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IETOUUCTION

The eondemsction type of ehemical reaction, wherein benzene
or substituted benzene rings ere reacted with aliphatie or eromstie
aloohols or alkyl halides in the presence of a catalytiec egent have
constituted a large portion of the synthetic studies of modern ore
ganie chenistry, Some of the materisls that have beem used to ecta-
lyze these reactions have beem sulphurie scid, phosphoric ecid,
phosphorous pentoxide, megnesium chloride, zins ehloride, phosphore
ous pentachloride, alumimm ehloride, ferrie chloride ( both anhy-
arous end FeCly. 6 H,0 ) end blezching earths (for exmmple temsil,
£11trol, end other acid activated earths).

This leborztory has been very prolifies in the situdy of the
reactions using aluminum chloride as the condensing egent for arom-
stie eompounds with various sliphetie and aromatie aleohols,

The material that follows is a eontribution to this same
field of work, end elthough it bears every ear-mark of the work of
e degimner in the £1eld of secientifiec research, I sincerely hope 1t
may add something of value to our rapidly growing colleetion of
knowledge.
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1I3SP0ICAL

AUZYTLT D 33T JI01S

In 1281 Lictuann (1) prepcred butyl, awyl end propyl phenol
by condcasing phcenol and icobutyl ele hol, using molten zince chlor-
ide as a ectalyst.

in 1272 Yazzara (2) condemsed propyl elechol and m-ercool use
ing wogncsiua ehloride os & ectalyst and a year later (3) he used
the saue eatalyst to prepare methyl-butyl-phenolibutyl-m-eresol; .

In 1304 Lffronte (4) preparcd is.butyl-o-eresol by diczotize
etion and hydrolysis of o-toluidine, le obtained & redd’ sh ycllow
oil boiling et 235-237°% This was desceribed es a very thick aro-
netic oil vhich would not erystellize, le considered the butyl
group to be in the para position end etterpted to prove its strue-
ture by oxidotion of the iso-butyl-o-metiyl snisol to form a nethe
oxy phthelle ecid, tie reported that the methylation (formatiom of
the nethyl ether/ was extremely difficult, and although the proe
duet he obtained wos not noticeebly different {rom the expected proe
duct, it was of such & annll quantity that he was forced to give up
the study,.

In 1809 tottermonn, Lhrhardt end faisch (5) treated smisol omd
phenctol with acyl chlorides in the prosence of elumimum chloride and
obteined condensutioxi proiucts in which they proved the acyl group en-

tered the ring in & position pera to the CCl; group.

(2)



In 1891 Senkowskci (6) strengthened the theory of Gattermamm (5) |
by slkylating aniline and other aromatie eompounds, He stated that
the entering substituent elways tekes the pere position om the ring, .
and that this is also true of the higher homologues of the phenols
which are prepared by treating a nixture of phenol with the eppro=
piete slochol in the presence of zine ehloride,

In 1891 Beur (7) prepared o~amino-tert-butyl-toluene by the
reduction of mono-nitro-butyl-toluens with zine end hydroechlorie acid.
This product wns a yellow oil with a boiling point ef 245°, which
gave the same ecetyl and benzoyl derivctives es the amine used
above bty Lffronte (4). He therefore sonsidered the tertiary butyl
group to be in the pera position, although I eould finmd mothing im
this article ebout ehonging the emine to a phenol, Three yeers later
he carried on a related study (8) and prepared butyl-ertho-cresol
from o-erosol end 1so-butyl aleohol with zine ehloride as a catalyst.
lis obtalned = yellow oily product with & boiling point of 235=207° . l/
vhich he considered to be p-tert-butyl-ortho-eresol, the seme pro-
duct as Effronte (4) had prepored from the smine, He expressed the
strong probebility thet the ise~butyl wus arrenged to the tert-
butyl groupe A tri-nitro derivative was prepared which melted at
85-862,

In 1599 Curewitch (9) reported tert-emyl- and tert-butyl~
phenols preparcd by the action of the tert-alkyl ehlorides with
phenol in the presence of ferrie chlorids,

€lemenson (10) prepared alkyl phenols by the reduction of
ketones with zine emelgom and hydrochlorie acid,
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In 1907, three yoors later, Herzig end Wemzel (11) alkylsted
phenols by treating the phenol with aliyl fodide ia am alleline
solutione

In 1909 Khotinsky end Patzewiteh (12) ezlled attemtionm to
the fact that aromntie tertisry esrbinols mny be eondensed with
maeny substaneos Mmmphemlebythoaidota«thacmw
which is added a 1ittle sulphurie aeid or zins ehloride.

In 1911 Darzens snd Roste (13) prepared p-tert-butyl-crtho-
eresol by repecting the work of Effronte (4). Tkis product was
hydrogenated to prepare a methyl=butyl-hexahydrophencle

In 1929 lMeyer end Bernheusr (14) condemsed ewcresol with
isobutyl alcohol in the presenee of ?0% sulphurie aeid et S0° C,
They reported p=tert=butyleo-eresol with a boiling point of 235«

4

2379, which gave & nitro derivetive with a meliing poimt of 85-8Y°,

In 1934 Seymour (15) used hydrcted ferrie ehloride as a eata=

lyst for the eondensction of tertiary alkyl halide with phenol,

by refluxing et 80=90° for twenty-four hours,
In 1934 Dietzler, Lundquist end Perkins (16) obtained @ pate

ent on a process for preperation of alkylated phenols by ths setiom
of the alkyl halide with the phenol in presence of alumimm chloride

end other eatalysts at temperatures fram 50-200°, They reported a

63.7 % yield of d-tort-butyl-6 methyl rhenol with a boiling point
OL_179-139°/25 g & 20 % yleld of 2,4 ditert-butyle 6 methyl
phenol, boiling et 155,5°/25 mme and em estimated 1 to 2 % of

2=tert=butyle6 methyl=phenol with a boiling poimt of 156.5-157.5°/25

end with & melting point of 50,50
(4)



In 1935 Tehitchibabine (17) prepered alkyl and benzyl derive
atives of phenols and eresols by hecting the phenol with secondary
and tertiary elcohols in the presence of phosphorie scid, He
showed thet the rroduct of the eondemsation of m-cresol and tertiary
butyl aleohol eould be mitrzted to produce muse embrette (l-mesthoxy
2-tert-butyl=3 methyle4,6-dinitro benzene), This was to prove that
in the ease of the butyl-m=cresol the butyl group is ortho to the hy-
droxyl group, He also eondemsed tertiary butyl aleohol with o-ere-
sol and obtained ebout a 78 % yield of a product boiling et 122.5/14
rme vhich formed eolorless erystals melting at 27°, He assumed
that the tertiery butyl is ortho to the hydroxyl group in this
campound because 1t was in the ease of the compound obtained from
m=cresol.

Thus far I have given same history of the preparction of butyl
and emyl cresols end related campounds by verious methods, The
previous erticles fram this laboratory hm covered them quite
theroughly but I do wish %0 present e few of the steps in the deve
alopment of the gondemsations of phenols with elechols im the pre=-
sence of alunimum chloride, Prior to 1915 there were several ref-
erenees (18) to the use of aluninum chloride &s & dehydrating
sgent or eatalyst but not by the presemt procedure.

The literature eontains many erticles resording the Freidel
and Craft®s gynthesis, In these an alkyl halide reacts with am
aronctie substance by formation of an intecrmediate eddition product
vhich then rearranges and regenerates the eluminum chloride for
continved reaction, Here we cen eonsider elumimum chloride as a

true eatalyst, However, in most of our syntheses the alumimum

()



chloride mst be in a reletively larpge end quite definite quantity
t0 have the reaction yield satisfactorily, This fact would indieate
no regeneration end it 1is questionable vhether we caon eall it a
true cataiyst.

In the present Hustom method the alecohol is wsed rather than
an alkyl halide and definite quantities of sluminum ehloride are
nocded, This method was bégm.by&stmandhiodmm (19) 1a
1916, %They found that primary end secondary sramstie alcohols con=
dense with bemzene. ¥hen riphemyl carbinol wes reacted with
benzene the expected tetraphenyl methene was not received but tri-
phenyl methane resulted,

In 1924 HMaston (20) oondensed benmzyl elechol with phenol end
obtained p-benzyl rhenol in a 45 % yleld.

l‘m.years later Buston and Segsr (21) were umable to condense
phenyl~ethyl=, phenyle-propyle and other normele and ise-alcchols,
Thay 4id eondense allyl elechol with benzene, From this they con-
cluded thet enly those alochols eondense in which the alpha earbon
1s & mauber of a benzens ring or is double bonded.

In 1927 Buston and Swartout (22) eondemsed bemzyl alcohol with
o=cresol and lnter work in this lsboratory ineluded the condens
ation ef bemsyl aleohol with peeresol (23) emd mecresol (24}, In
each of these cases they obtained a di-alkyle substituted and two
mono-alkyl~ substituted prodicts,

In all of these works the results have azreed with the theery
of Gattormamn (5} amd Benkowski (6) that the mest of the substitution

{8)



in the ring 1s parzs to the hydroxyl group, so we could expect this
t0o be the probable structure of the alkyl erecols of the prerent

study,

(7}



THECRUTICAL

As showm in the historieal review the use of eluminum chloride
as a eatalyst is not of recent dewelopment, slthough the improved
and checper methods of production of recent years have probably in-
creased greatly its industrial uses.

The mechaniam thet the resction follows is not definitely
esteblished but the most occented idea 1s one of a dehydration pro-
ges8 , [sg in the generol formmula ¢

RzCOH+T{___ > —>RzC(___ ) H+Hg0
This procedure horever does not give any idea of an intecrmedicte
formetion, which we would strongly expecet as indicated by the
eolor produesed during rcaction.

Tzubervenik (25) reported the alkylation of benzens ond tol=
uens by the use of seeondcry and tertiary aleohols in the rpresence
of aluminmm ehloride, He eonscidered the formetion of en elumimm
aelooholate, which deeamposes to an alkene, The alkens then tekes
up hydroehloris acid to form the elkyl halide which reacts with
the hydroearbon,

Although the evidence of ether formation by the use of alum-
imm chloride is not plentiful it is possible that we might ex-
plain the reaction by the formetion of en intermedicte ether
followod by rearrancement to the phenol, It was reported by Lerz
and Veith (1g) that elumimm ehloride rezcted with phenol to give

a diphenyl ether, slthough the first step in the process was

(8)



considered to be dglyiration, _

Hedrick (26) hes offered e mechanism which goems quite
possible although like ezch of the others doses not haove enough
evidence to be conclusive., He ecmsiders first the formation of
& hydro-elumimm phenolie acid (I) which then recets with the
alcohol (II} to form em intcrmediste sddition product which re=
errences to give the substituted phenol aend alumimm phenolate (III).
A'.l'be water formed in step II then reacts with the sluninun phenolate
to produce the phenol aml eluninum hydroxide (IV}.

I sﬁt?mclﬁ:-‘ s(a)'+ (A1 (0CzHp)ef + 3 HCL

ITme HGAL (OC;Hy)g+ S R;COIT AL (0CHH; )6e(=CR3)3 4+ SH0
Illew AL (0CHy)ge (=CTz)z 2 AL (0C7H; )3+ 3 1I0,Cllg Ciig
W i1 (0CoHy )zt 3 Hz0—> AL(ME)31 S Om

The history of the rezctions of this tyme has shorm that
therce is & gencrcl tendency to condense with the ellyl group
enterin~ the ring para to the hydroxyl grouve If we notloce the
forces acting this is vhot we should exnect, The dircetive ine
fluence of the following groups is considered to be to the ortho
or pora position, usuclly pora predominetin~e The order of the
relstive directive powers of the groups is CH> Wig) I>Br> C1> CHs,
THus in o~cra-0l we exn consider the directive pover of hydroxyl
as greotly predomincte over the methyl group, We eould expect
then from the hydroxyl group alone to receive maninly a para
substitution, However the smnll emount of ortho in¥luence would
be dissipsted beeause to have a sroup enter ortho to hydroxyl it
would be meta to methyl end this would not be very probable,

1\ 9)



If we consider the electriecl effects present in phenol (I,
below) the mepative field (peneral effeet) of the phenolie oxy-
gen will tend to repel the negotive field of en slkyl group and
ve shculd expect to find the group entering the pora position
most eccily, In the ccme of o-cre~ol (XX telow) vhere ellgyl and
hydrozyl groups are clrecdy precent their necative ficlds will
repcl eagh other end increase the stearic hindrance effect on
the 2-position end decrcane the amount of expect:d ortho sube

stitution.

I II

A N\
N
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DISCUSSION

9he resulting percentoce yilelds \ pogesss endféa )} are eale
culeted on crude products, basing eclculetion on the theoretiecl
srpount to be expected from a given quantity of alcohol uced,
Although individunl runs gove large veriations X consider the
gverare yleld of pure product for tert-butyl-o-ere~ol is 55 % end
for terte-eryl=o-cresol 508 .

The proportion of recctants secms to be on optimmm ot about
ong mole of the elcohol to two moles of eresol end one-half mole
of sluminum chloride, In the butyl run the better method is te
edd ths elcoholecresol-petrolewm ether solution 0 the suspension
of aluninum chloride in petroleum ether, X tried several runs
by edding dry aluminm chloride to the alcoholeerasol=petroleum
ether mixture but there seemod to be a tendency for the fomuation
of a s01lid eomplex where there wes exsess of reactants end a de=
ficiency of eluminum chloride precent, ¥his red jelly-like
solid would form aftcr the reac:tion was underwsy and by inercese
ing elunimm ehloride and solvent X foumd it could be stopped om
some occasionse In other cases the solid formed so ranidly that
the mnss was 00 heavy to stir end the edditional aluminum ehlore
ide and petroleum sther only remained om top, The time of this
jelly formtion wos epperently the end of eondensation because ,
in those eases which had solified early ia the reaction the yield

vas preetically mil, Then the solvent and excess cresol were

(11)



renoved from these rums which had solidified practieclly nothing
wvas left but & dark guxy mass which decomposed end loft a dry
char in the fladk,

In the case of the amyl elcohol the condensetion rccction
seemsd to proceed more slowly, and by edding elumimm ehloride to
the clechol=cresol less jelly formation wes noted end the yield
was better then by the scme procedure for butyl eondensationa,

In the butyl runs the roaction mixture ususlly developed a
bright ‘blood.to a very red golor, and this eocloration seemed to
indicate something of the amount of eondensction. However, in
the aryl reaction the eolor formation wos much slower and in
sone ceses only A straw color resulted after two days stirring,
but in opits of this the yield wes quite good, In ths first two
runs of the butyl eondemsction the elumimm ehloride was asdded to
the eresol end then the alechol dropped ifnto this mixture but the
yield wos very poore This may hove been eaused becesuse the ale
cohol wes added to the cresol and elumimum ehloride but more
probably beccuse the ratio of alumimum ehlarids used wos very
amall in ecorparison to the ratio uwsed in later eondensations
which gave bettcr ylelds,

(12)



LDODEENTL

A 500 g.ce round botitom three nocked flask was fitted with
a Moﬂ stirrer with a mersury seal, dropping fumnel, and
a roflux eondenscr eloscd with a caleium ehloride tubs end hove
ing a thermometor extcnding through the eir eondenser into the
solution, Dry air vms forced through the ety apparatus for
come time to mole 1t as dry as pos3ibvle, The solvent used in
21l runs wos poetroleun ether dried over ealoium chlo;ido. The
eleohols were driod over enhydrous potasstm or sodium sulfute,
The o=oresol was redistilled at atomopherie precsure, The size
of runs tas varied but for most part & mole (18,5 g) of terte
iory butyl alochol and from 3 to 13 moles of ortho ercsol were
dissdlved in 100 ¢.c. dry petroleum sther end plased in the
droppin; fummel. Varyin: proportions ef alumimum ehloride were
used dut wsually 1/¢ mole (16.7 g) of snhydrous alumimm ehlorw=
1de tus added to 100 e.c. petrolewm other in the resction flask,
The stirrer was started and the aluminum ehloride formed & vhite
to yollow suspension in the solvent, The alcohol-crescl-petro=
leum ether solution was dropped into the flask over a period of
cbout fwo hours at such a rate that the temporature remained
from 25-30°, regulating the addition end eooling the flack with
weter end 169 beth if necescary, Hydrogen chloride fumes es-
caped from the mouth of the reflux eondenser and were led to the
surface of a besksr of woter or allowed to escape throuch a hoode

(13)



As the reaction progresscd a eoloration, usually dark blood rcd
appeared in the flack, The stirring was eontimmed about two to
three hours after all of the material had been edded end then
allowed to stand at room temperature overnight, The next doy
the eontents of the flask was poured into 300 e.c, of a 50 $
ioe hydrochlorie ecid mixture in a liter becker, After stirr-
ing end standing one-half hour or longer, the becker eontents
was transfered to & liter seperatory furmel amnd the water layer
drevm off the bottom, The red oil (upper layer) wes eollected
in a round bottom flask, The weter was again returned to the
seperatory fummel and extracted with di-ethyl ether two or three
times, This extract wes edded to the main oil in the flask end
anhydrous sodium sulphate added, The flask was left stoppered
with occasionsl shaking over a periocd of twenty-four hours or
longer end the extract then filtered or decanted from the sod-
imm sulphate, The solvent was removed by distillation on a
steam bath end the product distilled in a elaisen flask and the
distillate collested in a woter eooled wurtz flask under reduced
preasure (about 15 mm.), Three mein fractions were obtained,
(1) a low boiling fraction consisting of petroleum ether, alschol,
its chloride and unsaturated derivetives, (2) the excess cresol,
and (3) the alkylated eresol. The erude fractions were them
fractionated in = veoeuo in a modified elaisen flask having a two
and one-half foot celwm,

(14)



DBROITIINITD PellTeUTY LeD=CI 0L

I placed 27,4 grams of the p-terte butyl-o-eresol, boiling
ot 124-126°/15mm, in e 200 ¢.c. three necked round bottam flack
equipped with a mrcur} seal stirrer, reflux eondenser, emd
drovping funnel, and dissolved it in 100 c.ce of chloroform,
The fladk wos placed maﬁ ice bath, end 26,6 grams of bromine
in 50 ce.c. of chloroform was added slowly over a period of two
uours with eonstent stirring, [Ruch hydrogen bremide was given
off end the flask wos kept eold until the evolution stopped and
vas ellowed to warm slovly to room temnerature, The ehloroform
vos then driven off and the product froctiomated, giving the
followins fractions:

2 grems 1.24-126"/1@.
24 grans 126-229%/10m, Nz - 1.5436
7 groms 120+134%/11m, §S,) - 1.5457
4 grans 134~138%/11rm,

The fourth fraction decomposed quite easily. I expeeted the 120~
129 froction to be l-hydroxy-2 methyl-4 tert-butyl-6 brome benzene
but eralysis indicated é dibramo eormound. Thinking that there
s -a poscibility thet two moles of bramine hed been added, the
work wns repeated as sbove except for solvent, usinz earbon
. tetrachloride in this run,

The original distillation gave 42 grams of produst 130-138°/15
and redistillation cave |

20 Crofeem——— 123-126%/12m, lign: 1e5440
16 gronseeee- 126-129%/11m,

The index of refraction showed that I apuin hed the same compound
(15)



bub still thoe anclysic indicoted & dibromo eanunds ATyl oxye
ccotis ccid (27) v mode end melied et 74-75°,
RO TET D Pl DTl YIaD=-CRISCL

This meterial woe prepered by the same procedire ac oboves
I usc? 20 graxe of p-tertearyl-o=crocol with & bhoiling point of
255-057°/740 1m, n 107 e,64 of earbon toirachloride end eooled
to zero. I.added 12 grans of branine and stirred until no rore
rydrozea braaide s given offe The followins froetions were

obtcined ¢
10 gronms - 125-136%/1%m,
24 grans , ‘ 156-145° /12,
4 grons 145-150°/12m, Recidue
Vhen the cbove wus pu-ified I ebjrined the folloring froetions ¢
4 grans 156-1520 /11,
6 crams 133-140°/11rm, T, - 145420
12 grams 120-142°/1um, 1T, - 15455
S grons Pecidue

A dinhenyl urcthone wes prenarcd (29) fram the 120-142 fraction
of the above. products Ths finse white granules were very hard to
dissolve but recrystellized to the melting point of 173,5-179,5°,
Anelysis of Cgs Hog O N Br
Caleuleted Br 17,70 §
Tound 13,69 %

S=TROLD=0=CTEEOL,

This ecupound was prepcred by the method of Neeley(28), O=cresol
was sulfoantcl to block the 4=position end bramuinnted, follomed
(16)



by distillation with super heated steem, Redistillation gave
the fallowing frections :
23 gramg ee——— 197-203°
65 CIOmS wmm—w—— 208-210°
10 grams 210-220°
The hich boiling materisl) erystallized end wes probobly di-bromo-
o=0rcsol. The main freetion used in the following eondensations

bolled ot 203-206°,

4TI BUTYI~6 BP0:0=0=CIIESCL

| The 6 btromo-o-eresal prepared above was eondemscd with text~
iary butyl aleohol by the same method as the e-oresol hnd beem,
The main portion of the ylald boiled at 129-131°/l1lm, It showed
the index of refraction equal to 1,5241, Aryl exyacetic scid
derivotive (27) of this rroduct melted et 92-93°, Aunlysis of
this eompound indicsted only one brotine to be present.,

Since this product sgreed in boiling point (1299/1lmm,) with
the bramineted petert-butyl-o=ecresol I thought theay were the same
but the index of refrmetion and the derivative melting points
d1d not egree,

4~TURTaATL§ BROI0=0=CRE: OL

The 6 bromo-o=cresol prepared above wos condensed with terte
ayl aleohol and the following fractions were ¢ollested 3
9 Eroms s—e—m———e 131=136°/11mm.
20 grems me———— 156-143"/11mm,
5 Crems ewmm———— 1450 /110,

(17)



These trre further purified ond the mein part of the product
boiled ct 140-142°/11rm,
The diphonyl urcthane of this garmound wos prepered by the
method of Kerm (29) end melted et 177-173.5°,
Annlysis ef Cos Hog O N Br,
' Calculeted Br 17.70 %
Found

17.59 ..

This checled vory elosely with the diphenyl urethans of the broe
ninated p-tort-eryleo=eresol 178,5-179.5% These dirhenyl ure
ethanes were quite insoluble in alcohol end the evailable low
boiling ligroin end therefore recrystallization wrs difficult.
Iovevor, the melting points agree so eloscly thet the possibility
of their being different eonpounds 1s very slighte

OTUCTS OF T TLAY DUTYL ATCOUICL CCIEIIIs TI ]

———

The products of this eondensation, theoretically, should
consict of three allylated eresols (1) l-hydroxy=-2 methyl~4 tert-
butyl benzene, (2) l-hydroxy-S-~methyl=6-tert-butyl banzens and
(3) 4,6=d1-tert butyle2 mtlw!.—lwhydrm benzens, The work of
Dietzlsr (16) recorded ecch of thece products,

I distilled the main portion of ry product many tires at
vorious prescures and found the boiling poimt to be 124-176%/15m.,
133=159°/25cm, end £256-257° /740mm, |

This product s @ eolorlecs oil, very viscous and reminding
ons of glyecerine, /fter standing in an iee-salt buth for several
hours it formsd orystals., Thooe were trancofored to a filter
papor end dried in the ice box, J4lthousgh they were thus formed by

freozing the oil 1t was imossible to £ind a solvent from which
(18)



they would reerystcllize. Lvon in the ice box tlhey melted uhen
toucl.cd with e spatule to trancfer then to a tube, Thereforec some
of the o0il wmas put in e anell glacs tube ond placed in an iee beth
end a gseed dropred in, The mext rorning all waz frozen, The tube
tres pleced In a btecker of ice wrter cnd allowed to ecome to room
tomperature, In this wey I found a melting moint of £2-23%.

{thourh the product i{s one of the substituted phenols, the
charcetoristie phenolie odor wrs not noticeabley it hcd only a
fzint rubber 1i'-e smell which probobly wac due to meoterials
tclzen up during distillstion but could not be rerwoved,

There beins a slight poccibility of ether formation during
the reoction, the product was treated with Claisen alecholie
potessium hydroxide (30) but no indiection of en ether wos givene

Then the o0il wns exnoscd to the sunlicht for a lenzth of
tine it took on a licht yellow eact, When it was distilled at
atonospherie pressure 1t boiled et 255=257° but coon took on e
roidish yellm: color, Thic probably wns due to oxidetion and
decomposition,

Tsually wo find ortlio, ond di-substituted phenmolic compounds
are insoluble in a five percent potassium hydroxide solution,

The lowrer boiling moterdols 225055 whieh should have eomtained
the G-tort~butyle=o=ecrecol were poured into this solution but &ll
ccened to be earmletely dissolved, 7This mixture wms extracted
with ether ond & sanll portion of cil woo found on driving off the
ethiore This material however boiled at the same point ac the
moberial vhich hod not been extroeted from the soluticn tvith
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ethor ond which mn recloiied o~ a substituted crecol by acidi-
fyinz the soluticne Thus 1f ary 6«tort-butyl-o-cresol wns prew
cent 1t vos in e vory sonll quantitye
I s unchle to get a mono=broniinated derivetive of the
paterizl which I could check with the G-brang=i-tert-=but;l=oe
erecol prepered by the condensatioa of O-braro=-D-creszol with
tortiory butyl cleokole The boilinz point,124~126°/15mm. ,and
gelta_nc point,£0=000 ecree somewhot elosely with the boiline
point azd wlting point of the meterial vhieh Tehitchitobine (17)
prepercd by nhosphorie ceid eondersetions having a boiling
point of 122,5°/14m. cnd 2 melting point of 27° and which he
called o=tert-butyl-c-crecncle Hovaver, in spite of tho above
facts I eomsider thot wy product is p-tort-=butyl-ow-erssol since
(a) 4t somprises such a hich pereentese of the total yield and
gince all ef the past works on subostituted rhemols have shorm
the large~t aount of substitution to be pera to the hydroxyle
(v) 1y mwoduz;t checke in boiling point, appearsnce, and melting
point of the nitro derivetiventith that of Eff-omte (4), Baur
(7},(2) and Lieyer end Bermhzuer (14) and with the boiling point
of the p-tert-butyleo=-cresol of Dietzler, Lundcuict end Periring
(16)¢ (c) The broninction of the tort-eryyl eondensction product
proved the alkyl gz;oup to be in the pera position. '
Analysis for C3; Hg O
Calmxlatoﬁ C- 60.42 % 3 H=9,83 %
Found = C-79,04% 3 H-9,94 5
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£ryl oxyucetls acid derivative was prepcred by the method
of Koelseh (30) end white fleecy erystals were obtained with a
melting poimt of 94-95°,
Analysis far Cy3 Hys O3

Caloulated © = 70,27 53 H= 8,105 %

Founde-~—=- C = 70,45 %3 H: 8,04 &
I prepared diphemyl urethane by the method of Kamm (27), I
obtained tthite fleecy meodles from slochol with a melting point
of 113,5«114° and then arnalyzed for nitrogen by the I'tore Kjel-
dohl method.

Analysis for Cop Hog 0o N
Caleuleted N: 5,900 %
Fournd =—e=- N: 3,501 %
Attempts to nitrate the product at roam temperature resulted

in decorposition and only a black torry maess was obtained, I
then tried-ecoling nitric acid in an ice bath end dissolving the
eresol in glaeicl acetie ceid, This solution was also ecoled
and the sold acid added drop by drop. If no action resulted a
1ittle sulphurie scid wos sdded and the solution wnrmed core-
fully, A stroms reaction them d1d set in, The mixture wos pour—
ed into weter cnd the yellow medles‘wem regrystallizcd from
aleohcl, they had a melting roint of £5-76°,

4s 6 DI-TTPT-BUTY La0=CIti0CL

The eombinod black tarry residues from ell the distillations
of each eondensation were eollected and refractionated, From
these residunes I gbtained sbout 22 grams of elear thieck (evean
rore viseous thon the main product mumber (2) pace 13} 011 boile
ing at 156=161°/25mm, which probebly was the product mmber (3)
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on pace 10, This product wos cooled in cn ice bath for zbout
to hours end vhen it did not erystallize it was placced in the
ice box cnd secdcd with one of the above mentioned erystcls,
but eould not be mede to erystellize,

This produet wus poured into a five percent notassiun hy-
droxice solution and altiiouch its density was ebout the soma
es thot of the solution ,preventing a leycr formation,undissolv-
ed droplets of oil were visible, .This solution vas extrocted
with petrolecum ether end alter driving off the petroleum ether
fron the extreet 25 groms of product boiling ot 156=1319/25wm,
was rocovered, This quite definitely indiccted the product

s the d1 substituted erosol, &s given Ly Dietzler (16).

P OUUONS OF COITUNEL T I O TIPS ALCONTEL LT O=C S0

This recction seemcd to progress somewhat slover cnd did
not produce such o deep red coloration althouch it cave good
yioelds,

The originnl product wus froctionoted aftor the hydroly-is
of eaoch eondensotione. Thene products were then eambined aond ree-
fractionnted et different preazsures to give the following results:

g 110-1220/10cm,

DL 8 e SAC=DH20 [PA0IT wmrnm e 120-130° /2002,

D g w———— 0250=0040/740mm,

45 @ wmmme 254=0070 /7.0 g e 150154 /10012,
7 O w———— 205=256 /'740zmn.------- 150-13:° /10mr2,

10 g wew—= 253=060°/740rm, 130-122°/10cm,
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The mnin fraction cbove van rodistilled and the pure product boil-
ed ot 130°/10m, or 255°/740mm,

tais product wos a viscous eolorless oil which soomn took on
a rcddish ember eolor when exposed to sunlicht, This eould not
be mnds to eryctzllize in en iee-salt both, but vhen seeded with
the p=tort-butyl erystels and left in the 1ce box severcl doys
éid nolidifyr, brt melted as soon &s it wes pleced in the room,

This product mos brozinated and the product obbtoined boiled
rt 140-142°/11mm, the same as the procduct obtained by the con=
dencaticn of G«bhroaro=o=-creccl with tortiary emyl elechol. These .
boiling pointes end the melting points of their diphenyl ursthanes
gbhoted quite conclusively that the vroducts were of the some
structure and thot the tert-aryl Frovp wns pera to the hydroxyl
of the creuole

Tra bdblock tarry residues from all the conden~ctions were

cabincd and refractioncted, The following recults were obtained:

4 crams 152-134°/10cm,
8 croms 134~138%/10mm,
6 grams -138=200%/10mm,

The 134-132°/10m, may hove eontained e di-elkylated eresol but
I co;.zld not be sure thet it wzo not rore of the p=tert-amyl-o=
crcsole The 138-200°/10mm. fractiom was very thiek end had a
slizht yellow colorction.

The low boiling froetions tere distilled end a froction of
01l boiling et 123-126%/10mm, wana obtained thich I thought might
be the o-terteamyleo-cresols However this dissolted in & give
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pereent potessium hydroxide solution end erystallized vhen sceded
with p—teﬂ-butyl-d-crecol erystals, so it probobly wrs more of
the p-tert-argyl-o=eresol.
The 255-c56° fraction wes aﬁalyzed for corbon and hydroren.
Analysis of 012 1118 0
Calculuted C=r0,50 %3 H=10,11 %
Found C: 60,51 $3 H>10,18 $
iryl oxyecctis ocid (27) wns prepered ond grve a melting
point of 99-100",
Anelysis of Cy, HZo O3
Caloulated C: 71,19 %; H: 8,475 %
Found C=71.22 %3 H- 8,392 %
Diphenyl urothane (29) wrs prepered ond gove e melting point of
121,5-122,5%
| Anelysis ef Bpg Hop O- N
Celc;luted N=-3,49 %
Found N:3,75 %

(c4)



LOLECULAR ILITACTI0N

STUDY. OF Pol:NT=lUTYLa0~CR!: 0L
N3p= 1.5228
D = 497195
Il = 1644125

M__gzﬁnx

D KNy 2

104,125 x 13109 . 51,57 (Observed rea'ing )
297185  4.5159

C - 2,50k x 11: 27,511
I : 1.051 x 16 - 16,816

0 - 1.522
Double
bond - 1.707x3 -__5.32%

50,969 (Calculated reading )

004

29691 X 123222 . 56,23 {Observed reading)
78144 44,3222

C: 2.501 X 12 = 30.012
H - 1,051 x 18 -13,918
® - 1,522 x} - 1,521

Double
bord - 1.707x3 - 5,121

55,572 (Calculated recding )
(25)
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CULILNY

Tert butyl end t-ort =yl eleohols were eondensoed with O-

ercsol in the prescnes of eluminum ehlorides

The products te'e vractically all p-substituted o=crecol,

Aryl=oxyocetic acid end divhenyl urcthones were prepcreds

The yields varied in the neighliorhood of f£ifty percent.

The use of lare excess of ercsol increasces the yleld,

Addition of tho alcohol=eresol mixture to the alwmimm

chloride~petroleum ether muspension produees better results,

(27)
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NOTES O INDIVIDUAL IUNS OF TERTIARY BUT

Triel 1 <« The alumimum ehloride was added to the eresol and pet-
roleun ether mixture, and then the alechol was dropped
in over & period of two hours, end stirred three hours
moree 1t was let stond over night and then hydrolyzed.

The sluminum g¢hloride used wac in wvery low proporbion

‘--.

i

and the yield vms the lowest of any run.

I added the elcohol to the eresol-cluminum -chloride-

petroleunm ether mixture during one-helf hour. It was

stirred two and one-half hours and then stood overe
nighte It formed 2 red jelly-like mass.

Trial 5=- The sleohol apd eresol mixbture was added to the olum-
i ghloride in petroleum ether amd was stirred for
four hours aud let stand for three dayse There seemw
ed to be an excess of aluminum chloride left in the
bottom of the flask,

Trial 4 - I added the vhite anhydrous aluminum ehloride to the
petroleum ether and it turmed to o light yellow solus
tion or suspension, I dropped in the aleohol=eresol
nixture slowly sﬁz" gtirred for four hours aftervards.

Triel 5 == The eresol-alechol mixture was added to the alumimm

ether mixture over one hour period,
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It was stirred two ond one~half hours and then left
over night, A deep red solution resulted.

Irial 6 == I a2dded the aleoholeeresol petrolevm ether mxturo to

the siuminum chloride suspension over a period of one




Trial 7 ==

Trial 10 -

hour and sllowed it to stand ten days before hydrolysis.
Aluminum ehloride wes suspended in 100 e.c¢. petroleum
ether and I added the elechol-eresol in 50 ¢.¢. petrole-

eun ether mixture to this suspensione

I edded the dry elumimm e¢hloride to the eleochol and

erecol mixture in petroleum ethers The result was the
formation of & gumy mass end a lower yield,
I suspended the eluminum ehloride ia 100 ¢.¢. petrol=
eun ether and added the alecholweresol-petroleum ether
over a tuwo hour periods It was stirred four hours and
left over nights, The product was dright red,
I added dry eluminum chloride to the alcohol eresol
mixture and the whole mass beecome almost solid at onee.
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