the new chiral dienophile 1 presented here has much higher dienophilic
reactivity than 3-p-tolylsulfinylacrylates and also exhibits the satisfactory
diastereoselection i1in the D-A reaction. The enhanced reactivity and the high
diastereoselection particularly observed in the chelation controlled condition indicate that
the compound 1 1s potentially useful as a chiral dienophile. The wide range of application

for the asymmetric synthesis is possible and is now in progress in this laboratory.
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