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Summary: --- NMR lme-broadenmg has shown the existence of a rapid exchange between 
2-butyne and 2-butyne-AlBr3 vr complex. The AlBrg-induced heterocyclodlmerlzatlon of 
2-butyne with propyne is preferred to the correspondmg homo-cyclodlmerlsatlons. 

Little is known about the interaction of alkynes with aluminum trihalides.' Many 

years ago it was reported that at low temperature aluminum trichloride and acetylene form a 

complex of unknown structure with composition (A12C16) (C2H2)12.L More recently, it has been 

shown by IR measurements at -1OO'C that dl-alkyl substituted alkynes interact with aluminum 

tnbromlde; in the case of the mono-alkyl substituted alkynes only polymerization could be 

Our interest in the physical and synthetic aspects of aluminum trihallde u-complexes 

of cyclobutadienes, 4 which are prepared from alkynes 

investigate the behaviour of Z-butyne with aluminum 

and aluminum trihalides, led us to 

tribromide by 'H- and 13 C-NMR spectroscopy 

at low temperature. 5 The 'H-NMR spectrum of a solution of 2-butyne (0,20 molar) and aluminum 

tnbromlde (0.11 molar) ln CH2C12/CH2Br2/CDC13 taken at -100°C,6 shows two signals of about 

the same intensity at 6 1.80 ppm (2-butyne) and at 6 2.35 ppm, the latter being ascribed to 

a 2-butyne-A18r3 II complex (1). When the solution 1s warmed up, reversible line-broadening 

of the signals is observed,7 and at about -76'C the two signals have coalesced into one broad 

singlet at 6 2.04 plnr~.~ These observations indicate the occurrence of an exchange process 

between P-butyne and complex L. In principle, at least two different dynamic processes might 

be responsible for the observed line broadening. 

I 
111 - AIBr, . 

I 
l/1 l lil- AlBr, (II) 
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A mono-bimolecular equilibrium of type I has been observed with aluminum tn- 

bromide and cyclobexene, 9a and with Ag@ and various di-alkyl substituted alkynes. 9b 

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

and complex 1 _. To determine the nature of the exchange process, the line width (AUK) of 

the peak due to complex 1 was determined as function of the concentration of 2-butyne 10 

(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. -1OOOC). 

These results clearly indicate that Au4 (canplex L) increases proportional with 
. . 

the concentration of P-butyne and that process II contributes to the measured line-broadening." 

Additional evidence for the presence of complex 1. in solution arises from the 13C-NMR 

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

Pigure 2. 
tribromide 
(a: CDC13, 

Quite remarkable is 

on complexation with A1Br3. 13 

13 C-NMR spectrum at 25.16 MHz of P-butyne with aluminum0 
(molar ration 2:l) in CH2C1,/CDC13 (2.5:1.5U/,) at -100 C 

I2 

b: CH2C12) 

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

This may be accounted for by the electron withdrawing property 

of the aluminum tnbromide which causes a decrease in pi-character on the alkyne carbon atoms, 

I 
ttereby tending to change the hybridization from sp to sp2, so causing a downfield shift. 



In addition to the 

mentioned above, experiments 

spectroscopicmeasurementsof the reversible II complex formation 

leading to the synthesis of new AlBr3 cyclobutadiene u-complexes 
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based on 2-butyne and propyne have been performed.14 When a solution of propyne (20 mnol) 

or of a 1:l mixture of P-butyne and propyne in 25 ml CH2C12 IS added dropwise to a suspension 

of aluminum tribranide (10 nmol) in 25 ml CH2C12 at -85'C, complexes g and 2c 
15 are formed - 

(yields 70 and 76%), respectively. The beneflclal effect of low temperature on the yield IS 

exemplified by the fact that if the cyclodimerlzation of propyne IS performed at -40°C, the 

yield drops to 35%. 

2a RI=R2=R3=R4=CH3 

2b R1=R3=H,R2=R4=CH3 

n3 =2 n3 nb 
z Rl=H.R2=R3=R4=CH3 

2d R1=R4=H,R2=R3=CH3 - 

The absence (at least less than 5%) of the hcmo-cyclodimerlzatlon complexes 2a and 2b -- 

the reaction of the 1:l mixture of 2-butyne and propyne with AlBr3 shows a remarkable 

in 

preference 

for the hetero-cyclodimenzation. Furthermore, the regioselective formation of complex 2b - 

from propyne (isomenc canplexes such as 2d, being formed in less than 5%) is in agreement - 

with a stepwise cationlc mechanism although a 2 + 2 concerted cycloaddition cannot be 
nsna 

excluded.16 

The synthetic aspects of the A1Br3 cyclobutadiene o complexes 2a, b and c are under -- - 

current investigation and the results obtained will be publlshed soon. 
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4t [2-butynel=O the ltne width (Aui(complex l_)) still differs from zero (Fig. 1). This may 

indicate that there is a contribution from processes I to the overall exchange of 2-butyne 

and complex I . On basis of both processes I and II a ltnear relatfonshrp between Au& 

(P-butyne) and [complex II is not expected and indeed not observed. 

rhe sample was prepared by adding 270 mg of 2-butyne (5 mnol) in 1 ml CH2C12 to 667 mg of 

aluminum tnbromide (2.5 mmol) in 1.5 ml CH2C12 and 1.5 ml CDC13 kept at -llO’C, followed 

by stirring with a rod and allowing the sample to warm up to -1OO'C. 

Several alkyne-transition metal canplexes (e.g. from Ag(I), Pt(O), Pt(I1) and Co(O)) are 

known. However, both upfield and downfield shifts are observed for the signals of the 

alkyne carbon atoms, depending on the relative importance of donation and back donation 

by the transition metal. G.S. Lewandos, Tetrahedron Letters, 2279 (1978) and references 

cited therein. 

rhe reaction of propyne with HCl or HBr at -7O'C and room temperature has been reported 

to afford cyclobutanes in low yields. K. Gnesbaum, A. Singh and M. El-Abed, Tetrahedron 

Letters, 1159 (1978). K. Gnesbaum, W. Naegele and 6.6. Wanless, J. lbner. Chem. Sot., gi 

3151 (1965). 

We have recorded the 13C(25.2 MHz) and 'H(60 MHz) NMR spectra of comolexes 2b and 2c at 

-7O'C in CH2C12/CDC13 (2.5:1.5'4 ) and CH2C12 respectively; 

reasured relative to CDC13 (13C NMR) and to CH2C12 (IH NMR) 

us'ng 'CDC13 = 76.9 and dCH2C12 = 5.29 ppn respectively. 

- - 
chemical shifts have been 

and converted to 6TMS values 

2b: l3 - C spectrum, CI 62.1 (d,J’b135Hz), C2,4 184.0 (s), C3 152.4 

(d,J%2lOHz) 9 C2,4 (CH3) 20.0 (q,J=130Hz), ‘H spectrum, Hl 2.94 

(d, =4.1Hz), CH3(2,4) 2.74 (s), H3 7.70 (d,J=4.1Hz). 

2c. l3 -’ C spectrum, Cl 61.9 (d,J%130Hz), C2,4 162.8 (s), C3 165.4 (s), 

C2 4 (CH3) 15.8 (q,J=130Hzl, C3(CH3) 10.3 (q,J=130Hz). ‘H spectrum 

Hl’ 2.42; CH3(2,4) 2.42 (5). CH3(3) 2.21 (s). 
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