
On the Reactivity of o-Lithioaryl Ethers:
Tandem Anion Translocation and Wittig
Rearrangement
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ABSTRACT

Allyl and benzyl 2-lithioaryl ethers, generated by bromine−lithium exchange in THF, undergo a new tandem anion translocation-[1,2]-Wittig
rearrangement allowing the isolation of the corresponding benzylic alcohols.

The “anion translocation” reaction, in which an organolithium
compound formed under kinetic control undergoes an inter-
or intramolecular proton transfer, offers an easy entry to new
organolithium compounds that are difficult to obtain fol-
lowing the traditional lithiation methods.1 R-Oxygen car-
banions are unstable2 and usually undergo protophilic
cleavage (elimination) or [1,2]-Wittig rearrangement,3 which
consists of the isomerization of these carbanions to metal
alkoxides.4 In most of the examples of [1,2]-Wittig rear-
rangement the migrating groups are alkyl and benzyl, and
the migration of vinyl5 and aryl groups6 is not so common.
Another feature of this kind of rearrangement is the presence

in the starting ether, in most of the cases, of a group that
can stabilize the negative charge in a positionR to the
oxygen.7 In general, the yields of this process are moderate,
and harsh conditions are often employed. The mechanism
traditionally accepted for the [1,2]-Wittig rearrangement
involves the homolysis of anR-anion intermediate followed
by recombination of the radical and radical anion fragments.8

Despite many mechanistic studies, synthetic applications9 of
the [1,2]-Wittig rearrangement have remained limited, mainly
because of the rather low yields and the restricted range of
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substrates.10 On the other hand, we have recently described
that cuprates derived from 2-lithiophenyl allyl ethers undergo
a Claisen-type rearrangement with retention of the regio- and
stereochemistry.11 In the context of the research of new
reactivities of this kind of substrates, we now report the
transformation of 2-lithioaryl allyl and benzyl ethers into allyl
and benzyl alcohol derivatives through a tandem anion
translocation-[1,2]-Wittig rearrangement.

The treatment of different allyl and benzyl 1-bromo-2-
naphthyl ethers1 with 2 equiv of tert-butyllithium in THF
at -78 °C afforded, after warming to different temperatures
and subsequent hydrolysis, the benzylic alcohols3 in
moderate to good yields along with variable amounts of other
compounds, depending on the starting material (Scheme 1

and Table 1).12 The formation of the resulting products could
be explained by assuming that the initial organolithium
compounds4, generated by bromine-lithium exchange,13

undergo an anion translocation process generating new anions
5, which suffer a [1,2]-Wittig rearrangement to afford the
alkoxides2, which upon hydrolysis allow the isolation of
alcohols3. The temperature at which the translocation takes
place was determined for each lithiated ether4 by the
deuteriolysis of aliquots and analysis by GC-MS.

From the results summarized in Table 1 it can be
concluded that the temperature at which the reactions occur
is related to the ability of the allyl or benzyl fragment to

stabilize the negative charge in5. So with allyl, methallyl,
or benzyl ethers1a,b,f the anion translocation takes place
at-30 °C, whereas withR- and/orγ-substituted ethers1c-e
it occurs at 0°C. Probably as a result of this increase in the
reaction temperature, a competitive protonation of the
intermediate anions4 or 5 by the solvent, giving the
corresponding naphthyl ether8c-e, could explain the lower
yield of 3c-e. Furthermore, we have observed that starting
from R-substituted benzyl ether1g the reaction also proceeds
at -30 °C but to be completed it needs longer times (12 h)
compared to the analogous benzyl ether derivative1f. These
results show that substitution at theR- or γ-position of the
starting allyl or benzyl ether delays the anion translocation.
Moreover, the presence of an allyl or benzyl substituent in
the starting ether is necessary to promote the anion translo-
cation process, as was demonstrated by the fact that 1-bromo-
2-naphthyl methyl ether does not undergo the tandem
reactions described, probably because of the lack of a group
that stabilizes theR anion to the oxygen.

With respect to the nature of the allyl fragment some other
considerations could also be made. The reaction works
efficiently for all kinds of allyl and benzyl moieties tested
except for the case of cyclohexenyl ether1e, where a mixture
of R,â-unsaturated ketone7, debrominated ether8e, and
alcohol3e was obtained. The formation of the unexpected
spiro-derivative7 could be explained by taking into account
that intermediate organolithium5 could undergo anR-elim-
ination process leading to carbenoid reactions. In this case a
cyclopropanation of a double bond of the aromatic ring is
assumed, affording intermediate6, which rearranges to the
more stable benzo-fused cycloheptenone derivative7 after
hydrolysis. This fact and the formation ofâ-naphthol in the
reaction of ether1d supports the idea that theR-elimination
competes with the Wittig rearrangement in those cases where
less stable tertiary carbanions, such as5d,e, are formed.
Although 5g is also a tertiary carbanion, formation of
â-naphthol is not observed with ether1g, probably because
of its benzylic character that stabilizes it. Interestingly, with
crotyl ether1c the tandem sequence affords alcohol3c as
almost isomerically pureE-alkene (20:1 by1H NMR) despite
the fact that the starting ether is a 4:1 mixture ofE and
Z-diastereoisomers. This fact could be explained by assuming
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Scheme 1a

a Reagents and conditions: (a)t-BuLi (2 equiv), THF,-78 toT
°C; (b) H2O.

Table 1. Rearranged Alcohols3 from Naphthyl Ethers1

starting
ether R1 R2 R3 R4

T (°C)/
time (h) product

yield
(%)a

1a H H H H -30/3 3a 81
1b Me H H H -30/3 3b 82
1cb H Me H H 0/12 3cc 72d

1d H Me H Me 0/12 3d 61e

1e H H -(CH2)3- 0/12 3e 23f

1f -(CH)4- H H -30/3 3f 83
1g -(CH)4- H Me -30/12 3g 78

a Isolated yield based on the starting ether1. b A 4:1 mixture of E/Z-
isomers.c E-isomer (>95% by1H NMR). d Ether 8c (15%) was also
obtained.e Ether8d (22%) andâ-naphthol (14%) were also obtained.f Ether
8e (51%) and ketone7 (20%) were also isolated.
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that intermediate organolithiums5 are allyloxy carbanions
and theE,Z-mixture of5c can therefore be transformed into
the more stableE-isomer through an allylic rearrangement.

To support the proposed mechanism of an anion translo-
cation, inter- or intramolecular, we prepared the deuterium-
labeled ether1h, by reduction of methyl benzoate with
lithium aluminum deuteride, chlorination14 of the resulting
alcohol, and further alkylation with 1-bromo-2-naphthol.
When this substrate was used as starting material the
dideuterated alcohol3h was obtained, showing that the
deuterium-lithium exchange takes place in the intermediate
4h, leading to the benzyllithium derivative5h. Further [1,2]-
Wittig rearrangement of5h affords the alcohol3h after
hydrolysis (Scheme 2). We have also observed that although

the intermediate4f, derived from benzyl ether1f, undergoes
the anion translocation at-30 °C in 3 h (see Table 1), the
lithiated intermediate4h is completely stable in these reaction
conditions and its evolution to the final product3h is
observed at 0°C in 3 h. In addition, with diphenylmethyl
ether1i the hydrogen-lithium exchange takes place at-78
°C, probably as a result of the additional stabilization
introduced by the second phenyl group in4i (Scheme 2). In
contrast with the rest of the ethers1, the corresponding
translocated anion5i is stable and could be deuterated to
afford ether8i(D) in 84% yield. If the reaction mixture is
allowed to reach room temperature for 3 h the corresponding
rearranged alcohol3i is obtained in 71% yield after hydroly-
sis.

To establish the inter- or intramolecular nature of the anion
translocation process, several experiments were performed
with varying concentrations of the starting ether1b in THF,

under the same temperature conditions. In this way, different
ratios of the rearranged alcohol3b and the hydrolyzed ether
8b were obtained, depending on the concentration (Table
2). These results seem to indicate that the anion translocation

is intermolecular as shown by the decrease in the ratio of
the rearranged product3b with an increase of the dilution.
Also, crossover experiments were carried out in order to
know about the intermolecularity of this process. So, a 1:1
mixture of lithium derivatives4a and 4h was allowed to
warm from-78 to 20°C to obtain alcohols3a and3h. The
lack of incorporation of deuterium in3a could be due to the
different temperatures at which the translocation takes place
in organolithiums4a and4h (see above). However, a more
successful experiment was accomplished when a 1:1 mixture
of allyl â-naphthyl ether and organolithium compound4h
was allowed to react at-30 °C for 3 h, affording a mixture
of alcohol3a and unreacted allylâ-naphthyl ether besides
the hydrolyzed ether derived from4h. This result also
supports the intermolecular nature of the translocaction.

To extend the scope of this process we investigated the
reaction of 2-bromophenyl allyl and benzyl ethers9. So,
treatment of9 with 2 equiv of tert-butyllithium at-78 °C
in THF afforded the organolithium compounds10, which
after warming to 0°C and further stirring for 3 h led to a
mixture of compounds12, 13, and14 in different ratio,
depending on the R1 and R2 substituents in the allyl moiety
of 9 (Scheme 3).

It is important to note that organolithium compounds10
are stable at-30 °C, in contrast to the related intermediates
4 derived from naphthyl ethers1, and it is necessary to warm
the reaction mixture to 0°C and stir it for 3 h toobtain the
final products. This increase in the reaction temperature could
be the reason these phenyl ethers undergo the tandem anion
translocation-Wittig rearrangement less efficiently than the
naphthyl derivatives. The formation of these compounds
could be again explained through the intermediateR-oxygen-
ated organolithium11 generated from10 by an anion
translocation process. When R1 ) R2 ) H (pathway a), a
competitive intramolecular carbolithiation followed by a
γ-elimination, as described by Bailey,15 took place, and the
correspondingo-cyclopropylphenol13awas obtained along
with the expected alcohol12a in a 2.5:1 ratio (63% overall
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Scheme 2a

a Reagents and conditions: (a)t-BuLi (2 equiv), THF,-78 °C;
(b) 0 °C, 3 h; (c) H2O; (d) rt, 3 h; (e) D2O, -78 °C.

Table 2. Effect of Concentration in the Reaction of1b

concentration
(mmol of 1b/mL THF) ratio 3b:8bb

1/30 1:6.5
1/10 3:1
1.5/10 3.3:1
1/3 7.5:1

a The reaction was carried out from-78 to 20°C for 2 h. b The overall
yield was about 95% in all the examples.
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yield). However, when R1 ) Me and R2 ) H (pathway b)
the intermediate10b afforded an equimolecular mixture of
alcohol12band enol ether14b (60% overall yield), derived
from the translocated organolithium11b, together with a
small amount (12%) of the corresponding cyclopropyl
derivative 13b. The unexpected formation of14b also
supports thatR-oxygenated anions11 are intermediates in
these reactions because its formation could be explained by

hydrolysis of intermediate11’b, generated by an allylic
rearrangement in11b.16 The formation of14b only in this
case could be due to the additional stabilization of the
resulting olefin by the methyl group at the R1 position. The
best result in the rearranged alcohol was obtained in pathway
c, starting from benzyl 2-bromophenyl ether, which affords
the expected diphenylmethanol12c in 74%. In this case the
formation of the corresponding products13 and 14 is not
possible.

In summary, we have described a new tandem anion
translocation-Wittig rearrangement ono-lithioaryl ethers that
have a moiety able to stabilize a carbanion at the position
adjacent to the oxygen. The final products are the corre-
sponding allylic or benzylic alcohols, and this sequence
points to the potential development of anion translocation
as a new synthetic strategy in organic chemistry.
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