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REVERSIBLE AND IRREVERSIBLE PROCESSES IN ALKYNE - Al1Brj CHEMISTRY
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Nijenborgh 16, 9747 AG Groningen, The Netherlands

Summary: NMR line-broadening has shown the existence of a rapid exchange between
2-butyne and 2-butyne-AlBrg 7 complex. The AlBrgz-induced heterocyclodimerization of
2-butyne with propyne 1is preferred to the corresponding homo-cyclodimerisations,

Little is known about the interaction of alkynes with aluminum trihah‘des.1 Many
years ago it was reported that at Tow temperature aluminum trichloride and acetylene form a
complex of unknown structure with composition (A]ZC]G) (C2H2)12'2 More recently, 1t has been
shown by IR measurements at -100°C that d1-alkyl substituted alkynes interact with aluminum
tribromide; 1n the case of the mono-alkyl substituted alkynes only polymerization could be
detected.3
Our 1interest in the physical and synthetic aspects of aluminum trihalide o-complexes
of cyclobutadwnes,4 which are prepared from alkynes and aluminum trihalides, led us to
investigate the behaviour of 2-butyne with aluminum tribromide by 1H- and 13C-NMR spectroscopy
at low temperature.5 The 1H-NMR spectrum of a solution of 2-butyne (0,20 molar) and aluminum
tribromide (0.11 molar) 1n CH2C12/CHZBr2/CDCI3 taken at -100°C,6 shows two signals of about
the same intensity at 6 1.80 ppm (2-butyne) and at & 2.35 ppm, the latter being ascribed to
a 2-butyne-A'IBr3 n complex (1). When the solution 1s warmed up, reversible line-broadening
of the signals 1s observed,7 and at about -76°C the two signals have coalesced 1nto one broad
singlet at § 2.04 ppm.8 These observations indicate the occurrence of an exchange process
between 2-butyne and complex 1. 1In principle, at least two different dynamic processes might

be responsible for the observed 1ine broadening.
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A mono-bimolecular equilibrium of type I has been observed with aluminum tri-
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bromide and cyc]ohexene,ga and with Ag- and various di-alkyl substituted alkynes.

Process II 1s degenerate and involves a bimolecular-bimolecular exchange between 2-butyne

and complex 1. To determine the nature of the exchange process, the 1ine width (av}) of

the peak due to complex 1 was determined as function of the concentration of 2-butyne10

(Fig. 1)
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Figure 1. Plot of the line width of complex 1 (corrected for the
natural line width) vs. the concentration of 2-butyne.
(temp. -1000C).
These results clearly indicate that Av} (complex 1) increases proportional with
the concentration of 2-butyne and that process II contributes to the measured 11ne-broadem’ng.11

Additional evidence for the presence of complex 1 1n solution arises from the 13¢_wwR

spectrum taken at -100% (Fig. 2), which clearly shows the presence of 2-butyne and complex 1.

13

tribromide (molar ration 2:1) 1n CH,C1,/CDCI4 (2.5:1.5v/,) at -100°C
(a: CDC13, b: CHyCI,)

Figure 2. C-NMR spectrum at 25.16 MHz of 2-butyne with aluminum 12

Quite remarkable is the downfield shift of about 25 ppm of the alkyne sp-carbon atoms

13 This may be accounted for by the electron withdrawing property

on complexation with A1Br3.
of the aluminum tribromide which causes a decrease 1n pi-character on the alkyne carbon atoms,

trereby tending to change the hybridization from sp to spz, so causing a downfield shift.
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In addition to the spectroscopic measurements of the reversible n complex formation
mentioned above, experiments leading to the synthesis of new AlBr3 cyclobutadiene g-complexes
based on 2-butyne and propyne have been performed.14 When a solution of propyne (20 mmol)
or of a 1:1 mxture of 2-butyne and propyne 1n 25 ml CH2C12 1s added dropwise to a suspension

of aluminum tribromide (10 mmol) 1n 25 m1 CH,CI, at -85%C, complexes 2b and 2515

are formed
(yrelds 70 and 76%), respectively. The beneficial effect of low temperature on the yield 1s
exemplified by the fact that 1f the cyclodimerization of propyne 1s performed at -40°C, the

y1eld drops to 35%.
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The absence {at least less than 5%) of the homo-cyclodimerization complexes 2a and 2b 1n

the reaction of the 1:1 mixture of 2-butyne and propyne with A]Br3 shows a remarkable preference
for the m-cyclodimeﬂzatwn. Furthermore, the regioselective formation of complex 2b

from propyne (1someric complexes such as 2d, being formed in less than 5%) 1s in agreement

with a stepwise cationic mechanism although a nzs+n2a concerted cycloaddition cannot be
exc]uded.16

The synthetic aspects of the AlBr3 cyclobutadiene o complexes 2a, b and ¢ are under

current investigation and the results obtained will be published soon.
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