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HIGHLY REGIOSELECTIVE ISOMERIZATION OF ACETYLENES TO ALLENES
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Summary: Internal acetylenes bearing a hydroxyl group at the appropriate position of an alkyl
chain, isomerized regioselectively to allenes by the treatment with alkyl lithium in the
presence of N,N,N',N'-tetramethylethylenediamine.

Transformation of acetylenic derivatives to allenes is one of the useful methods for the
synthesis of allenic compounds. Especially, the replacement reaction of o-heterosubstituted
acetylenes with various nucleophiles provides a highly regioselective route to a11enes.1)
In contrast to this, the direct isomerization of acetylenes to allenes by a deprotonation-
protonation sequence (Scheme 1) has not been used often for synthetic purposes though it is
a long-known and simple process, since the isomerization usually gives a mixture of regio-
isomers. As it has been known that the protonation of ambident lithio allenyl anions (2)
proceeded with high regioselectivity to give allenic products (3) exc]usive]y,Z) the remain-
ing problem is the regioselective a-deprotonation of disubstituted acetylenes (1}.
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As one of the solutions to the problem, we examined a scheme of anchoring a base to the
pendent alkoxide oxygen atom attached to one of the alkyl groups of acetylenes at an appro-
priate remoteness, such that the deprotonation occurs in an intramolecular fashion favoring
a proximal site (Scheme 2).

We describe here the regioselective transformation
of internal alkynes bearing an w-hydroxyl group into R

the corresponding allenes with alkyl Tithium, and H \\\M
factors connected with the effectiveness of the method. H
Typ?ca] experime?E is exemplified below. & - 6\\\\\
BuLi (1.6 mol dm ~, 319 ul, 2.2 eq) and N,N,N',N'- R M
tetramethylethylenediamine (71 ul, 2.2 eq) were added
successively to a solution of 4-nonyn-1-01 (32.1 mg) Scheme 2

in THF (2 m1) at -70 °C. After kept standing for

18 h at -20 °C, the mixture was quenched with 2 mol dm™

workup, the allenic product was separated from the starting acetylene by silica gel chromato-

graphy, acetylated, chromatographed on a short silica gel column, and analyzed by ]H NMR.
Results obtained are shown in Table 1.
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Table 1. Isomerization of Acetylenes Bearing a Hydroxyl Group at Terminal Position
to Allenic Compounds by Treatment with Alkyl Lithium .

Entry n R in 42 Base Additive  Reaction Temp. Y}g}db) 5 6!
11 CyHg n-Buli  TMeEDRY 3 -78 39 >20 &+ 1
2 CHis n-BuLi  TMEDA 100 -78 45 520 : 1
32 Gy n-BuLi - 21 -78 0
4 CoH, n-BuLi - 24 0 62 5 1
5 CH, n-Buli  TMEDA 24 -20 74 20 1
6 CoHy n-Buli  t-BuOK 1 -78 74 1 1
7 Ca t-BuLi  TMEDA 24 -20 76 1 1
8 3 Cyf t-BuLi  TMEDA 24 -20 60 1 1
9 CHy n-BuLi  TMEDA 24 -78 51 5 1
10 4 CH t-BuLi  TMEDA 24 -78 46 1 1

a) Compounds {4) were prepared according to Ames's procedure (reference 4). b) Yield of a
mixture of allenic products. Each product gave a satisfactory NMR analysis. c) Isomeric ratio
was determined by ]H NMR (90 MHz) after conversion of the allenic product to the corresponding
acetate. d) TMEDA= ﬂ,ﬂ;ﬂ',ﬁ'-tetramethylethy]enediamine.

The addition of N,N,N',N'-tetramethylethylenediamine (2.2 eq) enhanced the rate of
deprotonation and improved the regioselectivity (entries 3, 4, and 5). As shown in the Table
1, high and moderate regioselectivities were realized when n<3 (entries 1, 2, 5, 7, and 9), but
no selectivity was observed when n=4, even under the presence of ﬂ}ﬂ,ﬁ',ﬂ'-tetramethylethy]ene-
diamine. This suggests that the reaction proceeds via the cyclic transition state shown in
Scheme 2. The reaction of 3-dodecyn-1-01 did not complete even after a prolonged reaction time
because of the low deprotonation rate at -78 °C (entry 2).3) At the higher temperature (-20
°C), elimination of the hydroxyl group took place preferentially. Isomerization in the
presence of added potassium butoxide showed no regioselectivity. The poor chelating ability of
the potassium ion could be the reason (entry 6).
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