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Generation of Cations from Alkoxides: Allylation of Propargyl Alcohols
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The relative stabilities of benzylic, allylic, and propargylic the syntheses and costs of these catalysts affects the utility of these
carbocations are well-documented and have been the subject ofreactions. Thus, development of an efficient allylation method using
numerous theoretical and experimental studiésowever, the inexpensive reagents would be highly desirable.
availability of these cations has not resulted in their general use as The results of a study involving the boron trichloride mediated
synthetic intermediates due to the strong acidic conditions requiredreaction of allyltrimethylsilane within situ generated lithium
to generate therhln recent years, our group has developed a series propargyloxide are shown in Table!dlt is interesting to note that
of reactions involving the coupling of benzylic, allylic, and
propargylic alkoxides with alkenylboron dihalides and alkynylboron
dihalides® These novel transformations provide for direct substitu-

Table 1. Boron Trichloride Mediated Allylation of Lithium
Propargyloxides (eq 1)@

tion of hydroxyl groups with stereodefined alkenyl and alkynyl __ "V R Ri Re yield" (%)
groups under very mild reaction conditions (room temperature and 1 Ph Ph H 18,76
transition-metal free). Our initial mechanistic studies indicated that 2 Ph p-ClPh H 1b, 73
- )- CHath 3 p-MePh p-CIPh H 1c, 67
these reactions proceed through cationic intermedtakbs. genera- 4 Ph o-MePh H 1d, 71
tion of cations from alkoxides using organoboron dihalides under g E:g&igh gzmggﬂ : %fe g;
such mild reaction conditions was unprecedented. However, the 7 Ph 3,4,5-(MeOPh H 19,41
subsequent reaction between the newly formed cation and the g rF%FPh 3;1|55H(M903Ph : 1_*1.6543
: . i S o P i

organic mqety on the borpn limited the utilization of the cation in 10 n-CaHo p-CIPh H 1 74
other organic transformations. 11 Ph p-CIPh Me 1K, 65

We have discovered that boron trichloride can also be used to 12 p-MePh p-ClPh Me 1,72
generate cations from alkoxides even though it is generally assumed  aReaction carried out at room temperature on a 1.5-mmol scale in dry
that alkoxides (RO) react with Lewis acids (MG) to yield the DCM (for detailed procedure, see ref 18)solated yield based on alcohol.

corresponding complexes M(OR)x—n.2 In contrast to the direct ) ) )
generation of cations from alcohols, no Bransted acids are produced®ther linkages are tolerated in the reactions. In all cases, only
while generating cations from alkoxides using this methodology. Propargylic allylation products were isolated. The high regioselec-
The absence of a Bransted acid can make a significant differencelivity of this propargylic allylation is presumably due to the absence
in organic syntheses. In this communication, we describe the of Brgnsted acids. In traditional routes to cations from alcohols,
the existence of a Brgnsted acid in the reaction mixture is
unavoidable regardless of what type of acid is used. Apparently,
the Brgnsted acid free reaction conditions stabilize the propargylic
R R, 1 nBuli Ri Ry cation. The presence of I._iQI i.n the reaction is not a.factor bgcause
¥ SiMe ., /KA (eq 1) the obse_rved _regloselectlwty is retained when NaH is used in place
= OH A Sies 7 88:3" 4 of n-BuLi. Using NE% as a base led only to the recovery of the
R R 1a-l propargyl alcohol.
This new and novel reaction is also applicable to benzylic and
Compared to the allylation of benzylic and allylic alcohbls, allylic alcohols (Scheme 1).
allylation reactions of propargyl alcohols using allyltrimethylsilane
have been relatively unexplored despite the synthetic utility of the

application of this new methodology to the allylation of propargyl
alcohols (eq 1).

Scheme 1. Allylation of Lithium Benzyloxides and Allyloxides

resultant 1,5-enynes. Lewis acid mediated allylations of propargyl )Ri . ) 1. n-BuLi j1\/\
alcohols generally yield mixtures of propargylated and allenylated R YoH = AN\SMes 50 R X
compounds:8 Therefore, allylations of propargylic alcohols have 2a-e
traditionally been carried out using the Nicholas reacti¢a R =R1=Ph 2a 90%
multistep reaction involving transition metal stabilized propargylic etV b da
cations). Recently, Toste et ®l.and Nishibayashi et &t have RPh Ry e z.C|Ph 2d 96%
reported several efficient rhenium- and diruthenium-catalyzed R =Ph;R1 = (E)}PhCH=CH 2¢ 78%

substitutions of propargyl alcohols, including allylation reacti&fis.

Because the Ru-catalyzed reactions proceed through an allenylidene NO reaction occurs between allyltrimethylsilane and boron
intermediate (R&eEC=C=CRy), only propargyl alcohols bearing  trichloride, which precludes the formation of an intermediate
terminal alkynes undergo the reaction. In 2005, Campagne reported@llylboron dichloride. In addition, it is well-known that allylation
gold-catalyzed propargylic allylatio3In these reactions, NaAugl reactions involving allyltrimethylsilane proceed through a cationic

acts as both a Lewis acid and a transition metal catalyst. However, Mechanisnt> Evidence supporting a cation intermediate was
provided by the isolation of pent-1-enylbenzedgif the allylation

* Corresponding author. Tel.: 865-974-3260. Fax: 865-974-2997. of 1-phenylpentan-1-ol (eq 2§.
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C4Hg-n C4Hgn

1. n-Buli
P YoH T ~oSMes 5 e T by ~ 7
3
8% (eq. 2)
Ph  Ph
Ph\/\CaHrn n-C4Hg O/kC“Hg-n
4 5

76% 5%

Formation of a cation intermediate was further supported by the

successful coupling of a lithium alkoxide with an alkyne in the

presence of boron trichloride. Contrary to the reaction of alkoxides

with alkenylboron dichloridéa— reaction of alkoxides with alkynes
in the presence of boron trichloride gatealkenyl chlorides as

major products (Scheme 2). In the literature, similar reactions using

Scheme 2. BClsz-Mediated Coupling of Lithium Alkoxides with
Phenylacetylene

/Ft 1. n-Buli M )R*\)C\'
+ =—ph ——— > + _—
Ry OH 2. BCl, R; c "Ry Ph
6a-c Ta-c
Yield (6/7)
Ry=R,=Ph 84% (90/10)
Ry=Ph; Ry = (X 87% (95/5)
R = R, = p-FPh 80% (60/40)

alcohols have rarely been achieved due to the existence of a

Bragnsted acid in reaction mixtutéOur method successfully solved

the problems associated with the selective generation of a cation

from an alcohol in the presence of unsaturated catfoambon
bonds.

In conclusion, we have discovered that cations can be generated

from the corresponding alkoxides in the presence of boron

trichloride. The absence of a Brgnsted acid makes regioselective

allylations quite straightforward. The reaction conditions make the

coupling of alcohols to alkenes and alkynes feasible. As to the

generation of cations instead of complexes B(@R)-,, we believe
there are two factors leading to weakening of the@bond and

its subsequent cleavage: steric hindrance between the R group and

chloride lengthens the €0 bond, and the high electronegativity
of chlorine strengthens the-BO bond. Further investigations of
this Brgnsted acid free route to carbocations are under way.
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