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Abstract: An optically active form (> 98 %ee) of N-(ortho-tert-butylphenyl)-5-methoxymethyl-2-
pyrrolidinone 3 having axial chirality was prepared from ortho-tert-butylaniline and (S)-5-
(methoxymethyl)butylolactone in short steps and a completely stereoselective manner. The

reactions of Li-enolate from lactam 3 with various electrophiles proceeded with 3,5-cis-selectivity.
© 1999 Elsevier Science Ltd. All rights reserved.
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Highly stereoselective reactions (atroposelective reactions) with axially chiral amide compounds such
as ortho-tert-butyl anilide derivatives and axially twisted imides such as N-ortho-tert-butylphenyl maleimides
have been recently reported by Curran and several other groups.] However, anilides and imides used in
these reactions are racemic forms and achiral compounds, respectively; thus, these compounds could not be
applied to asymmetric reactions. We have succeeded in the first synthesis of non-biaryl axially chiral
compounds with high optical purity and definite absolute configuration such as the following anilide 1 and
imide 2.2.3 In addition, it was also found that iodine- and Lewis acid-mediated Diels-Alder reactions using
1 and 2 proceeded with high diastereoselectivity.2 In the course of our work in relation to optically active
non-biaryl axially chiral compounds, we attempted to prepare an optically active form of an axially chiral
lactam. In this paper, we report the result of stereoselective synthesis of optically active N-(ortho-tert-
butylphenyl)-5-methoxymethyl-2-pyrrolidinone 3 having axial chirality. Furthermore, the interesting
character of lactam 3 and the result of stereoselective a-functionalization of the Li-enolate from 3 are also
described.
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In contrast to anilide 1 which can be stored without racemization more than one month at rt, in the case
of 5-membered lactam, a free rotation of the N-Ar bond was assumed to easily occur at rt. That is, a
diastereomeric mixture, on the basis of the o-chiral center and axial chirality, of racemic N-(ortho-tert-
butylphenyl)-3-benzyl-2-pyrrolidinone 4 and 4' could not be separated in diastereomerically pure form
because of the relatively rapid epimerization, possibly due to the rotation of the N-Ar bond from the
methylene side at the 5-position (Scheme 1). Accordingly, to prevent the free rotation, the preparation of
axially chiral 5-membered lactam having a substituent at the 5-position was investigated (Scheme 2).
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The aminocyclization reaction of mesylate 5, which was prepared in two steps and in good yield from
ortho-tert-butylaniline and (§)-5-(methoxymethyl)butylolactone, smoothly proceeded in the presence of fert-
BuOK (2 eq) to give 5-methoxymethyl-2-pyrrolidinone 3 in good yield (87 %). When the cyclization
reaction was performed by treating § with NaH, LDA or n-BuLi, formation of an O-cyclized product was
also observed. In lactam 3 obtained in this reaction, the existence of a diastereomer on the basis of a chiral
carbon and an axial chirality such as 3' could not be detected. In addition, optical purity of 3 was
estimated to be > 98 %ee by HPLC analysis using chiral column.5 Thus, the aminocyclization, giving rise
to 3, should proceed with an almost complete chirality transfer both to a chiral carbon at the 5-position in an
inversion manner and to an axially chiral moiety from a chiral carbon of 5.

3’ corresponding to the diastereomer of lactam 3 was found to be brought through the formation of
enolate 6 from 3. When Li-enolate 6 prepared from 3 and LDA in THF was gradually warmed up from -78
°C to rt and then protonated by HCI, a mixture of lactam 3 and 3' was obtained in a ratio of 2.7 : 1.6 3'
could not be separated in diastercomerically pure form because of the relatively rapid isomerization to 3 at rt.
The, mixture of 3 and 3' in a ratio of 1 : 2.6 obtained by MPLC separation was completely converted to 3
after 4 days at rt (tentative t)2 = 14 h at ca 25 °C). This result may suggest that 3’ having a cis-relationship
between the ortho-tert-Bu and methoxymethyl groups easily isomerizes to more stable 3 having a trans-
relationship. Indeed, the X-ray crystal structure of 3 indicates that the ortho-rert-Bu and methoxymethyl
groups are in trans-relationship and the plane of the aryl group is almost perpendicular to the plane of the 5-
membered ring (Fig. 1).
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The isomerization of 3 was observed even on treating with LDA for 20 min at -78 °C. In this case, 3
and 3' were obtained in a ratio of 40 : 1 after protonation by HCI, while isomerization via enolate formation
was not observed within 20 min at -95 °C. On the basis of this result, we examined the stereoselectivity in
the reaction of enolate 6 with electrophiles. The reactions of various electrophiles with the enolates from 5-
substituted-2-pymrolidinone which can be easily prepared from (S)-pyroglutamic acid, have been investigated
by many groups.” Most of these reactions gave 3,5-trans-2-pyrrolidinone with moderate to high
diastereoselectivity, because the attack of lactam enolates to electrophiles preferentially occurs from the
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opposite side of the substituent at the 5-position. On the other hand, it was expected that a 3,5-cis-selective
reaction which has been so far uncommon, may be achieved through the reaction with enolate 6, because
electrophiles may attack from the opposite side of the ortho-ter-Bu group close to the reaction site.

Indeed, the reaction of enolate 6 with various electrophiles proceeded in good yields to give products 7
with moderate to high 3,5-cis-selectivity (Scheme 3).8 In particular, the hydroxylation reaction with Davis-
reagent gave product 7c in a ratio of cis : trans = 15 : 1 (Scheme 3). Since the reaction of N-phenyl-5-
methoxymethyl-2-pyrrolidinone 8 with Davis-reagent under the same conditions gave product 9 in a ratio of
cis : trans = 1 : 1.7, the contribution of axial chirality in these cis-selective reactions should be obvious
(Scheme 4). All reactions shown in Scheme 3 were performed within 20 min at -95 °C to prevent rotation
around the N-Ar bond.%-10 Lithium tetramethylpiperidide (Li-TMP) was the most effective as a base, and
the use of other bases such as LDA, n-BuLi or (Me3Si)oNNa resulted in a considerable decrease in the
yiclds of products 7. In the benzylation reaction of the enolate from benzyl ether 10, the decrease in 3,5-
cis-selectivity (cis-11 : trans-11 = 3 : 1) was observed (Scheme 5); thus, the use of a substrate with a
sterically less hindered ether part such as methyl ether should be required to achieve high cis-selectivity.
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For the removal of the ters-butylphenyl group from products 7, although several methods such as
RuO4-oxidation, ozonolysis and Birch reduction were attempted, none has yet been completely successful.
The best result at present is Birch reduction of N-(ortho-tert-butylphenyl)-3-n-propyl-5-methoxymethyl-2-
pyrrolidinone cis-12a derived from cis-7a. In this case, N-H lactam cis-13a was obtained in a moderate
yield (45 %, Scheme 6).11 The formation of trans-13a was not observed under this basic reductive
condition; that is, the reaction proceeded without isomerization at the at-chiral carbon.
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In conclusion, we have suceeded in the stereoselective synthesis of the optically active form (> 98

%ee) of N-(ortho-tert-butylphenyl)-5-methoxymethyl-2-pyrrolidinone 3 having axial chirality.12
Futhermore, it was also found that the reactions of Li-enolate from lactam 3 with various electrophiles
proceeded with moderate to high 3,5-cis-selectivity.
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