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An Efficient Asymmetric Synthesis of Atropisomeric 1,1'-Binaphthyls
via Nucleophilic Aromatic Substitution Reaction
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High levels of asymmetric induction (up to 98% optical
yield) were achieved in the joining of two naphthalene rings
by the nucleophilic displacement of 1-menthoxyl group of 1-
(-)-menthoxy-2-naphthoates (1) with 1-naphthyl Grignard re-
agnts. Also reported is a convenient preparation of the
prerequisite 1 via treatment of methyl 1-methoxy-2-naphtho-

ate with sodium (-)-menthoxide in DMF.

Recently asymmetric synthesis of binaphthyl atropisomers has inten-
sively been studied.1) In previous paper, we have described the facile
construction of 1,1'-binaphthyl skeleton via nucleophilic aromatic substi-
tution of 1-methoxyl group of 1-methoxy-2-naphthoates (1, R3 = Me) with 1-
naphthyl Grignard reagents (Scheme 1).2) Introduction of C-centro-chiral-
ity in the R? moiety caused bias in the formation of binaphthyl atropiso-
mers, while the levels of the asymmetric induction were low to moderate (up
to 51% optical yield), apparently due to rather remote location of the
chiral center from the coupling site.z)

The aryl-coupling reaction is very unique in that it is a nucleophilic
aromatic substitution (SNAr) of an alkoxyl group from substrate (1) which
lacks highly electron-withdrawing substituents to activate aromatic nucleus

for nucleophilic attack.3) However, the Grignard substitution reminds us
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of the Meyers reaction, in which 1-alkoxyl group is activated by an oxazol-
ine group on the 2-position.4) On the other hand, Wilson and Cram had re-
ported highly stereoselective asymmetric coupling by leaving chiral 1-alk-
oxyl group in the Meyers reaction,s) which strongly tempted us to try the
reaction in Scheme 1 by using chiral R3 substituent. Herein we wish to re-
port a facile synthesis of 1-(-)-menthoxy-2-naphthoic esters and highly ef-
ficient asymmetric coupling of them with naphthyl Grignard reagents to give
1,1'-binaphthyl~2-carboxylates of high atropisomeric purity.

We were pleased to know that ester function activates o-alkoxyl group
for nucleophilic displacement by not only carbanions (e.g. Scheme 1) but
also alkoxides,6) a process without precedent.3) Thus, treatment of methyl
1-methoxy-2-naphthoate (1a) with an excess amount of sodium (-)-menthoxide
in dimethylformamide under mild conditions (50 °C, 1 h) caused facile ex-
change of both the methoxyl groups to give (-)-menthyl 1-(-)-menthoxy-2-
naphthoate (1b)7) in high yield (Scheme 2).8) conversion of 1b into other

alkyl naphthoates is simple and straightforward.7)
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The 1-(-)-menthoxy-2-naphthoates (1b—-1d) were
then treated with naphthyl Grignard reagents in
ether—benzene at ambient temperature for 3 h fol-
lowed by heating at gentle reflux for 2 h under a Silica gel
it t h bef (Sch 1) 2) R ACOEt (2.5%) -
nitrogen atmosphere as before cheme . e- n-Hexane (97.5%)
sults listed in Table 1 show that chiral 1-(-)-
menthoxyl leaving group induces highly efficient
asymmetric coupling of the two naphthalene units

UV (254nm)

to give 1,1'-binaphthyl structure in excellent
yields.g) Especially noteworthy is the asymmetric
synthesis of 2'-methoxy-1,1'-binaphthyl-2-carbox-
ylate (3a) of high atropisomeric purity (98%) (aRr,R)-3a

(Fig. 1); axially homochiral acid from 3a is use- : ! X A
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ful as chiral derivatizing agent for discrimina-

10)

tion of enantiomeric alcohols and amines, and

convenient obtention of it is highly desirable.!!) Fig. 1. HPLC of the pro-

2) ducts from 1b and 2a.

Considering the previous results, it is con-
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Table 1. Asymmetric Synthesis of Binaphthyls via SyAr Reactiona)
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a) Reaction conditions: 1, ca. 1.8 mmol; 2/1 = 1.8 (mol/mol); Et,0 (10-15
- PhH (15 ml); room temp (3 h) and reflux (2 h).
substantiated by IR and TH-NMR spectroscopy.
c) Determined by HPLC on silica gel or
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cluded that the 1-(-)-menthoxyl group rather than the chiral ester moiety
on the 2-position determines configurational bias of the binaphthyl struc-
ture. It should be noted, however, that the preferential binaphthyl axis
was also governed by the Grignard reagent used; 1-naphthyl Grignard reagent
(2b) induced chiral binaphthyl axis opposite to that induced by 2-methoxy-
1-naphthyl (2a) and 9-phenanthryl Grignard reagent (2c¢). Although 2-
methyl-1-naphthylmagnesium bromide reacted with 1-methoxy-2-naphthoates to

2) steric bulk of

give the corresponding binaphthyls in excellent yields,
the reagent seemed to prevent the reaction with 1-(-)-menthoxy-2-naphtho-
ates. PFurther work is in progress to provide rational explanation for the

steric course of the asymmetric coupling.
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