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Using chiral quaternary ammonium hydroxide as base,
cycloetherification of linear achiral diarylheptanoid 5, by
way of an intramolecular SNAr reaction, provides enantio-
merically enriched cyclophane 6 in good to excellent yield.

A number of optically active natural products contain planar
or axial chirality as the only asymmetric element. Galeon (1) 1

and cavicularin (2) 2 are such examples. Thus (R)-(�)-galeon
displays planar chirality, while (�)-cavicularin possesses planar
as well as axial chirality; both compounds are devoid of chiral
centers (Fig. 1). On the other hand, ligands with axial chirality

(e.g. BINAP, 3) 3 and planar chirality (e.g. [2,2]phanephos, 4) 4

have found widespread applications in catalytic asymmetric
processes. The asymmetric synthesis of these classes of com-
pounds is thus of considerable importance. While palladium
catalyzed enantioselective Kumada coupling 5 and more
recently, Suzuki coupling 6 have been developed for the syn-
thesis of axially chiral biaryls, enantioselective cyclization lead-
ing to planar chiral cyclophanes, to the best of our knowledge,
remains unknown.7

Since our original report,8 cycloetherification based on intra-
molecular nucleophilic aromatic substitution (SNAr) has been
developed into a powerful methodology for the synthesis of
macrocycles with endo aryl–aryl 9 and aryl–alkyl ether bonds.10

Atropdiastereoselective cycloetherification has been observed
sporadically.10,11 However, no rationale could be advanced and
indeed, the atropselectivity is very sensitive to subtle structural
modifications and is difficult to predict. Recently, a highly atrop-
diastereoselective cyclization has been designed by Nicolaou
and co-workers by the temporary introduction of a bulky
substituent on the aromatic ring.12 We have been interested in
the development of an atropenantioselective cycloetherification
process as shown in Scheme 1 and wish to report herein our
preliminary results.

Fig. 1

An achiral linear diarylheptanoid 5 (5a R = H, 5b R =
trimethylsilyl) was selected for our studies, since its cyclization
will create concomitantly a planar chirality due to the presence
of a nitro group ortho to the aryl ether linkage and the con-
strained ring system.13 While potassium carbonate and caesium
fluoride have previously been used to promote the cyclization
of 5a to provide cyclophane 6 in excellent yield, we found
that tetrabutylammonium fluoride (TBAF) and tetrabutyl-
ammonium hydroxide were also able to promote the cyclization
of 5a. These results prompted us to investigate the projected
atropenantioselective cyclization by using chiral quaternary
ammonium salts. The following salts were synthesized from
cinchonine and cinchonidine, respectively, according to stand-
ard procedures (Fig. 2).14 The results of the cyclization, using
DMF (0.05 M) as solvent, are summarized in Table 1.

As is seen, cyclization of 5a promoted by chiral ammonium
fluoride provided the cyclophane 6† with negligible enantio-
selectivity (entries 2 to 5). The same is true with substrate 5b
wherein the phenol was protected as a trimethylsilyl ether (entry
4). However, a notable atropenantioselectivity was observed

Scheme 1

Table 1 Cycloetherification of 5, a screening of chiral bases a

Entry Substrate Base Yield of 6 (%) Ee (%) b

1 5a 7 60 20
2 5a 8 90 3
3 5a 9 68 0
4 5b 8 87 0
5 5b 9 83 0
6 5a 10 60 6 c

a The reaction was performed in DMF (0.05 M) at room temperature in
the presence of one equivalent of chiral ammonium salt. b The enan-
tiomeric excess was measured by HPLC using a chiral column (DAI-
CEL DO), eluent: hexane–isopropanol 85 : 15, UV detection at 240 nm.
c Enantioselectivity reversed. 
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with the ammonium hydroxide, 5 producing 6 with 20% enantio-
meric excess (entry 1). The N-anthracenylmethylcinchonidin-
ium hydroxide was also tested for cyclization.15 In this case, the
opposite enantiomer was enriched under identical conditions,
albeit with low ee (entry 6). The cyclophane 6 obtained was
transformed to the diastereomeric mixture 11 (Fig. 3).16 The
diastereomeric excess calculated from the 1H NMR spectra
correlated well with the ee value determined from chiral HPLC
analysis.

We assumed that the atropenantioselectivity of the cycliz-
ation should depend on the tightness of the ion pair formed
between the phenoxide and the chiral ammonium base. The
latter should in turn be influenced by the solvent polarity.17

We thus examined the solvent effect using two pseudo-
enantiomeric ammonium hydroxides (7, 10) and the results are
summarized in Table 2.

From DMF to toluene, the presumed ion pair ArO�NR4
�

should become tighter. Consequently, one may expect, at the
expense of low reactivity, an increased enantioselectivity of the
cyclization. However, experimental results indicated that there
was no linear correlation between solvent polarity and atro-
penantioselectivity. Indeed, while the cyclization of 5 promoted

Fig. 2

by 10 provided a better ee in toluene (entries 6 vs. 4, 5), that
promoted by 7 was best realized in DMF (entries 1 vs. 2,
3). This fact indicates that the chirality transfer from chiral
ammonium salt to planar chiral cyclophane is more complex
than we had envisaged.

The combination of butyllithium–sparteine 18 was next exam-
ined with the idea that the ion-pair ArO�Li�-sparteine should
be even tighter, thus bringing the chiral environment nearer to
the reactive sites. However, no cyclization occurred under a set
of conditions varying temperatures, solvents and stoichio-
metries and only the starting material was recovered. This result
is not unexpected in view of the counterion effect we observed
previously on the intramolecular SNAr reaction.19

In conclusion, we reported the first example of an enantio-
selective cycloetherification reaction. Although the atropen-
antioselectivity remained moderate, the results described here
served as a proof-of-concept and laid down the foundation for
future work.
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Notes and references
† Physical and spectroscopic data of cyclophane 6. Mp: 148–151 �C; IR
(CHCl3) ν 3034, 3014, 1715, 1694, 1601, 1533, 1519, 1265, 1232, 1203,
1127 cm�1; 1H NMR (CDCl3, 250 MHz) δ 1.36 (s, 3H), 1.38 (s, 3H),
2.54–2.63 (m, 4H), 3.00–3.04 (m, 4H), 3.94 (s, 3H), 5.06 (d, J = 2.0 Hz,
1H), 6.5 (dd, J = 2.0, 8.2 Hz, 1H), 6.74 (d, J = 8.2 Hz), 7.11 (d, J = 8.3
Hz, 1H), 7.48 (dd, J = 2.2, 8.3 Hz, 1H), 7.94 (d, J = 2.2 Hz, 1H); 13C
NMR (CDCl3) δ 22.5, 22.6, 26.2, 28.8, 39.2, 41.2, 56.6, 62.5, 112.2,
114.3, 122.4, 126.6, 127.1, 134.3, 136.3, 140.0, 143.1, 147.0, 149.0,
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Fig. 3 The atropisomer shown in the figure is arbitrary.

Table 2 Solvent effect on the cycloetherification of 5a a

Entry Solvent Base Time/h Yield of 6 (%) Ee (%) b

1 DMF 7 18 60 20
2 MeCN 7 24 83 0
3 Toluene 7 6 days 61 8
4 DMF 10 24 60 6
5 MeCN 10 24 79 2
6 Toluene 10 6 days 85 18 c

a The reaction was performed at room temperature in the presence of
one equivalent of chiral ammonium salt (0.05 M). b The enantiomeric
excess was measured by HPLC using a chiral column (DAICEL DO),
eluent: hexane–isopropanol 85 : 15, UV detection at 240 nm. c Enantio-
selectivity reversed. 
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