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Stereospecific synthesis of chiral tertiary alkyl-aryl ethers via
Mitsunobu reaction with complete inversion of configuration
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Abstract—Mitsunobu reaction of chiral tertiary alcohol (S)-2 with phenol 3 provides the desired ether (R)-1 in moderate yields
at elevated temperatures (80–100°C). The SN2 displacement pathway is evident by complete inversion of the (S)-alcohol to
(R)-ether. © 2003 Elsevier Science Ltd. All rights reserved.

The Mitsunobu reaction has become a useful tool in
organic synthesis since its discovery in 1967.1 In this
series, the coupling of primary or secondary alcohols
with a phenol in the presence of diethyl azodicarboxyl-
ate (DEAD)/triphenyl phosphine (TPP) is widely used
for the synthesis of alkyl-aryl ethers.2 Specifically, when
a chiral secondary alcohol is employed, the reaction
usually undergoes an SN2 displacement with inversion
of configuration.3 Mitsunobu reactions of tertiary alco-
hols with a phenol, however, have rarely been
reported.4 Furthermore, there is no precedence of Mit-
sunobu reactions of chiral tertiary alcohols with phe-
nols relating to the inversion of configuration on the
chiral tertiary center.5

In conjunction with our recent process development,
chiral ether (R)-1 is the key intermediate in the synthe-
sis of an investigational drug candidate. Although the
target (R)-1 could be obtained by chiral HPLC separa-
tion of the racemic ether [(±)-1],6 an efficient synthesis
of the target (R)-1 is highly desired. After initial
attempts using classical resolution of its corresponding
acid by various chiral amines proved fruitless, we
explored asymmetric routes.7 One selected approach is

the Mitsunobu reaction of chiral tertiary alcohol (S)-28

with phenol 3 as shown in Scheme 1.

Initially, when the Mitsunobu reaction was carried out
under the usual conditions by mixing diisopropyl azodi-
carboxylate (DIAD), alcohol (S)-2, phenol 3, and TPP
in THF at 0°C and then aged at either 0°C or ambient
temperature, desired 1 was not detected. However,
when the mixture was heated at 50°C for 16 h, a trace
amount of the product 1 was observed by HPLC. In
order to further raise the reaction temperature,9 the
reaction solvent was switched to toluene. When the
reaction mixture was heated at 100°C for 14 h, the
alcohol (S)-2 totally disappeared and the desired 1 was
obtained in 47% yield along with the dehydrated side
product methyl tiglate (4). At this reaction temperature,
using NMP instead of toluene, the yield dropped to
18%. However, an improved yield (54%) was realized
by slow addition of neat or a toluene solution of DIAD
to a toluene solution of the reaction mixture at 100°C.10

To verify the expected SN2 displacement pathway, chi-
ral HPLC assays were carried out by sampling the
reaction mixture during and after the reaction. The

Scheme 1.
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results showed the formation of the desired (R)-1 with
>99% ee with respect to starting material (S)-2 (>99%
ee) throughout the reaction. Thus, complete inversion
at hydroxy carbon occurred, revealing that the Mit-
sunobu reaction underwent the typical SN2 displace-
ment pathway (Scheme 1).2b,c,3

Additional evaluation of the reaction was conducted
using the alcohol (S)-5 at various temperatures and in a
different order of addition of reagents as depicted in
Scheme 2. At various temperatures (60, 80, 100, and
130°C),9 the reactions were conducted by slow addition
of a solution made from alcohol (S)-5 and DIAD in
toluene (or chlorobenzene for 130°C).11 The reaction at
60°C was slow and incomplete. The results obtained
from 80 and 100°C were comparable and superior to
one obtained at 130°C in terms of the reaction profile.
In addition, benzyl tiglate (7) was obtained as the major
side product for all reactions. The SN2 displacement
pathway was confirmed again by chiral HPLC assays
showing a complete conversion of alcohol (S)-5 to ether
(R)-6.

The reaction was further probed using phenols with
various electronic and steric effects and is shown in
Scheme 3. The results are summarized in Table 1.

In Table 1 the data from entries 1–5 reflects the elec-
tronic effects of a substituent group at 4-position of
phenols towards the reaction. There is little difference
among donating groups (-OBn, -OMe and -Me) and
withdrawing groups (-NO2 and -CN), although slightly
lower yields are observed from the latter groups (entries
4 and 5 versus entries 1 and 3). In addition, steric
effects via introduction of an ortho group to the phenol

were examined. The results (entries 6 and 7) indicate
that there is minimal steric effect. This was further
confirmed when 2,6-dimethoxyphenol was used in the
reaction affording the desired ether in 53% yield.

Steric effects on the alcohol component were observed
when the diethyl analogy 20 was used, where reaction
with phenol 3 was very sluggish, yielding the dehy-
drated product as the major product. In comparison,
the reaction of dimethyl analogy 22 with phenol 3
afforded the desired 23 in 59% yield, which is compara-
ble to the yield obtained using alcohol (S)-5 (Scheme
4).

In conclusion, we have demonstrated an unprecedented
Mitsunobu reaction of a chiral tertiary alcohol with
phenols undergoing clean SN2 displacement to provide
the desired tertiary alkyl-aryl ethers in moderate yields.
The reaction is sensitive to the steric bulk of the chiral
alcohol, whereas the phenolic component is insensitive
to both steric and electronic effects.

Table 1. Mitsunobu reaction with various phenols

Phenols R1Entry R2 Yield12(R)-ethers

H 5631 6OBn
8 H2 H 14 51

3 9 H CH3 15 58
H NO2 164 5110
H CN 175 5211

5518H6 CH312
OCH37 H13 19 54

Scheme 2.

Scheme 3.

Scheme 4.
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