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Thermal migrations of ally1 groups in linearly-conjugated cyclohexadienones (e.g., eq. 1) 

(1) 

proceed readily at temperature6 as low as 10@.2 The same reactions, as well as a disconcerting 

variety of other rearrangements, occur at room temperature in the presence of very dilute acid 

catalysts.3 

Analogs of Cops or Claisen reurangm nts in which cycloprowlmethylgroupa have replaced 

ally1 groups have never been observed.' The very mild conditions necessary for thermal migra- 

tions of ally1 groups in cyclohexadienones suggest that similar migrations of cyclopropy~thyl 

groups might occur at not unreasonable temperatures. The ease of fornation of the cyclopropyl- 

methyl carbonic ion' suggest8 that acid-catalyzed migrations of cyclopropyhtwl groups rhould 

similarly occur under very mild conditions. In view of the pronounced tendency for internal re- 

arrangement of the cyclopropylmethyl carbomium ion,= simultaneous warrangcrentr of the cyclo- 

propyl methyl group and the cyclohexadienone ring might be anticipated. 

We have previously reported the aynthesea of cyclohexadienones bearing cyclopropylnethyl 

groups at the quaternary carbons. e In this camrmnication, we report the re vntr of these 

molecules on heating or in acid solutions. 

Dienone 1 was unchanged after prolonged heating at 100~150'. After several days at 200' in 

diglyme (diethylene glycol dimethyl ether), however, 1 rearranged completely to give a quantita- 

tive yield of 2. No evide?ce could be observed for formation of any other reaction product. _- 

E(cg ,; ?3cg 1, 

1 1 
Similar rearrangements proceeded readily even when the migration terminus uas already rub- 

stituted. Rearrangement of dienone 2 in diglyme at 200' gave k as the only revnt 
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product, accompanied by 10% of the cleavage product s 

Rearrangemznt of diemne 6 similarly gave 1 as the only detectable rearraugwnt product. 

2, R = CH, 2, R = H $RnH J,R=H 
6, R = C$ &R=CH, &R=q 

(Reamaugemnt was again accanpanied by cleavage to phenol 8). Phenol 2 was synthesized for com- 

parison, and shown by vpc to constitute less than 0.15 of the reaction product. Thus, cearrange- 

ment proceeds by migration of the cyclopropylmethyl group, which migrates at least 109 tinm as 

fast as amsthylgroup. 

The presence of a t-butyl group at C-2 has surprisingly little effect on the rate of rearrange- 

rrant . Diemne 1 rearranges only four times as rapidly as 2 (kl for 1: = 1.01 x lO'%ec -?, kl 

for 2 = 0.25 x 10 -s set 'l), wen though the cyclopropylmsthyl group migrates to a "neopentyl" 

position.' 

The marrangemnts of &, and 5 proceed with clean first order kinetics, ruliug out binmlecu- 

lar rearrangemmtmechauiru. Dissociation of the dienones to cyclopropylmthyl and phenoxy rad- 

icals (or ions), followed by recombination, should produce ethers as larjor products, or, when the 

E-position is unsubstituted, the products of substitution at that position. Since none of 

these products were observed, such mchanisms have been rejected. Ro evidence suggesting that 

10 
these rearrangemnts proceed by free &al chains has been observed. Such chains would also be 

expected to give products of attack at oxygen or C-h, particularly when C-6 is already substitu- 

ted with a t-butyl groq~.~ The possibility that the cyclopmpylmsthyl group first migrates to 

the oxygen atom and then to the ortho-carbon was excluded when it was found that ether E was 

stable under conditions in which & rearranges readily to 2 

Two feasible, symmetry allowed, rearrangements which sxe consistent with the data presented 

above are: 1) a direct [1,5] sigmatropic shift of the cyclopropylmethyl group from c-6 to C-2; 

and 2) migration with cleavage and reformation of the cyclopropyl ring (a [" 2s +*2, + Q 2s 

+ c 2a ] reaction) as shown in figure A. 

Fig. A Rearrangement tie Mechanism_p 
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Rearrangcrent of z-&e, contaiqing l.$ 0.05 atas of deuterium at the methylone group bear- 

ing the three lnembered ring, gave k bearing 1.7 t 0.05 atoms of deuterium at the bensylic msthyl- 

me group, This is clearly inconsistent vith mechauirn 2. U&rations of the cyclopropylmethyl 

groups In these reactions, therefore, appear to be among the rare [1,5] sigmtropic carbon shifts 

which are not also 1,2 migratlons.O~?O, 

Reaction of &_ or of ~-cyclopropy~thyl-6-methylcyclohexa-2,4-dien-l-onee with 0.1 to 211 RCl 

in methanol resulted solely in cleavage to 4-i-butyl-2-mthylphenol and 9-cresol, respectively. 

Reaction of dienone 2 with 1.0 to 2.0 BBC1 in methanol, or of 11 with O.lB HCl in methanol, also 

OH 
OH 
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'/ 
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1: + R,Lw 

0 / 

resulted largely in cleavage, but gave approximstely lO$ of the rearrangement products 12 and 2. 

f, R =t-Ru u,R =t-Bu 
l&, R = CH3 

R =t-Bu,CB, 
y, R = CH3 

Rearrangement of 3-d= bearing 1.8 r -- 0.1 atoms of deuterium at theeexocyclic methylene groups gave 

T containing 0.8 2 0.1 atoms of deuterium at the benzylic methylene group. When the reaction was 

interrupted after one half-life, it was found that the deuterium distribution in the recovered 

6-9 was unchanged. When l2-Q bearing 1.8 2 -- 0,l atoms of deuterium at the benzylic methylene 

groupe was kept in 1N methanolic HC1 for long periods, no change in the deuterium distribution 

could be detected. The appreciable equilibration of the deuterium label had therefore taken 

place during the rearrangement process. 

Formation of 12 and u can most readily be explalned as occurring by cleavage of the d.ieunter 

to phenols and cyclopropylxaethyl carbonium ions, which then realkylate the concurrently forad 

phenols at the para-positions. The large degree of equilibration of the methylene carbons of the 

cyclopropylmethyl group is consistent with many previous observations in such systemse, but the 

absence of cyclobutyl substituted phenols is surprising. 
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1x1 contramt, we haw otierved that dienone 1 rearranger readily to a~yl 2,4,6-trimthyl- 

phenylether at UO", while dienone g ir uachanged after 5 hours at225'. 

k ii 
We haw previou8l.y found that the cyclopro~lmeti@ radical opened entirely to the allyl- 

carbiwl radical when it acted aa a chain carrier In a radical chain reaction [B. Miller, 

and K.-H. Ul, Journal of the Amer. Chem. So&, in press. .._ 

a) Alkyl group8 in Internal poeltiom in dihydropyrener undergo facile [1,5] shifts. There 

my aleo be cluslfied M [l,g] or [1,13] shifts. [V. Boekelhelde and E. Stum, J. Am. 

Chem. Sot., 91, 902 (1969); 8. Boekelheide and T.A. Hylton, e., 91, 3669 (MO)]. 

b) Uethyl group8 undergo [1,5] shifts, along with other reactions, in cyclohexadienes at 

2. 400' [C.W. Spaogler and D.L. Boles, Abrtr. of the 161at Meeting of the ACS, Lor Angeles, 

w& 161.1 

Rearragemnt by a reriecl of 1,2 rhlfta, aa shown below, is not excluded by the evidence. 

Such rhifts should be sterically nwlble only if they proceed by forbidden 

[a 21 + I?28 + n2a + %?a ] proces8e6, houwer. 


