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INTRODUCTION
In 1916 Huston and Freedman (1) condensed benzyl
aleohol and benzene by useing anhydrous aluminum chloride
as the condensing agent.

In 1920 (2) benzyl alcohol and phenol were condensed
by the same method.

In 1929 (3) benzyl alcohol and para-cresol were also
condensed by the use of anhydrous aluminum chloride as the
condensing agent.

In 1934 Huston and rFox (4) condensed tert-butyl and
tert-amyl alcohols with benzene.(same method)

In 1936 tert-butyl and tert-amyl alcohols were con-
densed with phenol.(5).

To investigate the use of zinc chloride as a conden=-
8ing agent below thirty degrees temperature the author has

attempted to condense tertiary butyl alcohol with phenol.
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11 HISTORICAL

Previous workers have used anhydrous ginc
chloride as a condensing agent and as a catalyst in
many instances.In all cases that were investigated an
elevated temperature was required to bring about the
desired reaction.

Liebmann (6) condensed benzyl alcohol with phenol
in the presence of anhydrous zine chloride.The reaction
took place rapidly and with a falr yleld.

Kippernberg (7) brought sbout the condensation of
an alcohol and an amine."ore again an elevated temper-
ature was requiredto bring about the reaction in the
presence of anhydrous zinc ehloride.

Fisher and Roser (8) (9) condensed alcohols with
aromatlc bases.lhis reaction took place only at elevated
temperatures and required s long perlod of time.

Liebermann(10) condensed butyl,benzyl and amyl al-
cohols with phenol.Finding also that the higher homolo-
gues of phenol failed to glve the ferric chloride tests.
An elevated temperature was required to initiate the re-

action.
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Yerz and Weith (11) also produced dlpher.pr] ether
by the action of anhydrous zinc chloride at 110° on
phenol.

Auer (12) prepared ethyl phenol by heating absol-
ute alcohol (ethyl) and phenol in the presence of an-
hydrous sinc chloride.

In the crotonization of aldehydes and ketoned
Perkins (13) discovered that in a liquid medium acet-
aldehyde was converted into crotonaldehyde with zinc
chloride at e temperatire of 97°.

Prieb (14) condensed benzaldehyde with nitro-
methane in the prescnce of anhydrous zine chloride
to give the nitro derrivatives of phenyl ethylene.

Frank and Kohm (15) found that hot para-alde-
hyde was converted into mono-molecular aldehydes at
109,

Knownagin (16) acetylat:=d aldehydes in the presen-
ce of anhydrous zinc cholride at a very high tempera-
ture.

Sabateir and Mallhe 917) used zine chloride as
a dehydrating ag-=nt,especlally in the dchydration of

alcohols to gilve ethers and unsaturated (usually)d
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hydrocarbons.XIt wae also found that it was impossible
te use szinc chloride to dshydrate methyl alechol to
give 4di-methyl ether as gaseous products are produced
through a very complicated reaction and a certain am-
out of hexamethylbenzene is also formed.

The author was unable to find any references
in which anhydrous zinc chleride had been used suc-

cessiully ae a condensing agent at reduced temperatures.
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DISCUSSION

The condensation of tertiary butyl with phenol
was attempted by the author (19).He alkylated phenol
was 1solated by this method.Many dAilfferent methods
were used to bring about this resotlion a$ the desired
temperature but they were all unsuccessful.lt was
found,however, that by the addition of a small gquanity
of anhydrous aluminum chloride to the reactlion mixture
that the zinm chloride was activated and the reaotxoh
took place.The percent yield of the para isomer oom-
pares favorably with that of the aluminum chloride
condensations with less gummy material being formed.
Upon purifying the pars isomer 1t was notlced that
there was a low and a high bolling fraction that could
not be any of the original reactants.During the course
of the investigation these fractions were proven to
be the ortho and the dialkylated phenols which appar-
ently exist in equilidrum with the para iscmer,but in
very small quanities.Attempts were made to produce the
ortho and the dlalkylated isomers by heating the para
isomer in the presence of the aluminum chloride zine

chloride mixture (same amounts as used in condensations)
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but only the ortho-tertiary butyl phenol was iso-
lated.in very small quanities.The dialkylated pro-
duet wes not obtained in this procedure although it
was found in small amounts when tert-butyl alcohol
and phenol were condensed 1n the presence of the
zine chloride aluminum chloride mixture.When the
same method was used with aluminum chloride alone
(20) both the ortb and the dlalkylated phenols were
isolated in small quanities (see tables).When the
ortho isomer was treated with aluminum chloride only
the para tertiary bmutyl phenol could be isolated.The
same procedure was also followed useing anhydrous
zine chloride as the equilibrum producing agent,but
no ortho or dialkylated phenols were 1sclated.With
phosphoric acid as the equilibrim producing agent
no ordho or dilalkylated phenols were isolated.low-
ever when tertliary butyl alcohol and phenol were
condensed in the presence of phosphoric acid (21)
a small yleld off ortho tertiary butyl phenol was
found but no dialkylated isomer was isolated .

The structure of the alkylated phenols
were proven by comparison with those produced by

Perkins,Dietzler,and Lundquist(20).In addition



i
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ay (22) da dortho bromo phenol with tert-
butyl alcohol useing the aluminum chloride method.The
author upon the bromination of the 4-tertiary butyl
phenol found that the product formed was identicdd in
H¥elting Point and Boiling Point to that of Swayzee's
above.A mixed melting point was run with no depression.
A bromine determination was made (23) (see tables) on
both compounds and close agreement with the theoretical
were obtained.One atom of bromine being attached to the
ring.

A carbon and hydrogen determination (24) was run
on the ortho alkylsted phenol and the calculated results
agree favorably with the theoretical (see tables).The
orhto terti-ry butyl phenol was then bromin: determination
made (23).It was also found to have only one atom of Br
attached to the ring.Since the melting point and the
boiding point of this compound does not agree with that
of 2-bromo 4-tertéary butyl phenol and since there are
no other likely possibilties it can be safely stated
that 1t is 2-tertiary butyl phenoi.Also when the ortho
tertlay butyl phenol was treated with aluminum chloride
it rearrangsd almost gquantitively to the 4-tcrtiary
butyl phenol.

Carbon a2nd hydrogen dsterminstions(24) were made on
the 2,4 ditertiary butyl phenol and the caleculated re-

sults were in agreement with the theoretlical (see tables)
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The author also attempted to alkylate para-
brony phenol with tertiary butyl alchhol in the
presence of anhydrous aluminum chdoride,anhydrous
zine chloride and aluminum chloride mixture,and
in the presence of phosphoric acid.I n all thrse
cases no alkylated phenols wer: recovered.Apparcntly
the ortho position under these conditions 1s not
recsptive to alkylation.

Tertlary butyl bromide and phenol were condensed
in the presence of metallic Sodium (25).The only
alkalyated phenol that was isolated was the para
isomer and no ortho or dialkalyated were obatalned.

In order to fAdllitate the separation of the ortho
isomer from the para isomer 1t was found that 1t was
very conveinlent to use a 5% solution of XOH.The para
tertiary butyl phenol being soluble and the ortho
tertiary butyl phsnol insoluble in this soluttion (see
tables).
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EXPERINENTAL

Condensation of Tertiary Butyl Aleohol with ZFhenol
in the Presence of Zinc Chloride and Aluminum
Chloride Under Thirty Degrecs Temperature.

iighteen and five-tenthe grams (.25 mole) of
Tertlary butyl alcohol and 23.5 grams {8.25 mole) of
phenol were treated with 80 ml. of petroleum ether in
a five hundred ml. round bottomed three necked flask
equiptzd with mecury sealed mechanical stirrer,and a
condcnser which carries both a therometer which reaches
into the reaction mixture and a bent tube for the
outlst of HCl gas.This apparatus was placed in the
hood.Then ssventecen grams (.125 mole) of Zine Chloride
was added to the mixture and stirred for one half an
hour.Then to this mixture was added three grams of
anhydroud aluminum chloride.No rise in temperature was
noted, “fter the addition of the aluminum chloride the
stirring was continued for four or five hours.During
this time only a very little amount of HCl gas was
given off.The comtents became a slight pink in color and
upon standing overnight became quite dark. at which
time it was decomposed with ice water and HCl.The

hydrolyzed product was tizn extracted three times with
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ether and dried over CaGly.The ether was removed by
distillation and the residue fractionated.The first
fraction was collected from 90%-120° @ 14 mm.pressure
and was found to be mostly unchanged phenol and
ortho t=rtiary butyl phcnol.The second fraction was
collectzd at 1200-135° € 14 mm. pressure and was
found to b: almost pure para tcrtebufyl phenol.The
third fraction was collect:d st 135°-150° ¢ 1l4mm.
pressurc and was found to be mostly 2,4 ditertiarg
butyl phenol. These throee fractions were purifiled

by fractional distillation.The para teptiary butyl
phenol was reerystallized from petroleum eth-r and
was to be a 38% yileld .M.P.97.5°;B.P.120°—122° e 14
mm. pressure.The ortho tsrtiary butyl phenol was
found to be a slightly yellow coleored liquid upon
purification.Yield 1.5%;B.P.115 ~=117° & 23 mm pres-
sure. ihe 2,4 ditsrtizry butyl phenol was purified by
fractionation.It crysatllized as a white solid with
u.P. 53° and B.P. 143°-145° ¢ 23 mm pressure.Less than
1! yield was obtained.
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Reaction of Para Tertlary Butyl FPhencl with Zine

Chloride and Aluminum Chlorige.

Scvanty-five grams (.5 mole) of purc tert
butyl phsnol (para isomsr) wsre placed in a 520ml.
modificd Clakben flask fitted with o capillary,
thermomster,and a condsnsing flask.Thirtyefour
grans of of anhydrous zinc chloride and s8ix grans
of anhydroud aluminum chloride was added cautiously
to the warmed para tartiary butyl phenol.:t small
amount of HC1l was glven off at this time and some
iso-butyl=ne, . .he r..ction was carried out undor
r:duc.d proesgura,waber pump,and tiic mixture was
heat:d for Lhrse hours at 35 mn pressure.At the =nd
of thi: thrae hour psriod the heat wes gradually in~
crsased and aboul twenty grams ol phenol was distile
led fractionally from the mixturc.A solutlon made up
of flve ml. of distillcd water and ¢lcven grams of
godilus carbonatc was then added to thie residue and
filt-zprod fmuediately,wnile hot.Upon purifiaation
by fractional distillatlion obtained 54.5 grams {73%)
yield of para tertiary butyl phenol K.P. 97°.0ne and
five tenths gramas (2i) of 2,4 dltertiary butyl phenol
was obtained M.P.54°,
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Condensation of Tertlary Butyl Alcohol with FParas
Brome Phenol in the Presence of Anhydrous Zinc
Chloride and Aluminug Chloride.

The proccedure the same as in A above and
upon purifiaction obtalned 35.5 grams (827%) of para
bromo phenol and 5 grams (3%) of an unidentified

compound.B.?. 125°-127° ¢l4mmm pressure.

Condens:tion of Tertliary Butyl Alcohol and Para
Tertiary Butyl ~henol in the Presence Of Zinc
Chloride and Aluminum Chlorids.

The procedure the same as in A above.Upon
purification reccovered thirty grams (80,0 of pars
tertlary butyl phenol.No other alkalyated phenol was
1solated.

Condwnsation of Tertiary Butyl Aleohol and Phznol
in the Prescnce of Anhydrous Zinc Chloride Under

Thirty Degrees [emp:rature.
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The procedure the same as in A above with the
exception that 17 grams of anhydrous (fused) Zinc
Chloride was used as the condensing agant.No
alknlyated phenols were isolet.d.Ninety % (21 grams)

of para tcritary butyl phenol w=s ricovered.

Condensation of Tertiary Butyl Alcohol with rhenol
in the Pressence of Anhydrous Aluminum Chloride.

Th= procesdure the ssme as in A above. Upon
purification a 417 yisld of para tertiary butyl
ohanol was obtained.v.?.97.5°; E.P.123°-122° 3
14 mm. pressure.The ortho tertiary butyl phenol
upon puriflestion was 1.5} yleld of a slight
yeldow liquid with a U.?.115°-117° .23 mm. prese
sure.the 2,4 ditertisry butyl phenol was purified
b fractional adbdstillatlon and cryshallized as a
white solid with a #.2. 53.5° and B.?,143%-145°
©23 mm pressure.A 5 % yield of the pure product

w38 obtainzd.
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Reaction of Para Tertiary Butyl Phenol in the

Presence of Anhydrous Aluminum Chloride.

The proccduréd the same as in B above.
Thirty-four grams of anhydrous aluminum Chloride
was added.A great deal of HCl was cvolved at this
time.The filtrate was fractionated and obtained
582 (43.5 grams) of para tertiary butyl phenol,
five grams (6.6%) of 2,4 dltertiary buiyl phenol,
two grams (2.65) of ortho tertiary butyl phenol.

Reaction of Tertlary Butyl Alcohol with Para
Bromo Phenol in the Prescnece of Anhydrous

Aluminum Chlorids.

Eighteen and five-tenths grams of (.25jmle)
tertiary butyl alcohol and 43.5 grams (.25 mode)
of para bromo phenol was treated with 80 ml. of
petroleum ether in a 500 ml. round bottomed three
necked flask.lhe procedure the same as in A above.
Upon hydrolysis,extraction,and purification obtain-
ed 39 grams of para bromo phenol and no alkalyated
product was identified.
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Condensation of Tertiary Butyl Alcohol and Para
Tertisry Butyl Phcnol with Aphydrous Aluminum

Chloride.

The procczdure 1s ldentical to that in A
above.Upon hydrolysis,extraction and purification
twenty grens (80%) of pars tertlary butyl ph nol
were recovered.Five grams (1.5%) of 2,4 ditert-

iary butyl phenol were obtained M.P.53.5°.

Resction of Para Tertiary Butyl Phenol with Tept.
Butyl Alcohol in the presence of Aéhydrous Zine

Chloride.

The proccdure the same as in A above .25 mole
of the reactants being used.lNo dilalkalyated phenols
were isolated.Twenty-two grams (92%) of para tertiary

butyl phenol recovered.

Condensation of Tertiary Butyl Aleohol with Phenol
in the Presence of Phosphoric Acid. (26)

“ighteen and five-tenths grams (.25 mole) of
tertiary butyl alcohol and 23.5 grams (.25 mole) of
phenol and 200 grams of phosphoric acld were placed

gcar 0 ml. roun@ bottomed flask fitted with a
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mecury sealed mechanleal stirrer and reflux con-
dcnser.The flask was then placed on the stacm bath
and heated for eight hours at iOO° with constant
stirring.At the end of this period the phosphoric
acid was siphoned off and the résidue was fraction-
ally disthlled.Obtained 19 grams (8)%) of para
tertiary butyl phenol,l.P. 950; .5 grams (2%) of

2,4 attertiary butyl phenol,}.P.53.5°.

Condensation of Tertiary Butyl Alcohol with Para

Bromo Phenol in the Presence of Phosphoric Acid

The procedure the same as in K above.
Fourty-three grams of para bromo phenol (.25 mole)
was uscd.Upon purification 95% (41.5 grams) of
para bromo phenod was recovered.io alkalyated

phenol was obtained.

Reaction of Tertiary Butyl Bromide and Phcenol in

the Presence of Metallie Sodium.

T"laven and five-tenths grams of (.5 mols)
matallic sodium w as suspended in one hundr:d mls.

of toluene in 500ml. round bottomed three necked flask
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fitted with a mecury sesled mechanical stirrer and
roflux condenser.Fourty-seven grams (.5mole) of
phonol were rdded czrefully and the mixture
stirrared until the r-action was completed.ihen
.5 grams (.5 molz) of tertisry butyl bronide
adied slowly by means of a separatory funnel.the

rzaction alxturc was stirre¢ for six hours and

allow:d to stand overnight.Jpon purlfication 42.5;
(20 graus) of pera tertiary butyl ph:nol wero

2y77eP. 27.5%.N0 other alkalyatcd phenok

was obtelned.

Browinntion of 2ara fcrtiary tuiyl Phenol

fyontyethra: goamg (.25 mala) of para-
trrtinry dutrl ohenol wea displved in sixty mls
of ¢ rion Y:4ra chlorids in 2 two hunir~d ~1.
ro-'n¢ kottom~d three nucked flask,t- which was
fitt:0 2 mecury a=n <! m=chanical stirr:r,r:flux
condeng r Fittsd with a therom:st-r rosching
brlow 21 sarfaca of th: 1ig1 3,end = scprr-tory
funnl, Yourty crams (.25 mole) of Brominc wns
ad”’cd bty ust of %1 sennwratory funncl,During thc
additlon of th¢ srominc th: mixtur. w:g coolsd with
an 1c ond salt mixturs - nd kept aroundé 10°.The
mixturz was toen alloved to comc Lo room tom :~raturc

1tk etdm=twe for four ho ra aft r ths Pramine w s
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added.It was allowed to stand overnight and then
1t wag purifi:d by fractional distillation und'r
raduest prsgurc.Cbtalned a white crystalline

solid, .2. 121-123° (. 16mm/pressure and i.2.

Bremination of Ortho Terti~ry Bunyl Phenol

+he proecdur: ind-=tie-l to that of N above.
Upon nurificati:n a w:lt: colorliuss s3011d “.P. 55-

.0 -
56° and o 5..0.145-148° ¢ l4um. pressur: was obtaln .






TABLE OF RESULTS
ALCOHOL PHENOL CONDENSING AGENT PRODUCT. % YIELD MePs SaPs
p-tert.butyl phenol uw.& w"qa 120-1220414mm
TERT/BUTYLY phenol Nuoum?q%.;.ﬁopuamu.v 2,4 ditertebut¥l phenol | <1.8% 54° :.u.i.»wxmu:a
o-terteshutyl phenol +1.0% liguid 115-117"/23mm
p=tert.dutyl p-tertebutyl phenol 97" | L20-122/14mm
phenod. above 2,4 ditert.butyl rhenol 5345 | 143-145°/25m
o-tertsbutyl phenol Nene D B -
4
tert butyl p-bromo Above para bromo phenol €2.0% 82.5 muoo\qmw m
A phenol ;, unidentified product y@ 80114 125-177 muaé
Tert.butyl |p-tert.butyl p=tertebut sl vhenod 3% 96450 | 122~1289414m
rhenol above 2,4 ditbertsbutyl phenol { None
o-tert.utyl phenod None
TERT/Butyl p-te “tedutyl phenol 41.0% 97,5° | 120-123°/14mm
phenol A1C1lz (17ge +125 m) 2,4ditert butyl phenol m.ou\,m 55,5° 143-144°%/23mm
o-tcrto.butyl phenol 1.5 liguid
p=tertobutyl phenol 5 97
mwmmeem- | P=TERT,Butyl A1Cly (17zr +125m) 2,4 ditert.butyl phenol | 6.5 £4,0° F?Emw\muﬁ_
o=tert.butyl phenol 2.6 % lichid 116-117 /23mm
tert.butyl D~DbIOMNo above p-bromo phenol 75.0% 6340 220 /760 mm
phenol No Condencation
tert.butyl |p-tert.butyl above p-tert.butyl phenol ,| 80.0% 97,00 | 120-125014m
2,4 ditert. butyl phenol. H.ww 53,0° pru.wmumg
S— Y TR ZnCly (17gT) patertebutyl phenol 89, 57.0° | 120-125°/14mm
No_ Condensation
ert,butyl phenol ZnClp (17zr) No Condensation
ert butyl phenol HgPO, ”aoow petert.butyl phenol E0v0% S645% | 120-1220/14m
2,4 ditert.butyl phenol | 2.0% 52.5% | 142-145%/2%m
o-tertsbutyl phemol Yone Soms
ftert.butyl p-bromo HzPO,
_phenol . No Condensation —m—
FFERT Butyl o=tert.butyl phenol
EBromide phenol letallic Na P-tert.butyl phenol 42.5% 98,0° | 120-1250/14m
244 ditept butyl phenol | meeeee







QF RESULTS

sont;
SOLUBILITY OF ALK} PEENOLS
IX 4’KoR
p~bromo o-tert.butyl phenol insoluble
Ortho tert.butyl phenol insoluble .
v=bromo- p‘-tert.butyl phenol soluble
, Pa.ra tert.butyl phenol A soluble
PIRCENT CARBON AND EYTROGEN
% C % C %X % H
+ COMPOUND THEQ o CALC, TEEO, CALC, X
P-tert.butyl phenol 80.00 | 79.85 9.53 { 10.250

O~tert.butyl phenol , 80,00 78435 9433 10,305

A

2,4 ditertytertsbutyl
J ‘ phenol 81.55 82,01 10,67 { 10.790

PERCENT BROMINE

Calgc. THEO «

COMPOUND V4 Br % Br

2 Lromo 4 tert.butyl , .
phenocl M.P. 30438 34,35

2 tert.butyl 4 bromo
phenol M.P. 35,85 34493
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SUMMARY

1. T:rtiery butyl alcohol will not condense in
the pressnce of zine chloride at or b:=low 30° as

witl, sluminum chloride.

2. I'ertisry butyl alcohol and phenol will cone-
dense in th: »resence of zinc chloride and alume
inum chlorlide mixture to give para tcrtiary butyl
phenol,ortho t rtiary butyl phenol,and 2,4 ditcrt-

1 ary butyl phenol.

3. Ortho and 2,4 ditzrtlarybutyl phcnol appar:nt-
ly exis® in =gullibrum with para t:rtliary butyl
phenol when in the presence of zinc chloride and
aluminum chloride mixturc.It is possible to isolate

them from th%s reaction mixturs.

4, Orthd tertiary butyl phenol in the presence of
aluminunm chloride reoarranges almost quanitatively to

glve para tertiasry butyl phenol.

5e Para bromo phenol will not condcnse with tertlary
butyl alecohol in the presence of aluminum chloride,
zine chlorlide,gzinc chloride and aluminum chloride

mixture,or in the presencc of phosphoric aecid.
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SUIMAFRY Cont.

0. Apvarc ntly the pars position is strongly
favorsd wincn both the orilio end pare pesitione are

opsn {or alkalyation.

Te iho ortiio alkalyat.d ph:-nols arc ing lubl: 1n
5j £0ii whilc the paras alkalyatew isgom:rs ar: solulle

i tris solution.
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