
Pergamon Tetrahedmn Letters 40 (1999) 4141--4144 

TETRAHEDRON 
LETTERS 

Intramolecular Thermal Cyclotrimerization of an 
Acyclic Triyne: An Uncatalyzed Process 

Martin G. Kociolek and Richard P. Johnson* 

Department of Chemistry 
University of New Hampshire 

Durham, New Hampshire 03824 

Received 28 January 1999; accepted 30 March 1999 

Abstract: Flash vapor pyrolysis of 1,6,11-dodecatriyne at 500 to 600 °C and 0.01 torr affords 
1,2,3,6,7,8-Hexahydro-[as]-indacene and dehydro derivatives. An uncatalyzed and highly 
exothermic two-step cycloaromatization mechanism is suggested. This proceeds through 
initial formation of a 1,4-diradical. © 1999 Elsevier Science Ltd. AIl rights reserved. 

An immense literature describes the metal catalyzed cyclotrimerization of alkynes3 By 

contrast, examples of alkyne thermal trimerization are rare and poorly understood2, in spite of 

their potential importance in diverse high temperature processes. In 1866, Berthelot reported 

that acetylene thermally cyclotrimerizes (eq. 1) to benzene.2a Concerted [2+2+2] reaction is 

unlikely because of the large enthalpic and entropic barriers3 thus a stepwise process through 1,3- 

butadiyne has been suggested.4 High temperature acetylene dimerization has been well 

characterized in the literature of combustion chemistry.5 As part of a comprehensive study on 

novel Diels-Alder routes to strained molecules, we recently reported evidence for a diyne + 

alkyne cycloaddition to give a benzyne intermediate.6 

for a very different cycloaromatization mechanism. 

III % 

In the present work, we describe evidence 

1,6,11-Dodecatriyne 

thermal cyclotrimerization. 

eq. 1 

(1)7 was chosen as a simple scaffold for studying intramolecular 

In principle, this might aromatize either by one of several stepwise 

mechanisms, or by initial alkyne coupling to 1,3,7-cyclododecatriyne, followed by intramolecular 

cycloaddition. Triyne 1 was subjected to flash vapor pyrolysis at 450 - 600 °C and 0.01 torr to 

afford a mixture (Scheme 1) consisting primarily of hexahydroindacene (2), several products of 

further dehydrogenation characterized as 3 and 4 (total 35% of C]2 products; ratio 2 : 3 + 4 ca. 1:5) 

0040-4039/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved. 
PH: S0040-4039(99)00727-3 



4142 

and a variety of lower molecular weight fragmentation products. Hydrogenation of this C12 

mixture afforded only 2, which was identical with a sample prepared by independent 

synthesis.7,8 Similar results were obtained both in seasoned and new quartz pyrolysis apparatus. 

S c h e m e  I 
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The percent conversion of 1 increased with temperature, however, the C12 product ratio 

did not change significantly over the range 450 - 600 "C. Pyrolysis of indan is known to give 

indene.9 However, when pure 2 was pyrolyzed under identical conditions (600 °C) this afforded 

only minimal conversion to 3 and 4. Raising the pressure to ca. 1 torr by bleeding in nitrogen did 

not significantly change the product ratio; it did not prove feasible to go to higher pressures 

because of the low volatility of 1. 

In order to probe the reaction mechanism, we carried out the synthesis7 and pyrolysis (eq. 

2) of 1-d 2. 1H NMR analysis of the C12 products showed that essentially all of the label appeared 

in the aromatic ring.10 This result shows conclusively that cyclization does not occur by initial 

alkyne coupling to 1,3,7-cyclododecatriyne; that process would result in loss of deuterium. 

1-d2 

1) pyrolysis eq. 2 

2) H 2 Pd/C 2"d2 

i m  

These experiments demonstrate that intramolecular alkyne thermal cyclotrimerization 

can occur at surprisingly low temperature. If we exclude both catalytic processes1 and concerted 

[2+2+2] cyclization3, then several stepwise mechanisms must be considered (Scheme 2). Recent 

work by Gleiter and co-workers shows that such 1,4-diradical species can be generated by alkyne 

thermolysis and are readily trapped by hydrogen abstraction.n In the present work, initial 
formation of a single bond would give 1,4-diradical S, which should be trapped by the alkyne to 

directly generate an aromatic ring. Ab initio calculations, in progress, indicate that both 

dimerization of acetylene to a diradical and trapping of this diradical to give benzene have 

barriers much smaller than that predicted for concerted cyclotrimerization. We believe this 

mechanism is supported by the spontaneous formation of 3 and 4, a result attributed to "hot 
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molecule" chemistry in which the initial product 2 is generated in a highly exothermic final step. 

Dehydrogenation of thermally activated 2 to 3 + 4 then occurs before excess energy is lost 

through collisions.12 DFT calculations at the pBP86/DN* level predict that the conversion 1 -> 

2 will be exothermic by 131 kcal/mol.lS 

Scheme 2 

5 

~ 6  
Cyclization of triyne 1 is a remarkable process in which three rings are formed in one 

synthetic step and at modest temperature. It has been suggested that the Berthelot benzene 

synthesis2a proceeds through initial dimerization to a butadiyne.4 However, the present work 

suggests a simpler aromatization process; we believe the most likely mechanism involves an 

initially formed 1,4-diradicalll which is trapped by an alkyne. This provides a straightforward 

route leading from alkynes to aromatic rings. The simplicity of these two steps suggests that 

similar reactions may play a major role in diverse high temperature processes that result in 

polycyclic aromatics, fullerenes, or soot. 
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