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1,2,5,6-Tetramethylenecyclo - octane 
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Sztmwaary A convenient two-step synthesis of 1,2,5,6- 
tetramcthylenecyclo-octane from 1,2-diniethylenecyclo- 
bntane is described. 

iz reaction of great synthetic utility in the formation of 
polycyclic carbon skeletons is transannular photochemical 
ring closure,l and a molecule whose structure is likely to be 
suitable for such a process is 1,2,5,6-tetramethylenecyclo- 
octane ( l ) . z  We report a convenient two-step synthesis of 
this compound. 

M 
Yields of I ,%diniethylenecyclobutane (2) using literature 

procedure3 for the dimerization of allene could be greatly 
improved by recycling the pyrolysate. On benzophenone- 
sensitized photodinierization4 of (2) in degassed benzene 
solution, three major products were obtained which were 
readily separable by g.1.c. on a 10 f t .  x t i n .  coluinn of 
20” b SE-30 on Chromasorb-W. They were characterized 
by their mass spectra as dimers of (2) and identified, in 
order of elution (peak area ratios 4 : 1 : 2) as (3), (4) and (5) 
by 100 MHz n.m.r. 

a broad multiplet between 1-6 and 2.3 (8H). Coinyound 
(4) had a highly split multiplet centred a t  6 4.75 (2H), a 
niultiplet centred around 2.6 (4H), a slightly split singlet at  
2.47 (ZH), a very broad singlet centred at  2-05 (4H), and a 
multiplet around 1.75 (4H). The n.m.r. of ( 5 )  had two 
singlets of equal area at  6 2.27 and 2.15. 

That (5)  is not a primary photoproduct could be deduced 
from inspection of the n.m.r. spectrum of the crude photo- 
lysate. No peaks corresponding to (5 )  were present, but 
several absorptions not present in either (3) or (4) were 
observed. On refluxing the benzene solution, over the 
course of several hours these absorptions disappeared as 
those corresponding to (5) increased in intensity. By 
analogy with the formation of 1 , 5-cyclo-octadiene by Cope 
rearrangement of cis-l,2-divinylcy~lobutane,~ the precursor 
of (5 )  is almost certainly the syn-isomer of (3). Its geo- 
metry, unlike that of (3), disposes it favourably for a 
concerted Cope rearrangement, which relieves the strain 
present in the system of three spiro-fused rings. 

(4) 
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On pyrolysis in a flow system at 330” with a contacr: 
time of 3 sec., (5 )  gave exclusively (1) jm/e = 160; correct 
elemental analysis; n.m.r. (CDCl,) 8 4-90 (d, 4H, J 2 Hz), 
4-80 (d, 4H, J 2 Hz), 2-40 (s, SH); U.V. A,,, (hexane) 
228 nm, log E 4.01. At 270” (6), identified by U.V. and 
n.ni.r., could also be isolated. Direct photolysis of (1) in 
hexane with a low-pressure mercury lamp also produced (6) 

(31 ( 4 )  i 5 )  

The spfkctrum of (3) shorn-ed a slightly split singlet a t  8 
4.8:~ (4H), a multiplet extending from 2.3-2.6 (4H), and 

t N. I. € 3 .  postdoctoral fellow, 1969-70. 
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which, 011 continued photolysis, finally regenerated (5 ) .  
The direct photolysis of (1) in addition gives rise to a 
product of transannular photo-ring closure.6 

When pyrolysed at  330", (4) produced (7) and (3) gave an 
equal mixture of (1) and (7). Compound (7) was identified 
by its n.m.r. and U.V. spectra and by its conversion back 
into (4) on direct photolysis. 

The synthesis of (1) outlined above is especially convenient 
because it can be carried out in high yield without isolation 
of any of the intermediates. Thus, the crude mixture3 of 
allene dimers, after a simple distillation to  remove higher 
oligomers, can be used in the sensitized photodimerization ; 
and the crude photolysate can be pyrolysed at  330" to 

give, in 85o;d overall yield from (2), a 3 : 2  mixture of (1) 
and (7). Although we had hoped that pyrolysis of the 
crude photolysate a t  higher temperatures would allow the 
isolation of pure (l), this did not prove to be so. Starting 
with either pure (1) or (7), a 1 : 1 equilibrium mixture of the 
two was obtained on pyrolysis a t  500". Nevertheless, (1) and 
(7) can be readily separated on a preparative scale with an 
8 f t .  x j: in. column of 20% Carbowax 20 M on Chroma- 
sorb-W. Moreover, in direct photolysis of (l), no com- 
plications are caused by the presence of (7) or its photo- 
product, (4). 
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