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Reaction of Propargyl Halides with
Grignard Reagents. Iron Trichloride Catalysis
in Allene Formation!

Summary: Ferric chloride catalyzes the highly selective for-
mation of allenes in the reaction of propargyl chlorides with
Grignard reagents; this procedure possesses many advantages
for the preparation of allenes compared to those involving the
reactions of lithium dialkylcuprates with proparyl and allenyl
halides and acetates.

Sir: Several reports on the reactions of propargylic halides of
general structure 1 with Grignard reagents have appeared
describing contrasting results. In particular, Zakharova? de-
scribe the formation allenes as the major products, whereas
Jacobs and Meyers3® report the formation of alkynes and
conjugated dienes as major products, the latter later being
shown to arise by facile acid-catalyzed isomerization.3? In a
comprehensive study of the reactions of terminal and non-
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terminal propargylic chlorides with organometallic reagents
and transition metal catalysts, we have discovered a highly
selective, iron catalyzed formation of allenes from the reac-
tions of 1 with Grignard reagents.4® The recent appearance
of several articles describing the formation of allenes from
propargylic and allenylic halides and acetates prompts us to
report our preliminary results on the ferric chloride catalyzed
formation of allenes from propargylic chlorides with Grignard
reagents.

The reaction of both terminal (1, R3 = H) and nonterminal
(1, Ry = CH3) propargylic chlorides with primary and secon-
dary Grignard reagents in the presence of 5 X 105 M ferric
chloride results in the rapid formation of allenes in good yield®
via proposed organoiron species similar to those proposed by
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Koichi” in the coupling of vinyl halides with Grignard re-
agents.> In contrast, the reactions of terminal propargylic
chlorides (1, Ry = H) with primary Grignard reagents occur
very slowly (24 h at 25 °C) to produce mixtures of terminal and
nonterminal alkynes and allene via an allene carbene® inter-
‘mediate,® while nonterminal propargylic halides react as re-
ported by Jacobs and Meyers.? It is concluded that the dif-
ference between the results reported by Zakharova? and Ja-
cobs and Meyers® must be due to presence of iron, or possibly
some other transition metal, capable of catalyzing the allene
forming process. i
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Table I. Yields of Allene Formation in Reactions of 1
with Grignard Reagents in the Presence of Iron

1 RMgX % yield*

R1 =R2=CH3,R3=H
R1=CH3,R2=R3=H
R1=R2=R3=CH3
R1=R2=R3=CH3
R1=R2=R3=CH3

Ry, Re =—-(CHg)s~, R3 = H
Ri, R = -(CH2)5-, Ry = CHj
Ry, Re = -(CH32)s—, R = CH3

@ GLC yields. ? Alkyne and allene are formed in a 1:1 mixture.
Alkynes are not formed in the reactions of these substrates with
n-butylmagnesium bromide.

Ri=n-Bu 80
R4 = n-Bu 90
Rs=n-Bu 87
R4 = CH3
Ry=1:-Pr 88

R4 = CH3 84

R4 = CH3 45b
Ri=n-Bu

The presently reported synthesis of allenes possesses several
advantages over the recently reported syntheses of allenes
using lithium dialkylcuprates!® with propargyl and allenylic
halides and acetates. In the reactions with the dialkylcuprates
only one of the alkyl groups attached to the Cu is utilized, and
the preparation of the reagent requires reacting the alkyl-
lithium with cuprous halide. In contrast, our procedure uses
the more easily and directly prepared Grignard reagent in
25-50% excess.®

A typical experimental procedure follows. To a solution of
0.0625-0.075 mol of 0.3 M Grignard reagent, to which a sufficient
amount of ferric chloride in tetrahydrofuran is added to make the
reaction mixture 5 X 10~ M in ferric chloride, at 0 °C under a nitrogen
atmosphere is slowly added 0.05 mol of the propargyl chloride in 15
ml of ether. After stirring at 0° for 15 min, the reaction mixture is
hydrolyzed with water and worked up as normal. Table I lists the
yields of allene formation in the reactions thus far studied.
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