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Abstract : The Few-doped acidic KlO clay accelerates greatly, by factors of 105-106, 

tbetitle reaction. These rearrangements thus occur in a fewminutes atrocnntenpera- 

ture, according to [1,21 and [3,31 pathways. 

FACIIE s-try-allowed pericyclic reactions -- such as Diels-Alder cycloadditions, Claisen 

andCoperearrangeuents-- nevertheless require quite bigb reaction tanperatures and/or pressures l-3 . 
In that, they are representative; organic reactions are not particularly easy, in an operational 

2 
sense. Hence, wz have set upan a general program, e. to refurbish reactions to u&e them yet 

nxxe inportantto organic chemistry. ~~~boldtbatrationaldesigncan setoptimalreactionconditions 

The reactions will bave bigb yields, they will be selective and easily worked-up, they will run at 

at&ient temperatures and pressures and still they will need only low-cost reagents and catalysts. 

We have thus devised solid acidic 
4-5 

and basic 6-7 catalysts for a nurdxr of organic reactions 2 . 
For instance, wz have issued a three-part report on catalysis of the Diels-Alder reaction by clays 

and mxlified clays, acting as cation radical 8, as BrQnsted acidic 2, as Lewis acidic ', or as 

water reservoir 10 catalysts. 
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Cyclops areveqpronetorearrange ll. They follow mltiple paths, depending on 

the migrating group (allyl, benzyl, propargyl, etc.) and on the reaction conditions, thermal or 

acidic 12. The cyclohexadienom-phenol rearrmgemnt is thus an excellent candidate for catalysis. 

The two main objectives are to cut down drastically the (i) mmber of pathways, in order to boost 

product selectivity; and (ii) reaction teqerature : threekurs ofheatingabove100 ' Ccanbe 

considered as the norm till now 12-13 . 

Cur rationale here is firstly to build qxm the previous observations of acidic catalysis 12 , 

and to inprove markedly upon the Thiele conditions -- i.e. acetic anhydride co-mixed with a little - 
sulfuric acid, as solvent -- with a solid acid catalyst. Secondly, introductim of ferric ions, xe 

tlmught,mightopennewcatalyzedroutes. These muldresult frcnnthe Lewis acidity, and frcnnsing: 

electron transfer pathways due to oxidaticm of the organic substrate by the transition ruztal, in 

like mmner to wihat was observed with the isoelectronic Diels-Al&r reaction 8-9 . An oxygen-contai- 

ning system muld be all the nme liable to kwis acid catalysis. As for promtim of radical or 

radical cationic paths, these could ressombly be expected given the magnitudes of the first ionizz 

tion potentials in the cyclohexadienme-phenol system. 

StandardProcedure : To a solution of the dienone (500 mg) in Il_hexane as solvent (10 ml), 1 E 

of catalyst '*8-1o is added. The mixture is stirred for the tim stated in the Tables. The reactior 

mixture is filtered, and the solid catalyst is washed with methykne chloride (50 ml) and methanol 

(50 nil). All these operations are conducted at room teqerature. After solvent evapxaticm, the 

crude product may be purified by (I) recrystallizaticm; or (II) colum cbrmtography : silicagel 

with 9:l gpentane/ &thy1 ether as eluent; or (III) distillation. 

We are pleased to report that the iron(III)- doped mmtmrillonite IUO clay fulfills these 

objectives with spectacular success (Tables 1 and 2) : 

OR’ OR3 

R*br R*” 

R2 R2' R3 R4 R6 reaction pro&t isolated purif. 

tin-e (mill) yield (%) 

%I ally1 H 
EPF3 ;; [1,21 98 I 

F3m H?PF3 11,21 98 I 

cH3 propawl H CH3 9 60a [1,21b 87 II 

CH3 
crotyl H F3CH3 lo [1,21 95 I 
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% 
CrOtyl H H H 15 [3,31 80 II 

cH3 
ally1 H 

HCH3 
20 [3,31 75 II 

cH3 
ally1 

CH3 
H H 6 [3,31 80 II 

cH3 
ally1 H H H 15 [3,31 95 III 

?3 
ally1 H 

S! H 
12 [1,2]= 80 II 

(a) : acetic anhydride as solvent; (b) : mixture of phenol acetates, having a propargyl group 

(40 %) or an allene substituent (60 %) at C-3; (c) : nwst plausible pathway; it is followed by 

conpeting [1,2] and [3,3] shifts, leading to products with the ally1 group at C-5 (30 %) and 

at C-6 (70 %). 

Table1 - Rearrangements of +yclohexadienones Catalyzed by IUO-Fe 3+ inn-Hexane. _ 

The exceptional ease of these reactions is striking, they are quantitative, in a jiffy, at 

roomtemperature. Take the first entry inTable : it is accelerated, with respect to the earlier 

standard ( k = 10e5 s-l at 75 "C l3 ), by betwen five snd six orders of magnitude ! Of note also 

are edifications brought by the catalyst to the product distributions. Ally1 groups migrate prin- 

cipally by [3,3] shifts in the solution acid-catalyzed rearrangement of g-cyclobexadienones 12,15-16 

We see here the sane for C-4 msubstituted cvds. By contrast, C-4, C-6 substituted allyl-cyclo- 

hsxadimmes rearrange exclusively by [1,2] shifts under our conditions. C-4 substituted, C-6 unsub- 

stituted dienones give here a mix of [1,2] md [3,3] shifts. Wzzereas benzyl groups undergo [1,5] 

shifts under acidic catalysis, here they undergo [1,2] migrations instead. As for the propargyl 

group, ws find a coexistence of [3s,4s] and [ls,Zs] processes, as did g&mid et al. 17. -- 

R2 R4 R4' reaction pro&t isolated purif. 

time (mix-l) yield (%) 

ally1 G-I3 15 ]1,21 98 I 

benzyl CI-$ 20 [1,21 98 I 

CH3 cH3 propargylCH3 15a r1,21 93 I 
____________________~~~~~~~~~~~_~___~_~~~~~~~~~~~________~~~~~~~~_____________~_~______________ ____________________~~~~~~~~~_~_______~~~~~~~~~~~~~~_____~~~~~~_~___________~~_~_______________ 

Table 2 - Rearrangements of @yclohexadienone s Catalyzed by KlO-Fe3+ in @sxane. 
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Allyl-substituted p-cyclohexadienoms undergo normally a predominant [3,3] shift and a small 

percentage of [1,23 shift : with our procedure tlx latter becomes the exclusive route. 

In summy, catalysis by a edified acidic clay of the cyclohexadienone-phenol rearrangement, 

while privileging carbocatimic m&s of reaction, has turned this transposition into an efficient 

snmth, snd better controlled reaction. 
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