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were effectively infinitely dilute for this solute; in each 
case the two solutions were compared by placing them 
in the two compartments of a Wilmad coaxial sample 
cell, spinning in the magnetic field. 

If an internal reference is used, the operational defini
tion of the reference-independent solvent shift (for which 
we suggest the notation Ay

x) is 

Ay
x = Ay

x + o-iocOref, y) ow(ref, x) (9) 

The tabulated values of o-)oc differences for TMS (Table 
II) can be used in eq 9 to convert internally referenced 
solvent shifts Ay

x to reference-independent shifts Ay
x 

(e.g., see last column of Table I). 
Where the solvent shift is measured by an external 

referencing procedure, one can use an alternative defini
tion of Ay

x as that shift obtained by subtracting the bulk 
susceptibility contribution for the appropriate solvent 
pair from the total observed shift. 

By reporting Ay
x rather than other more arbitrary 

forms of the solvent shift, comparison between results 
obtained with different referencing procedures is facili
tated. 
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Acid-Catalyzed Rearrangements of 
Cyclohexa-2,4-dien-l-ones. Competitive [1,2] and 
[1,5] Migrations1 

Sir: 

The acid-catalyzed rearrangements of cross-conju
gated cyclohexadienones have been extensively investi
gated.2 In contrast, the rearrangements of linearly 
conjugated cyclohexadienones have not received much 
attention, except for the special, and very complicated, 
cases in which allyl groups migrate.1,3 In the few reac
tions studied involving other migrating groups, the 
products of [1,2] shifts of the migrating group to C-5 
have been obtained.4 

I now wish to report that acid-catalyzed rearrange
ments of linearly substituted cyclohexadienones can 
result in either [ 1,2] or [ 1,5] shifts of the migrating group.5 

The type of rearrangement occurring is remarkably de
pendent on the nature of the migrating group. 
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Marvell and Magoon found that rearrangement of 
dienone 1 in acetic anhydride-sulfuric acid gave (after 
hydrolysis) a low yield of 2,3-dimethylphenol.4a Repe
tition of this reaction, both under the literature condi
tions and in acetic acid-sulfuric acid, showed that 2,3-
dimethylphenol is indeed the only product detectable 
by vpc analysis. 

In contrast, rearrangement of dienone 2 at 25° in 
acetic acid containing 1 % sulfuric acid (reaction time = 
20 min), or in aqueous dioxane catalyzed by HCl, gives 
2-benzyl-6-methylphenol7 as the only detectable re
arrangement product.8 Vpc analysis showed that no 
more than 0.5% of 3-benzyl-2-methylphenol9 could 
have been produced during the reaction. Similarly, 

OH 

H+ C6H5 C H 2 v ^ ^ s ^ _ . CH3 

rearrangement of 6-benzyl-4-/-butyl-6-methylcyclohexa-
2,4-dien-l-one (3) in 0.5 N methanolic HCl gives 2-
benzyl-4-/-butyl-6-methylphenol9 and its methyl ether9 

as the only rearrangement products. 
The rearrangements of 2 and 3 could proceed by 

migration of either the benzyl or methyl groups. How
ever, rearrangement of 2 in 0.5 N HCl in 80% aqueous 
methanol has been found to be at least 103 times as 
rapid as tha t of 1. This ra te difference can only be ex
plained if the benzyl g roup migrates during the re
arrangement of 2. 

Migrat ion of a benzyl group to C-2 can proceed even 
when C-2 is occupied by a /-butyl group. Rearrange
ment of dienone 4 in 2 N HCl in 80 % aqueous methanol 

CH2CsHs 

OH 
C6H5 C H 2 \ - ^ ^ ^ CH3 

OH 

+ *tx CH2C6H5 

results in partial elimination of a /-butyl group to give 
2-benzyl-6-methylphenol and 5-benzyl-2-/-butyl-6-
methylphenol9 in the ratio 5:7.10 

Migration of the benzyl groups in 2 and 4 to C-2 
might, in principle, proceed by either direct [1,5] acid-
catalyzed sigmatropic shifts (path a) or by a sequence 
of two Wagner-Meerwein shifts of the benzyl group— 

(7) T. Schorigin, ibid., 58, 2028 (1925). 
(8) AU rearrangements of benzylated dienones give products of 

cleavage to the parent phenol as well as rearrangement products. 
(9) These compounds have been independently synthesized by un

equivocal methods. 
(10) A small amount of 4-benzyl-2-f-butyl-6-methylphenol is also 

produced in this reaction, presumably by a twofold migration of the 
benzyl group to C-4. 
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first to the carbonyl carbon and then to C-2 (path b). 
While these alternatives are quite difficult to distinguish, 
I believe that the migration of a benzyl group to C-2 
in dienone 4 offers significant evidence that a direct [1,5] 
shift occurs. It has previously been shown that Wag-
ner-Meerwein shifts in the dienone-phenol rearrange
ment are subject to strong steric inhibition by groups on 
carbons adjacent to the migration terminus.Mc,n 

There is no obvious advantage to be gained by migra
tion of a benzyl group to the carbonyl carbon of 4 
(rather than to C-5) which would offset the strong steric 
repulsion by the ?-butyl group adjacent to the carbonyl. 
Indeed, even in the absence of any steric considerations, 
the intermediate carbonium ion 6 should be somewhat 
less stable than the alternative ion 7 which would result 
from a shift of the benzyl group to C-5, since 6 lacks the 
enolic resonance of 7. A direct [l,5]-sigmatropic shift 
of the benzyl group, however, would simply convert the 
protonated ketone 5 to the isomeric protonated ketone 
8. The much greater bond energy of 8, compared with 
7, should more than compensate for steric compressions 
in the formation of 8. 

It remains to be explained why the benzyl group in 2 
should undergo exclusive [1,5] migration to C-2, while 
the methyl group in the very similar dienone 1 undergoes 
exclusive [1,2] migration to C-5. A possible answer 
lies in the suggestion previously offered to account for 
the surprising variety and specificity of acid-catalyzed 
sigmatropic shifts of allyl groups in cyclohexadienones.1 

It was proposed that protonation of the carbonyl group 
of a cyclohexadienone can take place either on the un
bonded (n) electrons or on the w electrons of the car
bonyl oxygen. The nature of the allowed migrations 
would then be determined by conservation of orbital 
symmetries12 in these two types of protonated dienones. 
According to this concept, the normal13 n protonation 
would result in only a slight perturbation of the molecu
lar orbital symmetry pattern of the dienone, and the al-
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(1968). 
(13) G. A. Olah, D. H. O'Brien, and M. Calin, J. Amer. Chem. Soc, 
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lowed acid-catalyzed migrations would resemble the 
allowed thermal migrations in the dienone.12,14 Since 
the benzyl group is a good migrator in these reactions, 
n protonation would be sufficient to cause rearrange
ment to occur, and thus a thermally allowed [1,5] migra
tion would take place. Poorer migrating groups, such 
as methyl, would not rearrange in the n-protonated 
dienone, but would await protonation of the -rr bond. 
This would result in conversion of the dienone to a 
cyclohexadienyl carbonium ion, in which suprafacial 
[1,2] migrations are allowed, but [1,5] migrations are 
not.14-16 
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[1,5] migration observed in dienone 3 (R = r-Bu), however, clearly does 
not proceed via a Cope migration to C-4. Intermediates such as ii 
should rearrange rapidly in acid to diphenyl ethers. No such ethers are 
observed, even when C-2 is blocked by a methyl group. In that case, 
only [1,2] migration is observed. Finally, it may be noted that [1,5] 
migrations of benzyl groups are approximately as fast as migrations of 
allyl groups.1 Since the reverse Claisen migrations of allyl groups 
should be some 18 kcal more exothermic than those of benzyl groups, 
migrations of allyl and benzyl groups by this mechanism should have 
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The Preparation of Alkv lmagnesium Fluorides 

Sir: 

All attempts in the past to prepare and isolate fluoro 
Grignard compounds have failed.1 A recent report2 

(1) (a) H. Gilman, J. Peterson, and F. Schulze, Rec. Trao. Chim., 47, 
19 (1928); (b) G. Schiemann and R. Pillarsky, Chem. Ber., 64, 134 

Communications to the Editor 


