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ABSTRACT

R1 _ . R1
)—OH + R——BX n-Buli — R
R2 CHzclz R>

R = aryl, alkyl

R;, R, = aryl, vinyl, propargyl, methyl

The reaction of alkynylboron dihalides with benzylic, allylic, and propargylic alcohols provides an efficient route to internal acetylenes.
Isomerization of the product alkynes does not occur under the reaction conditions.

Alkynes are important building blocks in materials sciénce
and organic synthesfsThey are also a common structural
unit in natural products and drug§sAmong the synthetic

approaches to internal alkynes, the palladium-catalyzed
Sonogashira cross-coupling reaction between terminal alkynesg

and aryl/alkenyl halides is widely utilizedRecent modifica-
tions include the use of more efficient palladium cataRysts
and more active alkynylmetal coupling partners (e.g. Sn,

Zn,” Mg.? Al,° and B9). However, the palladium-catalyzed
alkynylation of allylic, benzylic, and propargylic electrophiles
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has not been well developétipnly a few examples have
appeared in the literaturé!? As a result, preparations of
secondary alkylacetylene derivatives still rely on traditional

Scheme 2. Preparation of 1,3,3-Triphenyl-1-propyne

- . . Ph -BuLi Ph
methods such as substitution reactions of secondary halides ~ ph—=—=—Bcl, + %OH -Buli > — pn
or elimination reactions involving 1,2-dihalid&sSince these Ph CHLCl2 by
reactions often require the use of strong bases or high 1a 2a 3a

temperatures, in most cases the desired products are con
taminated by allene byproducts that are difficult to rembve.
Therefore, an alternative route to these important reagents Fortunately, the reaction proceeded smoothly using alky-
would be desirable. nylboron dichloridela in the presence ofi-BuLi at room

Our research has focused on the chemistry of boron halideteMpPeraturé? The desired produca was isolated in 68%

derivatives for many years, and several novel reactions haveY!€!d- The NMR resonances observed at 90.2 and 84.9 ppm

been developet.Very recently, we reported the substitution
of hydroxyl groups with alkenyl moieties using alkenylboron
dihalides!® The particularly appealing features of this novel

in the 13C NMR spectrum clearly demonstrate the existence
of the alkynyl group. In théH NMR, a resonance at 5.19
ppm (singlet) was observed. To evaluate the scope and

reaction are the mild reaction conditions and the absence of Mitations of the new reaction, alcohds—j were prepared

a transition metal. A mechanistic study revealed that the
reaction involves a migration of the halovinyl groups@

from boron to the carbon attached to oxygen. EncouragedTable 1. Coupling of Alkynylboron Dichloridel with 22

by these results, we postulated that an alkynyl groug) (C

g ; . ; o R4 n-Buli Ry o
migration from boron to carbon might also occur. This would R—=——8C, + Rf OH cHC,  rY
provide a novel route to secondary alkylacetylene derivatives 1 ‘2 3
from readily available alcohols. In this paper, we describe pTT— e o3 e %)
the results of our study.

Unlike alkenylboron dihalides, the chemistry of alkynyl-
boron dihalides has not drawn much attention. Only one 1: Q :: éig gz gg
method is currently available to generate alkynylboron 1c 2a: Z=H 3¢ 7%
dihalides based on the boretin exchange reaction of boron }a OH §b= §=Oﬁe 3d g;
halides with alkynylstannanes &f78 °C.1” Considering the 1'; O 2:; Z;l? ¢ g; 74
toxicity of tin compounds, we examined the possibility of 1d y 2¢: Z=F 3g 57
generating alkynylboron dihalides by the sequential in situ
treatment of terminal alkynes witkRBuLi followed by boron
trichloride at 0°C (Scheme 1)8 Using this procedure, both 1a 2, 2d: Z=p-Cl 3h 84

1c Ph 2d: Z=p-Cl 3i 7
Scheme 1. Preparation of Alkynylboron Dihalides Moo Ph
_ n-BuLi BCly 1c 2f 3k 26
o Hexane, 0°C R——BCh OH
1
R = Ph (1a); p-MePh (1b); o-FPh (1¢c); p-MeOPh (1d); n-CgH47 (1€)
1a Ph. Ph 31 93
1c \/\cl)/H L 3m 86
aryl and aliphatic alkynes can be converted to the corre-
sponding alkynylboron dihalideka—e. ;
. . . . a Ph Ph

Due to its ready availability, diphenylmethan@k, was NN 2h 3n 71
chosen as a model substrate to investigate alkynyl group OoH
migration (Scheme 2).

Ph Z g z-a
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and subjected to the reaction conditions (Table 1). The
reactions proceeded smoothly with benzylic, allylic, and
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propargylic alcohols and produced the desired products in ||| N

good to high yields. Although alkynylation of benzylic Scheme 3. A Tandem Reaction to Internal Alkynes
halides has been reporté&d! alkynylation of benzylic 0
alcohols had not yet been achieved. The successful alkynyl- @AH PhLi a PR
ation of allylic and propargylic alcohols provides a new route vz Hexane, 0 °C =
to 1,4-enyne8l—n and 1,4-diyne8o—r which are suitable z N
for further elaboration. z

In recent years, much effort has been devoted to tandem Z = H, 3a,57%; Z=Cl, 3h, 64%

reactions due to their potential utility in converting simple
starting materials into relatively complex molecules in a rapid
and efficient mannef® Therefore, the in situ generation of
benzylic alkoxides from aryl aldehydes followed by treatment
with an alkynylboron dihalide was also examined (Scheme
3). The reaction is quite efficient and produces the anticipated
products in good yield.

In summary, we report a novel method for generating
alkynylboron dichlorides and their subsequent reaction with
secondary alcohols. The migration of the alkynyl group from
boron to carbon occurs under very mild reaction conditions.
The reaction provides an alternative route to secondary
alkylacetylene derivatives from readily available secondary

: : : alcohols (the precursor of the alkoxides) and alkynes. The
20&%}%5?3?'&255&%.V\Xf; \%v'(;,Tzrf)et?:r?édsrbfi_’etetggégzgi, oo new procedure obviates the difficulties associated with the
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in dry hexane (8 mL) was treated withbutyllithium (1.0 mL of a 1.6 M

solution in hexane) at 8C. After the reaction mixture was stirred at room Supporting Information Available: Experimental pro-
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