
Tetrahedron Letters No. 15, pp 1241 - 1244, 1973. Pergamon Press. Printed in Great Britain. 

PYROLYSIS OF STEREOTOPICALLY 'IWIS~bCYCLO~TANE RINGS. S'IWWXEMXSP(Y OF THE THERM&L CLEA- 

VAGE OF ISCMERIC 5,6-DIME~ICYCLo[2.1.1~~ TO 2,6-oCTADmmS 

Leo A. Paquette and Michael J. Kukla' 

kpartment of chemistry, ?he Ohio State University, Columbus, Chio 43210 

(Received in USA 2 February 1973; received in UK for publication 26 February 1973) 

Cyclobutane derivatives which can adopt a planar or nearly planar conformation seemingly 

experience thermal fragmentation via singlet l,kU.radical intermediates.2'3 In contrast, - 

quantum mechanical considerations denote that the gecmetry associated with severely twisted 

four-membered rings is highly favorable to the operation of the concerted &', + ~~1 path- 

way. * rP 1,4-butanediyl fcrnmticm were circumvented in such systems, then appropriate stereo- 

chemical labeling should give evidence of inversion at one constituent ring carbon and reten- 

ticm at the remaining three. 

To test this theory most simply, it would be advantageous if one of the two possible modes 

of cleavage of the four-membered ring could be maximized relative to the other. Far better, 

a 

b 

hasever, is the situati~ in which the twisted cyclobutsuie is prwided with sufficient sym- 

metry to render paths a end b equivalent. These conditions are met in the stereoisomeric 

5,6-dimethylbicyclo[2.1.l]hexanes 1-3 the fregmentaticns of which were ccnsidered destined5 - A 

to give rise to one or more of the three possible 2,6-octadienes (k-6) of well established -- 

configuraticm.6 

Efficient synthesis of a mixture of 1, (30%) and 2_ (79) began with the convenient trip- 

let-sensitized photocyclization of dimethyl octa-2,6-diene-1,8-dioate to the stereochemically 

related bicyclic esters.' Lithium aluminum hydride reduction and reaction with methenesulfmyl 

chloride in pyridine led to the epimerlc ddmesylates, final hydride reduction of which gave 

the hydrocarbons. these were readily separated an a 2@ g,S'-oxydipropicmitrile column at 60°.8 
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Stereospecific synthesis of rwas achieved by sequential ozonolysis and esterification of 

Le followed by a canparable three-step reducticm of the resulting diester (9." 

!the gas--e pyrolyses were conducted to partial canpletim (Table I) in a Vycor reactor 

packed with quartz chips at temperatures of approximately 385' and atmospheric wessure (Np 

flow rate 7 ml/&, residence time c& 3 min). Not unexpectedly, the reactivity mder (2 > 2 

> s) parsllel~ the strain inherent in the individual ismers. The experimental results re- 

veal further the operation of ccmfiguraticmal inversion at one of the substituted carbons 

in L-L the extent of which at 385386' likewise increases incrementally with added steric 

strain. These isomerizations can plausibly arise by homolytic cleavage of a cyclobutane bond 

with formation of a diradical capable of experiencing ?xmd rotation-cyclization at a rate 

decidedly competitive with diene formation. The efficiency with which these diradicals undergo 

cyolization despite adverse strain factors is qualitatively concordant with the low degree of 

through-bcmd co~pling~~ arising from the rigid geomtry structurally enforced upan these 

intermediates. 

Although the mixtures of dienes poduced upcm pyrolysis of &-and &'-are indistinguish- 

able within experimental error, rgives rise to significantly greater quantities of cis,trans- A- 

diene zsnd lesser amounts of cis,ci~ iscaner 6 These results suggest that &md 2, undergo 

initial fragmentation to give tram diradical zwhile zgives cis diradical 12 That 2_ 

undergoes preferential C-C bmd cleavage to 9_is suggested by the fact that this hydrocarbon 
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Bicyclic- Recovered bicyclics, sb Dienes, $ c,d 

Reactant Temp, 'C diene ratio 1 2 z 456 4 _ - - 

385a P2:8 

385a 77: 23 

382 67: 33 

386 54:46 

95 5 -_ 

15 85 -- 

__ 47 53 

__ 55 45 

59 30 u 

63 28 9 

57 39 4 

56 39 5 

390 49: 51 __ 62 38 57 38 5 

aAverege of two independent runs. 
b 
Compositions determined through a combinaticn of vpc 

analysis 01 a 20 ft x 0.25 in column packed with 2@ S,S'-oxydipropicmitrile at 60° and nmr 
techniques. CAnalyses achieved by en adaptation of the method described in ref. 6. 
dControl experiments with 48 indicated no significant isomsrization of the 4,4 and ~,,t 
isomers, but 2% ccnversi&Gf 6 chiefly to 4. 
of this thermal isomerization to the final d&ne 

Since 6 is a minm product, the contribution 
ccetpo~ition is minimal (see also ref 6). 

fails to generate Tand fragments to a mixture of dienes similar to that obtained from L 

Also, its conversion to the trans diradical relieves more strain than formation of the cis 

diradical. Rotaticm about the )CH~%-iCRc bond in eand gleads to loss of stereochemistry 

at one center while inversion of the trigonal ring carbon atom leads to ultimate loss of 

stereochemistry at the second double bond. 

The comparable (after allowance is made for strain differences) activation energies for 

the fragmentation of bicyclo[2.1.l]hexsne (55.9 kcal/mol)5 and cyclobutane (62.5 kcal/mol)ll 

attest to the absence of a kinetic advantage in the first instance. Thus, evenwhenthe 

cyclobutaue ring is preconstrained in a highly energetic torsional sense, the synrmetrical 

stretching of two diametrically opposed bonds to give rise in concert to two olefin compcments 
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does not operate. Consequently, that idealized gecanetric situaticn where the axes of the 

developing n mbitals are pretwisted mthcgonally with respect to the tieaking bonds renrrins 

inadequate to pcmote the incursian of the (,$!a + o2,) cycloreversion. Interestingly, the 

microscopic reverse of the pyrolysis reaction reported here has recently been found to 

obtain in the thermal cyclizaticpl of 1.,8-divhy1 naphtialenes to twisted cyclobutanes 
12913 

via diradical intermediates. - 
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