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Abstract—Atroposelective olefination of axially chiral N,N-dialkyl 2-formyl-1-naphthamides with chiral ligand-derived stable
arsonium ylides proceeded in a kinetic resolution manner. The (E)-olefin products were obtained in excellent chemical yields and
in up to 88:12 diastereoselectivity. Effects of the amide alkyl groups, metal counter ions and solvents on the diastereoselectivity
were investigated. © 2001 Elsevier Science Ltd. All rights reserved.

Conformational isomers normally interconvert rapidly
at room temperature and are difficult to separate as
single entities. However, with increased steric conges-
tion, the high rotational barrier about single bonds
enables isolation of conformational isomers. Such a
phenomenon arising from restricted rotation about a
single bond is referred to as atropisomerism.1 Classical
examples are the biaryl atropisomers including deriva-
tives of 1,1%-binaphthyl. Recently, non-biaryl atropiso-
mers have attracted considerable attention in
asymmetric reactions and catalysis.2–6 We report here

on the first atroposelective Wittig reactions of 2-formyl-
1-naphthamides using chiral arsonium ylides.7

As illustrated in Fig. 1A, the enantiomers of axially
chiral N,N-diisopropyl 2-formyl-1-naphthamide are in
rapid equilibrium at room temperature. The rotational
barrier measured at 2°C is 90.2 kJ/mol which corre-
sponds to an estimated half-life of 12 minutes at 20°C.8

We partially resolved this amide at 20°C by HPLC over
a chiral stationary phase and the dynamic HPLC chro-
matogram is given in Fig. 1B.9 As a consequence of the

Figure 1. (A) Three-dimensional structures of N,N-diisopropyl 2-formyl-1-naphthamide. The s-trans conformation of the C2
formyl group is shown. (B) Dynamic HPLC chromatogram of the atropisomers shown in A, featuring a visible plateau between
the peaks (performed over a Chiralpak AS column eluted with 95:5 hexane–isopropanol at 1.0 mL/min and by UV detection at
254 nm).
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orthogonal relationship between the amide group and
the naphthyl ring, the two faces of the formyl group at
C2 are sterically well discriminated. It allows atropo-
selective nucleophilic addition with various organo-
metallic reagents in chelation and non-chelation fash-
ions.6b,d Dynamic resolution of 2-formyl-1-naph-
thamides has been reported using a chiral diamine as
the resolving agent.6f,g As the continuation of our previ-
ous work on asymmetric Wittig reactions of 4-substi-
tuted cyclohexanones with chiral arsonium ylides,7,10–12

we investigated the atroposelective olefination of four
N,N-dialkyl 2-formyl-1-naphthamides rac-1 with chiral
arsonium salts 2. The results are given in Scheme 1 and
Table 1.13

The chiral arsonium salts 27 were treated with n-BuLi
at −60°C to form the corresponding arsonium ylides.
The latter, without isolation, reacted with 2
equivalents14 of the aldehydes rac-1 at the same temper-
ature for 40 h to furnish the (E)-olefins 3 in 84–98%
yields, respectively. The excess aldehyde was recovered
after the reaction in racemic form due to rapid equi-
librium during the work-up and column chromato-
graphic purification at 20°C. The diastereomeric ratio
(dr) of each olefin product 3 was determined immedi-
ately after purification by 1H NMR spectroscopy on a
400 MHz instrument (Table 1). For reactions of the
(−)-8-phenylmenthol-derived arsonium ylide, the
diastereoselectivity increases from 55:45 for the N,N-
diethyl amide to 77:23 for the N,N-dicyclohexyl amide

(entries 1–4). The same trend was observed for reac-
tions of the arsonium ylide possessing the (1R,2S,4R)-
(−)-4-(1-methylethyl)-2(1-methyl-1-phenylethyl)cyclohex-
anol moiety (entries 5–8). We noted that epimerization
of 3 occurred slowly at 20°C. For example, a 77:23
mixture of 3 (entry 4) approached a 71:29 mixture after
21 h. Therefore, it is possible that the actual
diastereomeric ratio of 3 should be slightly higher than
the values listed in Table 1.

Next, we examined the effects of the metal counter
ions, additives and solvents on the diastereoselectivity
of reactions of the aldehyde rac-1 (R=c-Hex) with the
arsonium salt 2 derived from (−)-8-phenylmenthol
(Scheme 2 and Table 2). We found that the metal
counter ions influenced the reaction and the
diastereoselectivity decreased in the following order:
Li>Na>K:Mg>Zn (entries 2–5 and 7). Addition of
LiCl to the reaction had no effect, whereas ZnCl2 and
HMPA lowered the diastereoselectivity (entry 1 versus
entries 6–8). Moreover, polar solvents gave better
results than non-polar solvents such as toluene and
dimethoxymethane (entries 9 and 10). The highest
diastereomeric ratio of 88:12 was obtained in mixed
THF–acetone (entry 12). These results may be inter-
preted by the chelation and non-chelation models6b,d in
the addition step shown in Scheme 3. Because only
(E)-olefins 3 were formed in the reaction, we can sug-
gest that the (Z)-ylides7 react favorably with either the
metal-chelated aldehydes (aR)-1 (related to the s-cis

Scheme 1.

Table 1. Effects of N,N-dialkyl groups in amides 1 on diastereoselectivity of atroposelective olefinationa

1, R 2, R* 3 (%), drbEntry Entry 1, R 2, R* 3 (%), drb

Et R1=Me, R2=H 95, 55:451 5 98, 56:44R1=H, R2=i-PrEt
R1=Me, R2=H 84, 53:47n-Hex2 R1=H, R2=i-Prn-Hex684, 62:38

i-Pr R1=Me, R2=H 97, 73:273 7 i-Pr R1=H, R2=i-Pr 95, 74:26
4 c-Hex R1=Me, R2=H 86, 77:23 8 c-Hex R1=H, R2=i-Pr 91, 76:24

a The excess aldehyde 1 was recovered in racemic form due to a rapid racemization at room temperature.
b Determined by the integrations of the b olefinic protons in the 1H NMR spectra recorded on a 400 MHz instrument.

Scheme 2.
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Table 2. Effects of metal counter ions, additives, and solvents on diastereoselectivity of olefin 3a

3 (%), drb Entry Reaction conditions 3 (%), drbEntry Reaction conditions

86, 77:23 91 n-BuLi, THF–toluene (5:2)n-BuLi, THF 82, 71:29
2 (TMS)2NLi, THF 96, 70:30 10 n-BuLi, THF–CH2(OCH3)2 (1:1) 90, 65:35

(TMS)2NNa, THF3 92, 66:34 11 n-BuLi, THF–acetone (1:1)c 84, 81:19
94, 61:39 12(TMS)2NK, THF n-BuLi, THF–acetone (1:1)c,d4 93, 88:12

EtMgCl, THF5 74, 62:38 13 n-BuLi, THF–EtOH (1:1) 86, 76:24
n-BuLi, LiCl (5 equiv.), THF6 91, 77:23 14 n-BuLi, THF–DMF (1:1) 77, 73:27

78, 56:44 15n-BuLi, ZnCl2 (2 equiv.), THF n-BuLi, THF–CH3CN (1:1)7 85, 78:22
8 92, 62:38n-BuLi, HMPA (2.5 equiv.), THF

a Deprotonation of 2 with n-BuLi or other bases was carried out first in THF followed by addition of the additive, or another solvent. After
stirring the mixture at −60°C for 30 min, the aldehyde rac-1 was added. After the reaction, the excess aldehyde was recovered in racemic form
due to a rapid racemization at room temperature.

b Determined by the integrations of the b olefinic proton in the 1H NMR spectrum recorded on a 400 MHz instrument.
c Aldol by-product formed from aldehyde rac-1 and acetone was obtained.
d Three equivalents of aldehyde rac-1 were used.

Scheme 3.

conformation of the C2 formyl group) or the metal-
coordinated aldehydes (aS)-1 (similar to the s-trans
conformation of the C2 formyl group). The other two
possible pathways leading to (Z)-olefins are not consid-
ered here. Formation of the diastereomeric (E)-3 may
involve betaine intermediates. As a simple ‘working
hypothesis’, we consider that addition of the ylides with
the aldehydes arrives directly at the four-membered ring
intermediates 4 and 5 followed by the syn elimination
of Ph3As�O in the decomposition step to the alkenes
(not shown).7,15 In the case of non-chelation control
(M=Li, polar solvent), the Li-coordinated aldehydes
(aS)-1 react predominately with the ylides to give (E)-3
possessing an axial S chirality. On the other hand, the
metal-chelated aldehydes (aR)-1 (M=Mg, Zn) react
with the ylides to produce (E)-3 possessing an axial R
chirality. Therefore, it results in diminished diastereo-
selectivity when the reaction conditions promote metal
chelation. In the presence of HMPA, the metal-free
s-cis conformation of (aR)-1 and the metal-free s-trans
conformation of (aS)-1 contribute to the olefination in
favor of the latter aldehyde. The steric difference
among the two intermediates 4 and 5 makes 5 much
more stable because the amide moiety in 4 is close to
the bulky triphenylarsine group. The same major

diastereomer in all runs listed in Table 2 was experi-
mentally confirmed. We assume that it should possess
an axial S chirality formed through the intermediate 5.

In summary, we have examined the first atroposelective
Wittig reactions of axially chiral 2-formyl-1-naph-
thamides with arsonium ylides possessing the menthol-
based chiral ligands. The olefination can be carried out
at low temperature (−60°C) to give the (E)-olefins in
excellent chemical yields and in up to 88:12
diastereomeric ratio. A reaction mechanism was pro-
posed to account for the effects of metal counter ions,
additives and solvents on diastereoselectivity. Due to
the instability of the axial chirality at room tempera-
ture, the absolute stereochemistry of the major isomers
of 3 has not been determined. Further research toward
this goal is underway in our laboratory.
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