Tetrahedron Letters, Vol.31, No.35, pp 5015-5018, 1990 0040-4039/90 $3.00 + .00
Printed in Great Britain Pergamon Press plc

CHIRAL TOLUENE-2,a-SULTAM AUXILIARIES:
ASYMMETRIC DIELS-ALDER REACTIONS OF N-ENOYL DERIVATIVES

Département de Chimie Organique, Université de Genéve, CH~1211 Genéve 4, Switzerland

Abstract Asymmetric, Ry AICl, mediated Diels-Alder reactions of 1,3-dienes to N-enoyl derivatives 4 and 9 of
(R)-methyl-, (R,S)-t-butyl-, a,a-dimethylbenzyl-, benzyl and (S)-methyl-toluene-2,a-sultams 3 as well as to N-
enoyl derivatives 15 of (R)-2,3-dihydro-3-methylisoindolinone ]14 are described.

N-Enoylbornane-10,2-sultams outperform most chiral dienophiles as to their utility for Lewis-Acid mediated
asymmetric Diels-Alder reactions. 1 The postulated involvement of conformationally rigid chelates A has been
recently supported by an X-ray diffraction analysis of A (R? = CH3, MLy, = TiCly, Scheme 1). 2

Scheme 1

Extension of this concept to analogous chelates B promised to provide further insight into this type of
stereoface direction. To this end we took advantage of the easy access to a range of C(a)-substituted toluene-2,a-
sultams 3.

Methyl-substituted sultam 3 (R! = Me) and its antipode are of particular interest being readily available in
enantiomerically pure form e.g. by asymmetric hydrogenation of imine 2 (R! = Me). 3 Acylation with acryloyl
chloride afforded chiral dienophiles 4. 4 These underwent smooth [4+42]-cycloadditions to cyclopentadiene, 1,3-

butadiene and isoprene. Our results are summarized in Scheme 2 and Table 1. 4

Scheme 2
[o] R! R!
R'MetL, [H] *
NH —_— N — NH
4 4 4
SOZ soz Soz
1 2 3

Y R! R = R
s <—1—— @f‘ \ — @ 1
~tlf- N
4 Y
H o, © so; o
OH
X
3

7X=°;8 X=H2 6 R3 4

5015



5016

Table 1 : Asymmetric Diels-Alder Reactions of N-Acryloyl-toluene-2,a-sultams 4 + 5§ — 6

Series Dienophile 4 Diene § Reaction Conditions Product 6

R! Configuration R3 Y ML, (molequiv) Temp. Time Yield Ratio d.e. Yield d.e.
[*C} [h] crude endo/ endo cryst cryst.
[%] exo crude [%] [%]

(%]
1 a Me R H CHy none r.t. 95 96:4 62
2 a Me R H CH; BF3.Ety0 (2.0) -98 30 95:5 51
3 a Me R H CH; nBuBOTf (2.0) -78 44 >99:1 52
4 a Me R H CH; SnCl4 (2.0) -78 91 >99:1 65
5 a Me R H CHy TiCly (1.0) -98 25 937 11
6 a Me R H CHy EtAICl) (2.0) -78 94 >9%:1 91
7 a Me R H CH; EtAICI (2.0) -78 93 >99:1 94
8 a Me R H CH; MeyAlCl (2.0) -98 0.2 97 >99:1 93 83 >99
9 b (Bu RS H CHy none r.t. 24 75 80:20 51
10 b (Bu RS H CH; EtAICI) (1.5) -78 0.2 - 95:5 77
11 b ¢(Bu RS H CH; EtAICl (1.5) -98  0.25 61 964 90
12 ¢ CMesPh RS H CH; EtAICl (1.5) -98  0.25 86 95:5 96
13 d CHyPh RS H CH; MeyAICl (2.0) -8 2 ~99 96:4 81
14 d CHyPh RS H CH; MesAICl (2.0) 98 2 85 97:3 85
15 e Me R H H;  EtAICI (1.6) -78 18 79 - 9
16 f Me R Me H;  MeyAlCl (1.6) -8 7 87 - 92

First we studied the influence of various Lewis acids on the addition of cyclopentadiene to N-acryloylsultam 43
(R} = Me). With (mono-coordinating) boron Lewis acids only modest inductions were observed, approaching those of
the non-catalyzed reactions (entries 2,3,1). SnCly catalysis, and, even more surprisingly, TiCl4-catalysis furnished
adduct 6a in low diastereomeric excesses of 65% and 11% d.e., respectively (entries 4,5). However, on employing 2
molequiv of EtAICly, EtyAICI or MejAlICl at -78° C we obtained cycloaddition product §a without a trace of its
exo-isomer in 91 to 94% d.e. (HPLC, entries 6-8). Crystallization (1x hexane/CH;Cly) afforded 6a in >99% d.e.
(83% yield from 4a). Entry 8 thus shows a chiral efficiency equal to (or slightly better than) those observed with
TiCl4- or AlLy-coordinated N-acryloylbornane-10,2-sultam A (R? = H). la

To conveniently explore the influence of other auxiliary substitutents R!, racemic {-butyl-, 4b (R! = ¢-Bu), 4,5
a,a-dimethylbenzyl-, 4:6 4c (R! = CMeyPh) and benzylsultam 4d (R! = CHyPh) 4.5 were subjected to similar
reaction conditions. Endo/exo- and diastereomer ratios 4 of resulting racemates §b, 6¢c and 6d show that only the
a,a-dimethylbenzyl group in 4¢ exerts a stereo-directing bias comparable to that of the methyl group (entries 12, 6).
In contrast to our expectations, the ¢-butyl- and benzyl derivatives reacted in a less selective manner than their
methyl analogue. 7

Diels-Alder addition of butadiene and isoprene (-78°C, entries 15, 16) to enantiomerically pure (R)-N-acryloyl-
methylsultam 4 (R! = Me) proceeded again with 90% and 92% diastereoselectivity i.e. as high as the bornanesultam
standard. 13

[442]- Cycloadditions of (E)-N-crotonylsuliams 9g, 9h and 9j to cyclopentadiene (Scheme 3, Table 2) proceeded
more slowly (requiring 0°C with dienophiles 9h and 9j) and were less selective than those of the bornanesuitam
reference (93% d.e.). 1a However, crystallization of crude 10g (hexane/CH,Cly) raised its diastereomeric purity to
>99% d.e. (58% yield from 9g, entry 17).
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Table 2 : Asymmetric Diels-Alder Reactions of N-Crotonyl-toluene-2,a-sultams 9 — 10

Series Dienophile 9 Reaction Conditions Product 10
R! Configuration ML, (molequiv) Temp. Time Yield Ratio d.e. Yield d.e.
[°C1 [h] crude endo/ endo cryst cryst.
[%] exo crude[%] [%] [%]
17 g Me S MesAICI (2.0) -78 24 74 97:3 59 58 >99
18§ h (Bu RS MesAICI (2.0) 0 15 84 8515 74
19 i CHyPh RS MesAICI (2.0) 0 15 86 90:10 66

Removal of the methylsultam moiety from products 6a, 6e, 6f or 10g using LiOH/H,0,/aq. THF 8 or
LiAlH4 I furnished smoothly carboxylic acids 7a, 4 7¢ 4 and 7f 4 or alcohols 8a 4 and 12g, 4 easily separable from
recovered auxiliary 3 (R! = Me).

Since chelates such as B involving a SO)-Lewis base are relatively unusual 2 we replaced the SO3- by a C=0
group and investigated isoindolinone 14 as a potential dienophile auxiliary (Scheme 4). 7
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Successive treatment of (R)-N-pivaloylamide 13 3 with n-BuLi/¢-BuLi, 3,9 diethylcarbonate and water afforded
(R)-isoindolinone 14 4 in 26% yield. Its N-enoyl derivatives 15 4 were reacted with cyclopentadiene in the presence
of MesAICI (2 molequiv, CHsCly, 16 h, -78°C) to give adducts 16 4 with excellent endo/exo-preference but only
modest r-face selectivity (crude 16, R = H: 62% yield, endo/exo-ratio = 98.8/0.2, 66% d.e.; crude 16, R = Me: 57%
yield, endo/exo-ratio = 97.4/2.6, 72% d.e.).

We thus conclude that various chiral sultams may serve as advantageous stereoface-directing dienophile
auxiliaries in Lewis-acid catalyzed Diels-Alder reactions. Asymmetric alkylations, acylations and aldolizations of
toluenesuitam-derived "enolates" are described in the following communication.
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