
THE MECHANISM OF TIlE PARA-CLAISEN 
REARRANGEME NT 

by 

ROY TERANISHI 

A THESIS 

submitted to 

OREGON STAT COLLEGE 

in partial fulfillment of 
the requirements for the 

degree of 

DOCTOR OF PHILOSOPHY 

June 1954 



APPROVED: 

Assistant Professor of Chemistry 

In Charge of Major 

Chairman of Chemistry Department 

Chairman of School Graduate Conimittee 

Dean of Graduate School 

Date thesis is presented _ 

,-:, ?/, fgr'/ 

Typed by Mary Willits 



TABLE OF CONTENTS 

Page 

Introduction. . . . . . . . e . . . . e . i 

History ........ e s e s . 3 

Dicuson ...... . 9 

Experimental ..... . 19 

Tables. * ...... . 22 

Summary ........ s s s . 27 

13 i bi i ogr aphy ........ . 28 



THE MECHANISM OF THE PARA-CLAISEN REARRANGEMENT 

INTRODUCTION 

The mechanism of the Claisen rearrangement to the para 

position has not been satisfactorily explained or proved, 

although that postulated for the rearrangement to the ortho 

position is in good agreement with experimental data. 

D. Stanley Tarbell (22, p.497) sug:ested that the 

rearrangement to the para position involved a dissociation 

of the allyl group, either as an ion or a radical, although 

he mentions that serious objections can be raised to both. 

liurd and Pollack (10, p.550) have suggested that rearrange- 

ment to the para position might go by two steps: first, a 

shift of the allyl group to the ortho position with inver- 

sion, as described for the ortho rearrangement, followed by 

another shift to the para position with inversion. Very 

recently, in view of new data presented, there has been a 

tendency to accept this mechanism. 

In this mochanism,first postulated by Hurd and Pollack 

(lo, p.550), the intermediate formed in the first step would 

be a dienone, III. 
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In our studie3 a rearranpoment of a phenyl allyl ether 

containing allyl groups in both ortho positions was observed. 

Thus, i.f the rriechanism suggested by Hurd and Pollack (10, 

p.550) is assumed, the intermediate, III, would have two 

allyl groups in one ortho position, and the final product 

would result from one of the allyl groups migrating to the 

para position. In order to show that the allyl group in the 

ortho position migrated to the para position, an allyl ether 

with an X -.phenylallyl group in the ortho position was 

rearranged. 



HISTORY 

Clai8en (1, p.3157), in 1912, dIscovered that allyl 

ethers of enols and phenols undergo a rearrangement on heat- 

ing, the products being the isomeric C-allyl compounds. A 

large amount of data about this change has been accumulated 

through extensive investigations by Claisen and other 

workers, this work being stimulated by (a) the usefulness of 

the Claisen rearrangement in synthetic work, (b) its appli- 

cation as a tool in the study of the bond structures of aro- 

matic compounds, (e) and its Intrinsic interest as a molecu- 

lar rearrangement. D. Stanley Tarbell has compiled and 

presented this information in Chemical RevIew (22, 

pp.495-546) and in "Organic Reactions" (2,pp.l-48). 

The generally accepted mechanism of the rearrangement 

is based essentially on the following observations: (a) the 

Claisen rearrangement is a first order reaction, (b) in the 

arylallyl ether series the rearrangement is always accom- 

panied by an inversion of the allyl group moving to the 

ortho position and by a lack of inversion of the group 

moving to the para position. 

C. D. Hurd and L. Schnerling (9, pp.107-109) showed 

that the reaction process was intramolecular by heating a 

mixture of allyl EX. -naphthyl ether and cinnamyl phenyl 

ether and obtaining 1-allyl-2-naphthol and o-(X-pheny1- 

allyl)-phenol, but no cross products. This intramolecu- 

larity of the reaction was further verified by A. S. Fomenko, 



G. P. Miklukhin, and E. A. Sadovnikova (7, pp.91-92), who 

found that in the rearrangement of allyl phenyl ether in the 

presence of 3,5-dideuterophenol, that the product was 

practically free of deuterium. That the H-atom moves as a 

proton to the oxygen has been shown by experiients by 

G. B. Kistiakowsky and R. L; Tichenor (13, pp.2303-2304) 

with deuterium compounds. 

The information obtained by Kincaid and Tarbell (12, 

p.3066) that the rate of reaction was not appreciably af- 
fected by adding l0 of diinethylaniline or 1% of acetic acid 
to a solution of allyl 5-methyiphenyl ether shows that the 

rearrangement ctoes not go by a mechanism which requires 
catalysis by acids or bases. This evidence supports the 

conclusion of kiurd and Schmerling (9, pp.108-].09). 

Kincaid and Tarbell (12,pp.3O85-3O87) found that the 

reaction was strictly first order over a fivefold change of 

concentration in diphenyl ether solution, and that the 

initial rate in the pure liquid was the same as the rate in 
solution. This was verified for the para rearrangement by 

Schmid and Schmid (19, pp.489). 

The conflicting results presented by Mumm and co- 

workers (14, p.1523; 15, p.100) on the rearranrvement of ct - 

and 'Y -ethylallyl ethers of methyl cresotinate have been 

eliminated by the work of Rhoads, Raulins and Reynolds (16, 

pp.2531-2532). As illustrated in Plate 1, these latter 
workers have found that the reaction of sodio-methyl 
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cresotinate, I, with O(-ethylallyl chloride, II, in methar1 

gives rise to a mixture of III and IV as well as a phenolic 

fraction containing both possible C-allylatod phenols. It 

was also shown that both ethers, IÏI and IV, yielded rear- 

ranged compounds in which the allyl group had not inverted 

in mir! ating to the para position. 

In addition to these works mentioned, Conroy and Fire- 

stone (6, pp.2530-2531) have presented sorne interesting 

data. In their publication they claim to have isolated 

some material which appears to be the Diels-Alder addition 

product resulting from the reaction of maleic anhydride and 

the postulated intermediate dierione III (see page 2). If 

this claim can be proved conclusively to be correct, then 

it can be used for further data in favor of the liurd and 

Pollack mechanism. 

The three recently published articles by Schmid and 

Schmid (18, pp.1879-1890; 19, pp.489-500; 20, pp. 687-690) 

are in agreement with the urd and Pollack mechanism. The 

first and second articles are very similar to the one by 

Ryan and O'Connor (17, pp.5866-5869). l3oth groups of 

authors verify inversion to the ortho position and no in- 

version to the para position in quantitative experiments 

with C-14. This series of experiments with C-14 in the 

allyl group show also that the allyl group is never free at 

any time in the thermal rearrangement as a free ion or free 

radical. If the allyl group did become a Cree ion or 
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radical, then the radioactivity would be spread between the 

two end positions by resonance, as is shown by: 

* 
CH2= CH- CH2 

+ 

or 

CH2=CH-CH 

+ 
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* 

'CH2-CH=CH2 * 
where * denotes C-14 

denotes a positive charge 

denotes an unpaired electron 

Both groups of authors found to the limit of the expon- 

mental error that all the radioactivity was in the pre- 

dicted positions. 

M. S. Kharasch and co-workers (11, p.309) found that 

ultraviolet radiation of phenyl allyl ether at 20 leads to 

equal parts of phenol and p-allyl phenol, and they 
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postulated an allyl free radical as an intermediate. In 

the third article by Schmid and Schmid (20, pp.687.690) a 

rearrangement brought about by ultraviolet radiation of an 

allyl phenyl ether with C-14 in 'Y -position was reported; 

and, as predicted, the radioactivity was divided in approx- 

imately the same amount in the - and 'Y-C-atoms. In the 

thermal rearrangement to the para position (the para- 

Claisen rearrangement), there was no activity distribution 

or inversion. 

In areement with earlier works (21, p.517; 2, p.9), 

this series of experiments with C-14 indicate that the 

Claisen rearrannernent to the para position does not involve 

dissociation of the migrating allyl group to a Cree ion or 

free radical. In addition, the work presented in this 

paper, together with the indications published by Conroy 

and Firestone (6, pp.2530-2531) strongly favor the Hurd and 

Pollack mechanism. 



DISCUSSION 

The purpose of this work was to determino whether at 

any point in the rearrangement the allyl group migrating 

from the ether oxygen becomes equivalent to an allyl group 

in an ortho position. This data was obtained by rearrang- 

Ing allylic ethers of 2,6-diallylic phenols. The desired 

compounds wore made b a series of Williamson syntheses, 

hydrogenations, and Claisen rearrangements, as shown by 

Plates 2, 3, and 4. In all cases, yields were sacrificed 

for purity of material. 

The proof or structure of the various compounds 

depends on the following points: (a) in the Williamson 

ether syntheses, ethers must be obtained pure, free from 

C-alkiylation products, (b) in the Claisen rearrangement to 

the ortho position, there is inversion of the allyl group, 

whereas there is no inversion of the allyl group migrating 

to the para position (6, pp.2530-2531; 18, p.1879; 19, 

p.489; 20, p.637), (c) although aldehyde, carboxyl and 

halogen groups have been displaced (22, p.495; 23, p.1), 

there has been no case reported in which a saturated alkyl 

group has been displaced In a Claisen rearrangement. 

The conditions used in preparing the ethers shown in 

Plates 2, 3, and 4 were those of Claisen (2, p.275). The 

ethers were dissolved in petroleum ether and extracted with 

Claisen's alkali. This was done to remove all phenolic 
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material, startin material or C-alkylation product, from 

the neutral ether. It was imperative that the C-alkylation 

product be completely removed. It has been shown by 

Claisen (3, p.210) that the C-alkylation product of phenol 

and cinnamyl bromide was 2-cinnamyiphenol; whereas, the 

rearranged product from cinnarnyl phenyl ether was 2-( - 

phenylallyl)-phenol. 

Plate 2 illustrates the first parallel series of 

rearrangements observed. The reason for the parallel 

series of compounds with allyl and propyl groups is that 

the allylic groups will migrate but the saturated croups 

will not. Claisen (1, p.3157; 5, p.69) showed that methyl 

0-propylacetoacetate and n-propyl phenyl ether are stable 

to heat. If both of the ortho-positions arid the para 

position of an allyl phenyl ether are blocked by saturated 

groups, a complex decomposition occurs on heating, but there 

is no displacement or migration of the ally], group to the 

mcta position (22, p.496). 

The starting compound of the series, 2,6-diallyiphenol 

(compound 6) was made according to the method given by 

Claisen (5, p.69). The melting point of its phenylurethan 

derivative and the physical properties of compound 6 agreed 

with those reported by Claisen (5, p.69). The cinnamyl 

2,6-diallyiphenyl ether (cor:ound 6) was prepared and rear- 

ranged to 2,6-diallyl-4-('Y-phenylallyl)-phenol (compound 7). 
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In the attempt to recover 2,6-diallyiphenol, very 

little of the starting material was recovered, but phenolic 

material with physical properties sii1ar to compound 7 was 

obtained. The phenylurethan derivatives had the same melt- 

ing points, and the mixed melting points showed no depres- 

sion. From these data, it was concluded tbat the recovered 

phenolic material was the C-alkylation product. This is in 

accord with previous data since there is no inversion of 

the allyl group migrating to the para position, and thus 

the product from para-Claisen rearrangement and the C- 

alkylation in the para position should be identical. The 

reaction of C-alkylation was first reported by Claisen 

(4, p.119; 5, p.70). 

The starting material, 2,6-diallyiphenol (compound 6), 

was hydrogenated to 2,6-dipropyiphenol 

phenylurethan of this compound had the 

as that reported by Claisen p.71). 

tions of the allylic groups the amount 

was used as verification of the number 

bonds present in the molecule. 

Cinnamyl 2,6-dipropyiphenyl ether 

(compound 9). The 

same melting point 

In the hydrogena- 

of hydrogen taken up 

of allylic double 

(compound 10), pre- 

pared by a Viilliamson ether synthesis with cinnamyl bromide 

and 2,6-dipropyiphenol (compound 10), was rearranged to 

2,6-dipropyl-4-( Y-phenylallyl)-phenol (compound 11), which 

was hydrogenated to 2,6-dipropyl-4-( Y_phenylpropyl)_pheno1 

(compound 8). The phenylurethan of compound 8 obtained in 
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this manner was identical with those obtained from the 

hydrogenation of (a) the rearranged product from cinnamyl 

2,6-diallyiphenyl other and (b) the C-alkylation product 

from 2,6-diallyiphenol and cinnamyl bromide. The mixed 

melting points were not depressed. Thus it was concluded 

that the tbree nthods yielded the same product. The C- 

alkylation path and the hydrogenated path indicate the 

structure of compound 8 to be 2,6_dipropyl_4_(Y -phenyl- 

propyl )-phenol. 

From this series of rearrangements, it is concluded 

that the unsubstituted allyl group in the ortho posItion is 

not displaced by the cinnaniyl group migrating to the para 

position. 

Plate 3 illustrates the two paths of synthesis used to 

prepare 2.-allyl-6-( -phenylallyl)-phenol. 

The first method utilized 2-allyiphenol (comDound 3), 

a compound reported by Claisen (5, p.69). This compound 3 

was converted to the cinnamyl 2-allyiphenyl ether (compound 

12), which was in turn rearranged to 2-allyl-6-(' -phonyl- 

allyl)-phenol (compound 13). 

The identity of this compound was chocked by starting 

with cinnamyl phenyl ether (compound 2-a), which was rear- 

ranged to 2-(O(-phenylallyl)-phenol (compound 3-a). The 

melting point of the phenylurethan of compound 3-a agreed 

with that reported by Claisen (3, p.210) and Hurd and 

Schmerling (9, p.107). Allyl 2-(X-phenyla1lyl)-phenyl 
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ether (compound 12-a) was f oried by a Williamson ether syn- 

thesis, and the compound 12-a was rearranged to 2-allyl-6- 

(-pheny1allyl)-phenol. The melting points of the phenyl- 

urethans of the material made by the two methods wore 

identical, and the mixed melting point showed no depression. 

Thus it was concluded that 2-allyl-G-( -phenyla11y1)- 

phenol was the correct structure for compound 13. 

Plate 4 illustrates the most important of the serios 

of rearranLements. Compound 13, 2-allyl-&-(IX-phenylallyl)- 

phenol, was allowed to react with allyl bromide, and the 

allyl 2-a11y1-6-( -phenylallyl)-phenyl ether (compound 

15-a) obtained was insoluble in Claisen's alkali. Compound 

15-a was rearranged (compounds 7 and 16-a), and the reac- 

tion mixture was hydrogenated (compounds 8 and 17). Frac- 

tional crystallization of the phenylurethan of the hydro- 

genated mixture (compounds 8 and 17) yielded two sharp 

melting fractions, with melting points of 108-109° and 

136.5137.50. 

Compound 13 was hydrogenated to 2-propy1-6-( -phenyl- 

propyl)-phenol (compound 14). This was done to obtain a 

pure sample of compound 17. It was assumed that the 

oc -phenyipropyl group in the ortho position would not 

migrate under Claisen rearrangement conditions (seo page 10). 

The allyl ether of compound 14 (compound 15) was rearranged 

to 2-propyl-4-allyl-6-( -phenylpropy1)-phenol (compound 

16), which was hydrogenated to form 2,4-dipropyl-6- 
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( pheny1propy1)-phenol (compound 17). The phenylurethan 

of compound 17 melted at 16-137°. The melting point of a 

mixture of this phenylurethan and the higher melting 

phonylurethan from the fractional crystallization showed no 

depression. 

The phenylurethan of 2,6-dipropyl-4-( 'Y -phenyipropyl)- 

phenol (compound 8) melted at 108-109° (see Plate 2 for 

unequivocal synthesis). The mixed melting point of this 

phenylurethan and the lower melting phenylurethan from the 

fractional crystallization showed no depression. 

Thus the observations of the serios of reactions 

illustrated by Plate 4 sugest (a) that an allylic group in 

the ortho position can mirate to the para posïtion and 

(b) that not only does the allyl group migrating from the 

oxygen atom to the ortho position undergo inversion, but 

also that it goes from the ortho position to the para posi- 

tion with inversion. Both suggestions are in agreement 

with the requirements of the Hurd-Pollack mechanism. 

The preferential migration of the substituted allyl 

group over the non-substituted group is in agreement with 

previous data. Tarbell and Wilson (24, p.607) found that 

0-allyl-3,5-dichlorosalicylic acid rearranged more slowly 

than the crotyl compound, and that allyl 2,4-dichiorophenyl 

ether also rearranged more slowly than the crotyl 2,4- 

dichiorophenyl other. Also Rhoads, Raulins and Reynolds 

(16, pp.2531-2532) found that at 120°, -ethylal1yl methyl 
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creot1nato ether rearranged; whereas, under the same con- 

ditions, the 'Y-ethylallyl methyl cresotinate ether did not 

rearrange. 
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EXPERIMENTAL 

The experimental conditions and procedures of prep- 

aration of allyl ethers and of their rearrangements are 

well discussed by Tarbell in his article in "Organic 

Reactions" (23, pp.22-28). Therefore, the experimental 

data were summarized and presented in Table 1, 2, and 3. 

Only representativo reactions of Williamson ether syn- 

thesis, hydrogenations and Claisen rearrariement will be 

discussed. The phenylurethans were made by the procedure 

given by Shrinor and Fson (21, p.21].). 

Preparation of allyl 2-( -phenylallyl)-phenol ether 
(compound 

A solution of 24 g. (0.115 moles) of 2-( -pheny1- 

allyl)-phenol in 50 ml. of methanol was added to a solution 

of sodium rnethoxide prepared by adding 2.7 g. (0.115 moles) 

of sodium to 100 ml. of methanol. Then 13.9 g. (0.115 moles) 

of allyl bromide was added, and the reaction mixture was 

stirred for two days. The ethers were formed at room 

temperatures in order to eliminate insofar as possible any 

rearrangement after formation of the ether. At the end of 

this time, the reaction mixture was diluted with 100 ml. of 

water and extracted with one 50 ml. portion, then with 

three 25 ml. portions of low boiling petroleum ether. The 

petroleum ether solution was extracted with one 50 ml. 

portion, followed by four 25 ml. portions of Claisen's 

alkali to remove any phenolic material. 
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The petroleum ether solution was washed with 25 ml. 

portions of water, dilute sulphuric acid, and water. The 

wash with water was repeated until all traces or acid were 

removed. The petroleum ether solution was dried over 

l-2 
. of anhydrous magnesium sulfate, the dried solution 

filtered and the petroleum ether distilled under diinished 

pressure. The allyl 2-(phenylallyl)-phenyl ether was 

isolated as a white, crystalline solid which was recrys- 

tallized from methanol. Yield 1.6 g.(47%). M. P. 40_410. 

Preparation of 2,6-dipropyl-4(1-phenylpropyl)-phenol 
(compound 8) 

A solution of 8.32 g. (0.029 moles) of 2,6-diallyl-4- 

( 'Y-phenylallyl)-phenol in 100 ml. of 95' ethanol was 

placed in the hydrogenator bottle with 0.5 g. of l07 palla- 

dium on charcoal. The material absorbed the theoretical 

amount of hydrogen. The hydrogenated mixture was filtered 

to remove the catalyst, and the ethanol WaS distilled under 

reduced pressure. The product was distilled under reduced 

pressure, B. P. 170-180° (0.5-1.0 mm.). Yield 7.90 g. 

f95' 

Preparation of 2-allyl-6-( -phenyla1lyl)-pheno1 
[compound 13) 

A solution of 12.0 . (0.048 moles) of allyl 

2-( c-pheny1a1ly1)-pheno1 in 50 ml. of dimethylaniline was 

heated on a Wood's metal bath at 200-210e for two hours. 
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The reaction mixture was diluted with 100 ml. of petroleum 

ether, and the climethylaniline extracted with 150 ml. of 

dilute sulphuric acid. The acid extract$ were washed with 

three 25 ml. portions of petroleum ether. The combined 

petroleum ether solution was extracted with a 50 ml. por- 

tion followed with four 25 ml. portions of Claisen's 

alkali. The phenolic fraction was isolated by carefully 

acidifyine the alkaline solution with concontrated 11Cl, 

while coo1in the reaction vessel in an ice bath. The acid 

mixture was extracted with a loo ml. portion, then by four 

25 ml. portions of petroleum ether. This petroleum ether 

solution was extracted with water until no more acid could 

be detected. The petroleum ether solution, after being 

dried with anhydrous magnesium sulphate, was distilled 

under reduced pressure. Yield 7.41 g. (627). B. P. 

155-158° (0.5-1.0 mm.). 



Product (compounda Yield Boiling Point n° Melting Point Reference 
on Plate 2 (percent) of 

Phenylurethan _________________________________________________- 
5. 2,6-dialirl-- 

phenol 62-73 106-107°(5-6rnm) 1.5376 (5,pp.91-92) 

6. cinnarnyl 2,6- 
diallyiphenyl 
ether rearraried on distillation 

7. 2,6-diallyl-4- 
('r-phenylallyl)- 
phenol, from 
rearrangement 31 200-205°(1-2mm) 1.5920 136-137° 

7. from C-alkiyl- 
25 200-205°(1-2xnm) 1.5920 136-1370 

8. 2,6-dipropyl-4- 
er-phenyipropyl )- 
phenol 90 170-l800(0.5-lmm) 1.5448 l08-lO9 

9. 2,6-dipropyl- 
phenol 90 130-140°(10-llmm) 130131° (5,p.93) 

10. cinnamyl 2,6- 
dipropyiphenyl 
ether rearranged on distillation 

11. 2,6-dipropyl-4- 
(-pheny1a11y1 

80 170_1800(0 .5-1mm) phenol 

Table 1 



Product (compounds Yield Boiling Point n Melting Point heference 
on Plate 3) (percent) of 

Phenylurethan 

2-a cinnamyl 
phenyl ether 71 (65-.67°MP) (2,p.279) 

3-a 2-(-phenyl- 
allyl)-phenol 67 145-155°(O.5-lmm) 95.5-96.5e (2,p.280) 

12 cinnamyl 2- 
al lyiphe nyl 
ether 29 164-166°(O.5-lrnm) 1.5895 

12-a allyl 2(cC 
phenylallyl )- 
phenyl ether 47 

13 2-ailyl-6-( - 

phenylally]. )- 
phenol 62 

(4o-41°MP) 

155-1580(0.5-lmm) 1.5843 101-102° 

Table 2 CA 



Product (compounds on Plate 4) Yield Boiling Point n Melting Point 
(percent) of 

Phenylurethan 

14 2.u.propyl.i.6.-(&_phenyla11yl) 
phenol 93 152-1540(O.5-irnrn) 

15 ally1-2-propyl-6.-(-propy1)-. 
phenyl ether 

16 2-propyl-4-allyl'..6.. 
(-phenylpropyl)-pheno1 

16.-a 2,4-diallyl-6-(..phonyl- 
allyl )-phenol 

17 2,4-dipropyl-6-(-pheny1- 
allyl).-phenol 

rearranged with diztillation 

63 151-154°(O.b-lmm) 

not isolated 

81 14.5-1500(0.5-1mm) 136.5-137 .5Q 

t') 

Table 3 



Analytical Data 

No. Compound Calculated Found 
C H C H 

- 
(percent) (percent) 

'7 2,6.diallyl4..('Y.-pheny1allyl)-phenol 86.85 7.64 86.74 7.50 

6 2, 6-dipropyl-4-. (Y..phenylpropyl)u. 
phenyl ether 85.09 9.52 85O9 9.52 

l2.ma ally1 2-(«-phenylallyl).u.pheny-1 ether 

13 2-allyl-6-(-pheny1allyl)-phenol 
ìixture of Isomers 

16-a 2,4-diallyl-6-(«-phenylallyl)-phenol 

7 2,6-dia11y1-4-fr-pheny1a1ly1)pheno1 

86.37 7.25 

86.37 7.25 

86.85 7.64 

86.45 7.27 

86.11 7.39 

86.87 7.76 

Table 4 t\D 

Cn 



Analytical Data 

Phenylurethans of Calculated Found 
C H C H 
(percent) (percent) 

2-allyl-6-( -phenylallyl)-phenol 

2,6-diallyl-4-( 'f -phenylallyl)-phenol 

2,6-dlpropyl-4-( I -phonylpropyl)-pheiiol 
2,4-.dipropyl-6-( t -phenylpropyl)-phenol 

81.27 6.27 

82e12 6.65 

80.92 8.00 

80.92 8.00 

80.43 6.14 

81.87 6.59 

80.89 7.95 

80.76 7.90 

Table 5 
a) 
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SUMMARY 

The Claisen rearrangement to the para position was 

studied to determine 1f at any point in the rearrangement 

the allyl group migrating from the ether oxygen becomes 

equivalent to an allyl group in an ortho position as 

sug&'estod by the liurd-Pollack mechanism. The results of the 

rearrangement of cinnamyl 2,6-diallyiphenyl ether suggested 

that there is no observable migration of the unsubstituted 

allyl group from the ortho position. The rearrangement of 

allyl 2-allyl-6-( -pheny1a1lyl)-pheny1 ether gave results 

which suggest that (a) the allyl group migrating from the 

ether oxygen does become equivalent to an allyl group in an 

ortho position, (b) an allylic group in the ortho position 

can migrate to the para position, (c) there is inversion in 

the migration from the ortho to the para position, and (d) 

the a-substituted allylic group migrates preferentially 

over the non-substituted allylic group. 
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