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Abstract: A new axially chiral N-acryl-N-allyl-o-tert-butylanilide with high optical purity (96-97 
%ee) was prepared in good yield from (S)-O-acetyl lactic acid and N-allyl o-t-butylaniline. Iodine- 
mediated Diels-Alder reaction of the axially chiral N-acryl anilide with cyclopentadiene or isoprene 
proceeded with high diastereoselectivity. © 1997 Elsevier Science Ltd. 

Recently, Curran and co-workers reported highly atropselective radical reaction and 1,3-dipolar 
cycloaddition reaction with axially chiral anilide as a new stereo-controlled method (Scheme 1, eq 1). la, 2 
The reaction using similar anilides was also applied to enolate chemistry by Shimpkins et al, and a high level 
of atropselectivity was achieved in alkylation or aldol reaction (eq 2). lb However, in these reactions, the 
racemic axially chiral anilides which can not be applied to an asymmetric reaction were used. Although 
Shimpkins et al tried to prepare an optically active form through the kinetic resolution of racemic anilide 1 by 
a chiral lithium amide, the chiral anilide with insufficient optical purity (88 %ee) was obtained in poor yield 
at the stage of about 90 % conversion (eq 3). lb In addition, there is no report regarding determination of the 
absolute configuration of this anilide. In this paper, we report an efficient synthesis of chiral N-acryl-N- 
allyl-o-tert-butylanilide with high optical purity (96-97 %ee). Furthermore, an asymmetric Diels-Alder 
reaction of this anilide which proceeds with high diastereoselectivity through an iodine-mediated activating 
process is also described. 

Scheme 1 
Curran et aL Shimpkins et aL 

0 0 JL 0 ~ .  ~ I . .N/M e P h - A  ..Me O 
" V ~ N  ,'MEM 1)LDA "v-[L.N jMEM 

[ ~  ~ "~ "N ~ 2)R-X .~ ,-Bu Ph-CNO N--O ~,t-Bu t-Bu R "~ J (eq  2, 
lJ (eql) 

t-Bu"" t-Bu"" " 
(ra(~rnic) > 97:3 (racernic) 15:1 -225:1 

"v*~L" N "Me O p h ~  L . U O 1) N Ph - - v " N  ,'Me 

2) Mel t-Bu + (-1-1 (eq 3) 
(90 % conversion) (88 %ee) 

racernic-1 

4447 



4448 

In order to prepare an axially chiral anilide with high optical purity and definite absolute configuration, 
the optical resolution based on the formation of a diastereomeric derivative with a certain optically active 
compound was investigated. After a survey of various optically active carboxylic acids, we found that the 
resolution through the formation of a carboxamide 2 from N-allyl-o-tert-butylaniline and (S)-O-acetyl lactic 
acid 3 can be carried out most effectively (Scheme 2). These diastereomeric anilides 2a and 2b 4 on the basis 
of the axial chirality of the o-tert-butylanilide moeity and the chiral carbon of lactic acid can be easily 
separated by column chromatography [TLC (SIO2), ARf = 0.13, hexane / AcOEt = 3], readily affording a 
diastereomerically pure anilide. In this condensation reaction, the use of 2 equiv, of lactic acid and 1-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC) as a condensation reagent, and a highly 
concentrated solution (1.5 M) were required to get the products 2 in good yield. Under the conditions, 2a 
and 2b were obtained in a ratio of 3 : 1 in 74 % yield, while the use of DCC, (EtO)2P(O)CN, 
(PhO)2P(O)N3 and mixed anhydride gave 2 in poor yield (5. 20 %).5 

The stereochemistries of these anilides 2a and 2b were determined on the basis of X-ray 
crystallography of 2b (Figure). The X-ray crystal structure indicates that the planes of the amide and aryl 
group are twisted by 83 ° 
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To utilize axially chiral anilide in asymmetric reaction, anilides 2a and 2b were converted to the 
corresponding N-acryl anilides (+)-3 and (-)-3 in good yields in accordance with Scheme 3, respectively. 
The physical data 6 of (+)-3 completely coincided with (-)-3 except for the sign of [Ot]D. The ee of (+)-3 

having [e(}D=+185 was estimated to be 97 % by HPLC analysis using a CHIRALPAK AS column [0.1% i- 

PrOH in hexane, (+)-3; tR = 20.6 min, (-)-3; tR = 15.5 min]. The optical purity of (+)-3 did not change 
after standing for one month at rt, while racemization was observed at 80 °C (tl/2 = 33h). 
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An application of this anilide 3 to an asymmetric Diels-Alder reaction is shown in Scheme 5. We have 
recently found that the Diels-Alder reaction of N-allylic enamide proceeds in good yields through iodine- 
mediated activating process. 7 As an application of the present reaction to asymmetric reaction, although 
various chiral N-allylic enamides were prepared and the diastereoselectivities in the reaction with 
cyclopentadiene were investigated, high endo- and diastereofacial-selectivities could not be achieved by the 
use of these substrates (Scheme 4). In contrast to these results, the reaction of anilide (+)-3 in the presence 
of I2 proceeded with high endo- and diastereoselectivity [endo/exo --- 30, endo-4 (29 : 1)] to give endo-4 in 
good yield (92 %) as the major isomer (Scheme 5, eq 1). The observed diastereoselectivity can be 
rationalized based on the structure of the cyclic imidate intermediate 3A; that is, the attack of the diene 
should preferentially occur from the opposite side of the t-Bu group in 3A to give the product with high 
selectivity. The absolute configuration and ee of the product 4 were determined based on the comparison of 
the [a]D and Mosher's analysis 8 after conversion to known alcohol 58 by LiAIH4 reduction. The reaction 
of (+)-3 with isoprene also gave good yield (87 %) of the adduct 69 with high selectivity (20 : 1, Scheme 5, 
eq 2). 
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In conclusion, we have succeeded in the synthesis of chiral N-acryl-N-allyl-o-tert-butylanilide with 
high optical purity and a definite absolute configuration. As shown in the above iodine-mediated asymmetric 
Diels-Alder reaction and the atropselective reactions using the racemic axially chiral anilide 1, this chiral 
anilide should be efficiently applied to various asymmetric reactions. 
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