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THE IGRA.TORY GROUP IN THE 
PARA-CLAISEN REARRANGEMENT 

INTRODUCTION 

The reaction in which an allyl phenyl ether is 

converted by heating to an allyl phenol, known as the 

Cla1sen rearrangement, has been observed with a wide 

variety of compounds (l,pp.29-47). The allyl group has 

been shown (6) generally to migrate to an ortho position 

when one is open, but in the event that both ortho 

positions are blocked 1t will rearrange (25) smoothly to 

'the Para position. . 

\ 

The m1grat~ allyl group has attracted special 

interest in view of its repeated tendency to 1nvert when 

entering an ortho position. This has been clearly 

illustrated (14) with e~hers containing alpha or s.mma 

substituents on the allyl group. 
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The mechanism generally regarded as providing the best 

explanation of this phenomenon is the formation of a aix

mem~ered ring activated complex in which the breaking of 

the carbon-oxygen bond and the attachment of the samma 

carbon to the ortho position occur simultaneously (8;13). 

This is followed by a proton shift to the oxygen thus 

regenerating the benzeno1d structure. 

A single cyclic complex of this type is not · 

possible in the para rearrangement and 1t was therefore 

of interest to determine the behavior of the migratory 

group in this case. Inversion or non-inversion may be 

determined, as in the case of ortho rearrangement, by 

placing substituent& on the alpha or gamma carbon of the 

allyl group. Unfortunately the few studies of this type 



reported in the literature leave the question or inversion, 

as well as the broader question of mechanism, still 1n 

doubt. It was the purpose of this work to synthesize 

. alph~ and gamma substituted allyl phenyl ethers and 

determine bJ the nature of the rearrangement products 

whether or not the allyl group inverts 1n migrating to the 

para position. For this purpose the following compounds 

were chosen; 
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HISTORICAL 

Although the maJority of compounds reported to 

undergo 'the Olaisen rearrangement are allyl aryl type 

ethers, therearre.ngement originally reported by Claisen 

in 1912 (5) was that of . ethyl 0- allyle.cetoacetate. an 

. allyl vinyl ether. This i)Ont.pound, ·upon distillation at 

atmospheric pressure, yielded ethylcc;,.allylacetoaceta.te .: 

9CH2CH-CH2 
CH3o=oBOOOEt 

The reaction has since been shown to be general for 

. bethers with the structure r -e-o-< 
in which the olefinic bond ••bu may be aliphatic or 

aromatic but the bond "a" must be aliphatic . 

The migrating allyl group of allyl aryl ethers 
• J 

readily attaches itself to an ortho or para carbon of. the 

aromatic nucleus but 1n no case yet reported has a met1;3. 

product been isolated . .£!!:.! rearrangement must be 

"forced" by blocking the two ortho positions since an 

unsubstituted ·ortbo carbon is highly favored by the 

migrating allyl group. Bromo, chloro, methyl, methoxy, 

carbomethoxy, allyl, and hydroxy group~ have been used 

successfully as block1ns agents (ltp . ll). 

http:ethylcc;,.allylacetoaceta.te
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umm and Moller (18) were the first to carry out 

~~ rearrangements with substituted allyl ethers . Their 

results are shown in reactions 1 a.nd 2, figure 1 . The 

methyl and phenyl substituents, initially on the gamma 

carbon of the allyl. group in the ether, were found in the 

same position after rearrangement. Two years later Mumm 

and Diedericbeen (17) and Mumm, Hornhardt, and Dieder1chsen 

(19) carried out a similar reaction with a Y - ethylallyl 

ether (reaction 3, figure 1) and obtained essentially the 

same result . The rule, therefore, appeared to be non

inversion for gamma substituted allyl groups when migrating 

to the para position. 

No such rule, however, could be formulated for 

alpha substituted ethers . Until 1952 only one example was 

reported in the literature . This was the work of umm and 

Diederichsen (17) and Mumm, Hornhardt and Diederichsen (19) 

shown in reaction 4, figure l in which the product was 

claimed to be identical with that from the l - ethylallyl 

ether. Thus it appeared that alpha substituents cause 

inversion of the allyl group while gamma substituents do 

not . This led the authors to suggest that in the para. 

rearrangement either an alpha or gamma. substituted allyl 

group migrates in such a way as to produce a straight- chain 

substituent in the product . 



6 

I. 

2. 

3. 

4. 

FIGUR£ I . 
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To account for this a free radical mechanism was 

proposed in which the alpha or gamma substituted groups 

become identical during their transitory existence as 

allyl radicals: 

This was in accord with the mechanism originally proposed 

by Claisen according to which the rise in temperature 

loosened and finally broke the bond between the allyl. 
group and the oxygen atom; the phenoxy radical then acted 

as the keto modification formin a new bond with the allyl 

radical. rumm and co-workers believed an ionic inter

mediate unlikely as this would result in the allyl and 

phertoxy ions combining with the solvent to form the alcohol 

and phenol respectively, and this was not observed. 

Further evidence against an ionic mechanism was 

furnished by Tarbell and Vaughn ( 26) 1n their study of the 

thermal decomposition of quaternary ammonium phenolates. 

The compound they employed was 

which should produce allyl and phenolate ions on pyrolysis. 

These ions would then have the opportunity to combine to 

form 2,6-dimethyl-4-allylphenol, provided they were the 
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actual intermediates in the para- Olaisen rearrangement . 

The only products obtained, however, were allyl 2,6

dimethylphenyl ether and dimethylaniline. 

In a ktnet1c study or the para rearr angement 

Tarbell and Kincaid (25) obtained first order rate 

constants for the transformation 

CB30
OH 

CB3 
~0~ 

This apparently ruled out any but intramolecular mechan• 

isms . These author found that addition or 10% dimethyl

aniline increased the rate by 15%, indicatin that the 

rate- determining step did not involve the transfer of a 

proton. They also observed increases of 28% ~ 42% 1n 

the rate constants 1n the presence of 1% and 2% acetic 

acid, respectively, but did not believe this indicated a 

true catalysis by acids . Th entropy of activation was 

calculated from th rate constants to be - 10 . 1 e . u . at 

171 . 6oc . The closeness of this value to • 9. 5 e . u ., the 

activational entropy found for allyl p- tolyl ether (24), 

led the authors to suggest that the slow step in the ortho 

and para rearrangements is the same . 

Hurd and Follack (13) were the first to suggest a 

two- step mechanism in which the allyl group migrates first 

to the ortho carbon and then, when the latter is occupied, 
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proceeds by a second flip to the 12ara position. This 

double inv rsion would result 1n retention of the original 

allyl group structure . Their formulation involved semi

ioniz tion of the carbon-oxygen bond in such a manner as 

to promote ionization of the double bonds but not actual 

separation of the allyl group . Although the existence ot 

a semi- ionic intermediate is open to question, their 

postulation of a double cycle rearrangement would explain 

the first - order kinetics, the entropy data, and the non

inversion rearrangements of the samma-substituted ethers . 

However, it could not account for the one example of an 

alJ2ha substituted ether 1n which inversion was reported • 

.Progress has recently been made toward resolving 

this apparent contradiction in a preliminary report by 

Rhoads, Raulins , and Reynolds (21) who repeated the work 

of umm, Hornhardt and D1eder1ohsen and found results at 

variance with the latter authors . Their work indicated 

that both the alpha and samma- substituted allyl ether 

rearrange without inversion: 

OOHaCH=CHEt 

Clia oCO~ .. 

0 B(Et)ClPCIJa 

Clfe 0 COOC!Je 
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It seems likely, in view of these results, that the non• 

inversion rule can be extended to all para rearrangements. 

This would require abandoning the original concept of a 

resonating free radical in favor of an intramolecular 

mechanism, such as that ot Hurd and Pollack. 

Striking evidence of a preliminary ortho migration 

was furnished by Conroy and Firestone (7) who reasoned 

· t hat such an intermediate would behave as a typical diene 

in a Dials-Alder type condensation: 

By rearranging the above ether in the presence of maleic 

anhydr.ide they obtained in 6 • .)~ yield a compound .whose 

analysis corresponded to one ot the stereoisomeric Dials

Alder adducts of the intermediate. 

Ryan and O'Connor (23) synthesized an allyl phenyl 

ether with radioactive carbon-14 in the gamma position and 

observed activity solely in the gamma carbon of the 

product: 

This was strong evidence of non-inversion ot the unsub

stituted allyl group in the para rearrangement. 
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The problem was approached from another viewpoint 

by Alexander and uiber (2) who prepared optically active 

ethers in which the sole center of asymmetry was the alpha 

carbon of the allyl group . In b6th the ortho nd para 

rearrangements the allyl group reta1ned its activity: 

OB 

Cl!so C!!a 
CB(O~)O~ 

0[oc]~9 ••oa + .oa

This demonstrated the probability of an intra-molecular 

cyclic mechanism . 
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DISCUSSION 

I . Synthesis and Rearrangement 

OC- ethylallyl 2.6-dimethylphenyl ether and Y - methyl

allyl 2,6- dimethylphenyl ·ether were prepared in the manner 

outl1ned in figure 2. Little difficulty was encountered ~n 

any of these steps except the low yields in the ether 

syntheses . The formation of isomeric chlorides from the 

alcohol presented no problem inasmuch as both isomers were 

to be used and could be easily sep~rated . 

Methylvinylcarbinol was prepared by the method of 

Prevost (20), special care being exercised to avoid 

appreciable acidity during hydrolysis of the Grignard 

addition product . This reduced the possibility of dehydra

tion of the secondary alcohol and formation of crotyl 

alcohol by allylic rearrangement . 

For the ether syntheses it was decided to employ 

the butenyl chlorides rather than the bromides because of 

the marked instability of the latter. instein and Young 

(31) reported that both the pr~ary and secondary bromides 

rearrange to give an equilibrium mixture containing 13 . 5~ 

secondary bromide in one hour at 75°0 . , and an equilibrium 

mixture containing 13% secondary bromide in ten days at 

2000 . 
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OH 
I 

-----~•~ CH2 = CH CH CH3 

+ 

K 2 C03 

Acetone 

CH3 

0 ~H CH•CH2 

CH,OCH3 

FIGURE 2 . 



14 

The corresponding chlorides on the other hand were shown 

to undergo virtually no change at room temperature over a 

period of a year (22). 

The chloride mixture obtained by treattng the 

alcohol with dry hydroehlor1.c a.e1d was separated into pure 

components by dist1llat1on througb a three-root helioe

packed column. Although the boiling range of each fraction 

was greater than that reported 1n the literature a high 

degree of purity was indicated bJ the refr-a.et1ve indices. 

The ethers were formed by heating under reflux a 

mixture of $he butenyl chloride, 2,6""<11methylphenol and 

anhydrous pota.ssi~ carbonate in acetone. It was found 

possible to separate the phenolic materials from an ether 

solution of the product by repeated extraction with 10% 

aqueo~s sodium hydroxide. FUrther purification was 

accomplished by distillation, but due to the small 

quantity of material and the nature of the apparatus the 

fractionation was relatively inefficient . The ferric 

chloride test for phenols could not be used on the 

products since 2,6- dimethylphenol itself gives no color. 

The d1at11le.t1on products. however, were shown to be 

tnsoluble 1n aqueous base . 

The ethers were conveniently rearranged by heating 

without catalyst 1n a sealed Oa.r.1us tube. The phenolic 

products, obtained 1n good y1eid, were purified by 



15 

distillation and crystallization of their urethane deriva

tives . A study of the structures of the products revealed 

in both cases that rearrangement had occurred without 

inversion of the allyl group. The method of proof is 

illustrated 1n figure 3. The difference 1n melting point 

range of the derivatives is noteworthy, the alpha urethane 

melting at 109. 50 - 111oc and the eamma at 110° - 123PC. 

The broad range of the samma product was unchanged by 

repeated crystallization from 11gro1n and other solvents. 

It is possibly due to the presence of cis-trans isomers 

since removal of the double bond through hydrogenation 

yielded a compound with a more normal range (150°- 152°C) . 

II. Structure Proof 

This was the most important phase of the work 

' since the question of inversion could be settled only 

through definite structural assignments to the ethers and 

their rearrangement products . A complicating factor in 

this regard was the possibility of forming isomeric 

mixtures in the ether syntheses, regardless of the initial 

purity of the chlorides . This arose from two causes: 

(1) allyl1c rearrangement of the chlorides prior to 

reaction with phenol, and (2) part of the ether synthesis 

proceeding through a solvolysis, or s~ type mechanism. 

Although the chlorides are known to be stable for 

indefinite periods at room temperature, allylic 
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OH6.,. C~oCH3 

~H CH==CH2 

CH3!:6 H5 NCO 
0 
" " OCNHC6H5 OCNHC6H5 

CH30CH3 • H2 C~oCH3 
Pd on C 

qH CH2 CH3 ~H CH-CH 2 
CH3 CH3 

m. p. I 0 I - I 0 4. 5 • Ci m.p. 109.5-111• C 

OH 

... CH30CH3 

CH2 CH-CH CH3!c6 H5 NCO 

0.. 
OC NHC&H& CC~oCH3 
CH2 CH=CH-CH3 

•. , . 150-152. (i m. p. 110-123 • Ci 

FIGURE 3. 
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rearrangement at the higher reaction temperature was 

possible . This was borne out by an exper1ment in which 

23% of a methylvinylcarbinyl chloride sample was converted 

to the primary chloride after one hour of heating at 

1oooc . With regard to the second factor, Roberts, Young, 

and Winstein (22) and Young and Andrews (32) have 

investigated the kinetics of the conversion of the two 

butenyl chlorides to ethers and lcohols and found the 

second- order mechanism to be highly favored 1n strongly · 

basic solutions, while the first - order solvolysis reaction 

predominates in neutral media . These same workers showed 

that the sh reaction involves partial allylic rearrange~ 

ment whereas the S~ reaction proceeds in a manner which 

preserves the allyl group structure . Under the mildly 

basic conditions employed in these syntheses formation of 

some of the allylic isomer through first - order reaction 

is a distinct possibility . 

In view of these considerations it was necessary 

to devise a means of differentiating qualitatively between 

the alpha and gamma isomers . It was also desirable to 

obtain at le st a semi- quantitative measure of each 

isomer in a given mixture . Both these objectives were 

achieved through ozonolysis of the substituted allyl 

groups and analysis or the resulting aldehydes . Additional 

structural evidence was provided by independent synthesis 
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of the rearrangement products, and infra-red data. 

• End-Group Analysis 

The position of the methyl substituent of the allyl 

chain was established through oxidative cleavage of the 

double bond. Analysis of the cleavage products served to 

identify the isomers qualitatively and also to determine 

their ratio with semi- quantitative accuracy . However; 

ozonolysis and subsequent hydrolysis of the ozonide gave 

rise in each case to two products, a simple aliphatic 

aldehyde (acetaldehyde or formaldehyde) and a more complex 

aldehyde containing the aromatic nucleus . The analytical 

methods attempted were based on the simple aldehydes and 

hence it was necessary either to separate them from the 

larger aldehydes or to employ a method in which the latter 

would not interfere. Three procedures were tried: (1) 

oxidation of the aldehydes to acids followed by steam 

distillation and analysis, (2) steam distillation of the 

aldehydes followed by methone analysis, and (3) a specific 

colorimetric test for formaldehyde using the modified 

Schiff's reagent . 

The first of these was patterned after the work of 

Hurd and Pollack (13) who successfully analyzed similar 

mixtures of substituted allyl phenyl ethers . Their method 

utilized the faQt that formic acid can be destroyed by 

oxidation with chromic acid whereas acetic acid is virtually 
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unaffected . In attempting to duplicate their work 

difficulty was encountered in obtaining quantitative 

oxidation of the aldehydes with silver oxide . The source 

of error was revealed in a series of preliminary runs in 

which known amounts of acetic and formic acids respective

ly were heated under re.flux with silver oxide. The 

reaction mixture was filtered, the filtrate treated with 

phosphoric acid and sodium sulfate, and the volatile acid 

distilled . Acetic acid was recovered by this procedure 

in yields of 98 . 7% and 91 . 5%, but the formic acid recovery 

was only 72 . 2% and 54. 5%. Another experiment showed that 

distillation of formic acid from phosphoric acid end 

sodium sulfate, without prior heating with silver oxide, 

proceeded with 98% recovery . The formic acid thus 

appeared to be lost during treatment with silver oxide . 

In another series of runs hydrogen peroxide was 

employed as oxidizing agent . It was found that excess 

peroxide could be completely destroyed by heating with 

base, thus eliminating the possibility of its co

distilling with the aliphatic acids . Oxidation of 

formaldehyde by this means, followed by steam distillation, 

gave formic acid in quantitative yield, while similar 

treatment of acetaldehyde produced 92.6% of the theoretical 

acetic acid . However, in the analysis of mixtures of the 

two aldehydes somewhat surprising results were obtained. 
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In two runs employing approximately 50- 50 mixtures th 

total acid recovered after oxidation and distillation was 

66 . 5% and 105%. Another difficulty with th method 

appeared in the analysis of a model compound . A sample 

of the crotyl ether of P- cresotinic acid was subjected to 

ozonolysis, hydrolysis, peroxide oxidation, steam distil

lation, and titration, and a yield of 1.76 milli 

equivalents acid was obtained; the theoretical value was 

1 . 14. The excess acidity was probably due to the formation 

of acidic products through oxidative decomposition which 

were water soluble and st am distillable . 

~ethone analysis did not prove feasible b caus of 

the difficulty of separattng acetaldehyde and formald hyde 

from the other aldehyde formed during ozonolysis . Also, 

difficulty was encountered with the purely analytical 

aspects of the procedure. Both the gravimetric and 

volumetric methods of Vorlander (28,29) were tried with 

slight modifications so as to simulate actual experimental 

conditions . Using th gravimetric method a mixture or 

methones of formaldehyde and acetaldehyde was heated und r 

reflux with glacial acetic acid to convert the acetaldehyde 

derivative to the ba e- 1nsoluble hydroxanthene; the 

formaldehyde methone was unaffect d by the treatment and 

remained base soluble . The derivatives w re separated and 

weighed showing a yield of 82 . 5% formaldehyde but only 
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26 . 8%' acetaldehyde . The volumetric method employing 

methone proved equally unsuccessful inasmuch as the 

formaldehyde analysis showed three times the theoretical 

amount, 

A successful methGd was finally worked out which 

was based on the discovery of Deniges (9) that formalde• 

hyde gives a specific test with Schiff ' s fuchsin-bisulfite 

reagent in the presence of strong mineral acids. It 1e 

a.n extremely sensitive reagent forming an intense violet 

color with mere traces of formaldehyde. It is also 

specific for formaldehyde as illustrated by the fact that 

large concentrations of acetaldehyde fail to produce any 

color.. By adjusting the concentrations the color 

intensity can be brought into the proper region for 

spectrophotometric analysis, 

In a series .of runs \'lith known concentrations of 

formaldehyde it was found that the .relation between 

concentration and absorption is not strictly linear. 

However , since only semi- quantitative results were required 

the relation was assumed to be linear and a slnsJ.e standard 

chosen. This was an absorbancy of 0 . 620 corresponding to 

a. formaldehyde concentration of o . 00815M -. In act-ual runtl 

the aldehyde concentrations were adjusted to give 

absorbanc1es close t.o this 'talue , It was probable that the 

error due to deviation from linearity was less than that 
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Several factors besides formaldehyde concentration 

were found to affect the color intensity: (1) ratio of 

the rea:gent to formaldehyde concentrations (even with an 

excess of the former), (2) amount of sulfuric acid added, 

(:5) time ot standing, a.nd (4) amount of acetic acid 

present . The latter was important since acetic acid was 

employed 1n high concentration during the preparation or 
the sample and was therefore present 1n the mixture sub

mitted to colorimetric analysis . The color intensity 

produced by varying amounts of Schitt•s reagent, with 

constant formaldehyde concentration, passed through a 

maximum and thereafter diminished with additional reagent . 

A time factor of two to three hours was found necessary 

for the full development of the color, but the color was 

observed to fade with prolonged standing. To m1n1m1ze the 

variance caused by these .factors 1t was necessary to 

standardize the procedure. 

A variety of conditions for the ozonolysis were 

tried on model compounds but none gave the theoretical 

yield of formaldehyde . The best yields, 75.6% and 75.•5%, 

were obtained under the following conditions: (l) 

ozonolysis in dry carbon tetrachloride solution cooled 1n 

an 1ce•salt bath, (2) hydrolysis with zinc 1n acetic acid... 

water med1.um, (3) a.dd1t1on or ferrous sulfate after 
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hydrolysis to destroy any remaining peroxides. The 

results from this method were multiplied by 4/3 to correct 

for the fact that only 75% yields were obtained with model 

eompoundeJ. 

Analysis of the ethers by this procedure served to 

identity the allyl groups 1n the manner expected. Thus, 

the alpha ether gave considerable formaldehyde while the 

gamma ether gave only a negligible amount. From a quanti

tative viewpoint the results indicated strongly that 

isomerization had 1n fact occurred during synthesis. This 

was especially true of the alpha ether whose analysis 

indicated only 70 ! 10~ terminal methylene. The presence 

of the gamma isomer in the latter was clearly shown with 

Ley's reagent (15), a specific test for acetaldehyde. The 

gamma ether appeared to be less contamin ted since the 

formaldehyde yield was only 1.5%. This was to be expected 

1n view or the lesser tendency of the primary chloride to 

undergo an S~ type reaction (22). 

When the analytical procedure waC:) applied to the 

phenols the gamma ether rearrangement product showed a 

terminal methylene composition of 5% and that from the 

alpha ether 56 ! 10%. Qualitatively, this was conclusive 

evidence of non-inversion. Unfortunately the data does 

not permit quantitative conclusions to be drawn. It cannot 

be stated arbitrarily that a given isomer rearranges 1n 
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one way only, for while the majority has been shown to 

rearrange without inversion the possibility still exists 

that a small amount proceeds by another path. The 

question might be settled by comparing the ratio of 

isomers in the ethers and phenols but the analytical data 

is not sufficiently accurate for such a comparison. The 

ozonolysis products from the alpha phenol, like tnose of 

the alpha ether, gave a positive teet with Ley's reagent. 

B. Synthesis 

The rearrangement products were identified in a more 

rigorous manner by synthesis through an independent route. 

It was found convenient, however, to use the hydrogenated 

urethanes for comparison due to the formidable synthetic 

task of introducing a double bond 1n the para side-chain. 

This was permissible since the presence of such a bond would 

have contributed nothing toward the study of inversion. 

Furthermore, there was little reason to doubt its location 

1n the f3 - l( position, the only bond arrangement ever report

ed for the Claisen rearran~ement (1). ~ 

The synthesis of the alpha isomer is shown in 

figure 4. The 2,6-dimethyl-4-propiophenol was prepared 

according to the method of Auwers and Janssen (3) and 

purified by repeated crystallization from hydrocarbon 

solvents. Dehydration of the tertiary alcohol proved an 

unusually difficult step due to polymerization of the 
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m.p. 103.&-107.& • C 

FIGURE 4. 
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phenolic unsaturate 1n the presence of acid reagents. 

Non-acidic dehydration was attempted with iodine 1n benzene 

solution (12) but the free phenolic grou.p appeared to 

prevent this reaction also. The difficulty was 

obviated by benzylation of the phenol, after which dehy

dration with hydrochloric acid proceeded smoothly. The 

benzyl group was easily removed by catalytic hydrogenation. 

Since the tertiary alcohol, olefin and hydrogenated 

phenol are all oils at room temperature no attempt was 

made to purify them. The saturated urethane was purified 

by crystallization from heptane and its melting point 

agreed well with that of the rearrangement product . 

Figure 5 shows the method used to synthesize the 

gamma isomer. The only difficulty in this procedure was 

the carbonyl reduction; since neither the Clemmensen nor 

the olff-Kishner reactions yielded satisfactory results. 

Catalytic hydrogenation at low pressure with palladium-on

charcoal gave what appeared to be a mixture of partially 

and completely reduced products . A suitable method was 

finally devised using copper ehromite as catalyst tor 

hydrogenation at h1e;h temperature and pressure . The 

resulting phenol was converted to the urethane without 

prior purification and the melting point of the urethane 

coincided with that of the rearrangement product . 
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+ 

Ht 
\ r · copper chromlte 

OH 
0.. 

0 C NHC1 H5 

CH3Q:CH;s CaH11NCO..,_ CH;soCH;s 

H2 CH~CH2CH3 CH2CH2 CH1 CH1 

m.p. 141-151 • C 

FIGURE 5. 
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In addition to melting point data infra- red curves 

were used to establish the identity of the rearrangement 

~d synthetic product • Perfluorokerosene ·as found to 

be a suitable emulsifying agent for the solids, whereas 

NuJol was not, due to interfering absorption. ~11 four 

curves are identical except for the region around 1100-1250 

cm-1, which is the a~orption region for carbon- carbon 

aliphatic bonds (11) . These portions of the curv s are 

shown 1n figure 6 . o differences are evident 1n the curves 

or the same isomers , thus establiahin the identity . 

C, Infra- red 

The third approach to compound identification was 

infra- red data. Absorption curves of the ~riginal ethers, 

shown 1n figure 7, revealed structural disstm1larit1es 

between the isomers and also the presenc of certain 

specific groups . S1milar results were obtained with the 

ph nola whose absorption curves are shown in figure 8 . 

The stron band at 919 cm•1 1n the alpha ether is indica

tive of the methylene group {27), while the band at 

1263 cm-1 which appears in both ethers is undoubtedly due 

to the aryl ther grouping (11) , n olefinic bond of 

trans configuration is most probably the cause of the 

band in the 965- 980 om- 1 region (27) , That it should 

appear in the alpha ether as well as the samma is further 

evidence of isomerization during synthesis of the former . 



. The band appearing at 3420 cm~l 1n the phenols but not the 

ethers may be attributed to associated phenolic hydroxyl 

sroups (10) • 

The conclusions from the infra-red study are thus 

1n substantial agreemen~ with those based on synthesis and 

end•group analysis, and the hypothesis appears f1.t'mly 

established that the allyl gi'oup migrated without 1nvers1on 

1n both compounds. 
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IXPERDIENTAL 

ethylv1.nzl2arb1nof • In a 2- 1 . three- necked flask. 

equipped with stirrer, dropping tunnel, and condense%' were: 

placed 51 S• (2., 13 moles) of magnesium turnings and 

200 ml . of dry ether, to this was added 300 g . ( 2,11 

moles) of methyl iodide dissolved 1n 450 ml . of ether at 

a rate sufficient to maintain gentle ebullition. The 

Grignard reagent thus prepared was treated with freshly 

distilled acrolein, 110 g.. (1 . 96 moles) 1n 450 ml . of 

ether being added over a one hour periOd. Hydrolysis was 

effected with 320 ml. of saturated aqueous ammonium 

chloride, after which the ether solution was decanted and 

dried several days over m.a.snesium sulfate and sodium 

· sulfate . Arter removal of the solvent the alcohol was 

nash-distilled in a 50.ml . Claisen flask yielding 144 g •. 

of colorless liquid., b.,p.. 70° - 94°c. The crude alcohol 

was converted to the chlorides without prior purification. 

A portion of purif1e.d ma.terial had the following proper
20 .

ties: b , p , 94° ... 99°; no 1 , 4126; d~8 0, 835. 

The following values tor these constants have been observed 

previously (33): b . p. 95. 9° ... 96.5°; n~0 1. 412746; 

d~0 o . 8318 . 

3- Chlorobutene- 1 and l•Chlorobutene- 2. A mixture 

of these chlorides wa.s prepared according to the procedure 

of Meisenheimer and Ltnk (16) . The above alcohol (144 g . ) 



was saturated with dry hydrogen chloride while being 

cooled 1n a.n ice•salt bath. The mixture t1as allowed to 
' 

stand 1n the refrigerator four and a. half hours durlng 

which time a small aqueous layer separated. The organic 

layer was removed from the water phase and again saturated 

in the cold 'tf1th dry hydrogen chloride, Four mo:re hours 

of refrigeration tailed to produce a.n aqueous layer, The 

product was washed twice with cold aqueous sodium 

bicarbonate, twice with water,. and finally dried over 

calcium chloride. Distillation through a 3-foot helioe~ 

packed column gave the following two fractions: 

3-chlorobutene·l: 35,5 g, b,p. 63.5 - 66°0, 
20 . 20nn 1,4148, d20 o.8902. The following values for these 

constants have been reported 1n the literature (22) 
0 20 20b.p. 63.5 c, 1.-4150, d4 o.8978 ; n0 

l·chlorobutene•2t 54.0 g, b.p. 46 - 46.5°0 (191 mm), 

n~0 1.4348~ d~8 0.9248. The following values for these 

constants have been reported 1n the literature (22) 

b.p. 45.6 - 45.7°0 (191 mill), n~0 1.4351, d~0 0.9282 • 

K- ethylal.l:z:l 2a.6-d11!lethylphenyl ether. In a 
. I 

500-ml. three-necked flask equipped w1th stirrer and 

condenser were placed 48 S• (0.393 mole) of 2,6-d.1methyl

phenol, 60 S• (0,434 mole) of anhydrous potassium 

carbonate, 48 g. (0.531 mole) of 1-chlorobutene-2, and 

120 ml. of dry acetone,. The temperature was maintained 
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at 850 - 9500 during a tw lve hour period and the mixture 

then was allo ed to stand several hours at room tempera

ture . Five hundred milliliters of cold water was added 

and th r sult1ns mixture extracted three times with 

120-ml . portions of ether. The combined ether solutions 

were extracted five times with go~ml . portions of 10~ 

aqueous sodium hydroxide, the last extract giving only a 

taint turbidity on acidification. The eth r solution was 

washed twice with water and dried over magne ium sulfate 

eev ral days . The oil remainin after removal of th 

solvent was distilled, two fractions being obtainedt 

weight boiling point 

(1) 3. 5 g. 85-91°0 (ca . 3 mm.• ) 

(2) 25 . 0 8• 91•95°0 (ca . 3 mm. ) 

Fraction two was redistilled and collected 1n three 

portions a 

weifl!t boiling ~int 

(1) 3. 0 g. 83 . 5-84°0 (ca. l mm. ) 

(2) 17,5 g. 84- 88°0 (ca. 1 mm. ) 

( 3) 3. 0 g. 87· 87. 5°0 (ca. 1 mm. ) 

Only fraction two ot the second distillation was used 

1n subsequent work . It was insoluble in dilute aqueous 

sodium hydroxide, and had the following physical constants: 

nfi0 1 . 5082; d~8 0 . 9390 . 
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Anal . Oalc ' d . tor 012H160l C, 81 . 7; H, 9.15 

Founda c, 81 . 6; H, 8 . 72 

2,6-D1methyl-4- (~~methy1allyl)2henol . ln a typical 

run 4, 90 g. (0 . 0278 mole) ot Y-methylallyl 2,6- dimethyl

phenyl ether was s &led in Oarius tube and heated 1n an 

oven at 2oooc for six hours . The resulting yellow oil 

was distilled under reduced pressur s 

we1ght boiling point 

(1) 2. 55 g. 85- 107. 5°0 (ca. 1 mm. ) 

(2) 1, 30 g . l07 . 5-l09. soo (ca. 1 mm. ) 

The two colorless fractions whose combined yield was 79% 

sol1dified after several d ys of refrigeration. The 

following physical constants were obtained& nfi0 1 . 5376; 

d~8 0 . 9537. 

~· Calc'd. for 012H160t c, 81 . 7; H, 9. 15 

Founds C, 81 . 7; H, 8 . 55 

Th phenylurethane of the above phenol was prepared 

by heating a mixture of the phenol, phenyl isocyanate, and 

a few drops of dry pyr1d1ne for forty minutes on a hot 

wat r bath. The resulting solid was crystallized twice 

rrom 11groin giving white rad1 1 crystals which melted at 

110- 123°0. Repeated cryst 111zat1on from ligroin and 

other solvents failed to narrow the melting range. 1:: 

~· Calc'd • for C19H2102N: C, 77 . 3; H, 7. 16 

Founds c, 77 . 3; H, 7 . 15 



37 

Phenylurethane of 2,6~d1methyl-4-butylphenol. One 

gram of the unsaturated urethane prepared abov was added 

to 100 mg. of palladium-on-charcoal and 50 ml. of 

purified dioxane. The mixture was hydrogenated three 

hours at 29 p.s.i. above atmosph r1c pr ssure. The 

resulting white solid, after two crystallizations from 

ligroin, melt d at 150° - 152°0. An acetone solution did 

not decolorize 3% aqueous permanganate, while bromine 1n 

carbon tetrachloride was slowly decolorized \·r1th evolution 

of hydrogen bromide. 

~· Oalc'd. for c19H23o2N: c, 76.7; H, 7.80 

Found: C, 7~.7; H, 7.76 

cc- ethzlallyl 2,6-d1methylphenyl ether. In a 

500-ml. three-necked flask quipped with stirrer and 

condenser were placed 46 g. (0.377 mole) of 2,6-dimethyl

phenol, 43.6 g.. (0.,482 mole) .of 3-chlorobutene-l, 66.5 g, 

(0.481 mole) of anhydrous potassium carbonate, and 125 m1. 

of dry acetone. Th temperature was maintained at 

65-75oo for ten and a half hours and then raised to 

75-85°0 tor two hours. The reaction products were worked 

up in the same manner as 1n the samma ether synthesis, the 

following fractions being obtained upon distillation: 

(1) 
weieht 
1.60 g. 

bo1lins point 
81·8500 (ca. 5 mm.) 

n20-D
1,5020 

(2) 6.90 g. 85-90°0 (ca. 5 mm.) 1.5068 

(3) 1.75 8· 90-122°0 (ca. 5 mm.) 1,5130 



Fraction two, representing 10. 4% yield, was used in 

subsequent work . It was insoluble in aqueous sodium 

hydroxide, and had a density , d~g 0. 9399. 

Anal . Calc •d . for C12H1601 O, 81,7; H, 9. 15 

Founda o, 81 . 7; B, 8. 86 

2 16- Dimetp.yl- 4- (C!-methylally1)phenol . Rearrange• 

ment of 4 . 39 g . of the above ether was carried out in a 

manner identical with that of the gamma ether . The 

product, a yellow oil, was distilled 1n vacuo: 

weight boilins point n~ 
(1) 2. 67 g . 74·96 . 5°0 (ea. 1 mm . ) 1. 5359 

(2) . 81 g , 93.5· 94. 5°0 . (ca . 1 mm. ) 1. 5358 

The two fractions, whose, combined yield was 80%, solidi

fied after several days of refrigeration and had a 

density, d~g 0. 9574. 

An~l. Calc ' d. for C12H160s C, 81. 7: H, 9. 15 

Foundc o, 81 . 7; H, 8. 89 

The phenylurethane of the above product (fraction 

1) was prepared by warming a sample with phenyl 1so

cyanat and a few drops of dry pyridine . Three 

crystallizations from ligroin gave colorless crystals 

with a constant melting point of 109. 5· 111°0. A portion 

of fraction two was converted to the urethane by a 

similar procedure, this derivative melting at 117- 121 •.5°0 

after two crystallizations from ligroin. Thus, the 
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second fraction appeared to contain a mixture of alpha 

and gamma rearrangement products. 

Anal . Oalc 1d . for C19H2102N1 C, 77. 3; H, 7 . 16 

Foundt c, 77. 3; H, 7. 05 

Phenylurethane of 2.6~d1methyl-4-{~methylpropyl)

phenol . Five hundred m1111grams of the unsaturated 

urethan prepared above was added to 75 mg. of palladium

on-charcoal and 40 ml, of dry ether. Hydrogenation was 

carried out at 27 p. e . i , above atmospheric pressure for 

two and a half hours . The resulting white solid, after 

two crystallizations from ligroin, melted at 101- 104.5°0. 

~· Oalc'd. for· C19H2J02 t C, 76 .. 7; H, 7.80 

Found: C, 76 . 7; H, 7.68 

2,6- Dtmethyl- 4- butyrophenol, A mixture or 49 S• 

(0 , 460 mole) of bu~yryl chloride prepared by the method 

or Brown (4) and 50 g. {0,410 mole) of 2,6-dimethylpheno·l 

was boiled under reflux on a hot water bath for two 

hours . The product was taken up in 200 ml . or ether and 

that solution extracted with two 50-ml. portions of 15% 

aqueous potassium hydroxide . After being washed twice 

with water the ether solution was dri d over potassium 

carbonate . The eth r was remov d and the eater distilled 

through a Vigreaux column: yield, 70 . 0 g. (79. 5%); b . p . 

87. 5- 95. 5°0 (ca. 1 mm . ); n~0 1. 4920 . 
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Seventy grams (0.365 mole) of the butyryl ester 

was added 1n small portions with shaking to a mixture of 

60 g. (0.450 mole) of anhydrous aluminum chloride and 

250 g. of nitrobenzene (dried and freshly distilled) . The 

mixture was shaken occasionally while standing at room 

temperature for tw nty four hours, and then was warmed at 

6ooo for twenty fivo minutes. The dark syrupy material 

was poured into a hydrochloric acid- ice water mixture from 

which the organic m ter1al was extracted with 300 ml. ot 

ether. The phenolic product was separ ted from this 

ether solution by extraction with 200 ml . of 15% aqueous 

potassium hydroxide 1n portions. The combined extracts 

were washed with ether to remove the last traces of nitro

benzene . Acidification of the basic solution produced a 

copious precipitate which was taken up 1n ether, and that 

solution was washed with water and dried over magnesium 

sulfate. Removal of the solvent left behind pink crystals 

which became colorless after repeated crystallization from 

. "hexanes". The melting point remained constant at 127

127.5oc . A melting point of 124-125°0 has been reported 

(3) • . 

Urethane of 4-butyl-2,6-dimethylphenol, Approxi

mately 3 g . of the above keto-phenol was hydrogenated 

using 200 mg, of copper chrom1te catalyst 1n 50 ml . ·of 

ethanol solvent at a pressure of 1400-2125 p,a,1. and a 
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temperature of 2oooo •. After a rea.ot1on period o:r four 

hours the mixture was cooled, the oa.ta.lyst removed by 

filtration, and. the solvent evaporated . The resulting 

brown-orang oil proved too soluble 1n all the common 

organic solvents tor oryeta.ll1zat1on. A melting point of 

321 5-33.5°0 for crystals obtained from petroleum ether 

ba.a been reported ( 3) · ~~ It · was soluble also 1n 15% 

aqueous potassium hydroxide, One and a. half ml. ot 

phenyl isocyanate and two drops of dry pyridine w~re added 

to the oil and the mixture was warmed at 60°0 for one 

hour. The solid product was crystallized several times 

from 11gro1n yielding white crystals melting at 148

l51oc. A mixture w1th the similar urethane derived from 

the rearrangement product me~ted at l50-l52.5°C. 

2!6-;Dinl,otAXl-4-pro;e1ophenql. A m1xt.ure of 59 S• 

(0.638 mole) of prop1onyl chloride prepared by the method 

of Brown (4) and 70 8• of 2 1 6-*dimethylphenol {0.574 mole) 

was heated under reflux on a steam bath for two hours ,, 

The ·reaction products were worked up 1n the same manner 

as the butyryl ester. the f1nal distillation yielding 

86 .0 g. (84.5~) of colorless oil; b . p. 122-124°0 (ca. 6 

mm.); n~O 1,4941. 

All of the ester was added slowly to a mixture of 

80 g. (0,600 mole) or anhydrous aluminum chloride and 

300 g. ~f nitrobenzene (dried and freshly distilled) with 
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continuous shaking, The mixture was treated 1n a. manner 

identical to that tor the butyrophenol and the resulting 

white crystals melted at 106-108°0 . A melting point of 

106-106. 5°0 ha.s been reported (3) for this compound, 

Benzyl 2,6-dinlethfl""4..;prop1ophen:yl ether. A mix

ture containing :; • .s g ., (o.oa mole) of 2,.6-dimethyl-4• 

prop1ophenol; s.o g, (o.o4 mole) of benzyl chloride, 

25 ml .• of methanol, 5 ml., of water., and 1 . 2 g, (0,0218 

mole) of potassium hydrox1de was heated under reflux for 
' 

five hours, The mixture was taken up in ether and water, 

the layers separated,. and the ether phase extracted twice 

with 15~ aque.oua potassium hydroxide, once with water, 

and then dried over magnesium sulfate , Evaporation of 

the ether solvent yielded white crystals which could 'be 

crystallized from petroleum ether or a methanol-water 

mixture, The observed m.elttng po1nt was 70. 5-72°0. 

~· Calc•d . for o1eHaoOg& o, ao.6; H, 1.51 
Foundt o. 80. 6; H, 7. 43 

Urethane or 4.(,l-Jlleth:vlprp;r?Yl) ~2.6-d1.methzlt:>henol. 
I . S 

The tertiary alcohol was prepared by adding 2 . 4 g . 

(0 . 00896 mole) or the benzylated ketone to an ether 

solution of methyl magne.a1um iodide (made from .633 g. 

of magnesium) . Hydrolysis of the Grigna.rd addition 

product was effected with an excess of saturated ammonium 

ehloride, The ether solution was separated from the 

http:Grigna.rd


aqueous phase, wa hed twice with w t r, and dried ov r a 

mixture of magnesium sulf te and potassium carbonate. 

Evaporation of the ether left a viscous oil which gave a 

n gativ test with 2,4-dinitrophenylhydrazine and did not 

solidify upon refrigeration. 

The unpurit1ed oil was dehydrated by heating under 

reflux with a mixture of 30 ml. of methanol, 0.2 ml. of 

concentrated hydrochloric acid, nd a few ml. of water 

tor about three hour • After bein cooled, th acid solu

tion was neutralized with a small volume of aqueou 

potassium hydroxide. The methanol was distill d, the 

residue taken up in ether, and the reeult1ng solution 

extracted three times with water. The ether was distilled 

and the oily residue tested for unsaturat1on with bromin 

in carbon t trachloride, the result being decidedly 

pos1t1v • The 11sbt•yellow oil was not purified. 

The bove liquid was taken up in ether, a small 

amount of palladium-on-charcoal added, and the m1xtur 

hydrogenated two and a half hours at 34 p . a.i. above 

atmospheric pressure . After removal of the catalyst by 

filtration and the ether by evaporation an oil was obtained 

which showed no unsaturation with bromine in carbon t tra

chloride but was appreciably soluble 1n aqueous potas ium 

hydroxide. 
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The hydrogenated product was taken up in ether and 

thoroughly dried over a mixture or magnesium sulfate and 

sodium sulfate . The solution was separated from the 

drying agent by filtration, the ether vaporated, and the 

oil treated with phenyl isocyanate and dry pyridine. A 

white solid slowly settled out which melted at 103. 5

107. 500 after crystallization from n- heptane. A mixture 

with the stmilar urethane derived from the rearrangement 

product melted at 99• l05. soc . 

Acid Analysis with silver oxide . One hundred milli

liters of 0. 0396! acetic acid was placed 1n a 200 ml . 

tlask and 10 g. of freshly precipitated silver oxide added . 

After approximately 70 ml. of water had been distilled the 

mixture was cooled, the solution remo~ed by filtration, 

and the precipitate washed three times with a total of 

50 ml . of watet•. Three grams of sodium sulfate and 10 ml . 

of phosphoric acid w re added and the volatile acid 

removed by steam distillation, The recovery of acetic 

acid in two such runs was 98. 7% and 91 . 5%. 

One hundred milliliters of 0 . 0583;§ formic acid was 

placed 1n a 200 ml . flask and 10 g. of freshly precipi

tated silver oxide added . The procedure described above 

was repeated and a yield of 72. 2% formic acid obtained in 

the distillate . In a similar run the recovery as 54. 5%. 
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To establish that the lose of formic acid was not 

due to incomplete distillation, 25 ml. of o.0583! rorrnie 

acid was placed in a 200-ml. flask together with 50 ml. 

ot water, 2 B• of sodium sulfate, and 1 ml. of phosphoric 

acid, and the volatile acid was distilled from the 

mixture. Ninety m1ll1l1ters o:f' distillat (water wa.s 

added toward the end of the distillation) contained 1,,.434 

m1lliequ1valonts of acid, representing 98% recovery. 

Acid An!lYsis with hldroe;en peroxide, A mixture 

or 1,29,1 8• of 9% aqueous formaldehyde solution, 45 ml. ot 

3% hydrogen peroxide, and 5 ml. of d! sodium hydroxide was 

heated under reflux for three hours. Ten milliliters of 

phosphoric acid and 3 S• of sodium sulfate were added and 

the formic acid removed by distillation, The distillate 

contained 4.04 mill1eqUi'valents of acid which represented 

approximately lOO% recovery. 

A mixture consisting of 5 ml, of 0.362 l~ aqueous 

acetaldehyde, 40 ml. of water, 5 ml, of 6! sodium 

hydroxide, and 25 ml. of 3% hydrogen peroxide was heated 

under reflux for two hour.s,.. Three ua.ms of sodium suli'ate 

and 2 ml, ot phosphoric acid were. added and the volatile 

acid removed by steam distillation. The distillate con~ 

tained 92.6% of the theoretical acetic acid. 

In applying the oxidation procedure to both alde

hydes a mixture or 0.00927 mole of acetaldehyde., o.oo841 
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mole of formaldehyde, 120 ml . of 3% hydrogen peroxide, 

30 ml. of water, 8 ml. of 6_ sodium hydroxide, and 100 ml·. 

of carbon tetrachloride (to simulate actual experimental 

conditions) l'Tas heated unde~ reflux :for one and a half 

hours. The carbon tetrachloride and most of the water 

. were d1st11led and the remaining solution was treated with 

3 .ml. of phosphoric acid and 3 g ., of sodium sulfate. The 

distillate obtatnod from this mixture contained 11. 78 

m1111equ1valents of acid, a recovery of 66. 5%·. Xhe 

procedure was repeated employing 10 ml. of 30%hydrogen 

peroxide (5-fold excess) a.nd 18.1 m1111equ1va.lents or 

acid, representing 105% ot the theoretical, -was obtained. 

A model compound waa submitted to ozonolysis and 

the resulting aldehydes were ox1d.1z$d to acid , Thus, 

0 . 001145 mole of th cretyl ether of ~ -cresotinic acid 

was dissolved in 100 ml~ of dry carbon tetrachloride and 

a stream of oxygen containins approximately 1.3% ozone 

was passed in at a rate or 0.33 liter per minute for one 

and three quarters hours.• The ozonide was added to 80 ml~ 

of water and heated under reflux tor one and a half 

hours; 40 ml. of 30% hydrogen peroxide and 10 ml. of 6jf 

sOdium bydrox1d$ were then added and the mixture heated 

an additional two and a half hours. After the carbon 

tetrachloride and moat of the water bad been distilled* 

4 ml . of phosphoric acid was added and a wh ite precipitate 
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formed. During subsequent distillation a considerable 

amount of this precipitate came over with the distillate. 

The insoluble portion was re~oved by filtration, the 

:filtrate was diluted to 250 ml., and a 25 ml. sample 

found to contain 1.76 milliequivalents of acid. The 

theoretic~! value was 1.14 milliequivalents. 

Lethone analysis. Ten milliliters each of 0.242M 

acetaldehyde and 0.615M formaldehyde solutions were mixed 

with 1 g . of ferrous sulfate (to simulate actual experi

mental conditions), 50 ml . of water and 30 ml. of glacial 

acetic acid. ' The mixture was heated under reflux, using 

a dry ice condenser, for one and a quarter hours. Most 

of the acid was neutralized with 15 g. of sodium hydroxide 

dissolved in a small volume of water. A small amount ot 

sodium chloride was added and the solution warmed to 

46oc. A dimedone solution consisting of 2. 7 g. or diinedone 

in 130 ml. of water was warmed to 900C and added to the 

aldehyde solution with vigorous stirring. The brown 

precipitate which formed rapidly was allowe(_ to stand 

overnight. It was then separated from the solution by 

filtr~tion and treated with 150 ml. of glacial acetic 

acid. The mixture was h~ated under reflux for six hours, 

cooled, and an excess of ice water added. The resulting 

precipitate was separated from the solution by filtration 

and treated with dilute base. The residue was isolated 



by filtration, d~1ed, and welshed giving 0~242 S• of the 

hydroxanth~e. corresponding to 26.8% of the theoretical 

acetaldehyde. ~he f1ltl'ate was acidified with dilute 

hydrochloric acid and the resulting precipitate isolated 

by filtration, washed and dried g1v1ng 0.295 g., or 82.5% 

.of the theoretical for~ne..lde:tlJ'dt. 

Stand~rc11za.t1on of Sch1ft's color test. A mod1t1ed 

Schiff's solution was prepared as followsa 1 g. of 

rosaniline hydrochloride was dissolved in 600 ml. of warm 

water and cooled; 10 g. of anhydrous sodium bisulfite and 

10 ml. of concentrated hydrochloric acid were added a.lld 

the solution diluted to one liter. 

A formaldebJde solution was found by sodium sulfite 

analysis (30,pp.257-258) to be o.oo815M 1n formaldehyde. 

Glacial acetic acid was added 1n the proportion or 0.5 ml, 

or ac.1d per 10 ml. ot aldehyde solution. Ten m111111tt)rs 

of that solution was mixed with 5 ml. of sulfuric a.oid 

(150 ml. of acid 1n 300 ml. of water) and 5 ml, of Sch1ft*s 

reagent in a lOO.ml. vol~etrio flask, The mixture was 

allowed to stand three hours to perm1 t fUll development 

ot the deep violet. color. The flask was then filled to the 

100-ml,. mark and the resulting solution diluted sixteen 

fold. Absorbanoy wa..s determined at 570 microns 1n a 

Beckman model B apeotrophotomete.r and found to be 0.620. 
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Terminal methylene group analysis. A sample con

. tatning 0.00601 moles of the allyl ether of ~ -cresotinic 

acid was dissolved in 30 ml. of dry carbon tetrachloride. 

stream of oxygen containing approximately 2.3% ozone 

was passe4 through the solution t a rate of 0,33 liters 

per minute for twenty tour minutes (40% excess}; the 

solution was cooled in an ice bath throughout, The ozonide 

was slowly added to a hydrolyzing medium consisting of 

35 ml. of glacial. acetic acid, 35 ml. of water, and 6 g. 

of zinc dust. During the addition period (about fifteen 

minutes) 15 g. more zinc dust was added 1n small portions 

to replace that which had dissolved. The mixture was 

stirred and heat&d under reflux on hot water bath for 

thirty minutes, cooled and diluted with water. A small 

amount of ferrous sulfate was added at the beginning of 

the cooling period. The carbon tetrachloride and unreaoted 

zihc dust were removed by filtration through paper 

previously moistened with water. The carbon tetrachloride 

waa extract d three times with water, the extracts added 

to the main water solution. and the latter diluted to 

250 ml. A 10 ml, aliquot was analyzed with modified 

Schiff's reagent by the atandard1zed procedure and found 

to have an absorbancy of 0.565. This corresponded to a 

concentration of approximately o.00742M or a value of 

75.5%. 
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ln a s1m1lar n on the same model compound the 

formaldehyde concent ation as 75.6% of the theoretical. 

Thus , a. correction f ctor ot 4/3 was employed 1n the 

actu 1 runs. Th following four compounds were analyzed 

by this procedure and found to have the indicated 

terminal methylene composition: 

1. ¥ -methyla.llyl 2,6-dimethylphenyl ethert 1.5% 

2. Urethane of 2,6•d1methyl-4-(t -methyl llyl)· 

phenol: 5.1% 

3. ~ -methyla.llyl 2,6 1methylphenyl ether: 80% 

and 61% 

4. 21 6-d1methyl·4·(~-methyl llyl)phenol: 56% 

• 
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The purpose of this work, to determine the beha:vior 

ot the migratory group 1n the ;gl!ll.rg.- Ola1sen rearrangement, 

particularly with respect to tnversion, was accomplished 

through the synthesis and rearrangement of two compoundss 

~-metbyla.llyl a.6- d1methylphenyl ether, and r -metbylallyl 

2.6-dimethylphenyl ether. The syntheses were achieved by 

causing 2,6..d1methylphenol to react with 3- oblorobut.ene .. l 

and l-chlorobutene•2, respectively. Structure proof of 

the substituted allyl portions was furnished by oxidative 

cleavage of the double bonds with ozone and colorimetric 

analysis of the resulting formaldehyde with modified 

Schiff ' s reagent, lnfra.-.red data also gave evidence of 

the presence or spec1tic groups. 

Heat 1ng of the ethers caused the allyl groups to 

migrate to the Ra.ra pos.1t1.on, the typical mode of Cla1sen 

rearrangement for di-ortho substituted allyl phenyl ethers . 

Ozonolys~a of the resulting phenols, followed by color1... 

metric analysis for formaldehyde, revealed the presence 

of the terminal methylene group 1n the rearrangement 

product of the elpha ethe~, and the absence of such a 

group in the samma ether product. Independent synthesis 

of the hydrogenated urethanes showed the rearrangement 

products to be 2,6•dtmethyl~4- (~-methylallyl)phenol and 

http:pos.1t1.on
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2,6-d1metbyl-4-(Y-methylallyl)phenol from the alpha and 

gamma ethers, respectively. The saturated urethanes were 

used for comparison, rather than the unsaturated, because 

of their greater ease of synthesis and the fact that the 

allyl1c double bond was not required 1n determining 
•

whether or not inversion had occurred. Infra-red data 

gave additional confirmation of thea structures. 

The results of three independent methods of 

structure proof were thus in substantial agreement and 

left little doubt that rearrangement had occurred 1n both 

cases without inversion. It seems highly probable that 

the rule of non-inversion 1n the para-Claisen rearrange

ment, formerly applied onlr to gamma substituted allyl 

phenyl ethers, may now be extended to alpha substituted 

ethers as well, at least for simple aliphatic substituents. 

The main implication of this work as regards 

reaction mechanism is to lend strong support to the theory 

of an intramolecular rearrangement, as opposed to the free 

radical hypothesis. The results are in perfect harmony 

with the proposal of Hurd and Pollack that the para 

rearrangement proceeds by way of two successive (cyclic) 

m1gra.t ions. 

In addition to the two ethers and phenols mentioned 

above the phenylurethanes of the following new compounds 

were prepared• 
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2,6-dtmethyl-4-(Y-metbylallyl)phenol; 2,6-dimethyl-4

(~-methylallyl)phenol; 2,6-dimethyl-4-(~-methylpropyl)

phenol; 2,6-dimethyl-4-butylphenol; and benzyl 2,6

. d imethyl-4-propiophenyl ether. 

' 
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