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A STUDY OF THE I'IECHANISN 
OF THE ABNORNILL CLÀISEN RANGjIwiNT 

INTRODUCTION 

Eerhaps the most 8triking feature of the ortho 

Clai8en rearrangement is the inversion of the allyl 

chain. Thus it la the gamma carbon of the system which 

eventually is attached to the ortho carbon of the ring 

(I) and (II). Throughout the years a large body of 

o( ç3 y 

OCH CHCHCH OH 

12 CHCHCHL 
CH3 

IC 

evidence (39, p. 1) has piled up to indicate that this 

is an inevitable characteristic of the Claisen rearrange- 

ment. For this reason the observation that rearrangement 

of allyl aryl ethers bearing an alkyl group on the gamma 

carbon leads to products with an atom of the allyl system 

other than the gamina carbon bonded to the ring Is a dis- 

tiuct oddity (16, p. 550; 9, p. 1). in all cases of 

thi8 sort known, lt appears thct the beta carbon is 

bonded to the ring though no adequate experimental evi- 

aence in proof of this assumption exists. 



The work described in this thesis initiates a 

propram aimed at elucidating the mechanism of the process 

which leads to the abnormal rearrangement products. The 

more or less preliminary studies reported here will 

establish the structure of the abnormal product, survey 

the influence of geometric isomerism about the double 

bond in the allyl group on the reaction, and provide a 

kinetic examination of the rearrangement. 



HISTORICAL 

The rearrangement known today as the Claisen re- 

arrangement was discovered in 1912 (k, p. 65). Its most 

important features are illustrated clearly by the isomer- 

ization of -meth1a.1y1 phenyl ether (I) to -(- 

methla11y1) ph.nol (II) (6, p. 2344; 22, p. 1392; 3, 

p. 538). Perhaps the most striking characteristic of 

this reaction is the inversion of the allyl chain. This 

inversion can be made apparent either by means of a 

strategically placed substituent (5, p. 275; 6, p. 2344; 

20, p. 3039; 22, p. 1392) or through the use of a 

label (34, p. 5866). 

0< (3 1 

O CH2 CH= CH CH3 

rh _ 
I 

OH 
'6 

CHCH=CH1 
¿H3 

II 

One consequence of this inversion is that the 

gamma carbon of the original allyl ether becomes attached 

to the ortho carbon of the ring. Amongst the hundreds 

of examples of this rearrangement there are almost no 

exceptions to this rule (39, p. 1; 44, p. 495). Thus 
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lt is especially surprising to find that the operation 
of the rule appears to depend upon the nature and 

position of substituents on the allylic group. Any group 

other than an alkyl group in any position leads to a 

rigid adherence to the rule. If, however, an alkyl group 

is present its position determines whether the rule is 
followed or not. Thus alkyl groups on the alpha carbon 

produce rearrangement products in accord with the rule 
(19, p. 1388; 21, p. O42; 2, p. Ok7). i1ky1 groups 

on the gamma carbon, on the other hand, lead to anomalous 

rearrangement products (16, p. 550; 19, p. 1388; 20, 

p. 3039; 21, p. 3042; 22, p. 1392; 23, p. 3047). These 

abnornial products are characterized by attachment at the 

ortho position by sorne carbon other than the alpha or 

gamma one in the allylic chain. ¿o far as it has been 

showxi, it appears that the beta carbon is the point of 

attachment, but the carbon atoms of the rearranRed pro- 
duct and the starting material have in no case been corn- 

pletely related. The inflence of alkyl groups on the 

beta carbon has not been investigated sufficiently to 

permit any conclusion about the effect of this on the 

inversion phenomena (39, p. 1; 40, p. 495). 

The literature relating to the abnormal products 

from -alkylallyl phenyl ethers is not very extensive 
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and the following survey is effectively complete. The 

initial observation of the influence of -alky1 groups 

on the course of the Claisen rearrangement was ¡nade by 

Lauer and Filbert (19, p. 1388). They identified the 

product from rearrangement of -ethy1a11y1 phenyl ether 

(III) as o-(OE,-dimethy1ally1) phenol (IV). Later ilurd 

and Pollack (16, p. 550) and Lauer and Ungnade (23, p. 

3047) found both the abnormal (IV) and normal (V) pro- 

ducts from the rearrangement of the ether (III). 

OCHZCH=CRCRZCH3 OH 

rCHCHCH2 

MCH2 

+ 

w 

As the interest in the abnormal rearrangement in- 

creased, Lauer and coworkers (21, p. 3042; 23, p. 3047) 

carried out a very thorough investigation of the problem 

by using allylic ethers of ethyl-4-hydroxybenzoate. 

This phenol was chosen because it can be hydrolyzed to 

an acid readily. All the acids in the serles are solids 

and can be rigorously purified by crystallization. After 

rearrangement of the purified -propylal1y1 ether (VI) 

of ethyl p-hydroxylbenzoate, those investigators treated 

the pyrolysis products (VII) and (VIII) with ozone. 



Ireparation of the dimathones of the volatile aldehydes, 

and their separation by fractional crystallization showed 

that the rearrangement gave about two parts abnormal to 

one of the normal product. 

OCHCHCHCH1CH2CH3 OH OH 

or'CHCHCHCH3 _________ 
I jJCF 

CH3 

I 

CH3 
CO2CH3 COZCH3 

JII 

Lxhaustive studies of a-substituted para-rearra.nge- 

ment product8 (20, p. 3039; 25, p. 1922; 28, p. 1523; 31, 

p. 5183; 32, p. 3456; 33, p. 2531; 35, p. 414) show in 

every case a double inversion leading to the attachment 

of the a-carbon at the para-position (Ix) and (X). 

-CH2CH3 
O-CH OH 

CH:CH2 
C3O1CH5 CHOZC-[JCH 

/ 

CH3CH1CH CH 

Apparently no one has iade a specific examination of the 

para-rearrangement for the abnormal product; however, a 

very complete examination of the rearrangement products 

from (IX) by Rhoads, Raulins and Reynolds (33, p. 2531) 



did not disc1oe any abnormal product. 



DI3CUSSIO.N 

Frevious work (16, p. 550; 19, p. 1388) has 

clearly indicated that the products obtained from the 

thermally activated rearrangement of -alky1a11y1 

phenyl ether8 contain substances other than the ones 

expected from a normal Claison rearrangement. However 

there appears to be very little evidence in the early 

work to prove that the source of the unexpected products 

is indeed that ether. Furthermore, there is no infor- 

mation available to euggest a mechanism for their forma- 

tion. Thus the work described here was initiated to 

study the mode of formation of the abnormal products. 

Though it would appear safe to conclude from pre- 

vious work that the abnormal products from -ethy1a1ly1 

phenyl ether has the structure o-(a,-dimethy1a11y1) 

phenol and does indeed arise via rearrangement of the 

ether, confirmation of these points with the more sensi- 

tive instrumenta available today appears to be most 

desirable. Clearly the second of these points requires 

that the nature of the starting material, its identity 

and its purity, be accurately established. 

The problem of establishing the purity and iden- 

tity of the starting material can be solved in two ways, 

by analysis or by synthesis, A combination of both 



processes has been chosen here. The usual synthesis of 

allyl pheny1 ethers always provides a poor criterion for 

structure because allylic rearrangements frequently occur 

either during ether formation or prior to that in forma- 

tion of needed. allylic halide. Consequently a node of 

synthesis was chosen which introduced the allylic double 

bond at the last step thus avoiding such problems. 

Though this method gives rise to a cia rather than the 

nore common trans double bond. (Chart I), the use of 

that isomer is advantageous because it permits a cross- 

check on the reaction which forms the abnormal product 

and at the same time provides further information about 

the nature of that process (see below). Furthermore, 

this particular mode of synthesis permits preparation of 

a series of ..-alky1allyl ethers with a variety of alkyl 

groups from the same starting material. 

The synthetic sequence employed for the synthesis 

of all the cis--alky1allyl phenyl ethers utilizes pro- 

pargyl phenyl ether as a key intermediate. Thus the 

value of the synthesis for proof of structure and purity 

of the final ethers rests on the assumption of purity 

and identity of that substance. The following experi- 

mental data offer strong support for the reasonableness 

of that assumption. The mf ared spectrum of the com- 

pound shows bands at 3161 cm (o-n), 1585 and 



CHART I 
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tA 
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X 

HZ 
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1L1.85 cm (aromatic rings), 1235 cin (r-O-C), and 755 

and 690 cnì (C6H-). The spectrun confirms the presence 

of all the appropriate functions which supports the 

assumed structure. lowever isomeric materials could be 

present as impurities. The absence of bands in the in- 

frared due to -0H, CCsC or C=C-O show that C-alkylation 

and triple bond isomerization products constitute less 

than l-2,Q of the product if present at all. The infra- 

red spectrum does not eliminate the presence of small 

amounts of propargyl ethers of J-alkylation products. 

However the ether ShOWS only a simple peak when analyzed 

via gas chromatography which sets an upper limit of 2-3% 

of such a product. The propargyl phenyl ether must have 

a minimum purity of 96. 

That the cis--alkylallyl phenyl ethers obtained 

via alkylation and semi-reduction of the above acetylenic 

compound is indicated by the following data. The infra- 

red spectrum of the alkylation product shows the presence 

of a triple bond. (2160 cm) but no terminal C SC-H 
group. Also no Cu.C.0 or CC-0 groups are present as 

indicated by the infrared spectrum. ince in one case 

alkylation involved a methyl group, this data shows that 

the triple bond did not migrate in either direction. 

Semi-hydrogenation gave a pure eis product since the 

infrared spectrum showed no disubstituted trams double 
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bond. This is good evidence for the position of the 

double bond since if migration of the double bond. on 

the catalyst had occurred, lsonerization to the trans 
isomer would have accompanied the migration. Since com- 

pounds possessing double bonds further removed than the 
,.-position to the oxygen do not undergo thermal re- 

arrangement (39, p. 1) they would not have interfered 

with this study even had they been present. Therefore 

the purity of the -alky1allyl ethers used in this work 

cannot be less than 90-95%. 

The eis ethers (VII, VIII, and IX) described above 

were rearranged under conditions similar to those used 

in the earlier studies. The infrared spectrum of each 

of the phenolic rearrangement products contained, among 

others, two peaks, at 905 and. 965 cm, which represent 
CH.CR2 and trams -CH-CH- groups respectively. These 

peaks were later shown to be due to the normal and ab- 

normal products (see below). In each case a ratio of 

approximately three parts abnormal to one of the normal 

product was estimated from the relative heights of those 

two peaks. Thus, foï example, if an amount of the 

propyl ether is rearranged then in order for the abnormal 

product to be produced from an impurity in the ether that 

impurity would need to be present to the extent of 75% 

of the total starting material. Such a large amount of 
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impurity could not have gone undetected; therefore, the 

abnormal product must indeed be formed from the 

sub8tituted ether. 

Previous work (16, p. 550; 17, p. 381; 20, p. 

3039) on the abnormal products derived from -alky1- 

allyl phonyl ethers has provided a reasonable body of 

evidence to support the structural assignments made at 

that time. However the evidence does not constitute 

proof of structure in any case, and in particular does 

not give adequate basis for the placement of the double 

bond in the side chain. .Ance this point appears to 

have considerable significance with respect to the 

possible mechanisms, further evidence bearing on the 

structure of the abnormal product from -ethy1a11y1 

phenyl ether has been adduced here. Also since the pure 

normal Claisen product from that ether has probably never 

been obtained previously some confirmation of the struc- 

turai assignment of that product was obtained. 

A substance considered to be the normal product 

of the Claisen rearrangement of .-ethy1al1y1 phenyl 

ether was obtained pure as described later. Although 

this material appears uniform to gas chromatographic 

analysis, this has little value as a test of purity since 

the mixture normally obtained when this ether is heated 

is not separable on any of the columns we have tried. 
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The major basis for the assumption of purity are con- 

sistency of refractive index and. the total absence of 

a band at 965 cm in the infrared spectrum of the sub- 

stance. Bands at 907 and 970 cm provide adequate 

evidence for the presence of a -CHCII., grouping since 

they disappear when one mole of hydrogen is added. The 

presence of a band at '4O0 cm confirms the presence of 

a hyciroxyl group and the strong band at 747 cm is in 

agreement with the ortho orientation assigned on the 

ring. 

To establish the carbon skeleton for the side 

chain, o-(-ethylpropyl) phenyl methyl ether was syn- 

thesized and compared with the corresponding ether de- 

rived from the rearranged material. The mode of syn- 

theses is indicated in the scheme XIV-XVII. i\n attempt 

to carry out the synthesis on o-hydroxypropiophenone 

failed due to polymerization during attempted hydrogenol- 

ysis of the teritary alcohol. This is not particularly 

surprising in view of the similarity to an intermediate 

in the phenol-formaldehyde polymerization. However the 

extreme ease with which the polymerization occurred was 

unexpected. ïartial deactivation of the ring by ether 

formation permitted the syntheses to be followed as in- 

dicated without further trouble. A comparison of the 

infrared spectra of the two samples were found to be 
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identical, thus the only uncertainty in the structure 

is the placement of the double bond. 

3ince the side chain of the normal product (I) is 

de 
CHCH3 

I 

e 
OH /\F 3 

QHZLH 3 
II! 

connected to the ring by the third carbon (c) of the five 

carbon chain only one position is present in its struc- 

ture where the double bond could be terminal. The syn- 

thetic placement of the double bond in the normal pro- 

duct is thus not necessary. 

gain a substance which was considered to be the 

abnormal product of the Claisen rearrangement of 

etbr1al1y1 phenyl ether was obtained as described later. 

The experimental basis for assuming this compound to be 

of reasonable purity was the consistency of the refrac- 

tive indices of a series of fractions and. the total 

absence of peaks at 905 and 990 c (CH=C112) in the 

infsared spectrum of the substance. A band at 965 cn 

provde3 strong evidence for a trans -CH=CH- since it 

diippeafs when a mole of hydrogen is added. The band 

at 3OO cm confirms the presence of a hydroxyl group 
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and the one at 747 cm agrees with the literature (2, 

423 p.) for an ortho orientation on the ring. 

The carbon skeleton for the side chain of o-(OE,- 

dimethylpropyl) phenyl methyl ether was established 

through a synthesis similar to o-(a-ethylpropyl) phenyl 

methyl ether. The mode of synthesis is indicated in the 

scheme XVIII-XXI. since the infrared spectra of the two 

samples were identical the carbon structure of the side 

chain is strongly supported. 

The position of the double bond in the abnormal 

product cannot be as readily a:sumed, because when the 

side chain is connected to the ring either by the second 

or fourth carbon of the five ce:bon chain there are two 

positions (see II b-c or c-d) possible for placement of 

an internal trans double bond thus synthetic proof is 

necessary. To obtain this proof a synthetic route was 

followed which used heterogenoua G-alkylation of sodium 

phenoxide with x,-dímethyla1lyl bromide (18, p. 2705). 

Although allylic bromides are known to rearrange even at 

low temperatures, this particular bromide and its 

allylic rearrangement product would be identical. leaks 

at 1665 and 960 cm provide evidence for the internal 

trans double bond and the absence oí' ones at 990 and 

927 crn suggest that no other rearrangements have 

occurred. After the 0-alkylation product was isolated 
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its infrared spectrum was corzìpared with the product from 

the rearrangement of a,-dimethyla1ly1 phenyl ether, 

and the pure abnormal product isolated below. All were 

found to be identical. We can thus write the equation 

below with certainty that the products are both as 

represented and indeed do come from the ether. 

OCHCHCHC-iCH3 Oh 
CH2CH3 

i 
CH3 

H a CH 
+ 

C CHC o CH:CH 

v1 

Now that the reaction to be considered has been 

propertly delineated, ;he mode of formation of this ab- 

normal product can be examined in greater detail. Con- 

sider first the results of altering the configuration at 
the double bond. Froviding that the normal and. abnormal 

are competitive such a change would be expected to alter 

the ratio of the two products. If the o-(,Z-dimethyl_ 

allyl) phenol is formed from -ethylallyl phenyl ether 

by a single step intramolecular process, then a hydrogen 

atom must be transferred from the delta to the alpha 

carbon of the allylic chain. Clearly this should be 

facilitated by a cia double bond (VI). ¿luce the Claisen 
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rearrangement has been shown (38, p. 53) to be retarded 

CHCH3 

It 

in rate by the shift of a trans to a eis double bond, 

the ratio of abnormal to normal product should increase 

markedly if the two indeed are competitive reactions of 

the type described above. If the data obtained here for 

the rearrangement of the cis--propy1a1lyl phenyl ether 

are compared with the literature data (21, p. 3042; 23, 

p . 3047) for trans--propylallyl para-c arboxyinethyl- 

phenyl ether, the same relative ainou.nts of products are 

observed (see Table I) (16, p. 550; 21, p. 30k2). ídso, 

when the data obtained in this work for the trans-i- 

ethylallyl phenyl ether are compared with that for the 

cis--ethylallyl phenyl ether studied by J. Ong (29) 

the ratio of abnormal to normal products is found to 

remain constant. 

These experimental findings show conclusively 

that the product ratio is essentially independent of the 

geometry at the double bond as well as the bulk of the 



TABLE I 

Double Bond Rearrangement Rearrangement Norma1/bnorma1 Substituent Configuration Temperature Time 

7-Ethyl 
Ois 

Trans 

205°C 

201-225°C 

18 

33 

hrs 

hrs 

1/3 

3/2 

7-Propyl 
Ois 

Trans 

205°C 

213-2k1°C 

18 

l) 

hrs 

hrs 

1/3 

1/2 

Ois 205°C 18 hrs 1/3 
7-Butyl Trans 

I\) 

I-J 
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-alkyl group. The intramolecular single-step process 

for the abnormal reaction can be therefore eliminated 

from consideration. Of the numerous alternatives, two 

rather general cases appear to have major significance. 

Either the hydrogen transfer process is intermolecular, 

or the abnormal reaction is not a competing reaction. 

These alternative possibilities are readily distinguished 

by a kinetic examination of the reaction. 

A complete kinetic analysis is experimentally 

feasible since the phenolic products can be quantita- 

tively separated from unreacted ether by extraction, and 

analysis of the mixture of normal and abnormal products 

can be carried out via infrared studies without the 

necessity for the separation of the two. Kinetic studies 

were carried out in N,N-dïethylaniline to facilitate iso- 

lation of the ether. Unfortunately, the number of steps 

required for i.olation of the ether and the phenolic 

products caused the analysis to be somewhat irprecise 

and a complete kinetic analysis was not possible. How- 

ever, a conventional plot of the concentrations of the 

various entities involved against the time (Graph II) 

shows with sufficient clarity that the abnormal re- 

action follows rather than competes with the normal 

Claisen rearrangement. It is very interesting to note 

that despite all indications to the contrary from physical 
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data, the starting material contained about l5 of an 

impurity which was stable under the conditions of this 

rearrangement. 

The kinetic data may be used to develop proper 

conditions for the isolation of both the normal Claisen 

and abnormal rearrangement products. These data show 

that at 195°C the abnormal rearrangement is materially 

slower than the normal. Thus the normal product accumu- 

lates in the reaction mixture.. By usine a lower temper- 

ature the divergence in rate can be enhanced and indeed 

at 165°C in both mesitylene and N,N-diethylaniline the 

abnormal process is no longer detectable. Under those 

conditions the normal Claisen rearrangement can be made 

to proceed, although slowly, without interference from 

the abnormal reaction. 

Heating the normal Claisen product o-(OE-ethyl- 

allyl) phenol (VII) at a higher temperature (200-230°C), 

with or without solvent, bringe about conversion of this 

phenol to its isomer, o-(c,-dimethy1allyl) phenol 

(vIII). As far as can be detected by the infrared method, 

this conversion proceeds to completion. Whether this in- 

dicates that the process is irreversible or that the 

equilibrium constant is large (-l00) is not at present 

distinguishable. However in view of the equilibrium con- 

stant for the 1-butene to trans-2-butene isornerization 
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of 3.86 (41, p. 550), lt seems unlikely that this is an 

equilibrium result. 

The rearrangement process which we now have to 

consider involves a reaction which seems more nearly 

typical of carbonium ion reactions than of a thermal 

process. For example, Cram (8, p. 863) has shown that 

the tosylate of (IX) rearranges into (X), and more 

CH, CH 

¿HZ ¿H 

(OH (?) 

CH3 

H-C 
C-H 

CH 

(j-OH 

recently Fort (10, p. 3449) has reported that when 

CH3 CH3 

CH CH2 

H-OTs HOAc 

cH H-OAc 

CH3 CH3 

J I 

ii 

CH 

CH-OAc 

CH3 

3-phenyl-1-butene-3-&4 is heated at 80°C with formic 

acid, rearrangement accompanies the addition. If this 

is indeed the case for the abnormal rearrangement 
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observed here, acid catalysis is demanded. Obviously 

the phenol hydroxzyl must be the source of the catalysis. 

To test this point a sample of methyl o-(a-ethylallyl) 

phenyl ether was prepared and heated to 195°C in N,N- 

diethylaniline for 13 hours. The ether was recovered 

and the Infrared spectrum of the recovered material 

showed it to be unchanged. Clearly then the pheriolic 

hyclroxyl is indeed acting as an acid catalyst. The 

question can be raised now as to whether this is an 

intra- or an intermolecular catalysis. The formation of 

the less stable phenylallyl system rather than the pro- 

penylphenyl system when the hydrogen ion is again elim- 

inated points unmistakeably to intramolecularity in at 

least one stage of the reaction. Ari attempt was made to 

answer this question by treating the methyl o-(u-ethyl- 

allyl) phen.yl ether with an equivalent quantity of phenol 

in N,N-diethylaniline at 230°C. Once again the ether was 

recovered unchanged, adding support to the idea of an 

intramolecular process. 

A stage has been reached here which permits 

explanation of what previously had appeared to be an 

anomaly. Despite the care taken by Rhoads, Raulins and 

Reynolds in their investigation of the para-Claisen re- 

arrangement of a- and -ethylallyl ethers of methyl 

cresotinate (33, p. 2531), they uncovered no evidence 



for the presence of abnormal product in that reaction. 

¿mce the normal product of the reaction of the ct-ethyl- 

allyl ether would be properly constructed for an ab- 

normal rearrangement, its failure to rearrange must be 

attributed to the inability of the hydroxyl to function 

as an internal catalyst when in a para position. A 

sample of 4-(ct-ethylallyl)-2,6-diinethylphenol was syn- 

thesized and was shown to be stable under the conditions 

of the abnormal rearrangement. It appears therefore 

that an intramolecular catalysis is truly involved anà 

that the geometric requirements are quite exacting. 

Ihile these data are not sufficient to establish 

the mechanism, they do limit the possibilities rather 

notably. Itt present the mechanism shown on the following 

page encompasses all the data (except possibly the lack 

of equilibrium) and provides a 'ood working hypothesis. 

The intermediate involved here partakes of the character 

of the "phenoniom Ion" (9, p. 2129) and. also has a great 

resemblance to the dienone isolated by Winstein and 

Baird (42, p. 756). There appear to be no prior cases 

which involve an intramolecularly catalyzed elimination. 
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This chloride was prepared in one molar quantities 

from propargyl alcohol, phosphorus trichioride and pyri- 

dine according to the directions of Lewis and Chola (11, 

p. 727). It distilled as a clear liquid, b.p. 57°C; n2D 

1.4301. This compound was reported to have a boiling 

point of 56-57°C and n25D 1.4298 (11, p. 727). 

3-Phenoxyprop-1 -yne 

1'1olar quantities were prepared by adding propargyl 
chloride to a solution of phenol dissolved in 2.5 moles 

of iN alcoholic potassium hydroxide. After the reaction 

mixture had been heated for 12 hours, the reaction mix- 

ture was poured into water and the product taken up in 

ethyl ether. The ether extract was washed with aqueous 

base id dried over anhydrous magnesium sulfate. The 

solvent and drying agent were removed and the product 

distilled, b.p. 82°C (24 inn); n24D 1.5335. teported h.p. 

92°C (25 mm); n20J.) 1.5320 (7, p. 797). Infrared peaks: 

3160, 1585, 1485, 1235, 755 and 690 cm. 

Alkylation of 3-phenoxyprop-l-yne 

A solution of lithamide in liquid ammonia was 
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prepared. from 1.98 g (0.285 niole) of lithium and 0.1 g 

of ferne nitrate in a 500 1 3-necked flask. After all 

the lithium had been added the gray solution was stirred 

for 3 hours. Over a period of one-half hour 37.5 g 

(0.285 mole) of 3-phenoprop-l-yne dissolved in 50 ml 

of anhydrous ethyl ether was added to this solution) 

After the reaction mixture had been stirred for 3 hours 

an equivalent amount of the alkyl bromide dissolved in 

50 ml of anhydrous ether (ethyl) was added over a period 

of 35 mInutes. After 5-6 additional hours of stirring, 

the solution was light brown in color and 22 g of 

aiiimoniuin chloride was then added in small amounts. The 

liquid arriinonia was allowed to evaporate, water was added 

to the reaction flask, and the water solution extracted 

three times with ethyl ether. The ether extracts were 

dried over anhydrous magnesium sulfate, the drying agent 

and ethyl ether removed, and the product fractionally 

distilled. bach fraction was tested for the presence of 

starting material with alcoholic silver nitrate. 1f 

starting material was found to be present, the fraction 

was washed with alcoholic silver nitrate until no further 

white precipitate formed. The product was obtained as a 

clear liquid. 

'The reaction flask can be cooled in a dry ice-acetone 
bath to decrease the loss of liquid ammonia but all 
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l-k hen oxypent-3-yne 

k1klation as above with ethyl bromide gave 

l-phenoxypent-3-yne, b.p. 71-85°C (0.1 izun), n22D 1.5260, 

66% yield. Infrared peaks: 2240, 1578, 1560, 1477, 1442, 

1230, 748 and 685 

Anal: Cale. for C11F1120: C, 82.4%; H, 7.55%. 

Found: 0, 81.51%; H, 7.482. 

i -khertoxyhex-2-yne 

Use of propyl bromide as alkylation agent gave 

l-phenoxyhex-2-yne, b.p. 62-65°C (0.1 m.m); n23D 1.5208; 

yield 33.5,¼. Infrared peaks: 2240, 1570, 1478, 1230, 

748 and 685 cm. 
.na1: Cale, for C1211140: C, 82.8Yu; H, 8.10%. 

Found. C, 83.06%; H, 8.45. 

1-ihenoxyhep t-2-yne 

Alkylation with butyl bromide gave 1-phenoxyhept- 

2-yne, b.p. 100°C (1.5 mm); n22D 1.5137; yield 72.5%. 

infrared peaks: 2240, 1578, 1570, 1478, 14-45, 1250, 748 

and 685 cui1. 

Anal: Cale. for C13H160: C, 82.9%; H, 8.55. 

Pound. C, 82.96%; ii, 9.22. 

reactions proceed much slower ander these conditions. 



31 

Hydrogenation of cetylenic Ethers 

sample of the acetylenic ether dissolved in 

20 ml of anhydrous ethyl acetate was hydrogenated over 

Lind.lar catalyst until the correct amount of hydrogen 

had been absorbed. The catalyst was removed by filtra- 

tion and. the solvent removed on a rotatory evaporator. 

The product distilled as a clear white liquid. 

Ci s-l-phenoxyhept-2-ene 

1-Phenoxyhept-2-yne (8.9 inmoles), gave a 76. 

yield of cis-1-phenohept-2-ene, b.p. 76-89°C (0.7 mm); 

n2D 1.5122. Quantitative hydrogenation over PtO2 showed 

the presence of one double bond. Infrared peaks: 1630, 

1575, 1568, l-80, 1k50, 1233, 7k8 and 625 cm1. 

Anal: Caic. for C13H180: C, 82.06%; II, 9.53%. 

Found: C, 82.20%; H, 8.9%. 

Cis -1-phenoxyhex-2-ene 

A sample of l.044 g (8.3 inmoles) of the acetylenic 

ether gave a liquid boiling at 65-74°C (0.5 mm); n2D 

1.5198. infrared peaks: 1578, 1568, 1480, 114.50, 1233, 

748 and 635 cm. 

Anal: Caic. for C12H160: C, 81.77; H, 9.15%. 

Found. C, 81.95; H, 8.57%. 



Ois -1-phenoxypent-2-ene 

A sample of 3.96 g (0.0257 mole) of the acetylenic 

ether gave a liquid boiling at 54-60°C (0.5 mm); yield 

100%; 1.5253. Infrared peaks: 1630, 1579, 1570, 

1476, 1450, 1225, 746 and 634 cm. 
Anal: Calc. for C11H140: C, 81.48%; H, 8.64%. 

Found: C, 
; 

H, 

3-(o-Nethoxyphenyl)-3-hydroxypentane 

A solution of ethyl magnesium bromide was prepared 

from 0.282 (0.0116 mole) of magnesium under an oxygen- 

free nitrogen atmosphere. A solution of 1.9 g (0.0116 

mole) of o-methoxypropiophenone dissolved in anhydrous 

ethyl ether was then added dropwise with cooling. The 

reaction mixture was allowed to stand for 2 hours at room 

temperature, then 2.0 ml of a saturated ammonium chloride 

solution was added dropwise. After standing for i hour, 

the ether solution was separated from the precipitate and 

tne precipitate was washed with ethyl ether. The solvent 

was removed by distillation and the product, a light 

yellow oil, could be isolated when extreme care was taken 

to insure that no acid was introduced into the reaction. 

An infrared analysis was carried out on the undietilled. 

oil. It was distilled and collected in two fractions. 
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Infrared spectra of both of the fractions were identical 

with the spectrum of the undistilled material, b.p. ca. 

100°C2 (0.5 mm); n24D 1.5172. Infrared peaks: 3520, 

1675, 1600, 1582, 1490, 1465, 1437, 1395, 1375, 1235, 

1158 and 750 cm. This compound was used without fur- 

ther purification in the synthesis of 3-(o-niethoxyphenyl)- 

pentane. 

2-Co-Ne thoxyphenyl )-2-hydroxyDentane 

w'hen the procedure for 3-(o-inethoxyphenyl)-3- 

hydroxypentane was used, 2 g (0.0133 mole) of -methoxy- 

acetophenone produced 2.06 g of a yellow viscous oil, 

yield 9k; n24D 1.5107; b.p. ca. 100°C.2 Infrared peaks: 

3500, 1603, 1585, 1492, 1465, 1440, 1395, 1365, 1230, 

1160 and 745 cm. This compound was used without fur- 

ther purification in the synthesis of 2-(o-inethox.y- 

phenyl) pentane. 

Attempted preparation of 3-(o-hydroxyphenyl)-3-hydroxy- 

pentane 

A sample of 5.64 g (0.0375 mole) of o-hydro- 

propiophenone treated with ethyl magnesium bromide as 

described above gave a few drops of a yellow very viscous 

2The boiling point was estimated since the distillation 
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oil as well as a very large polymeric residue. Infrared 

peaks of the distillate: 3500, 1645, 1620, 1585, 1480, 

1375, 1353, 1160 and 750 cm3. 1'o further attempt was 

made to purify this product. 

ttempted preparation of 2-(o-hydroxyphenyl)--2-hydroxy- 

pentane 

sample of 5.1 g (0.0375 mole) of o-hydro- 

acetophenone treated with propyl Grignard as described 

above gave only a yellow polymeric material. Infrared 

peaks: 3400, 1690, 1610, 1585, 1490, 1455, 1380, 1150 

and 748 cm. 

Attempted preparation of 3-(o-hydroxyphenyl) pentane 

One-half gram (2.77 mmoles) of 3-(o-hydroxy- 

phenyl)-3-hydroxypentane in 15 ml of solvent (both ethyl 

acetate and methanol were used) was hydrogenated over 

0.0085 g of platinum oxide. In each case less than the 

theoretical amount of hydrogen (maximum 79%) was taken 

up. After removal of the catalyst by filtration and the 

solvent by evaporation, a yellow polymeric product was 

obtained. Infrared peaks: 3400, 1690, 1610, 1585, 1490, 

1455, 1380, 1150 and 748 cm. This was not identified. 

was carried out on very small quantities in specially 
constructed equipment. 



o-iethoxypropiophenone 

Ten grams (0.067 mole) of o-hydroxypropiophenone 

was added to e solution containing an equal quantity of 

sodium dis8olved in enough absolute ethanol to make a 

0.35 molar 8olution. To this solution was added two 

equivalents of methyl iodide dissolved in absolute 

ethanol. The solution was stirred for 5 hours then 

poured into 200 ml of aqueous sodium hydroxide. The 

basic solution was extracted three times with petroleum 

ether and the solution dried over anhydrous magnesium 

sulfate. The drying agent was removed by filtration, 

the solvent by evaporation, and the ether distilled, 

b.p. 74°C (0.2 mm), reported 137°C (16.5 mm) (12, p. 

320, vol. II); n25D l.5ll; yield 56. Infrared peaks: 

1675, 1642, 1600, 1490, 1465, 1440, 1245 and 750 cm. 

o-Nethoxyacetophenone 

Using the method described for the preparation of 

o-methoxypropiophenone, 15 g (0.107 mole) of o-hydro- 

acetophenone gave 49.5% of a clear liquid, b.p. 60-70°C 

(0.25 trim); n24D 1.5386, reported n23'5D 1.538 (12, p. 

215, vol. III). Infrared peaks: 1675, 1600, 1580, 1487, 

1465, 1437, 1230 and 750 cm_i. 
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3-(o-Iiethoxyphenyl )pentane 

h sample, 0.16 g (0.00975 mole) of 3-(o-hydroxy- 

phenyl)pentane, was treated as described for the prepar- 
atlon of o-inethoxypropiophenone to produce a clear liquid 
which distilled when placed in an oil bath at 140°C 

(0.5 turn). The infrared spectrum shows peaks at 1600, 

1585, 1493, 1460, 1140, 1237 and 745 cm, and is iden- 

tical with that of the compounds obtained from the 

hydrogenolysis of 3-(o-methoxypheny1)-5-hydroxypentane 

described later. 

-(o-Iiethoxypheny1)-l-pentene 

3-(o-Hydroxyphenyl)-1-pentene (obtained by re- 
arrangement of l-phenoxy-2-pentene), 2.03 g (0.0125 

mole), gave 1.2 g of a clear liquid (55 yield); b.p. 
ca. 800C2 (0.5 mm) when niethylated as described for the 

preparation of o-inethoxypropiopbenone. Infrared peaks: 

1633, 1595, 1490, l4-62, 1440, 1415, 1235, 990, 907 and 

745 cm'. 
Anal: Caic. for C12li160: C, 81.77%; H, 9.15k. 

Found: C, ; H, 

2-(o-Ìethoxyphenyl)-3-pentene rearrangement 

A sample of 1.62 g (0.01 mole) of the abnormal 
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rearrangement product, 2-(o--hydroxyphenyl)-5-pentene, 

methylated as above, gave a 92% yield of clear oil which 

distilled at 0.5 mm pressure at a bath temperature of 

140°C; n24D 1.5208, reported n20D 1.5192 (58, p. 443). 

Infrared peaks: 1600, 1587, 1495, 1460, 1236 and 745 

Trans-1-phenoxypentene-2 

Using the general method above, 19.5 g (0.188 

mole) of phenol and 39 g (0.376 mole) of 1-ehloropentene- 

2 gave a 66- yield of clear liquid, b.p. 54-56°C (0.15 

mm), reported b.p. 91-95°C (4 inni) (17, p. 381). Infra- 

red peaks: 1670, 1E46, 1640, 1495, 1460, 1235, 963, 745 

and 683 cm1. 

3-(o-I.iethoxyphenyl)pentane 

Eiydrogenolysis of 0.6 g (3.1 inmoles) of 3-(o- 

methoxyphenyl)-3-hydroxypentane was carried out over 

0.3 g of 10% Pd/C in 15 ml of glacial acetic acid. After 

96 rd of hydrogen (128'o) had been absorbed, a break in 

the rate of hydrogen absorption was observed. The pro- 

duct was distilled, b.p. ca. 70°C2 (0.1 inn). Infrared 

peaks: 1600, 1585, 1492, 1460, 1440, 1237, and 745 cui1. 

Anal: Caic. for C12H180: C, 80.85¼; li, 10.18%. 

Found: C, 80.77%; H, 9.58. 
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2-(o-Methoxrphenyl)pentane 

Hydrogenolysis of 0.88 g (k.54 inmoles) of 2-(- 

aiethoxyphenyl)-2-hydroxypentane was carried out over 

0.05 g platinum oxide in 20 ml of glacial acetic acid. 

After 235 ml of hydrogen (215%) has been absorbed, the 

reaction was stopped. The clear product was distilled, 

b.p. ca. 70°C2 (0.1 mm); n2D 1.14831, reported n201) 

1.51614 (45, p. 257). Infrared peaks: 1600, 1587, 1495, 

1465, 1440, 1237 and 745 cm. 

Hydrogenation of the rearrangement products 

a. sample of the rearrangement product was placed 

in a suitable flask containing 0.05 g of platinum oxide 

and 20 ml of glacial acetic acid, and hydrogenated. at 

atmospheric conditions. The hydrogenation was stopped 

after somewhat more than a l00,b of the theoretical amount 

of hydrogen was absorbed and the product isolated in the 

normal manner. 

3- (o-Hydroxyphenyl) pentane 

The saturated. phenol was prepared from 0.3 g 

(1.85 inmoles) of 3-(o--hyddroxyphenyl)-1-pentene using 

the method above. After 55 ml (121k) of hydrogen had 

been absorbed, a white solid (0.o6 g) which melts slightly 
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above room temperature was obtained. Infrared peaks: 

1700, 1605, 1585, 1500, 1k50 and 745 cm. The substance 

was used to prepare a methyl ether without further puri- 

fication. 

2-(o-Iethoxypheny1 )pentane 

Under the above conditions, 0.8 g (4.5 mmoles) 

of 2-(o-methoxyphenyl)pentene-3 absorbed 115 ml of 

hydrogen (1064. The clear liquid was distilled, b.p. 

ca. 70°C2 (0.1 mm); 4l.5, yield; n2D 1.4995. Infrared 

peaks: 1600, 1587, 1495, 1465, 1440, 1237 and 74.5 cm1. 

The infrared spectruui of this sample and the one pre- 

pared by hydrogenolysis of 2--methoxypbeny1)-2-hydroxy- 

pentane were virtually identical. 

Anal: Caic. for C H 0: 1218 C S0.854; H, l0.18. 

Found: C, 80.77h; }{, l0.l6,. 

3-Hydroxypentene-1 

The alcohol was prepared from 30.5 g (1.25 mole) 

of manesiuin, 250 g (2.3 mole) of ethyl bromide, and 

56.56 g (1.01 mole) acrolein according to the method used 

in Organic syntheses (24, p. 696). The clear oily liquid 

was distilled, b.p. 109_112CC, reported 114°C (12, p. 53, 

vol. II); n27'5D 1.4123, reported n24D 1.4182; 6l) yield. 

Infrared peaks: 3350, 1640, 1460, 1422, 1060, 985, 965, 



915 and 82 cin. 

1-Lhloropentene-2 

The chloride was prepared from 57.0 g (0.1+3 mole) 

of the mixture of alcohols prepared above, 53 g of 

thionyl chloride, and one liter of anhydrous ethyl ether 

according to the method of Young (4-4, p. 6163). The pro- 

duct was fractionally distilled through a concentric tube 

column, fraction 1 - b.p. up to 65°C (350 nun)3 

fraction 2 - b.p. 65-76°C (350 mm)3 

fraction 3 - b.p. 76-89°C (350 mm)3 

The third and major fraction contained 19.6 g (kL4) yield) 

of the desired compound; n2kD 1.4375. The reported (32, 

p. 31+56) boiling point and refractive index are 109°C 

and n21D 1.435. Infrared peaks: 1665, 1465, 1445, 1353 

and 963 cm. 

5- Chi oro pente ne -i 

The chloride was prepared according to the method 

of Young (44, p. 6163) from '+7.5 g (0.5 mole) of 3- 

hydroxypentene-i and 100 g of tri-n-butylamine dissolved 

in one liter of anhydrous ethyl ether. To this solution 

which had been cooled to -50°c was added dropwise 64.2 g 

of thionyl chloride. A white precipitate formed during 

3The pressure fluctuated during the diti11ation. 
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the addition1 but dissolved when the solution was warmed 

to room temperature. After the solution had been stirred 

for 1 hour, the ethyl ether was removed by distillation 

and the product along with traces of ethyl ether was 

separated from the tri-n-butylamine hydroxhioride by 

distillation under reduced pressure. The product which 

was collected in a dry ice-acetone trap was then frac- 

tionally distilled through a concentric tube column, 

fraction i - up to 65°C (350 mm)3, a small amount. 

fraction 2 - 65°C-76°c (350 mm)3, 21.8 g (39% yield). 

fraction 3 - 76°C -89°C (350 mm)3, 10.5 g (l8 yield). 

Infrared analyses of fraction i indicated that no double 

bond was present. Analyses of fraction 3 indicated it 

was almost pure 1-chloropentene-2. Infrared peaks of 

fraction 2 are: 1470, 1383, 990, 927 and 853 cm. 
n24 1.4233, reported (32, p. 3456) n20D 1.4253. The 

reported boiling point is 93°C. 

2-ilydroxypentene -3 

The alcohol was prepared from 25 g (1 mole) of 

magnesium, 170 g (1.2 moles) of methyl Iodide, and 63 g 

(0.9 mole) of crotanaldehyde according to the method of 

Organic 3yntheses (13, p. 696). 1fter distillation 

57.97 g (68; yield) of pure alcohol was obtained, b.p. 

118-121°C; n241) 1.4258, reported (13, p. 696) b.p. 122°C; 
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n20D 1.4.277. Infrared peaks: 3460, 1670, 1450, 1368, 

1295, 1195, 1160, 1055, 960 and 906 cm. 

2-Bromopentene-3 

The bromide was prepared from 25.8 g (0.3 mole) 

of 2-hydroxypentene-3, 8.0 ml of dry pyridine, and 11.5 

ml of phosphorus tribromid.e according to the method of 

Young (43, p. 2051). I'he clear liquid was distilled 

through a concentric tube column, b.p. 67°C (120 aim); 

63; yield. eported boiling point 70.2-72.2°C (14.5 mm) 

(15, p. 5135). Infrared peaks: 1665, 1450, 1380, 1180, 

1156, 1140, 1010, 960 and 885 cm. 

2-(o-Hydroxyphenyl )pentene-3 

The phenol was prepared by the general method of 

Xornblum (18, p. 2705). suspension containing 11.6 g 

(0.1 mole) of SOdiUm phenoxide, as described by horn- 

blum (18, p. 2705), was prepared in 75 ml of anhydrous 

toluene. To this suspension was added 16.5 g (0.11 mole) 

of 2-bromopentene--3 in 25 ¡nl of anhydrous toluene and the 

mixture was stirred for 2 days at 65°C. The mixture was 

cooled and the toluene solution extracted with aqueous 

alkali. The C'-alk1ation products were obtained by 

evaporation of the toluene layer. The cooled alkali 

soluble fraction was neutralized with cold. dilute 
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hydrochloric acid, and the acid solution extracted three 

times with petroleum ether. The petroleum ether solution 

was dried over anhydrous magnesium sulfate. The magnesium 

sulfate was then removed by filtration and the petroleum 

ether removed by evaporation under vacuum. Distillation 

gave 4.8 g (3O) of the ortho alkylation product, b.p. 

ca. 65002 (0.2 mm). Infrared peaks: 3450, 1605, 1580, 

1500, 1486, 1450, 1205, 967, 825 and 745 cm1. The In- 

frared spectrum was identical with that ol the material 

obtained by rearrangement of cL,-dimethyl allyl phenyl 

ether (38, p. 1). 

Rearrangements attempted on the normal rearrangement 

product 

(A) Normal rearrangement product, 3-(o-hydroy- 

phenyl)-pentene-1 

The phenol was heated at 200-205°C for 

28.5 hr in t,N-diethylani1ine by Jo Ong (29) to produce 

only the abnormal product as indicated by the absence of 

any absorption at 900-915 cin1 in the infrared, and 

identity of the spectrum with that of the alkylation 

product described above. 

(B) Netb.yl ether of normal rearrangement product 

C'ne gram of 3-(o-methoxyphenyl)pentene-1 
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dissolved in 11.5 ini of N,N-diethylaniline was heated in 

a nitrogen atmosphere at 195°C for 13 hours. ileating was 

discontinued and the product was isolated by adding 

petroleum ether, washing the solution repeatedly with 

dilute hydrochloric acid solution, and drying over an- 

hydrous magnesium sulfate. After the drying agent and 

solvent were removed the product was distilled, b.p. ca. 

80002 (0.5 mm), The infrared spectrum of the product was 

identical with that of the starting material. 

(C) Nethyl ether of the normal rearranRement 

product containing added phenol 

Â solution containing 0.41 g (2.3 inmoles) of 

3-(o-methoxyphenyl)pentene-1 and 0.22 g (2.3 inmoles) of 

phenol in 9 ml of N,fl-diethylaniline was heated at 230°C 

overnight. The product was isolated as an (B) above. 

The infrared spectrum was unchanged by this treatment. 

2 (-ethylallyl)phenol 

The synthesis was patterned after that described 

by Lthoads and aulins (32, p. 3456). To 4.42 g of sodium 

dissolved in absolute ethanol was added 37.3 g (0.305 

mole) of 2,6-dirnethyiphenol. he mixture was warmed to 

reflux then cooled to room temperature before l g, an 

equivalent amount, of 3-chioro-i-pentene was added. The 
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mixture was then heated to 70°C and an additional 14 g 

(0.305 mole) of the halide was added in small portions 

during the next 20 hours. The reaction was cooled, the 

ethanol removed on a rotatory evaporator, water was 

added, and the solution was extracted several times with 

petroleum ether. The petroleum ether solution was washed 

twice with Claisen's Alkali, dried over anhydrous mag- 

nesium sulfate, the solvent removed and the product dis- 

tilled. Two fractions were taken: i - up to 70°C, 2 - 

70-100°C (0.1 mm). The first fraction which was approxi- 

mately one-third of the total product was then heated in 

a nitrogen atmosphere at 124°C for 20 hours. The product 

was isolated in the normal manner. Infrared peaks: 3300, 

1625, 1587, 1480, 1375, 1193, 1137, 990 and 910 cm1. 

Aiial: Caic. for C13H180: C, 82.l); H, 8.43%. 

Found: C, 
; 

H, 

Attempted rearrangement of 26-dimethy1-4-(-ethylally1)- 

phenol 

. sample, 0.992 g of 2,6-dimethyl-4-(OE-ethyl- 

allyl)phenol dissolved in 5 ml of N,N-diethylaniline, was 

heated in a nitrogen atmosphere at 215°C for 20.75 hours. 

The phenol was isolated by exhaustively washing a petro- 

leum ether solution of the rearrangement mixture with di- 

lute hydrochloric acid, drying the petroleum ether 



solution over rnaRnesiuzn sulfate, removing the solvent by 

evaporation and distilling the product. I'he infrared 

spectrum was identical with that of the starting 

material. 

Rearrangement of cis-7-alklalll phenyl ethers 

The ethers were heated in an oxygen-free nitrogen 

atiosphere without solvent at 205°C. The refractive in- 

dex was checked periodically and when the reading re- 

Inained constant, the rearrangement was considered corn- 

plete. The product was taken up in Claisen's Alkali. 

l'be alkali solution was washed with petroleum ether, then 

neutralized with concentrated hydrochloric acid. The 

acidic solution was extracted three times with petroleum 

ether and the combined extracts dried over anhydrous mag- 

nesium sulfate. The magnesium sulfate was removed by 

filtration and the solvent by evaporation. The product 

was distilled under reduced pressure. 

o-Uydroxyphenyl )heptene-1 

A sample, 3.75 g (0.0198 mole), rearranged as 

above gave a clear liquid, b.p. ca. lOO'C2 (0.5 mm); 

n22D 1.5202. Reported (17, p. 381) b.p. 125-127°C (6 

mm); n20U 1.5215. Infrared peaks: 3OO, 1585, l47, 

1438, 1363, 1005, 965, 912, 825 and 745 cm. The ratio 
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of the intensities of the peaks at 965 and. 912 cm was 

3/1. 

3-(o-klydroxyphenyl )hexene-1 

A sample of 4.17 g (0.02i- ao1e) rearranged as 

above gave a liquid, b.p. 8'i°C (0.7 mm); n22D 1.5263. 

Reported (17, p. 381) b.p. 120-122°C (6-7 mm); n20D 

1.5275. Infrared peaks: 300, 1570, 1566, 1k71, 1'437, 

1360, 1320, 1260, 1200, 1020, 995, 965, 903, 825 arid 74.5 

cm. The ratio of the intensities of the peaks at 965 

and 903 cm was 3/1. 

3-(o-Hydroxyphenyl)pentene-1 

A sample of 3.7 g (0.023 mole) rearranged as a- 

boye formed. a mobile liquid, b.p. 5k-600C (0.5 mm); 

n20D 1.5300. Reported (17, p. 381) b.p. 110-112°C (7 

mm); n20D 1.5322. Infrared peaks: 3400, 1585, 1497, 1'4-85, 

1440, 1325, 1010, 970, 907, 825 and 747 cni1. The ratio 

of the intensities of the peaks at 970 and 907 cm1 was 

3/1. 

Rearrangement8 of trans-l-penoxypentene-2 

One-half molar solutions of the ether in various 

solvents were heated at a number of different tempera- 

tures under a nitrogen atmosphere. Lfter completion of 



the reaction the amount of abnormal product was estimated 

in each case by infrared analysis. 

given in Table II. 

Infrared analyses 

The relevant data are 

3urvey spectra were made with a 1erkin-Elnier Ilodel 

21 infrared spectrometer eQuipped with a sodium chloride 

prism. uantitative analyses were made using a fixed 

sodium chloride cell of 0.05 mm path length. control 

settings were resolution 950, gain 6, response 1, speed 

5, and suppression 3. The total phenol concentration 

determined from the absorption at 3h50 cm and the con- 

centration of abnormal and normal products from that at 

965 and 915 cm, respectively (2, p. 423). the I and 

I values were obtained by drawing a base line through 

adjacent points of no absorption and measuring the dis- 

tance from the base line to the point of zero transmis- 

sion, and from the peak to the latter potnt, respectively. 

Solutions containing knom amounts of pure sub- 

stances in CS2 solution were used to establish standard 

curves in each case. The data are given in Table III, 

Table 1V and Table V, and the curves are shown in Graphs 

I and II. 
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TABLE II 

Percent Abnormal i-roduct from the Rearrangement of 
Trans-l-phenoxy-pentene-2 under Various Conditions 

Solvent Temp e ra tare 
None Et2C6H5 (C6H5)20 Nesitylene 

163 0 (72) 50 (72) 0 (L4.7) 

182 

200 66 (16)* 

67 (17) 

215 

20 (12) 

75 (24) 

75 (23) 

loo (2L) 100 (33) 

Time in hours in parentheses 

*iiearrangement of the cis ether by Jo Ong (29) 
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TABLE III 

t and ard s 

Normal 

3amp1e No. Weight I I log I /1 
o o 

1 0.2015 10.7 2.8 0.583 

2 0.1690 10.9 4.0 0.436 

3 0.1212 11.0 5. 0.318 

4 0.0740 10.9 7.2 0.1806 

5 0.0401 11.0 9.4 0.0685 

6 0.0000 11.1 12.5 0.051 

Abno rinal 

1 0.0000 10.5 10.0 0.022 

2 0.0461 10.5 7.3 0.158 

3 0.0828 10.6 5.6 0.277 

4 0.1228 10.5 4.0 0.14195 

5 0.1591 10.6 3.2 0.5205 

6 0.2092 10.5 2.2 0.679 

Phenol 

1 0.2080 12.6 3.2 0.596 

2 0.1705 12.8 4.3 0.475 

3 0.1266 13.0 5.6 0.366 
L4 0.0794 13.1 7.8 0.225 

5 0.0446 13.2 10.0 0.121 

6 0.0000 13.4 13.3 0.0000 

11 samples diluted with 0.5 ml carbon disulfide 



TABLE IV 

Phenol 

Time Recovered 
Sample N 

(hr) 
from solvent 

CS2 
I log Ia/I g/ml g Total g Ether 

(weight) (ml) 

i 6.0 O.64l 1.62 l2.4 8.5 0.164 0.117 0.189 O.L4651 

2 12.0 0.6669 1.66 12.2 6.6 0.2675 0.190 0.315 0.3519 

3 18.0 0.6725 1.68 12.3 5.4- 0.358 0.252 0.424 0.2k75 
L4 24.0 0.6659 1.66 12.2 4.8 0.k06 0.287 0.L77 0.1889 

5 30.5 0.6531- 1.63 12.2 4.7 0.415 0.293 0.'4.77 0.1764 

6 36.0 0.6537 1.63 12.3 LI..7 0.418 0.292 0.476 0.1777 

7 42.0 0.6784 1.69 12.2 4.4 0.443 0.312 0.527 0.1510 

8 47.0 0.6583 1.64 12.2 4.4 0.443 0.312 0.511 0.1473 

9 54.0 0.5996 1.50 12.3 4.1 0.478 0.337 0.505 0.0946 

10 60.0 0.6722 1.68 12.3 4.2 0.467 0.328 0.518 0.1542 

Temperature 195°C 



TABLJi, V 

Normal 

ID 

o 
z o ('J 

1.) 4) (Q 
cl) '- cl) si o 

Il) 

.Oi-4 v-4 

cT5 -rl 4)O O O 
E-4 4-4(iD i-i 

* 

si 

o 
-t-1 

4) 
H o cl) 

cd 

O 04-' H r-4 4) Q) 

r-1 cd 
4.) 54r4 

O O 0cl) 
r-4 _________________ 

i 6.0 0.1560 0.390 10.8 3.9 O.'#425 0.327 0.1275 83 O.l5 

2 12.0 0.2812 10.8 4.1 O.'4-215 0.315 0.221 89 O.2k7 

3 18.0 0.3272 0.817 10.7 4-3 O.96O 0.298 O.244- 77 0.316 
¿4. 24.0 0.31441 0.860 11.0 5.6 0.2935 0.228 0.196 70 0.280 

5 30.5 0.3390 0.87 11.0 5.7 0.2860 0.225 0.1913 69 0.278 

6 36.0 0.341 0.860 11.1 6.1 0.2605 0.207 0.178 72 0.24-8 

7 '4-2.0 0.2793 0.697 11.0 7.0 0.1970 0.165 0.1155 53 0.228 

8 4-7.0 0.3706 0.926 10.9 7.1 0.1870 0.158 0.14-63 72 0.203 

9 54.0 0.3385 0.845 10.9 8.0 0.1350 0.126 0.1066 67 0.159 

10 60.0 0.3767 0.94-2 11.1 8.6 0.1110 0.108 0.1016 73 0.139 

Continued on following page 

n'-) 



TABLE V - Cont. 

Abnormal 

'd 
Q) 

4 
o 

s 

. 

o '-s 
ti) 

» 

4) 
o z 

c 
o 
O 4-' 

ç'J 

(1) 

H 
. tD 4) 

Q) 

r-4 

'-I ¿3) 1 
a) 

O O H r-1 

C) 

Q) 

4 Q) E' 

sOc-4 
s 

r-4 
c 

cd r4 
E-1 

4)4O 
:4-4'7D 

O O H H 
O 

E-4 C) 

i 6.0 0.1560 0.390 10.3 10.0 0.013 0.000 0.000 83 0.000 

2 12.0 0.2812 0.702 l0.'l- 9.3 0.047 0.015 0.0152 89 0.017 

3 18.0 0.3272 0.817 10. 8.4 0.089 0.042 0.O3kk 77 0.0447 
¿4. 24.0 0.3441 0.860 10.4 8.0 0.1145 0.057 0.0490 70 0.0700 

5 30.5 0.3390 0.847 10.4 6.7 0.1920 0.106 0.0901 69 0.131 

6 36.0 0.3441 0.866 10.4 6.0 0.2400 0.136 0.117 72 0.162 

7 42.0 0.2793 0.697 10.4 5.7 0.262 0.152 0.1065 53 0.201 

8 47.0 0.3706 0.926 10.3 4.6 0.351 0.210 0.1945 72 0.270 

9 54.0 0.3385 0.845 10.3 4.7 0.342 0.208 0.1760 67 0.242 

10 60.0 0.3767 0.942 10.4 4.5 0.364 0.220 0.207 73 0.284 

Temperature 195°C 

4Phenol weighed/cab. 
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KflETICS OF REA.RRANGEI"LENT OF 
TRANS-i-PH NOXY-2-PENT1NE 

Samples containing 10 ml of a 0.511 solution of 

trans-l-phenoxy-2-pentene dissolved in purified N,N- 

diethylaniline were placed in heavy-walled glass tubes 

and were sealed after being evacuated to 380 mm. These 

samples were placed in a wire basket and totally sub- 

merged in a thermostatically controlled silicone fluid 

bath at l9 + 1°C. Samples wore removed at intervals. 

The sample was poured into petroleuxa ether and the N,N- 

diethylaniline removed by repeated extraction with cooled 

dilute hydrochloric acid. After drying the resulting 

solution with anhydrous magnesium sulfate the solvent was 

removed on a rotatory evaporator. The resultant sample 

was weighed and diluted with enough carbon disulfide to 

make the solution 2.5 molar. A portion of this solution 

was placed in a fixed infrared cell of 0.05 mm path 

length and a spectrum taken between 70O and 3050 

Log Ia/I was calculated from the infrared peak at 3450 

cm and with the aid of previously prepared standard 

curves (see Table III and Graph I) the amount of phenol 

in the samples was determined (Table IV). The amount 

of other which was present was obtained by subtraction. 

The remainder of the sample was separated from 

the C2, dissolved in petroleum ether, and. extracted 
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twice with 2Oí sodium hydroxide. The basic solution was 

washed with petroleum ether, cooled, and acidified with 

cooled dilute hydrochloric acid. i'he acid solution was 

extracted twice with petroleum ether; the petroleum ether 

solution was dried over anhydrous magnesium sulfate, arid 

the drying agent and solvent removed. The sample was 

weighed and diluted with enough carbon disulfide to yield 

a 2.5 molar solution. hgain a portion of this solution 

was placed in a fixed cell of 0.05 mm path length and a 

spectrum taken between 1050 and 850 cm. Log Ia/I was 

calculated from the infrared peaks at 915 cm for the 

normal rearrangement product and at 965 cm' for the ab- 

normal rearrangement product. The amount of normal and 

abnormal rearrangement products was determined (Table V) 

with the aid of previously prepared standard curves (see 

Table III and Graph I). The disappearance of the ether 

and appearance of the normal and abnormal rearrangement 

products were plotted as a function of time (cf. Graph 

II). 



2UÌIIIARY 

It has been reported that -a1ky1a11y1 phenyl 

ethers give two rearrangement products when heated to 

200°C or above. One of these 18 the phenolic substance 

normally expected from the Olaisen rearrangement, the 

Ci4CCI4z C + 

other, an isomeric phenol, is called the abnormal pro- 

duct. No information relating to the mode of formation 

of the abnormal product has been reported. To study 

this point the following experiment8 have been carried 

out. iLmploying ethers of known structure and purity, 

and trans--ethylallyl, cis--propylallyl, and 

cis--butylallyl phenyl ethers were rearranged and here 

shown to give both normal and abnormal products. The 

ratio of abnormal to normal product was determined in 

each case and in the case of the -ethylallyl pheny]. 

ether, under a variety of conditions. For the -ethyl- 

ally]. ether the structure of both normal and abnormal 
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products was proven by physical methods and by synthesis 

of comparison samples. The rate of the formation of 

both of the nornial and abnormal products from trans-i- 

ethylallyl phenyl ether was determined. amp1es of both 

products were isolated In pure form and the normal pro- 

duct was shown to rearrange into the abnormal one. How- 

ever, the methyl ether of the normal products was found 

to be thermally stable even in the presence of added 

phenol. Finally the normal products of a para-Claisen 

rearrangement, 2,6-dimethyl-k-(-ethylallyl)pheno1, was 

also shown to be thermally stable. 

These data permit the following conclusions to be 

drawn: 

1) The abnormal products are indeed derived from 

the -alkylallyl phenyl ethers and not from any impurity. 

2) The confìguration about the double bond and 

the size of the -a1kyl group has little or no influence 

on the rate of formation of the abnormal product. 

3) The abnormal product is formed via a con- 

secutive series of reactions involving the normal product 

as an intermediate. 

4) The rearrangement of the normal to the ab- 

normal product involves intramolecular catalysis by an 

ortho hydroxyl group. 
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