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A number of synthetic procedures employing 2-butyne and aluminum trichloride have recent- 

ly been developed. 1-3 Some of us have previously reported the reaction of 2-butyne with aluminum 

trichloride in which the title compound _i_ is produced. The structure of 1 has recently been con- 

I-_ECHII +"" /qY 

z 

confirmed by X-ray analysis. 4,5 

6 
The mar spectrum of 1 , taken at -loo in methylene chloride solution, consists of three 

sharp peaks. These occur at 1.32, 2.29, and 2.40 ppm in a ratio of 1:1:2. If the sample is warmed, 

reversible line-broadening is observed. By 20° the two low-field peaks have collapsed into a broad 

singlet. And, whenamethylene bromide or benxene solution' of _l_ is warmed to SO", coalescence to 

one peak is observed. These phenomena indicate that 1 is involved in a dynamic process; the alumi- 

num trichloride group is migrating around the four-membered ring. 

The intramolecular nature of this process has been established. Alternative pathways 

(3, exchange of aluminum trichloride groups between two molecules of L) have been excluded, since 

no reduction in the rate of migration was observed when solutions of L were diluted. 
8 
Nor is l-bu- 

tyne involved in the migration process, for in low concentration it still gives a sharp nmr signal. 

even after the peaks of 1 have begun to broaden. Addition of excess aluminum trichloride does not 

enhance migration; instead, one eguivalentreducesthe rateofmigrationby a factor of at least 50. 9 
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Double irradiation nmr 

utive 1,2-shifts of the aluminum 

intensities of the 2.40 and 2.29 

tion shows that, irrespective of 

a. 45 

experiments 
10 

indicate that migration is not simply due to consec- 

trichloride group. When 1 was strongly irradiated at 1.32 ppm, the 

ppm signals were equally reduced. This equal transfer of satura- 

its original position, the aluminum trichloride group can migrate 

equally well to any of the other positions on the four-membered ring. 

Experimental activation parameters were calculated from the line-width of the high-field 

nmr peak at -10 to 45O using the slow-exchange approximation procedure 11: AD+ , 10.7 kcal.mol 
-1 

; 

AP , -17 eu. these parameters were also calculated from the line-shape of the two low-field 

peaks 
10,12 

at 0.5 to 18O: AS+, 9.7 kcal.mol -I; AS', -23 eu. The uncertainty in these values is 

estimated to be 20%. 

We suggest that the n-complex 2 is an intermediate in the migration process. Complete 

disruption of the carbon-metal bonding to give "free" tetramethylcyclobutadiene is also possible, 

but intuitively less likely. Furthermore, the negative entropy of activation better accords with 2 

.as the intermediate. 

A number of Diels-Alder reactions employing 1 have been performed.' For example, treat- 

ment of 1. with dimethyl acetylenedicarboxylate, either with or without DWSO, led to the expected 

dewarbensene derivative. Presumably, both the diester and DWSO can remove aluminum trichloride from 

1. generating "free" tetramethylcyclobutadiene.' It is this intermediate, then, that actually under- 

goes cycloaddition with the dienophile. 

Addition of DWSO to a methylene chloride solution of 1 and two equivalents of 2-butyne 

at 15-35O led chiefly to three products l3 (aq 1) : the expected hexamethyldewarbenzene (1) (40%), 

tatramethylcyclobutadiene dimer 4 (30%), hexamethylbenzene CS, (IS%), and 15% of unidentified ma- 

terials, When the experiment was repeated in the absence of 2-butyne, 
14 

4 (62%) and 2 (11%) ware 

still obtained, but only a trace of 2 (2%) was present. The products 2 and 4 presumablyderivefrom 

competing Diels-Alder reactions of 

alternatively, with 2-butyne. 

At -40° addition of DWSO 

only cne major product (eq 2): 4 
16 

the intermediate tetramethylcyclobutadiene with itself, 
15 

or, 

to a solution containing 1 and two equivalents of 2-butyne gave 

(79%) and 2 (3%). Where was no 1 present. Thus, the intermedi- 
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ate is now reacting selectively with itself and not at all with Z-butyne. 

-4oO 
l- 4 + 

DMSO 
5 

2-BUTYNE 
TRACE 

cq2 

The well-known reactivity of cyclobutadienes, particularly the parent compound, l7 might 

seem to exclude the possibility of any selectivity in their reactions. However, recent work 
19 

in- 

dicates that certain highly substituted cyclobutadienes 
19a 

, most notably the tri-t-butylderivative , 

are at least stable enough to be isolated. We submit that the reactivity of tetramethylcyclobuta- 

diene is intermediate between that of the parent compound and the tri-t-butyl derivative. 

Besults with various dienophiles 
20 

indicate some limitations to the synthesis of substi- 

tuted dewarbensene derivatives from 1 -* The dienophile must be at least moderately reactive (9, 

possess a conjugated ester group) for a useful synthesis. Otherwise non-selective conditions (i.e., 

moderate temperature) must be employed, and, at best, low yields accepted. 

We are continuing our investigations of 1 and related species derived from other alkynes. 
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Prepared by reaction of 2.1 equivalents of 2-butyne and 1.0 equivalent of aluminum trichloride 

in methylene chloride at -30 to 3O under nitrogen. The resulting solution of 90% pure L can 

be used directly, or, alternatively , concentrated at -30° to give dark red crystals. Eecrystal- 

lization of these crystals from methylene chloride at low temperature under nitrogen gives 1. 

with a purity of about 95%. 

The spectrum of r in benzene at 2O consists of two peaks at 2.33 and 1.72 ppm. 

For 2.0, 1.0, and 0.5 M solutions of 1 in methylene chloride at lS", the relative rates were - 

1.0, 1.4, and 1.8, respectively. We don't place much emphasis on these relatively small 

changes. Perhaps intermolecular association at high concentration occurs stabilizing 1 some- 

what. 
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9. Aluminum chloride 

readily dissolves 

through a chloride bridge. Such association should remove electron density from the metal atom 

of 1 thus strengthening the metal-carbon bond. This would be expected to result in a lower 

rate of migration. 
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ent. The tetramethylcyclobutadiene dimer 4 is only formed after I is treated with a Lewis 

base - either DMSO or water. 

15. It is not likely that 4 arises from reaction of r with tetramethylcyclobutadiene. When a solu- 

tion of I is treated with only 0.5 equivalent of DHSO (presumably generating 0.5 equivalent of 

tetramethylcyclobutadienel, the deep red color of 1. persists; nmr indicates that the remaining 

0.5 equivalent of L is unaffected and only 0.2 equivalent of 4 is produced. Preliminary experi- 

ments indicate that 1 does indeed react with dienes such as cyclopentadiene and piperylene. 

Eowever, the products are Polymeric. 
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A 75% yield of 4 was isolated from this reaction. This would appear to be the method of choice 

in synthesizing 4. 

For example, warming cyclobutadiene in an argon matrix to 35OK results in dimerisation. 
I8 
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With methyl phenylpropiolate a mixture of 4 and the dewarbensene derivative is obtained at low 

temperature. 
21 

We have not been able to obtain a substituted dewarbensene derivative from the 

reaction, either at low or moderate temperature, of cyclododecyne with 2.; instead 4 is formed. 

We thank Dr. J. Dopper of the Groningen laboratory for this result. 

is only dginally soluble in methylene chloride itself. The fact that it 

in solutions of 1 indicates molecular association with & perhaps this occurs 

lb. 45 


