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INTRCOUCTICHN

The condensation of benzene, phenol, and of other
aromatic cormmounds with alipvhatic and rixed alinhetic-aroma=
tic alcohols, wusin~ anhydrous alurinum chloride as a cata-
lyst, has teen the subjcct of extencive 1nvestirations in
this laboratory for a number of yearse

In 1%37, Hucton and Coleman (1), investi~zted the
reaction of ortho- and para-chlorophenols with tertiary amyl
and butyl alcohols in the presence of aluminum chloride. It
was found that both alcohols conlensed with o-chlorophenol
to yield tre p-te-aslkyl-o~-chlororhenolse These two tertiary
elcohols falled to condense with rara-chlorontenol under the
conditions studied.

It is the purvose of this vrezent lnvestisution to

supvlerent and to extend this worke



EI272RICAL 2

The action of anhvdrous slurinum chloriie &nd of
other ree~ents on substituted srometie corvounds, either in,
or nct in, the vrecence of other eomrounis has been the cub=
jecet of invecti-~ction since the lstter part of the lest cen-
tury.

rerrier (2) heated ortho=- and vpara-chlororhenols
with aluminum chloride in dry carbon disulfide and odtzined,
uron coolinz and filtering, crystalline products which ana-
lyzed as (C6H5001)2A12014. These comnounds had definite
melting pointse. The original vohenols were regenerated by
tte action of weter.

Dumreicher (3), in 1832, found that slCl, reacted
with brorobenzene at eleveted temperatures, 130° C.,, to zive
lercely unchcnsed rateriel and some tenzene, dibrorobenzene,
and IBre Chlorobenzene was unaffectcd by AlCls under zimi-
lar conditions, Jodohenzene cave a reaction similar to that
of brorobenzene, excent lodine was recovered instezd of Kl.

Leroy (4), in 1837, observed that p-dibrorobenzene
in the precence of 4lCl, at 100° C., cnve tribromobenzene,
ronobrorobenzene, and reta-dibroroben. ene,

I'okn and “'uller (5) debrorinsted tritroroohenol,
with .Al()l3 and benzene, at 1c0° c. Erormobenzene and vhenol
vicre obtained, torether with unchen-ed tribrosovienol. Under
siriler conditions, trichlorortenol was unz“fected.

Xohn and Bum (6) obtained reta-brorotoluene eand

nhenol from tribroronkenol and toluene by tie zction of
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A1Cla at 100° ¢, Si~ilarly, p-bro:orvhenol rave reta=-broro=-
toluene and mhenol.

¥ohn (7), in 1931, showed tret tridrororesorcinol
was also debrominated by benzene and Al1Cl3z. Aroratic com-
pounds, such as bronocklorobenzene and brorotoluene, also
rave the corresponding detrorincted cornoundse

salkind, Stetzaw (8) end Lohfert (9) observed that
when some of the dibroronevthalenes vere hested for several
h:urs 1in the nresence of 41Clz, srmall arounts of isorerie
dibromonapthalenes, alonz with the ori-inal brormo corvounds,
were recovered,

Copisarow (10) observed that when brorobenzene and
A1Cly were heated on the water beth for eirht hours, a mix-
ture of benzene, the three dibrorobenzenes, the 1,3,5 tri-
brorobenzene, and some of the 1,2,4 isorer was obtsined.
Para-dibrorobenzene yielded benzene, brorobenzene, a rixture
of dibrorobenzenes,and the 1,2,4- end the 1,3,5=tribroroben=
zeneses Chlorobenzene was not affected by ilClgz. i~ration
of the bromine atom weas increased by ec¢ontinuous reroval of
the ben:ene forred, and by ecrryinsg cut +the reaction 1in a
current of HCl or Iig.

Berry and Peid (11) alkylated bronobenzene with
ethylene 1in the prezence of AlCla and 1isoleted benzene,
ethylbenzene, diethylbenrene, and brominated ethylbenzenes,

Eruce and Todd (12) obtained 1,3-diisorropyl-4=
brorobenzene fron the resction of ‘btroroben-ens, isorropyl

chloride, and .-xlCl5 at 0° C, lio debrorminated products were



reported.
In most of these instances of bromine migration or
removal, the conditions were generally more severes im time,

temperature, and in the amount of AlCl, than usually follow-

3
ed in this 1ladoratory. However, even under these severe
conditions, the chloro isologues of these bromo compounds
were not dehalogenated.

Suter (13) found that when p-fluorophenstole was
refluxed with benzene and 31013, the expected p-fluorophenol
was obtained, plus some other phenolic product. ° Westom and
suter (14) later showed that this phenolie product was para-
hydroxybiphenyl. Para-hydroxybipﬁenyl was then obtained Ai-
rectly by the reaction of benzene and AlCl3 with p=fluoro-
phenol. Para-chlorophenol did not show a similar reaction
with benzene and ilClye

Henne (15) states that Alcl3 replaces fluorine
readily in aliphatie or aromatic compounds.

In 1939, Norris and Turner (16), investigated the
reaction of the three isomeric chlorotoluenes with AlCl; and
HCl, under mild conditions. They observed both dispropor-
tionation and rearransement as a result of migration by the
methyl groupe.

There is considerable reference in the 1literature

to the dealkylation of alkylaromatices by Al1Cl,, and other

3
acid catalystse. It has been shown, however, that A.'LCl:5 will
recove all types of &alkyl groups from an aromatisc nucleus,

On the other hand, Ipatieff and Corson (17) found that
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ferric ctloride, sulfuric acid, &and nhosnioric acid rermove
only tertisrv alkrl grouvs recldlly from an eromatic nucleus.

crlov and vVaisfeld (18) studied the declkylation
of xylenes and fourd that roist AlClz was very effective for
dealkylation, slClz*6H,0 being the most effective,

Nightingcale (19) gives an extcncive review of both
alkylation and dealkylation of benzene in tie presence of
AlClze

1itration 1s, 1in meny resneets, anclogous to al=-
kylation. There are innumerable references in the 1litera=
ture where debromination was observed when bdbromoaromatics
were nitrated,

’In 1896, Jackson and Dunlep (20) obtained uni-
derntificd debrorineted nroducts from 2,4,6-tribrororesorein-
ol by the ection of bollinz water.

Raichikov and Zadbrodkin (21) obtsined picric acid
and bromine by the action of 2 nitric-sulfuric acid nmixture
on symmetrical tribrorophenol., “ithout tke sulfuric aciq,
the amount of debromination was smeall,

Raiford and Heyl (22, 23) found thst both tribromo
and triiodophenol had either an ortho or a nara halocen re-
rlaced by a nitro group when these phenols were treated with
sodium nitrite and acetic acid. Trichlorophenol was unaf-
fected under the sare conditions.

Raiford and 1eRosen (24) nitrated dbror.inated
fluorophenols ty ecetic acid and sodium nitrite, ‘hen 2,4,6-

tribroro-3-fluororhenol was nitrated, a brorine etom was
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replaced by a nitro group in either the "2" or the "4" posi-
tion. :hen 2-fluoro-4,6-dibrorophcnol was nitrated, the
products were Z2=-fluoro=-4-oroi0=6=-nitronhenol end 2-fluoro-4-
nitro=-6-biromophcnoles The product from 2,6-dibromo~4-fluoro=
phenol was 2=-bromo=4~fluoro-6=-nitrophenol,.

Similarly, Raiford end iiller (Z5) studied chloro-
brormophenols under like conditions and in &sll cases, 4t was
the bromine that was replaced by the nitro groupe.

Enerson, Dorf, and Deutschmann (26) observed a de-
bromination of tribromoaniline when refluxed with zine, HCl,
acetic acid, and formsldehyde, The resultant produet was
dimethylep-brorophenylarine,

Hod~son and Nixon (27) subjected 4-chloro=3-nitro=
sniline to diazotization with Nalil, and either HCl or EpS0ye
vependinz upon the acidity of the solution, the vroduct was
a 4-chloro-2-nitrotenzenediezonium salt or 2-nitrobenzene-4-
diazo oxide-1, In the case of 4-fluoro-3-nitroaniline, the
product was exclusively 2-nitrobenzene-4-diazo oxide-l.

In this 1lsaboratory, bromo end chloro compounds
have been rescted 1in the ovresence of minimum amounts of
AlCls at room temperature without any observed dehalogena=
tion.

ff'uston and vwarren (28) benzylated o-chloronhenol
in the presence of 41Clx to obtaim both 4~benzyl-2-chloro-
phenol and 6-benzyl-2-chlorophenol,

Hucton and Guile (29) reacted reta=-chlorobenzyle

chloride and 2,6~dichlorophenol in tke presence of ilClsz to



obtain 4-hydroxy-3-5-3t=trichlorodiphkenylnretliane,

Pera-bromobenzylchloride was reacted with both
phenol end 2,6-dibromonhcnol by Hustom and Dtarcy (30) to
give 4-hydroxy-4'=-brorodiphenylmethane and 4-Lydroxy-3,5,4"'-
tribromodinhenylmethane,

Fuston and Fayerwesther (21) successfully obtained
4-Lydroxy-2t-brorodiphenylmethane and 2-hydroxy-2'-bromodi-
phenylmethane from ortho-broroben-ylchloride and phenol in
thes presence of AlClgz.

Iuston and lNeely (32) benzylsted 2,5-dibromophenol
with metea-bromobenzylchloride to yield 4-hydroxy-3,5,3'-tri=-
bromophenylmethane,

Huston and Strickler (33) reported the condensa=-
tion of n-propylphenylcarbinol «nd 2,6-dibromovhenol with
AlCl; to give 4(olpha-phenylbutyl)-2,6=-dibror.o>uenol.

2,6=dichlorophenol was cqndensed with benzyl elco-
hol and AlClz by Fuston and Zldrid-e (34) to give 4-hydroxy-
3,5=-dichlorodiphenylmcthane and the correspondinsz ether,

1n 1937, Uuston end Coleren (1), investicated the
reaction of ortho- and paga—cblorophenols with tertiery anyl
and tertiary butyl alcohols in the presence of AlCl3 at room
ternerature,

Tertiary butyl =znd tertiary amyl elcohols both
condensed with o=-chloronhenol to zive the para-t-elkyl or=-
tho=chlorovhenols, Both of the alcohols falled to condense
with para~chloronhenol under the conditions studled.

¥Klarmann, Jhternov, and GCetes (35), 1in 1933,
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nrenared yara=tearrleortho-chloronhienol without ruerorting
the retiiod of vrren.raticn.

rgra=t=-butyl=o-chlorozhenol wazs wrepzrcd by [ ills
(56) by the chloriantion of p=t=butylerhicnols

<1.4lsrly, ilarcann, Gates, oaternov, end Cox (I7)
brordnated peteanyl phenol to give peteaczyle-o-brorophenole
11ls (35), by the sace vrocedure, cobtecined a sizilar rroe
~ducte

In 1395, ©Dains and iothrock (32), prerered p=t-
tutyleo=brorenhenol by brorinetin~, in curbon disulfide, the
sodium salt of n=-t=butylvhonole Lfter distilletion, a dork
041 was left which was best rurificd ty ctecn distillation,
ite 01l then solidified 2nd wes i{lentified as p=t=bulyleo=
brosophenole

ttuston end Amctt (49) tbrormisctod pet=butylnhenol
and obtuined p=tebluiyl-o=iroionhtcnoles <“he reection ¢f nurce
bromoohornol with teridiory butyl elcokol 1n the presence of
41Cls wos slso Investiseteds .0 elikylated »nroduct waa cb=
tasned, 750 of the oricinczl nhonol belns recoveraede In the
reaction of the tcrtiary duiyl cleotol with v=Lroroshensl in
tre tresence of phosthorie zeid, ©5 % of the ori~in-1l nhenol

wug reenvaercd.



EXPERY.aITAL 9

A, l’ateriels

l. Ortho-tromophenol

Tte riethod of Huston end XNceley (39%) was used to
prepare o-brorophenol,

Three roles (282 grems) of U.3.Pe. phenol and eicht
roles (820 rrams) of concentrated sulfurie scid (density,
1.84) were vlaced in a five liter, three neck flask, and
were heated at 100-110° C.,, with stirring, for two to three
hourse A4fter the solution had ecooled, 700 crams of freshly
distilled nitrobenzene were ecded, The solution was cooled
with an ice and salt bath, and 150 grams of melted, fuming
sulfurie acid (405) were added, with stirring, and at such a
rate that the terrerature of the solution did not exceed 10°
Ce After bringing the solution to room terperature, 300
rrars (3.8 rmoles), of trorine in 500 rrans of freshly dis-
tilled nitrobenzene were added, with stirring, over the
course of threce to four hourse. Stirring was continued for
three to six hours after ell the bromine had been added.

Then, sufficient Nal30, was added to reduce the excess dbro-

3
nine, Znourh waeter was added to fill the flask and the two
layer system was stirred for a short tire to extract the
sulfon:zted phenols.

The water layer was then senarated from the nitro-
benzene layer. The water layer was then subjected to dis-

tillation. +hen the temnersture of the water solution reach-

ed 115-125° C,, the characteristic odor of o-brorophenol was
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noticcatle 1in the disziillcte. #% this »oint, the olil bath
temmersture  wes raised to  Z200° Cop and sunerhcated csteam
(200° Co), was passed 4nto thte flaske The o=brorovhenol
steam distilled ravidly es tie su-erhented :=team hydrol;zed
tte sulfonic acid ~rouns,

‘The two layer distillate was extracted with ethyl
ether end the roculting ether layer déried over esnbydrous
xa2304, in the c¢old,

The ether was toiled off end the ~henol re:idue
waa subjceted to vecuum distiiletione 7The o=brononhenol was
distilled twnice bt reduced -~recsure trhrourh e 80 eMe rloco=
paciked, tLeated colurme “he recultins o=troronhenol boiled
at 76=-77° Ce, at 1) rm., and yields of S0=35 were consise
tently obtainel. snalysis: Celculuted for 36§5GBr. kr,
46e2e Found: Er, 45,9 = 40.4. olrcctive index, 150 s
1.,5747.

Lal

Ze Crtho=chloronhcaol

~estren's white label o-chlorophenol was uscde as
with o=-broronhenol, the zcteorizl tee:re coslorcd upon stande
inz §f it was not niree 7The o-chloro~hencl wes distilled at
lezst twice before ucsin~, throuth & 45 cn. rodified Claisen

flack, eand has a btoilinz point of 25=072 Co ot 13 e

Je Tearg=chloronhennl
The op=chlororlicnol obtrined, an olly solid, was

test rurifizd by distillation. The rurifiesd phenol boiled at
o)

~ o
CO=C%

Ce 8t 3 mme throu~h a 45 cne 107ifi1ecd Cleisen flaske
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4, Terticry Butyl and Tertiary amyl Alcohols

Eoth of these aleohols form constént boilins rixe
tures with water, Young and Fortey (40; found that terticry
butyl alecohol forrs a mixture which boils at 79.9° C. at 760
rmne and contains 21,75 watere Sirilerly, Ayres (41) showed
that tertiary amyl elcohol forrs a nixture which boils at
87.2° C, and contalns 225 water,

Both alcohols were distilled several times, the
foreruns béing discarded. To insure comnlete removal of all
water, the twice distilled alcohols were arein distilled
over sodium, the arount of sodium beine 1/50 of the weisht
of the alcohol beinz distilleds In this manner, t-butyl el=-
cohol, bYoliling at §0-€1° C. at 744 rm., and t-amyl alcohol,
boilins at 99—1oo.s° Ce at 737 mm., were obtesined.

Se Tetroleum wther
The vetroleum ether was tested for unsaturated

compounds before use end was then dried over sodium,.

6e¢ sluminum Chloride
Beker's analyzed, anhydrous, sublimed AlCl; was
used. No difference was observed in the over-all catelytio

action between the granulér end the vrea size AlCls.

7. ~cetie Anliride
Zastran's yellow label (precticsl) acetic anhy=-
dride wes 1stilled and the fraction boiline from 135-137°

Ce a8t 743 mme was uced,



Be Condensation of Tertisry Butyl Alcohol 12
~1th Ortho-chlorontenol

A 500 ml. three neck flask was fitted with a mer-
cury seal stirrer, a condenser, and a thermometer. To the
flask was added } mole (32 grams) of o-chlorophenol, ; mole
(1845 rrams) of t-butyl aleohol, snd 150 mle of zpnhydrous
vetroleum ether. The flask and contents were cooled to 0-10°
Cey the cooling was then removed, and the anhydrous Alcl:3
was addede. In rost cases the temperature was not ellowed to
g0 above 30 © C. The rate of addition of the AlCl3 was used
as ruch as possible to keép below the desired temperature.

As the A1Cl; was added, the reaction mixture went
through a series of color chanses, usually ending up with an
orange-red color. Ten to fifteen minutes after the first
41C15 had beén added, a precipitate other than undissolved
AlCls formed or settled out in the reaction rixture. The
stirring was continued for five to eight hours after all of
the AlCl3 had been added, and the reaction mixture was' then
left to stand overnight.

Ice, water, and concentrated HCl were added to the
reactios mixture. The upper petroleum ether layer, violet
in color, was separated from the water layer., The water lay-
er was washed three times with ethyl ether e&nd then the
ether washings were added to the original petroleum ether
layer. The combined ether layers were washed three times
with water, as o-halophenols cannot be washed with Wa,CO4,
%ohlleben (42), and the ecolor of the ether layer changed

from violet to brown. Then the ether layer was placed over
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anhydrous Nag304 in the cold to dry.
After drying, the ether solution was subjected to
frectionsl distillation.
The following i1s a reprecentetive fractionaetion of
the ether solution from the reaction. A 80 cm. glass-packed,

heated column was used,

l. up to 40° C. at 738 mm. Did not decolorize Bro.
' - Gave a positive Beils%ein test.

2., 40 to 50° ¢, at 738 mm. Did not decolorize Br,.
Gave a positive Beilstein test.

3, 50 to 55° C. at 738 mm. Decolorized Br,.
Discharszed cofor of neutral
K10 e
Gave a rvositive Beilstein test.
Tositive test with alceohoiie

AgNOS.
4, 55 to 60° C. at 738 mm. Same as ;3.

As the oil bath temperesture was raised to 180° Cep
there was little or no further distillate until the pressure

was reduced.

5. up to 100° C. at 7 mme Very little distillate was ob=
tained above 60-61° C,, the
boilinz vpoint of o-chloro~
rhenol at this pressure,

6e 100 to 110° C. at 7 mme, Bulk of the material wsas p-t-
butyl-o-chlorophenol which
boiled at 105-108° C,

7. On occasions,a small amount of liquid was cbteined above
the range of fraction six. This amount weas never more
than 2 or 3 milliliters,

8. Resulting residue was black and viscous and showed no
sirns of crystellizinz efter standing for six months.

Above the rance of the volatile distillate, there was very
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little material other than the unreacted o-chloropheﬁol end
the alkylated producte. |

The o-chloronhenol from fraction ,-5 became deenly
colored and had to be redistilled =ceveral tires before 1t
reraeined clear. The alkylated chlororhkenol d4did not becore
colored in this manner.

The erount of mzterial boiling from 50-55° 2.,
fraction 3, was elways very sr:all. If there were any un-
reacted t-butyl chloride »resent, 1t would have been found
in this fraction. Tertiasry bdbutyl chlbride gilves a vpositive
test for unsaturation.

¥o meteriel bYoiling from 78-53° C., the boiling
ran~e of t-bdbutyl aslcohol, was obtained.

Cn repcated fractionation, p-t-butyl-o-chlornphen=
ol, with a boiling point of 93-94° C. at 3drm., was obtained.

The diphenylurethen derivative, recrystallized
from petroleum ether, had a melting point of 140-141° C,
Coleman (1) revnorted the relting point of this derivative as

142-143° C,

Para=t-butyl=o=-chloronhenol
020 = 1.0908
N30 = 1,5309
4 - ®
- L d °
BQP'745 - 208.8‘239 c.

Surface Tension: 34,2 dynes/cme (Drop weisht)
Surface Tension: 35.2 dynes/ems (Du Kuoy)

analysis., Caleulated for Cjqi;3CCl: Cl, 19.21
Found: Cl, 19,37



wills

(386)

15

rerorted tke density of p-t-butyl-o-

chloronhensl as D§5 = 1,099,

Lleven condensations,

of AlClz was varled,

in which the molar qusntity

were run with t-butyl alcohol and o-

chlorophenol., The results of these runs are tabulated below.

Run | iolar | Highest | Per Cent | Color of “oreral
Bum=-| quan- | Reaction | Yield of Reaction liemerks
ber tity | Temmera= | P=t-butyl- After
of ture o-chloro- | Addition
A1015 phenol of all
AlCl’ri
1| 1.0 40° C. 34% licht red
2] 1.0 50° C. 527% orange
3] 1.0 33° ¢, 54% oran-e
4 | 1.0 35° ¢, 48% orance
A1C1, was not
5 0.60 0 violet anhydrous
6 | 0,80 20° ¢, 47% orange
o 80%  recovery
7 | 0,40 34° Co 107 oran~-e o-chloronhenol
92,0 recovery
8 | 0.40 31° C. 0 violet o-chlorophenol
9 | 0.50 30° ¢c, 35% oran~e
89,5 recovery
10 | 0.50 27° ¢C, 0 violet o-chlorophenol
11 | 0.60 { 31° c. 507 red oranre




Ce Condensation of Tertiary 4Amyl Alcohol 16
~%1ith Crtho-chlorophenol

The method of condensing teamyl alcohol with o=
chlorophenol was the same as that used to condense t-butyl
sleohol with o-chlororhenol. As in the previous condensa=
tions, the distillation ylelded sharp fractions which were
easily and cleanly senarated.

The yield of p-t-amyleo-chlorophensl varied with
tke molar quantity of AlCls. " Fifty per cent ylelds were ob-
tained when more than 0.6 of a molar cuantity of 4AlClz was
used. Below this amount, the yields dropped off as tre
amount of 41Clz was decreased.

Para=t-amyl=-o-chlorophenol has & B.P. of 119-121Y
Co at 8 1me and 103-104° C. at 1 mm. The divhenyluretaan
derivative, recrystallized from pstroleum ether, Lcl 2on LD
of 113.5-115° C. Coleman (1) reported the melting point of
this derivative as 116-117° ¢,

Para-t-amyl=-o-chlorophenol

DEO = 1.0305

Nzo = 1.5313
BePeg,s = 257.6-258° C.

Surface Tension: 34,7 dvnes/cm. (Drop iieight)
Surface Tension: 35.8 dynes/cm. (Du Nuoy)

analysise. Calculated for °1151=C°1’ Cl, 17.85

Found: Cl, 17.69



De Condensation of Tertiary Butyl 17
And Tertiary Amyl Alcohols
Wwith Para=-chloronhenol

These two alcohols falled to condense with para=
chlorophenol in the presence of AlCls, either at room tem-
pereture or at slightly elevated temveratures, 45-60° C.

The general method of earrying out these reactions
was the same as that used for o-chlorophenol and t=-butyl and
t-amyl elcohols. A Skellysolve wes used in the place of
vetroleum ether for the higher temperature runs. The amount
of A1Cl, was varied between 0.5 and 1,0 of a molar gquantity.
Recovery of at least 905 of the original phenol was cobserved

in 2l1) cases.
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l, Preliminary Investirations

In view of the recults obtzined from the condensa=
tions of o-chlorophenol with t-butyl and teamyl elcohols, 1t
was decided to cerry out this part of the Iinvestigaticén
under similer conditions. 4t the start of this series of
co>ndensations,the recoval of bronine from aroratie commounds
in the presence of 41Cl, was known to the writer, tut its
sirsnificance was not appreciated,

A gquartsr of a mole of o=broronhenol and one quare
ter of a mole of the slcohol were addcd to 150 mle of enhye
drous retroleum ethere The solution was cooled and 0.8 x }
of & role of A4lCly was slowly added, at the scme time keep=
inz the temnerciure of the resction mixture below 30 Ce The
resultins mixture waa3 stirred, sllowed to stand, and wes
then worked up in the usueal rmanner, after dryinz the ether
extracts, the ethor was reroved and the residues was distille

ed at reduced pressure.

Unreacted o=brorophenol was collecteds The vepor
temnerature rose steadily end then a 30114 distillate, with
both t-butyl end teanyl alcokols, was obteined, This dis-
tillate 5011difiecd in the side erm of the rodified Claisen
flesk end 4in the rcceivere, Iess trouble with solidification
wis experienced when a water vurmm was used for obtcinins the

reduced pressures
The s0l1l1d ruterial looxed like a definite crystsle

line substance, to~ether with a smaller emount of an oily
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liquid. This mixture melted over a wide temnerature range,

Repeated distillation effected little separation
of the s0114 materials. -%hen synthetic mixtures of p-t-
alkylphenol and p-t-alkyl-o—bromophegol were distilled, =a
solid material, similar to that recovered from the AlCl5
condensation, was obtained,

Other physical methods were then tried in order to
effeet a separation. among these were steam distillation
from an salkaline solution, recrystallization from petroleum
ether or from benzene, extraction with NaOH (and subsequent
treatment of the alkaline solution with HC1l and ether), and
extraction with doiling water, In all of these e¢ases, p=t-
alkylphenol, in varying degrees of purity, was odtained, 1In
none of these cases,however, was separation selective enough
to eompletely separate the alkylphenol from the 'other pro=-
duet or products in the solid distillate.

Acetylation of the various phenols that might bdbe
in the solid distillate material showed that the acetates
could be separated by fractional distillation, and that the
original phenol could be readily regenerated from the ace-
tate, Similarly; pbenol can be separated from o-bramophenol
by this method. ¥With this means of separstion, & more thore
ough investigation of the condensation of o-bromophenol with

t-amyl and t-butyl elcohols was underteken.
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2. Condensation of t-Butyl ilcohol :ith o-Bromophenol

Cne half a mole (86.6 grams) of o-bronophenol and
one half a mole (37 grams) of t=butyl alcohol were dissolved
in 200 ml, of anhydrous petroleum ether, The solution was
cooled with iee, the cooling was removed, anq then 40 grams
(0.6 x £ mole) of AlCls were slowly added, with the tempera-
ture of the reaction mixture bdeing kept below 30° C. The
usual ecolor changes were observed, acid gas was given off,
and a solid material settled out of the solution about twen-
ty minutes after the first AlClsz had been added. The mix-
ture was left to stir, at room temperature, for seven hours.
The reaction mixture was worked up 4im the usual xanner and
the ether layers were then placed over snhydrous Nazso4 in
the cold to dry., After 4drying, the ether was removed and

the residue was separated 1into three mainm fractions dy dis-

tillation at reduced pressure,

Fraction 7 I 120° c, at 13 mme, 48.9 grens

Fraction # I 120 - 124° C, at 13 mm., 50, grams
So0lidified in receiver,

Fraotiom # III 107 - 110° C, at 3 mm., 2. grams
Fraction # IV  Residue,

Fraction #1 was redistilled and the resulting
liquid, bdoiling at 80-83° C. at 13 mm., was analyzed for
bromine by the Carius method. Found, Bromine, 43.4%. Theo-

ry for o-bromophenol, 46.2% bromine. On the basis that o=
bromophenol was the only bromo compound present, this

distillate was 93.7% o-bromophenols The other mnaterial
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present was considered, without further investigation, as
phenol, according to tohlleben (42).

Fraction fI1 was analyzed for bromine :y the Parr
Bomb method, and was found to contain 5% bromine, On the
basis that the bromo compound present was p~t-butyl-o-bdromo-
phenol, the analysis indicated that the solid distillate ma=-
terial contained 1435 p-t-butyl-o-brombphenol.

This analysis further showed that the erude yield
of the p-t-butylphenol was 52% of theory and the yield of p-
t-butyl-o=bromoohenol was 6% of the theoretiecal,

With the results from the bromine analysis, frao-
tion #II was acetylated. The resulting acetylated material

was distilled at reduced pressure,

Fraction # I 110-120° C. at 3} mm., 3.4 grans, n§°- 1.5061
Fraction # II 120-126° C. at 3% mm.,36.6 grams, K§O= 1.5001

Fraction fII1 130-138° C, at 3% mm., 7.8 grams, nﬁ?: 1.5227

Part of the acetylated material from fraction #II
was saponified, The resulting orystals, after recrystallie
zation from netroleum ether, were identified as p=t-butyle
phenol,

p~t=-Butylphenol
¥.P. 96-97° C, |
Analysis. Calculated for 0103140: C, 79.95; H, 9.39
Found: C, 79.12; H, 8.71
Benzoate derivetive., !.P. £0-82° C,

Fraction III from the acetylstion was saponified
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and 3.6 srams of raterial, boilinz at 108-110° C, at 3 mm.,
were recovered,

Upon standing, crystals were obteined from this
distillate, which melted from 25=45° Ce Recrystallization
from petroleum ether did not improve the melting point of
this material, The alpha=-naphthylurethen derivative of this
material was made., i.P. 204=205° C; The snalysis for broe-
mine by the Parr Bomb method showed 19.885 bromine. Theory
for C,H,,0,NBr, 20,075 bromine. ‘

Para=-t-butyl-o-bromophenol, made by bromination of
p-t=butylphenol, rave an alvha=-naphthylurethan which melted
at 205-206° C. The mixed melting point of these two ure-
thans was 204=-205° C,
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3. Condensation of t-Amyl 4leohol With o-Bromophenol

One half a mole (83.8 grams) of o-brorophenocl and
one half a mole (44 grams) of t-amyl alcohol were added to
200 mle of anhydrous petroleum ether. The solution was
cooled with ice, the cooling was reroved, and then 40 grams
(0.6 x 3 mole) of anhydrous A1Cl; were slowly added, with
the temperature of the reaction mixture dbeing kept below 309
Ce The usual phenomena were observed, The reaction mixture
was left to stir for eizht hours at room temperature, The
reaction mixture was worked up in the nsnalfmanner. dried,
and the ether was removed.

The residue from the ether distillatiom was frao=-

tionated at reduced pressure.

Fraotion # 1 73° C. at 9mm.
Fraetion # I 72° Co at 9mm. - 110% C. at 2mm. y 54,0 grams

Fraetion #IIIX 110° Ce at 2mme = 112° C. at 2mm,, 40.3 grams
Material solidified in receiver,

Fraetion # IV Residue

Fraction #I1 was rediétilled and 48,7 grams of ma-
terial were collected at 78-80° C, at 12 nme This frastion
was analyzed for bromine by the Carius method. Found, 42,70%
bromine. Theory for o-bromophenol, 46.2% bromine. On the
tasis that o-bromophenol was the only bromo compound pre-

sent, this distillate was 92.57% o-brorophenol.

Fraction #II1 was analyzed for bromine by the Parr

Bomb method and showed 75 bromine.
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On the basis that only‘ p-t=-amylphenol and p-t-

amyl-o-bromophenol were present, the analysis that the ma-

teriel was 20% p-t-amyl-o-bromophenol and the yield of this

compound was 6.67% of theory. The yield of p-t-armylphenol
was 39% of theory.

%ith the results from the bromine analysis, all of

fraction #I11 was acetylated and the resulting acetate mix-

ture was distilled at reduced pressure,

Fraction # 113° C. at 1 mm. |
Fraction # II 113-110° C. ot 1 mm., 25.6 grams, N3°= 1,5005
Fraction #III 116~130° C. at 1 I'Mey 13.0 grams, Ngoa 1.5070

A part of fraction ;7II from the acetylation dis-
tillation was saponified. The resulting erystals, after re-
cfystallization. were identified as p-t-amylphenol.

P=t-Amylphenol
MePe 92-92,5° C,
Analysis., Calculated for 0115160: Cy 80.44; H, 9.82
Found: C, 80.27; H, 9.67
_ Benzoate derivative. X.P. 58-60°2 C,

Fraction fIII from the acetylation was redistilled
and 6.6 grams of material, boiling at 123-124% ¢, at % mm.,
N§° = 1.5211 were obtained,

This materisl was saponified with aqueous NaOH and

heat. Upon distillation, 4.0 grams of vphenolie materisal,

boiling at 116-118° C, at 2 mm., were recovered.
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p~t-Amyl-o=-bromophenol
ﬁgo 2 1,5507

pZ0 = 1.3168

Analysis. Caleulated for 011315°Br’ Br, 32.87
Found: Br, 33.20

The salpha=-naphthylurethan derivative of this ma=-
terial had a melting point of 149-150° C. Analysis for dro-
mine showed 18.81% bromine. Theory for C,,H, 0,NBr, 19,38%
bromine,

Para=-t-anmyl-o-bromophenol, made by brominatiom of
p-t-amylphenol, gave an alpha~naphthylurethan which melted
at 153-154° ¢, The mixed melting point of these two urethans
was 149-150° C, |
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Thysical Constants of the Thenols and Acetates Involved in
The Condensation of Tertiary Amyl and Tertiary Butyl
Aleohols #ith Crtho=-bromophenol

Compound Boiling Ngo Dzo
Point
phenylacetate 70 « 720 ¢, | 1.5036
4 mm.
o-bromophenylacetate 101 - 102° ¢. | 1.5393
4 mm,
p~t-butylphenylacetate 121 ; 125° C. | 1.4998| 1.0188
32 mMMe
p-t-amylphenylacetate 121 = 123° ¢, | 1.5000| 0.9948
3 mnme
p-t-butyl-o-bromophenylacetate|124 ; 126° Co | 15295 | 1.3092
' 13 mm,
p=-t-amyl-o-bromophenylacetate |131 = 133° ¢, | 1.5273 | 1.2790
. 1 nmm,
p-t=-butyl-o=-bromophenol 108 = 110°% c. | 1.5446 [ 1.2713
3 mm,
p-t-amyl=o~bromophenol 116 - 118° c. | 1.5507 [ 1.3168
2 mm,
p-t-butylphenol M.P.96-97° C,
p-t-amylphenol M.Pe 92% ¢c.
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The method of Chattaway (44) was used for making
the acetates of the distillate mixtures.

One tenth of a mole of the vhenol was dissolved in
an aqueous solution containing six grers (0.15 moles) of
NaCH. The NaOH had been dissolved in enouch water to barely
give a liquid solution of the phenolate. The phenolcte solu=
tion was cooled, 50 grams of erushed ice were added, follow-
ed by the sddition of 12.8 grams (0.125 moles) of acetic an=-
hydride. The solution was stirred for a minute or less,
ether was added, And the two layers were separated. The
aqueous layer was washed several times with ether and the

combined ether layers were washed with water., As the ace-

tates are easily saponified by a dbasie solution, according
to Fischer and Grutzner, (45), it is neecessary to wash the

ether layer as soon &8s possible to remove any base present.
The acetylation mixture should be alkaline after the =addi-

tion of the acetic¢ anhydride. Suffieient aqueous KaOH was
added if the solution was not basie,

Upon distillation, yields of acetates above 757
were obtained,

The original phenol was recovered from the acetate
by eddition of aqueous NaOH to the acetate end heating on a
steam bath until a clear solution resulted. The p~-alkyl-
rhenylacetates were hydrolyzed very easilye. The p-alkyl-o-
bromophenylacetates needed a strongser basie solution ¢to
effect saponification. More than 70% of the acetate is re-

covered as the corresponding phenol.
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1. Diphenylurethans
The method used for preparing these derivatives

was exactly the same as given by Shriner and Fuson (46).

2. DBenzoates

One gram of the phenol was added to a solution of
three milliliters of pyridine eand one milliliter of denzoyl
chloride. The mixture was heated for three to four minutes
end was then added to ten milliliters of H;0e The water was
-extracted with ethyl ether. The ether layer was washed with
dilute sulfuric acid, 10% sodium carbonate, and then with
water, Ethyl alcohol was added to the ether layer and the
ester orystallized by evaporation of excess solvent and

cooling.

3e Alpha-naphthylurethans

One gram of the phenol was added to one milliliter
of alpha—naﬁhthyllsoeyanato containing a few drops of an
ether solution of trimethylamine, The flask was stopped
with a cork, to which was attached a drying tube, The flask
was shaken and was then placed on the steam bath to heat for
ten to twenty minutes. Upon cooling, the s0li1d mass which
formed was heated with fifty to sixty milliliters of petrol-
eum ether, The insoluble material was filtered off, cnd the
urethan was recovered from the filtrate by evaporation of

the excess solvent.
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In the cases where broriine is removed or renlaced
by a cationoid arent, reroval seems to be nost easily accom=
plished when the bromine is ortho or pesra to a strong ortho-
para director, Conversely, DeCrauw (47) has reviewed the re-
plecerient of bromine by anionoid agzents, such as =0H, =0CHg
eand -NHy, and observed that halogen removael 1s easiest when
the halogen 1s reta to a strong ortho-para director, or
ortho-para to a meta director, His summary further showed
that the halogcens are replaced im the followins order:
F)»I) Br)Cl by a group such as =CH or the =CCHg group.

Though the 1literature contains very little con-
cerninz the action of AlCl;5 on fluorine aromatics, 1t would
seem that fluorine, dbrorine, end 1odine, bdut not chlorine,
are reroved by the action of AlCls.

For an interpretation of the rermoval of bromine
and halozen 1in eromatie compounds, and especlally from o=
bromophenol, the cationoid theory of substitution, as out-
lined by Price (48), offers the rost logical explanation.

In cationoid substitution, en electron deficient
reazent replaces a proton in the benzene nucleus 4n the

following manner:

He]= o = O

-4

H

when the benzene rinz undercoing substitution al-

ready has an anionoild substituent present, the ease of
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substitution 1s increased, due to the greater availability
of electrons within the rinsze Under such conditions, two or
three cationoid agvents may be added to the benzene ring in
positions ortho and para to the directing end activating
substituent.

The second step df equation I 1is not readily re-
versible when an inert solvent 4s used and the acidity of
the solution 1s at a minimum. hen benzene is brominated in
an inert solvent, the HBr 1liberated 1s not acid enough to
reverse the process causing debromination. ihen, however, a
stronz acid such as AlCls or H2804 is present, the second
step is reversible and debromination ean occur.

In a similar menner, di- and trialkylaromaties cean
be dealkylated 4n the presence of a strong acid. AlCl3 has
been found to be the most effective for dealkylation (17).

In addition to the presence of both AlCl3 and pro-
tons in the reaction mixture, the particular structure of
o-brorophenol may lend itself to debromination.

In o-bromovhenol, &an eleectron tension may arise
between the two substituted carbon atoms. Both hydroxyl and
bromine are ring activators, bromine much less so than hy-
droxyl, and each increases the electron density im the ortho
end para positions in relation:to its own position. As a
result, a high electron density would arise between the two
substituted carbon atomse. Under these conditions, a strong
acid such as AlClz eocould attach itself to one of the elec—

tron pairs between these two earbon atoms, forming a dative




31
bonde. The loss of the 5r¥ would then restare the sroretie
ring character, A nroton could then renlace the 51313.
either durinz the reaction, cr u-~on hydrolysis with weter

end acid, with the formation of the debrorinsted nroducte

H H o
1) A /“g? 3 AlCl3
FAICh = — + By
6 o
Aici .
+HT = ¥ AlCI3

.hen debromination occurs in the presence of
32504. tke proton adds dircctly to the sroretie ringe The
net result, with either illl; or ¥, 1s the reverse of cat-
ionoid substitution,

with drorotenzene end AlClsAat 106° Cepy 1t seeirs

necessary to essume that it is the Al1Cl-

3 which adds to the

ring, for under these cosnditiona, thera would be 1little
li:elihood that g sufficient concentration of protons would
be rresent to effect debtrorinutione

Copisarow (10) showeod that the passcte, at a slow

rate, of IIC1 or I, throuch a rcaction rixture containing
b~ .
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one riole of bromotenzene and amounts of AlCl3 up to six-
tenths of a role of AlCls, increased the extent of bromine
removal and migration. hen phenol was added to the reaction
mixture to fix the bromine, the rermoval of bromine from bro-
mobenzene was not improved, die to the reaction of the A1013
with the hydroxyl group. The writer found, however, that
both of the o-halophenols, 4in the presence4 of AlCls'and a
tertiary alcohol, et room temverature or below, did not
evolve a gignificant quantity of HCl until fifty to sixty
minutes after the addition of the first AlClz. The presence
of a hydroxyl group need not necessarily hinder the removal
of bromine by AlCl; from an aromatic nucleus, if the reactim
is carried out at a temmerature 1low enough so that the e-
volved HC1 is not rermoved as soon as it 1s formed.

whether it is AlCl3 itself, or protons, or a com~
bination of both of these, which 1s the active agent in ef=-
fecting debromination, cannot be deterrined with the pre-
sent information.

It suffices to say, at this time, that the debro-
mination of o-bromophenol is probedly the result of two fac~
tors: (1) The labile character of the bromine in o=bromo-
phénol. eand (2) The continued contact of o-bromophenol with

a strong acid,
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SUILARY

Tertiary amyl and tertiary butyl alcohols condensed
with ortho-chlorophenol at room temnerzture, in the pre=-
sence of aluminum chloride, to give fifty per cent
yields of the corresponding para-tertiary-alkyl-ortho=-

chlorophenols

Tertiary butyl alcohol and tertiary amyl alcohol both
failed to condense with pares-chlorophenol, either =t

room temperature or at 60° c.

Tertiary amyl and tertiary butyl aleohols reacted with
ortho-bromophenol, in the presence of aluminum chloride,
to give, mainly, the corresponding pare-tertiary=alkyl=
phenol. Small amounts of the pare-tertiary-alkyl-ortho-
trcmorhenols were récovered, together with unidentified

products,
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