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Abstract

The enantioselective construction of 8aR,8aR,8bR]-1-(p-methoxyphenyl)-3a,7-dimethyl-3a,5a,8b,8a-
tetrahydro-H-oxazolo[4,5€]isoindole-2,6,8-trione is achieved from enantiopure RIS)LE,3E)-2-methyl-1-
(p-methoxyphenyl)amino-4pttolylsulfinyl)-1,3-butadiene andN-methylmaleimide through a short sequence
involving a Diels—Alder reaction, a sulfoxide—sulfenate rearrangement and intramolecular cyclization. © 1999
Elsevier Science Ltd. All rights reserved.

With the development of several general routes to enantiopure dienyl sulfoxidesscome an
increasing attention to their use as chiral partners in asymmetric Diels—Alder regclibessynthesis
of systems bearing a sulfoxide at C-1 and aryl or alkyl groups as well as alkoxy substituents in different
positions of the butadiene framework has been successfully achieved. To date, no nitrogen substituents
have been introduced in such enantiomerically pure dienes. In 1983, Overman reported the synthesis
of racemic carbamate protected 1-amino-4-phenylsulfinyl-1,3-butadienesstudied their Diels—Alder
reactions with acrolein and phenyl vinyl ketone. While the regioselectivity was shown to be fully
controlled by the acylamino substituents, the lavwacial diastereoselectivity achieved prevented further
development of these reactions.

Our previous work devoted to the study of Diels—Alder reactions with enantiomerically R)4de(p-
tolylsulfinyl)-1,3-butadiene derivatives has shown a high degree of stereocontrol in their cycloadditions
with dienophiles such asl-methyl maleimide’, maleic anhydrideor 1,2,4-triazoline-3,5-dion.In
order to test the behaviour of amino substituted dienyl sulfoxides in cycloadditions with such kinds
of dienophiles, we decided to focus on the enantiopure compdubearing a nitrogen substituent
at C-1 and a sulfoxide at C-4. We describe herein the synthesis dR][($)Boc 2-methyl-1-p-
methoxyphenyl)amino-4gftolylsulfinyl)-1,3-butadiend and the study of its Diels—Alder reactions with
N-methyl maleimide and show that an unprecedented and stereoselective construction of the tetrahydro-
1H-oxazolo[4,5€]isoindole-2,6,8-trione skeleton can be achieved starting #@ma short sequence.
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Enantiomerically pure derivativd was synthesized from [(8)2E]-2-methyl-4-f-tolylsulfinyl)-2-
butenal 1 which resulted from the acidic treatment (10% HCI) of RB#-ethoxy-3-methyl-14f-
tolylsulfinyl)-3-buten-2-ol, previously obtained by us from 3-ethoxy-methacrolein &emnethylp-
tolylsulfoxide? As shown in Scheme 1, aldehydevas reacted witip-methoxyaniline2, to give imine
3 which was immediately transformed into theBoc protected diend by successive treatment with
LDA and (BocyO. Compound4 was isolated pure in a 66% overall yield fratrand was shown to be
enantiomerically pure {k]p?° +109 (c=1, CHQ); ee >98%}/
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Scheme 1.

With diene4 in hand, we studied its Diels—Alder reactions wilkmethyl maleimide. In CkICl, at
room temperature, reaction was very slow at normal pressure, but cycloaddition occurred in 24 h when
the mixture was submitted to high pressure (13 Kbar). Under these conditions,4désoéved into a
75:25 mixture of diastereoisomer@ndoadductss and6 in quantitative yield (Scheme 2). Compounds
5{[ «]p%° +179.1 (c=1, CHQ); ee >98% ¥ and6 {[ ®]p?° —1.7 (c=0.5, CHGJ); ee >98%Y could be
isolated diastereomerically pure by flash column chromatography.
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Scheme 2.

The configurational assignment of addubtsand 6 was established on the basis of thiit NMR
parameters and by comparison with those of other similar adducts previously obtained from reactions of
a series of 1-dienyl sulfoxidgs® by assuming an extended boat conformation for the cyclohexene ring
in these adducts:%2 The most significant data are indicated in Fig. 1 and correspond to the chemical
shifts of olefinic hydrogen H6 which is shielded n(H6 andp-Tol 1,3-parallel) and deshielded in
6 (H6 and S-O 1,3-parallel) also due to the rigid disposition of the sulfinyl group shown. Similar
effects are observed in the chemical shifts of H7a which is deshield&daimd shielded ir6 due to
the influence of the sulfur substituents. Considering thaRleenfiguration of the sulfoxide must not
change in the Diels—Alder reaction, the absolutdj3R, 7R, 7aR,(S)R] for the major diastereoméyand
[3aS4S7S,785,(S)R] for the minor adducé can be assigned.
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Figure 1.

Taking into account the behaviour reported by Overmarn\dienzyloxycarbonyl-4-phenylsulfinyl-
1,3-butadiené, which reacted withe,B-unsaturated carbonyl compounds at 25°C, the low reactivity
observed foN,N-disubstituted derivativé, also bearing a carbamate substituent at the nitrogen, suggests
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that the methyl group at C-2 of the butadiene framework, as well as the increased size of the amine
function due to the presence of tpemethoxyphenyl substituent, must be the origin of the different
reactivity. It is likely that theE stereochemistry of the C1-C2 double bond (determined by NOE
experiments) it is forcing the lone electron pair at nitrogen to #ygplanar position indicated in Fig. 2
to avoid the strong 1,3-allylic interaction which would appear ifgide OCsH,4 or Boc substituents were
situated in such planar dispositi8thus, in compound, the lone electron pair cannot be delocalized
into the 1,3-diene preventing the expected activation of this electron donor substituent and explaining the
decreased reactivity observed fhwhich is very similar to that observed for 1-dienyl sulfoxides lacking
the amino substituerit®

The Tt-facial diastereoselectivity of these cycloadditions can be explained on the basis of the model
previously proposed by usbased on a steric and stereoelectronic approach control of the dienophile
on the less hindered face of the diene adopting-&rans conformation (Fig. 2). Thigndotransition
state shows minimized electrostatic repulsions between the carbonyl and sulfinyl oxygens. Moreover, the
orientation of the Arp-MeOGCsH,4) and Boc groups towards both faces of the diene system would explain
the lower stereoselectivity observed in this case with respect to other 1-sulfinyldienes which evolve with
a completert-facial diastereoselectivity.

N,
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Figure 2.

When the crude mixture d and6 (75:25) resulting from the cycloaddition was kept at —20°C for
a long time (41 days) we observed its spontaneous evolution pamethoxyphenyl)-3a,7-dimethyl-
3a,5a,8b,8a-tetrahydrd4toxazolo[4,5€]isoindole-2,6,8-trione7 (50% ee) which was cleanly formed.
Starting from diastereomerically pugg tricyclic derivative 7 was obtained in 46% isolated yield in
enantiomerically pure form.Formation of this tricyclic derivative could be explained on the basis of
the mechanism depicted in Scheme 3 for the evolutiom.ofhis allylic sulfoxide can evolve in a
sterocontrolled manner through a sulfoxide—sulfenate rearrang&hterthe sulfenate intermediate
easily transformed into the carbindl by the cleavage of the S—O bond. The formation ofcidt
substituted cyclohexendl through this process had already been reported for adducts sinBlaPtthe
evolution ofll through an entropically favoured intramolecular attack to the vicinal CO carbonyl group
of the Boc substituent would explain the formation of the oxazolidinone rintjasfa sole diastereomer.
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Scheme 3.
Considering that the transformation®&nd6 in tricyclic derivative7 throughl andll must occur in a
highly stereocontrolled manner according to the mechanism proposed above, the absolute configuration
of the enantiome¥ generated from the major adddcimust be [3&5aR,8aR,8bR].
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Studies directed to improve the facial selectivity of these reactions are now in progress in order to
further apply these good results to the synthesis of complex molecules.
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