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SPIRODIENONES VIA A THERNAL UNCATALYZEO Il,31-OXY6EN-TO-CARl3ON NIGRATION 
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ExocycZic vinyl ethers derived from_pquinols, readily available from 
aryttithium addition to quinone monoketats, undergo high-yietd thermat 
C1,31-oxygen-to-carbon m&ration, yietding spirodienonea.f 

The thermal rearrangement of a-ethoxystyrene to butyrophenone was first reported in 

lg96,2a and the scope of the reaction was further studied in 1930-1940.3 Mechanistic 

studies4” supported earlier proposals’ that a radical or radical chain mechanism was involved 
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in these thermal reactions. 

rearrangement. the modest isolated 

The high temperature (250-300 ‘C) required for this 

yields, and the absence of generality of the process 3a.6 

apparently discouraged any major synthetic use of the reaction. 7 

The [1,31-shift in vinyl ethers involves the conversion of a carbon-oxygen to a 

carbon-carbon bond; such a process could be of synthetic value in forming carbon-carbon bonds 

at quaternary centers. The direct availability of rquinols by aryllithium addition to 
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quinone monoketals and the expected facile conversion of these compounds to vinyl ethers, 4, 

prompted a study of the thermal chemistry of these spirovinyl ethers (Scheme). The 

intermediates formed from cleavage of the C-O bond in 4 would be resonance stabilized. and it 

was hoped that the formal 11,31-shift would occur at moderate temperatures in high yield. 

Spirodienones formed from such a reaction would be especially attractive intermediates for 

further synthetic transformations. 

To investigate the feasibility of this idea, 6a (B = El--obtained from the dimethylketal 

of o_bromoacetophenone via metal-halogen exchange--was reacted with 38 (R = CH31 to give 7a 

(78%) and thence the vinyl ether,ll 4a (SO%), as outlined below. Thermolysis of a degsssed 

PhCO,H 

[a, Rf = H; b, R’ = CH,] 

solution of 4n at 170 ‘C gave a quantitative yield of the diketone Sa. Although a clean 

reaction occurs in toluene and o_dichlorobensene, highly colored reaction mixtures containing 

the product resulted when tetrahydrofuran or methanol were solvents for the reaction. Alkyl 

substitution lowers the temperature for the rearrangement; thus, under reaction conditions for 

conversion of 7b to the vinyl ether 4b, the ketone 5b (50%) was formed. Since the yield for 

the 7 ~4 conversion is ca. 50% in other systems, the yield for the thermal rearrangement 4b 

- sb probably is quantitative, as in 4a -58. 

0 0 

n 
Benzene Rl 

4 5 

[a, Rl = H; b, Rl = CH,; c, R’ = Ph] 

The chemistry described above establishes that the thermal L1.31-oxygen to carbon 

rearrangement is a high-yield route to spirodienones of type 5. no other systems were studied 

to further define the scope of the chemistry. Reaction of 3b I(OB12 = OCHZCHZOl with 6s 

followed by workup gave the qninol 88 (78%) which was then transformed into the vinyl ether Pa 

(83%). Bromination of Pa gave the vinyl bromide PC (50%). Replacement of this halide with an 

alkyl or aryl group would lead to a convergent preparation of substituted systems. Thus, 

reaction of PC with phenylmagnesium bromide in the presence of a dichloro-11,3-bis-tdiphenyl- 

phosphinolpropanelnickel(II1 catalyst gave Pdg (49%) which was hydrolyzed to 4c (96%l.l” 

Beating to reflux a degassed toluene solution of 4c for four hours gave SC (83%). 
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b, 

PhC02H 1) NBS, b’ 
* 

2) PhMgBr 

NV cat. 

R’ = H 

R’ = CHS 

9a, Rl = H 

b, R’ = CHS 

This thermal rearrangement would be especially valuable 

the product could be differentiated chemically. One method 

thermal rearrangement of a quinol ether ketal such as 

9c. W = Br 

d, R’ = Ph 

if the two carbonyl groups in 

for accomplishing this would be 

9b. Indeed, heating 9b in 

pdichlorobenzene at reflux under nitrogen gave 10 (50%). Although the scope and catalyzed 

version of this reaction remain to be studied, systems such as 9b allow preparation of 

compounds wherein the dienone carbonyl group is protected. 

A - 
o-C,H&I, CH, 

9b 10 

To examine the effect of substitnents on the rate of the rearrangement, the kinetics of 

the thermolysis of 4a and 4c were determined in degassed benzene as solvent using standard 

sealed-tube kinetic methods. For 48. product formation was determined by % NDR spectroscopy; 

tot 4c, the rate of product formation was followed by IJV analysis at 346.5 nm. The kinetic 

data (Table) gave AS - 30 kcal/mol and AS - O-5 eu for both reactions. Interestingly, the 

activation enthalpy is somewhat less than the calculated bond energy of the carbon-oxygen bond 

which is broken (BDE z 35.4 kcal/mol). 11 This indicates that there could be some 

Table. Kinetic Data For The-1 [1,31-Oxygerto-Cnrbon Yigratior for 4a and 40 

4ra 4ca 

Temperature Rate Temperature B te 
(oc) (x lo5 set-l) (OC) (x 10 f set-l) 

153 1.12 99 1.14 
169 4.62 113 5.33 
182 13.1 128 22.3 

k = kT,h ,-31.800/RT,5.5/9 

a Concentration of 48 was 6.3 x 10h2 M and 4c was 5.81 r 10e4 M. 
b Rates are averages of two determinations and are thought to be accurate 

to f. 5%. 
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stabilization of the developing radical centers by the initially orthogonal aryl ring in the 

transition state or there could be some concerted character in this [1,31-shift. 

Interestingly, replacement of the hydrogen on the vinyl carbon by a phenyl group leads to a 

decrease of only about 2 kcal/mol in the activation enthalpy.14 

Further studies dealing with the scope, mechanism, synthetic utility. and catalyzed 

version of this chemistry will be reported. 
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