Facile O-Deallylation of Allyl Ethers via
Sn2' Reaction with tert-Butyllithium
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ABSTRACT

t-BuLi H;0" 2
% ROH +
RO pentane . \/><
—-78 °C — ambient 90 - 99%
1h

Allylic ethers are converted to the corresponding alcohol or phenol in virtually quantitative yield at temperatures below ambient simply by
stirring a hydrocarbon solution of the ether with 1 molar equiv of tert-butyllithium. The reaction, which produces 4,4-dimethyl-1-pentene as a
coproduct, most likely involves an Sy2' attack of the organolithium on the allyl ether.

The selective metalation resulting from treatment of simple
allyl ethers with an organolithium reagent has been known
for over 25 years. As illustrated in Scheme 1, thg-
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configured allyloxy organometallic species produced by
deprotonation at the allylic positiémmay be trapped by
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electrophiles at low temperatuteyhile at higher tempera-
tures [1,2]- and [1,4]-Wittig rearrangements are obsefved.
It is significant that in virtually all of these studies a strongly
lithiophilic solvent such as THF was used for the deproton-
ation!?

In light of the facility with which allyl ethers are
deprotonated in the presence of an organolithium, we were
intrigued by a 1965 paper by Broaddus reporting the cleavage
of several alkyl allyl ethers upon treatment witkbutyl-
lithium in a hydrocarbon solution at 7€ to give the lithium
alkoxide and 1-hepterfe.The reaction was formulated
(Scheme 2) as an\&@ process in which coordination of the
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organolithium with the ether oxygen provides a cyclic
transition state for the cleavade.
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It would appear that solvent has a profound effect on the ||| NG

outcome of the reaction of an organolithium with an allyl Scheme 3
ether, and this suggests that the state of aggregation of the
L . 1. solvent

organolithium may be the factor responsible for the course RO~ + Li TR
of the reaction. It occurred to us that it might be possible to 2 H.OF

. . . . _ . Hz0
test this hypothesis by observing the outcome of the reaction ~ R=r-CeH1z
of an allyl ether withtert-butyllithium (t-BuLi) in various R
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solvents since it is known thatBuLi is predominantly RTOH + O/ﬁ * \A + W
tetrameric in hydrocarbon solutidrdimeric in diethyl ethe®, OH ©
and monomeric in THE.As demonstrated by the results THF 28 % 50, 04 9 249

presented below, the degree of associatiotrBiiLi has a
dramatic effect on the course of the reaction of this reagent
with an allyl ether. Herein we report that a variety of allyl n-CeHiz 97 %
ethers may be deallylated in virtually quantitative yield at
temperatures below ambient simply by stirring a hydrocarbon
solution of the ether with 1 equiv dfBulLi. illustrated in Scheme 3, the course of the reactions is quite
Treatment of allyl hexyl ether in THF, gD, orn-pentane solvent dependent: in THF the principal products arise from
solution with 1 equiv oft-BuLi in pentane fo 1 h at 0°C [1,2]- and [1,4]-Wittig rearrangement of the lithiated efher
leads to complete consumption of the ether as adjudged byand in EtO the major course of the reaction is cleavage of
GC analysis of the crude reaction mixtures. However, as the allyl ether, while in a pentane solution the exclusive

Table 1. t-BuLi-Induced Deallylation (Scheme #)

Et,0 93 % 3%

entry allyl ether alcohol yield,” %

ANN0H 92

2 97
3 99
4 94
5 94
= H
6 : 89
X o L
O“‘ N ON\ OH
8 [Oj\o/\/\/o\/\ @\O/\/\/OH 89
9 i s oH 91
>r I S VSN >( R

a A solution of the allyl ether in dryr-pentane (typically 1 mL per mmol of ether) was cooled+88 °C, 1.1 equiv oft-BuLi in pentane was added, and
the resulting solution was allowed to warm and stand at room temperaturk liobefore being quenched with 10% aqueous H®olated yield of
chromatographically pure product.
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product is 1-hexanol (it should be noted that an equivalent Allyl ethers derived from primary, secondary, or tertiary
amount of 4,4-dimethyl-1-pentene is also produced); there alcohols (Table 1, entries-#4) as well as those derived from
was no evidence of any products arising from deprotonation a phenol (Table 1, entries 5 and 6) are cleaved cleanly and
of the allyl hexyl ether in the pentane solution. Clearly, in excellent yield. It is significant that the allyl group may
t-BuLi in pentane is an effective reagent for O-deallylation be selectively removed in the presence of a benzyloxy group
of allyl hexyl ether and, as demonstrated by the results (Table 1, entry 6). As might be expected, selective O-
summarized in Table 1, this reaction appears to be quite deallylation may be accomplished in the presence of an acetal
general. (Table 1, entries 7 and 8) or tert-butyldimethylsilyl
The allyl unit is widely used as a robust protecting group protecting group (Table 1, entry 9).
for alcohols and phenols, and a variety of methods have been The O-deallylation reaction outlined above (Scheme 4)
developed for its removélMost deprotection methods rely  provides a practical, convenient, and highly efficient method
on a two-step process involving isomerization of the allyl for the removal of an allyl protecting group, providing that
ether to an enol ether and subsequent hydrolysis or oxidation the molecule is otherwise able to tolerate the useRBiiLi.
although one-pot procedures have been recently devefoped.The mechanism of the cleavage reaction most likely involves
The facile cleavage of allyl ethers upon treatment wiuLi a formal §2' process (Scheme 2) as first suggested by
in hydrocarbon solution (Scheme 4) provides an alternative Broaddus in his pioneering study of the cleavage of alkyl
allyl ethers byn-BuLi in hydrocarbon solution at elevated

I temperaturé.
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The O-deallylation of an allyl ether is easily accomplished

by adding slightly more than 1 molar equiv 6BuLi in Supporting Information Available: Experimental pro-
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followed by simple extractive workup affords an essentially
pure alcohol in high yield after removal of volatile compo-

nents (including 4,4-dimethyl-1-pentene) by rotary evapora- (10) The reaction of-BuLi with an allyl ether in pentane solution is

tion. Examples representative of the scope of this O-de- typically quite exothermic, and for this reason it is prudent to initiate the

i i 2 reaction at a low temperature. The reactions summarized in Table 1 were
aIIyIatlon protocol are presented in Table?1. initiated most conveniently by addition 6BuLi to a —78 °C solution of
the allyl ether in pentane and removal of the cooling bath. It might be noted
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