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I INTRODUCTION

In 1216, Huston and Friedeman (1) condensed benzyl
alcohol and benzene with the use of anhydrous aluminum
chloride as condensing agente.

In 1920, Huston (2) condensed benzyl alcohol and
phenol,

In 1922, Huston and Lewis (3) condensed benzyl
alcohol with para-cresol,.

In 1934, Huston and Fox (4) condensed tert-butyl
and tert-amyl alcohols with benzene.

In 1936, Huston and Hsieh (5) condensed tert-butyl
and tert-amyl alcohols with phenol.

To investigage further the use of anhydrous alum-
inum chloride as a condensing agent, the author has
condensed #ert-butyl and tert-amyl alcohols with

para-cresole.
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II HISTORICAL

The first mention of the use of anhydrous alumin-
um chloride as an agent for the condensation of alecohols
and aromatic compounds was by Nef (6) who, in 1897, men-
tioned the formation of diphenyl methane from the con-
densation of benzyl alcohol and benzene.

This condensation was repeated in 1916 by Huston
and Friedeman (1). Since that time, Huston and co-work-
ers (7), using aluminum chkoride as a condensing agent,
have condensed primary and secondary aromatic alcohols
with benzene, anisole, phenetole, nhenols, and cresols,
and tert. aliphafic alcohols with benzene, phenol, cresols,
and halogenated phenols.

Similar work on the condensation of tert. aliphatic
alcohols with phenol in the presence of aluminum chloride
has been reported by Tzukervanik and Nazarova (8).

Anhydrous aluminum chloride was used as a catalyst
for the rearrangement of phenyl and cresyl ethers by
Smith (9)(10) and by Perkins, Dietzler, and Lundquist (11)
to condense tert aliphatic halides with phenol and cresols.

Of the other condensing agents which have been used
to condense tert, aliphatic alcohols with nhenols, the
following may be mentioned:b

Sulphuric acid (70 to 80%) was used by Meyer and
Bernhauer (12), Zinc ctloride by Liebmann (13), Sen-
kowski (14), and Baur (15), and use was made of phos-

phoric acid by Tchitchibabine (16).
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Tert-butyl and tert-amyl phenyl ethers were rear-
ranzed by heat alone by Smith (17) and Natelson (18).
The preparation of 2 tert-butyl 4 methyl phenol
was mentioned by Paur (15) from the condensation of
isobutyl alcohol and p-cresol with the use of zinc chlor-
ide as condensing agent. It was definitely prepared by
Tchitchibabline (18) from tert-butyl alcohol, p-cresol,
and phosphoric acld. He did not prove 1ts structure.
Other substituted p~-cresols which have been report-
ed are: 2 ethyl 4 methyl phenol (19), 2 propyl 4 methyl
phenol (19), 2 butyl 4 methyl phenol (20), 2 amyl 4
methyl phenol (20), 2 hexyl 4 methyl phenol (20), 2 iso-
propyl # methyl phenol (19)(21)(22)(23)(24), 2 iso-but-
v1 4 methyl phenol (25), 2 sec-butyl 4 methyl phenol
(10}, 2 cyclopentyl 4 metyl phenol (26)(27), 2 allyl
4 methyl phenol (28)(29), 2 methylallyl 4 methyl phenol
(25), 2 pentenyl 4 methyl phenol (30), 2 phenylallyl
4 methyl phenol (31), 2 benzyl # methyl phenol (30)(3),
2 cinnamyl 4 methyl phenol (29)(30), and 3 methyl 6 hydroxy

triphenyl methane.
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IT1 THEORETICAL

Alkvylation of Para Substituted Phenols,

The low yields resulting from the condensations of
tert-butyl and tert-amyl alcohols with para-cresol in
the presence of aluminum chloride are in accord with the
results from practically all of the attempts at conden-
sation of para substituted phenols with tert-sliphatic
alcohols or halides.

In this laboratory, with the use of aluminum chlor-
ide as condensing agent, several para substituted phenols
were condensed with tert-butvl alcohol. In Table I the
results are tabulated along with results from the con-
densation of the isomeric ortho substituted phenols
placed there for the purpose of comparison.

Meyer and Bernhauer (12) attempted to alkylate para-
cresol without success., The condensins agent used was sul-
phuric acid. (70-80%).

Azett (33) attempted to condense p-bromo phenol
with tert-tutyl alcohol using a mixture of zinc and alum-
inum chlorides (Zn012-17g., A1C15-0.5 to 3.0c.) as con=-
densing agent. A very small vleld of a substance, unident-
ified as yet, resulted. Also, he was unable to condense
p-tert-butyl phenol with tert-butyl alcohol bv this method.

Tchitchibvabine (l€), usine phosphoric acid as con-
densing agent, condensed p-cresol and tert-butyl alcohol

(vield 73%) and o-cresol and tert-butyl alcohol (yield 787)
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ecular amounts, give the following equilibrium mixture:
(by weight) 10.5% phenol, 7012% p-tert-butyl phenol,

1.2% o-tert-tutyl phenol, and @.)¥ 2,4 ditert-butyl phenol.
From phenol, tert-amyl chloride, and aluminum chloride at
100°C, they report 0.14% (by weight) o-tert-amyl phenol,
3.0% 2,4 ditert-amyl phenol, the remainder being p-tert-
amyl phenol. These last results are strikingly in agree-
ment with those of Natelson (18) from the rearrangement

of tert-amyl phenyl ether.

That there 1s also an almost exclusive formation of
the para isomer when tert-allkyl phenols are prepared by
oether methods has been demonstrated in the following cas-
es.

Using aluminum chloride as condensing agent, Huston
and Hsieh (5) and Huston and ledrick (7) condensed phenol
with tert-butyl, tert-amyl, tert-hexyl, and tert-heptyl
alcoholse. They reported only the p-tert-alkyl phenols,

Using a mixture of zinc and aluminum chlorides as
condensing agent, Agett (33) found only a minute yileld of
o-tert-butyl phenol from the condensation of tert-butyl
alcohol and phenol, the principal product being the para
lsomer,

The tert-aryl phenol prepared by Liebmann (13) with
the use of zinc chloride as condensing agent was proved

by Anschutz and Beckerhoff (34) to be p-tert-amyl phenole.
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Tchitchibabine's Investigations.

Considerable work was done by Tchitchibabire (18)
on the condensation of alcohols and ~henols with the use
of phosphoric acid as condensino agent., Included in this
investigations were the following condensations:

tert-butyl alcohol and m-cresol

tert-butyl alcohol and o-cresol

tert-butyl alcohol and p=-cresol
He did not report the condensatior of tert-butvl alcohol
with phenol.

To the tert-butyl m-cresol, he assigned the structure,
3 methyl, & tert-butyl phenocl, He proved its structure by
conversion to the methvl ether and comparison of 1its
dinitro derivative with the dinitro derivative of 3 methrl
6 tert-butyl anisole which had been previously vprepared
and identified (35). The tert-butyl m-cresol »re»are? by
Tchitchibabine is not appreciable soluble in 20% NaOH
solution,

To the tert-butyl o-cresol, by analogy to the tert-butyl
m-cresol, he assigned the structure 2 methyl 6 tert-butyl
phenol, It is soluble in 20% NaOH solution.

Tchitchibabine stated further that, in the condensat-
ions of tert-aliphatic alcohols with phenols in the presence
of phosphoric acid (sr. g. 1.7 to 1.87), the principal
product, at moderate temperatures, contains the alkyl group
in the position ortho to the hviroxyl; only insicnificant

quantitles o7 the para isomer are produced.
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Even at high temperatures the para isomer 1s never ob-
talned in very great quantities.

The author wishes to present proof that the above
statement by Tchitchibabine 1s at least in part erroneous.
The author wishes to present also very good 1indications,
tut not proof, that the structure of the tert-butyl o-
cresol prepared by the use of phosphoric acid is 2 methyl
4 tert-butyl phenol, not 2 methyl, 6 tert-butyl phenol.

Agett (33) prepared tert-butyl phenol from phenol,
tert-butyl aelcohol, and phosphoric acid following the
methods used by Tchitchibabine. The principal product
(yield, 70 to 80% of the theoretical) boiled at 122%-125°
/l4mrm. and melted at 95°, By mixed melting points it was
proved to be p-tert-butyl phenol. Less than 5% of the
theoretical yleld bolled within the range reported for
o-tert-butyl phenol by Ferkins, Dietzler, and Lundquist
(11). He thus demonstrated that where both of the ortho
postions and the para position are open, the tert-butyl
group exhibits a declided preference for the position para
to the hydroxyl.

Concerning the structure of the tert-butyl o-cresol
rrepared with the use of phosphoric acid, the follewing
evidence is presented.

Considering the fact that p-tert-butyl phenol and 2
methyl, 4 tert-amyl phenol are soluble in alkall solution

and that o-tert-butyl phenol, 2,4 ditert-butyl phenol, and
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2 tert-butyl 4 methyl phenol are not, it would seem that
insolubility in alkall solution is characteristic of tert
alkyl phenols only when the alkyl group is ortho to the
hydroxyle It is therfore significant that the tert-butyl
o-cresol prepared by Tchitchibatine is soluble in 209
NaOH solution.

Huston and Petty (7), using aluminum chloride, con-
densed tert-butyl and tert-amyl alcohols with ogcresol.
The tert-amyl o-cresol was proved to have the structure
2 methyl 4 tert-amyl phenol by comparison of its bromin-
ation product with the product from the condensation of

tert-amyl alcohol and 2 methyl, 6 bromo phenol.

OH H
CH CH;
[:]  + B, —> BTfi] + Hor
cﬁ_ri' Ca H;

H\’ CHJ’?-CQHJ
CH,
2 CH |CH3 BV OHcHS
Bn 3 4+ CaHsCOH ——> + HOH
CH3
CHyC-CaHs

CHs

The two bromo tert-amyl o-cresols were proved to identical

by the mixed metling point of their diphenyl urethanes.
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The author prepared tert-amvl o-cresol by the pro-
cedure of Tchitchibabine. By the melting roint of 1its
aryloxy acetic acid, it was proved to be identical with
the 2 methyl 4 tert-amyl phenol prepared by Huston and
Petty.

In conclusion, it may be safely stated that, in
general, the introduction of a tert. alkyl group into the
ring of a para substituted phenol is accomplished with
more difficulty than the correspondins alkvletion of the
isomeric ortho substituted phenol.

It may also be stated that, with a few exceptions,
in the introduction of a tert. alkyl grouo into a phrenol
in which both ortho and para positions aré not substituted,

the position para to the hydroxyl 1s strongly favored,
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IV DISCTIS?TION

I Tert-amyl alcohol and para cresol.

The condensation of tert-amyl alcohol and p=-cresol,
which results in the formation of 2 tert-amyl 4 methvl

phenol, mav be repnresented by the equation:

X " ac & S CaH
O + CaHs-g_gH Atbls Oé": s —+ HOH
3
CHa CHs

Two different procedures were used for this condensation.

By the first procedure, anhydrous aluminum chloride
was susvended with stirring in petroleum ether and a
solution of the alcohol and cresol was added dropwise,

In each case, by thils procedure, the yield of 2 tert-amyl
4 methyl phenol was small (not exceeding 7% of the theor-
etical ) and a large amount of tarry residue was formed.
Where an excess of the alcohol or aluminum chloride or
both was used, a larcer percentage of'the tarry residue
and a smaller percentace of the product resulted. No
differences in vields were noticed when the reaction was
carried out at 59 to 10° or at 30° to 35°.

By the second procedure, the cresol and alcohol were
nlaced in a flask and drv aluminum chloride was added over
a period of 30 minutes to 2 hours. By this nrrocedure, hicher
vields of the product were obtained. (maximum yield 12.5%)
It was found that by increasing the molecular equivalent

of the p-cresol from 1 to 13, a noticeable increase in
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yield reculted. A further increswse in lhe zmount of
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p-crecol resultec in wut elirhu irncrence in yield.

In two concenc-tionc, the re-cticn mixture, auring
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Ty
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OH cH OH CH3
3 .
+ CHy-GOH ALt CCH 4 hon
CH,
CHs CH,
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Condensations of tert-butvl alcohol and p-cresol
were, with the followines exception, run by a procedure
analogous to the second procedure used for tert-amvl
alcohol and p=-cresol,

Due to the tendencv of the condensation mixtures to
solidify, they were cooled in an ice-water bath which al-
lowed more rapid addition of trxe aluminum chloride. This
procedure seemed to assist in the prevention of solidif-
ication end the lowerin~ of the vield which accompanied
it. The molar proportions of the alcohol and cresol which
produced the maximum rields were fourd to be the same as
in the condensations with tert-amyl alcohol, nanely: n-
cresol 1% to 2, alcohol 1.

2 tert-butyl 4 methvl phenol, unon nurification,
crystallizes readily. VWhen crystallized from petroleum
ether by very slow evaroration of the ether, the crrstals
closely resemble those of menthol in general aprearance. The
odor 1s indistinguishable from that of 2 tert-amyl 4 meth—l
phenol. 2 tert-butyl 4 methyl phenol melts at 50.0-50.4°C%,,
boils at 117° to 119°/13.5am. and at 232° to 234°/740.2mm.

It was found by combustion to have the following
composition: (C=80.29%, H=9.87%, 0=9.:24%

The theoretical, based upon the formula CllHleo’ is:
C=80.46%, 1=9.51%, 0=9.,73%.
Separation of the p-cresol and the alkvylated cresol

wes accomplished bv fractional distillation. Howéver,
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advantage may be taken of the insolubility of the two
alkylated cresols in 10% NaOH solution in their separation.

The reported yield from the condensation of tert-
butyl alcohol and p-cresol by Tchitchibabine (186) by the
use of phosphoric acid as condensing agent, was 737 and
the melting point (of the unrecrystallized product (?) )
was reported to be 44°C.

To compare the two oroducts and to investigate the
differences in melting points, the condensation was re-
peated by use of nhosphoric acid (sp. g. 1.7). The yleld
was 75%, m.p. 50.,09-50.4°C.

Tert-amyl alcohol and p-cresol were also condensed
by use of phosphroric acid. The yield of 2 tert-am~l 4
methyl phenol was 65%.

From the high boiling fractions from the condensat-
ions of tert-butyl alcohol and p=-cresol, were separated
10.5g. of material boiling at 124° to 132°/14mm., about
two thirds of which crystallized at room temnerature
when seeded with crystals of 2 tert-butyl 4 methyl nhenol.

An attempt was made to condense 2 tert-butyl 4 meth-l
phenol with tert-butyl alcohol by use of phosohoric acid,
No condensation resulted.

Therefore it was concluded that tert-butyl alcohol
and 2 tert-butyl 4 methyl phenol 4o not condense in the

presence of either phosphoric acid or aluminum chloride.,
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ITTI 2 bromo 4 methyl phenol sand tert-butyl adcohol.

As a further investigation of the directing influence
of the hydroxyl group and of the use of aluminum chloride
as a condensing agent, attempts were made to condense 2
bromo 4 methyl phenol with te:t-butyl alcohol. llo conden-
sation resulted. lMoreover, no condensation resulted from
using phosphoric acid as the condensling agent.

For purposes of comparison, 2 tert-butyl 4 methyl
phenol was brominated, chlororform being used as the

mediume
OH

CH
H B éuéH
O + o —= & + e

CHs CHs
The theoretical amount of bromine reacted readily, but a
few.drops in excess produced a distinetly red color.

2 tert-butyl 4 methyl 6 bromo rhenol is a colorless
viscuous liquid boiling at 133° to 134°/14.5mm. At atmos-
rheric pressure (74l.8mm.), it bolls at 255° to 257°%with
slight decompositione. Analysis for htromine bty the Carius

method gave 33.05%. The theoretical is 32.927.
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IV Preparation of derlvatives.

The aryloxy acetic aclds were prepared from 2 tert-
butyl 4 methyl phenol and 2 tert- amyl 4 methyl phenol Ly
the method of Koelsch (37). Thls method was modified some=-
what due to the slizht solubility of the two compounds
in 33 llaOH solution. Due to the slight sclubility of the
aryloxy acetic acids in hot water, they were crystallized
from 50% ethyl alcohol.

2 tert-butyl 4 methyl phenoxy acetic acid melts at
122.0°-120.5°C. Neutralization equivalent calculated
222.14..Found 22746,

2 tert-amyl 4 mechyl phenoxy acetic acld melts at
125,50-125,0°, leutralization equivalent calculated
23€,16. Found 23E.0.

The p-toluene sulpionic esters, 3,5 dinitro benzoyl
esters, and di;lenyl urethanes were formed in very small
yiells, if any, and could not be separated from the orig-
inal compounds. rhenyl iso-cyanate gave no evidence of

reaction with either of the compounds.
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alkylation of p-cresol by mixed melting points and by

the metling point of its aryloxy acetic acide.



JORSTEDIE RSN )
z tert-butrl 4 methyw! henol,

Ir 2 1 L. 3 nec: reunc bottom flack, fitted with
mechanical stirrer eanc mercury cenl, reflux concercer
fittec with a trermoueter, CaCl. tube, trep Tor escn irg
ECL funcs, And dlce-woter bsoth, rre placed 137s. (19 mols)
o-crescl, 72g. (1 mol) tert-butyl aleohol, =nd £CCcc.

cetrolieum ether. The stirrer is sterted rnd €4z, (mol)

anhycrous =luminun chloride 1

mn

~aced 1nn emnll Zortiong,

tre ternpersture belirns meintainec below 2CC., Stirringy i

=

0]

~

corntinued for = to © hours anc the mixture is zllowed to
staru over nizght. During the 2doition of the alumirun
chlorice, 2 ceep reu colior ls cdevelopec, iLvolution of HCL
fumes Goes Lot co wence until o oproxiuntely two thirZe of
trne 2luminum cnlsrice neeg beern n2dced. The wixture icg then
cecorngocew with ice =ne hyurschloric ncid, cepor=tea
2nd the sgueous, inyer lwice extrsciern. witn diethyl ether.
Trie extr=zctions are comxbined, cried wiinh anhyd., 2.3
anc mogt of the etner =nc unre~ciec lert-butyl =lccoihcl
enoved or. tne stenm botin, The remaining liquic iz frect-

icn=ted under recuced pre-cire (ldmn.) end the followin

-J

(@2

fraciions =zie collectec:
-- €39  alconel, petroleun ether, ete.
éz"’ - 100° p-cresol
120%«= high boilirs,-t 1y neterial,
<. 9 o

Tre frectlion, 1009-1209 is refrnmcticnsien soeversl tines,

the or-ction boiling »t 1177-1009/14mm. which is & tert-
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butyl 4 methyl phenol 1s collected.

2 tert-amrl 4 methvl nhenol

An analogous procedure 1is used for the preparation
of 2 tert-amvl 4 methl phenol except that the fraction
1050-1400/14mn., is separated and refractionated, the
fraction 1269-1299/14mm, Vhich 1s 2 tert-amvl 4 methvl
phenol, being collected. The reaction mixture, durinz the
addition of the aluminum chloride, takes on a dark purple

color.

Separation of p-cresol and 2-tert-amvl 4 methvl

phenol by the use of 10% NaOH solution.

After the ether has been removed from a condensation
mixture, the remaining liquid is distilled, and the frac-
tion boiling at 950-1400/14mm. is collected. This fraction
1s poured into an excess of 10% NaOH sol., well mixed, cooled,
extracted once with petroleum ether, the ether removed on
the steam bath, and the remaininz liquid distilled at 1l4mm.
pressure., It distills at 1259-140°, practicallv free from
p-cresol., It mav be purified further byv fractional distillation.
The NaOH sol. 1s acidifled, cooled, and extracted twice
with diethyl ether. The ether extractions are dried, the

ether is removed on the steam bath, The remaining liquid boils

900-1000/14mm, and contsins verv little 2 tert-amvl 4 methvl
phenol.
An analogous procedure is used for the separation of

p-crecol and 2 tert-butvl 4 methrl onhenol.
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2 tert-butyl 4 methvl phenol and 2 tert-amrl

4 meth-1 vphenol with the use of ~hosrhoric

acid as cordensinr acent,

A1l L., 3 neck round bottom flask, fitted with
mechanical stirrer and mercurv seal, reflux condenser,
and separatory funnel, is placed on the steem bath. In it
is placed a mivture of 54s. (5 mol) p-cresol and 100s,
H5P04 (sn- 2. 1.7). In a separatory funnel is placed
mixture of 100g. H51~O4 and 0.6 molg tert-butrl or tert-
amr! alcohol., (The tert-butwl alcohol-H,PO, mixture solid-
1fies and must be melted on the steam hath before being
placed in the senarstory funnel.) The mixture is added
from the separatory funnel dropwlse with stirrine. Stir-
rins is continued (90° to 959) for 8 to 10 hours. The two
lavers are then separatei and the uvper lawver is treated
in the same manner as 1in the condensations by the use of
aluminm chloride., In these condensations no color is

developed &nd there 1is 1little or no tarry residue formed.

2 tert-amvl 4 methvl nhenoxy ac=tic 2cis,

In 2 small flask, are placeil 3 ¢, 2 tert-=zm-l 4 methyl
nhenol, 5 g. NaOH, 8cc. 50% chloroacetic acii, and 20cc.
95% ethvl alcorol, The flask 1is placed on the steam bath
"or an h»our or more until most of the ethvl alcohol is
driven of'¢, The mixture is then diluted, acidified to the

end=voint of convo rei with hwdirochloric acid, cooled, =snd
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extracted once with diethyl ether., Th e ether laver is
washed once with water and twice extrazted with dilute

Na CO5 solution. The NasCOgz solution is acidified, filter-

2
ed, and the arvloxy acetic acid crvstallized from 50%

ethvl alcohol,

2 tert-amvl 4 methvl phenol froxm

tert-amvl p-creyl ether,

In a 1l L. 3 neck round bottom flask fitted with
reflux condenser, mechanical stirrer, and separatory
funnel are placed 108g. (1 mol) p-cresol, 58g. (1 mol)
KOH and sufficient distilled water, without cooline, to
make a clear solution. 110a, tert-amyl chloride 1s added
dropwise with stirring (60°to 80°) and stirring is con-
tinued for 10 to 12 hours. The contents of the flask are
placed in a separatory funnel, separated, and the oily
layer washed twice with 107 NaOH. and with water, It is
then dried and fractionated at 14mm. pressure, the frac-
tion boiling at 1259 'O 1300 being collected, This fraction

1s 2 tert-amvl 4 methyl nhenol.

2 tert-butvl 4 methyl phenol from

tert-butyl p-cresvl ether,

The reaction is carried out by an analogous procedure,
The fraction 116° to 1209/14mm. is collected, seeded with
crvstals of 2 tert-butyl 4 methyl phenol, nlaced in the

ice box over night, and the crystals pressed on filter



papers to remove the oily impurities.

o-tert-butyl phenol, methyl iodode,

and anhydrous aluminum chloride.

In a 500 ccs 3 neck round bottom flask fitted with
reflux condenser and mechanical stirrer was placed a
solution of 25g. (1/6 mol) o-tert-butyl phenol and 25g.
(1/5 mol) methyl iodide in petroleum ether. The mixture
was cooled on a cold water bath and 12 g. anhydrous alum-
inum chloride added slowly with sfirring. Stirring was
continued for 6 hours and the mixture was allowed to
stand over night. A light red color was developed and
evolution of HC1l ( or HI) fumes was noticeable. The
mixture was decomposed with ice and hydrochloric acid,
scparated, the aqueous layer extracted twice with di-
ethyl ether, and the ether removed on the steam bath.
The remaining liquid was distilled at l4mm. pressure.

The main portion (22g.) boiled at 118%to 125°, dissolved

completely in 5% KOH and was identified as p-tert-butyl

phenol by its melting point.
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TABLES OF RESTLTS

tert-butvl alcohol and p-cresol

tert-butvl
p-cresol alcohol AlCl5 2tert-butyl
_ 4 methyl phenol vield residue
272, 18g. 16g. 28 4.973, 2-3g.
54g. 36g. 242, 53, 6.2% 2-37.
#108g 54g., 328 1-2¢, 1.8 3z,
#108g. 54p., 48, - 5.8% 3.
108g. 54c., 43¢, 17¢g, 14.2% ar,
1522/ 54g. 48, 187, 15,0% 50
135g. 72g. 64g. 18, 11.2% 5G
#135g. 724, 64g. 15z, 9.4% 10z,

s#iixture solidified

# Mixture solidified, wes broken up, and more petroleum
ether and aluminum chloride were ad-led.
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Tert-eamvl alcohol and p-cresol

tert-amvl 2 tert-amvl
p-cresol alcohol AlCl3 4 methyl phenol vield residud
%27g 21g. 16g. 2c. 4,5% 2c.
%278 21g. 328 28 4.,5% €-8g.
#8lge 21le, 1l6g. 25 4,5% 2-3g.
54, 84g. 64g. 3 1.7% 208,
¥54g. 420, 320, 2¢. 2.27 8.
5548 42¢g., B 328 T 9.0% 3-4a,
B4, 42¢, 48+, 7o 8.0 5.
S#b4c. 63 32¢. 3re 2.3% 3.
e8la. 42¢, 32 -, 11g . 12.5% 20,
~108g. 420, 32, 8f e 9,07 3.
&t324g. 168g. 96g. 30g. 3.3% 20r.

# Mixture solidified
* p-cresol and tert-amyl alcohol ad?led to AlCl5 in pet.ether

@ AlCl# added to p-cresol and tert-am—l alc. in pet. ether.
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VII SUNLIARY

(1) Tert-butyl alcohol and para-cresol have been
condensed in the presence of aluminum chloride to form
2 tert-butyl 4 methyl phenol.

(2) Tert-amyl alcohol and para-cresol have been
condensed in the presence of aluminum chloride to form
2 tert-amyl 4 methyl phenol.,

(3) Tert-butyl alcohol and 2 bromo 4 methyl phenol,
in the presence of aluminum chloride, did not condense.

(4) From 2 tert-butyl 4 methyl phenol and 2 tert-
amyl 4 methyl phenol, 2 tert-butyl 4 methyl phenoxy
acetic acld and 2 tert-amyl 4 methyl phenoxy acetic acild
have been prepared.

(5) The structures of 2 tert-butyl 4 methyl phenol
and 2 tert—émyl 4 methyl phenol have been proved by the

rearrangement of tert-butyl and tert-amyl p-cresyl ethers,
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