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IRTRODUCTION

In the year 1918 Huston and Friedemann (1) discover-
ed that aromatic alcoohols condense with aromatic hydro-
garbong in the presence Of aluminum chloride as a catalyst,
S8ince that time much work of this type has been done in
this laboratory.

In 1836 Huston and Heieh (2) reported the condensa-
tion of some gimple tertiary aliphatic asleoohols with phenol.
To investigate further the scope of the reaction, the
tertiary heptyl alcohols were prepared and condensed with

phenol using aluminam chlioride ass a catalyss.



HISTORICAL

Many papers have been written concerning the alkyla-
tion of phenels. There are two general methods for vre~
paring alkyl phenols. They are, the alkylation of phenols
using alkyl halides, acyl chlorides, alcohols, and alkenes
in the presence of a variety of catalysts, and the prepar-
ation of phenols by the replacement of a wvariety of groups
by a hydroxyl in alkyl benzene derivatives. Alkyl phenols
are also prepared by the rearrangement of alkyl vhenyl
ethers,

Only those papers dealing with the condensation of
aleohols with aromatic hydrocearbone using ai&miﬁum chloride
as n oatalyst sre mentioned in this review.

As far back as 1884 Auer (3) and Dermstedt (4), re-
ported the interaction of slmple aliphatic alcohols and
phenols to give alkyl phenols ueing as a catalyst a mixture
of zinc zand zinec chloride. A little later ¥ef (5) mention-
ed the formation of divchenylmethane from benzyl alcohol
and benzene in the presence of aluminum chloride,

In 1816 Buston and Friedemann (1) repeated the work
of Hefts and reported that aromstic aleoholes such as benzyl
alcohol reacted with benzene in the presence of zluminum

chloride to give a 30 per cent yield of diphenylmethane.



A few years later (1924), Huston (68) condensed benzyl
alcoohol with phenol in a similar manner as with benzene
and obtained p«benzylphenol in a 45 per cent yield.

This led to a further inveetigation concerning the
scope of the reaction. Different types of alcohols were
ugsed, a8 well ag different aromatic hydrocarbons. Huston
(8) reported the condensation of benzyl alcochol with |
anlisole and phenetole in a 45 and 50 per cent yield respec-
tively.

In 1826 Huston and Sager (7) attempied to condense
phenylethyl-and phenylpropyl aslochols with benzene., The
resulis were negstive. They concluded that of the aromge
tic aloohols, only those in which the hydroxyl gfoup was
on the carbon atom adjacent to za ring condense. They
tried methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl
and iscamyl alcohols, none of which condensed. They then
tried allyl alcohol which condensed to give a 18 per cent
yield., Fropm this they concluded that only those alcohols
in which the slpha carbon atom was a member of a benzene
ring or is double~bonded, condense =ith benzene. Huston
and Newmann {8) followed this work by the condensation of
allyl aloohol and phenol,

Later Huston and co-workers (8) reported the inter-
action of benzhydrol, methylphenyl and ehtylphenyl car-
binols with phenol to give good ylelds of the condensation

products. They pointed out that the experiments gave



additional evidence of the effect of unsaturation of the
alpba cmrbon atom on the reactivity of the alcoholic
hydroxyl group for benzhydrel, in which both alpha carbons
are members of an unsaturated benzene ring, gave a much
larger yleld than did benzyl slcohol.

The condensation of an sromstic tertlary alcohol as
%riphenyl carbinol and phenol in the presence of sluminum
chloride has not yet been reported. Although Davis (10)
found that triphenyl carbinol rescted with benzene to
give triphenyluethane and not tetraphenylmethane.

Later Buston (11) reported the condensation of benzyl
alcohol with o-coresol, p-oresol, and m-oresol to give two
monosubstituted derivatives and one disubstituted deriva~
tive for each.

Huston and Goodemoot (13) in 1933 carried out some
éxperimeats to <how the effect of strain in cycloalkyl
carbinols on their reactivity with bénzene in which they
condensed cyclohexyl, cyclopentyl, and cyclobutyl carbinol
with benzene. They were able to showx that the carbinols
show a progressive inorease in activity as the number of
carbon atoms of the rings is reduced from eix to four.

fluston and %ilsey (13) found that 1, 1 - diphenylethyl
carbinol did not condense with benzene, but instead dehy-
dration occurred producing 1, 1 -~ dirhenyl - 1 « propene.

Huston and Hradel {14) and Huston and MacComber {(15) in



some eimilar work concluded that neither diaryl-alkyl
earbinols nor dislkyl-aryl carbinols condense to give the
desired product. Only dehydration of the alcohol ocourr-
ed. .

All these experiments indicated that unsaturation or
strain on the alpha carbon atom, whether it be doudble~
bonded orAa member of = benzene ring favors condensation
reactions of allphatic and aromatic alcohols with aromatic
hydrocerbons and vhenols or their ethers in ths presence
of aluminum chloride,

Very recently Huston and co-workere bhave diregted
their efforts toward the condensation of some saturated
aliphatic alcohols. In 1933 Huston and Hsish (3) were
interested in preparing some p-iaospropylphensl. In their
work they added isopropyl alcohol to s stirred mixture of
aluminum c¢hloride in an excess of benzene and it gave a
fair yield of cumene. This was followed by more condenss—
tions reported by Huston and Fox (18) using some of the
gimpler tertiary slcohols and benzene., Huston and Hsieh
{2) were successful in condensing some %ertiary alcchols
with phenol, toluene, m-xylene, wm-cresylmethyl ether and
anisole. They also c¢ondensed isopropyl and sec-butyl
alechols, methyl n-propyl carbinol, and methyl isopropyl
oarbinol with benzene. Huston and Binder (17) condensed

the tertiary heptyl zlcohols with bengene, Huston and



Sculati (18), and Huston and Anderson (19) condensed some
tertiary octyl alcohols with benzene and vhenol.

Tzuggrvanik (20) recently reported the condensation
of some simple secondary and tertiary alcohols with benzene
and toluene obtaining the same results as Huston and Hsieh
(3) but offered a different mechanism which is to be dis-
cussed later.

The only acoount 0f the condensation of hentyl alooe
hol with phenol is c¢overed by a patent taken out by McKesson
and Robbins (81), and M¥cGreal and Niederl (22) who con~
densed n«butyl dimethyl ¢arbinol with phenol in the pre-
sence.af zinc chloride to give p~tertiary heptyl phenol.



THEORETICAL

From previous works Huston and co~workers have shown
that for the condensations of alcohols, whether aromatic
or aliphatic with aromstic hydrocarbons in the presence of
aluminum chloride the alpha ¢sarbon atom must be understrsin.
If we examine the slectronic structure of such z system,
as for example =211yl alcohol (A) or benzyl alechol (B) and
compare it with the slectronic structure of z tertiasry
aleohol, as tertiary butyl alcohol (C) we will see why
either are capable of condensation. In all three cases

we havé a carbon - oxygen boné that is relatively

Hu .g H‘ . Pj; LX) C‘fg .
GiEF TR Gl (L0 CHp O M OH
g B o # e gﬁs .o
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unstable., This is borne cut experimentally by the ease

of replacement of the hydroxyl group by the halogen of s
halogen acid and also by the ease of dehydration. By vir-
tu¥e of the groups present the electron pair forming the
earbon %o oxygen bond of the first two ls attracted strong-
1y by the carbon atom and also by the hydroxyl group, and
in‘the third the carbon has a weak attraction but the



hydroxyl has s strong attraction., The result in either
caee leads to an uvnstable system which for compsarison are
like the bonds in a molecule of chlorine (D) and s mole-

cule of hydrogen chloride (E) respectively. With this in

C o1 ¥ Tor:
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view it is obvious that tertiary alcohols should condense
with aromzti¢ hydrocarbons the same as benzyl, allyl,
benzhydrol, and the other alcohols that have been shown to
react.

There have been four possible mechanisme advanced to
explain the course of the reaction, none of which have
besn conclusively established. In many cases the different
workars have used éifferenﬁ catalysts, temperatures, and
golvents thus leading %o Incongruous results,

Peullervanik (20) reported the alkylztion of benzene
and toluene by use of secondary and tertiary alcohols in
the vresence of anhydrous aluminum chloride se a catalyst.
He offered ss a mechanism the formation of hydrogen
chloride and an aluminum alccholate {I) which decoxposed
to form an alkene {II). The alkene then took upr the hy-
drogen chloride to form the alkyl halide (I¥I). This inm
turn reacted with the hydrocarbon to glve the alkylated
hydrooarbon 1V, Thie is represented by ecuations using

tertizary butyl alcohol, benzene, and aluminum chloride.



I (CHz)z00H + A101l3wwm.y A10130C(CHg)z » HOL
Sz
11 AlngQG(GHs)g——s-) CHzC = CEp v Al1C150H

111 eagd%f’aag » HOL = (CHz}3C - C1
Iv (635)33 « €1 » CgHg— (Qﬁs);gc - 0835? HC1l

1f Tzufervanik's conception is correct the addition
of a tertiary alcchol to a mixture of aluminum chloride
sugpended in an inert solvent should go through the first
three steps to the formation of the z1kyl chloride. Then
the addition of phenol should lesd to an alkyl phenol. To
investigate the speciousity of the mechanism this was
done., Normal butyl dimethyl osrbinol in petroleum ether
was added dropwise to aluminua chloride suepended in
petroleum ether. Almoest instantly hydrogen chloride was
evolved snd heat iiberated. The mixture turned at first
yellow then a deep red color. 'ﬁfter the reaction had subw
gided, a solution of phenol in petroleum ether was added
dropwise, There was no further change in ocoler nor any
avidence of a readion. After the usual procedure of decom~
position and purification to be deseribed later an 18% Lj
yield of n-butyl dimethyl-p-hydroxyphenylmethane was ob=-
tajined. This is 2 much smaller yield thon was obiained
with this alcohol in an ordinary run using the same mole-
ecular proportions.

it should be noted thot in the reaction cof the
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slcokol and aluminum chloride, hydrogen chloride was
‘given off. This cannct be interpreted as following the
mechaniasm offered by TzuKervanik because in that hydrogen
chloride was not given off until the hydrocarbon was added.
A plzusible explanation for the formation of hydrogen
chloride in this reaction is in the dehydration of the
aloochel, and the water then reacting with the slumipum
chloride according to the squations (V) and VI)., At the
same time some of the hydrogen chloride might react with
the alkene {(VII). 1In view of this it muet have beén the

CH GE

¥V CB.{0H,) -%3csa:&£;aﬂ3(aﬁg)g - ¢
SRS o - CH
5% Mz

Vi Al€lg » Hz0—y AIC1I0H « HOL

| O, | - QHx
VII OHy(CHp)g = C 2 CHyé HCl— cﬁ&‘“ga)z’gg‘; c1

alkyl halide that rescted with the vhenol to glve the alkyl
phenol.
| In addition it secms unlikely that the formation of
an aluminate I is possible in view of the fact that it is
not eaaﬁ to replace the hydroxyl hydrogen of a tertiary
slcohol. All this seems to indicate th=t the hypothesis
get up by Tzukervanik is not probable.

Another mechanism is offered by HcKenna and Sowa (33).
They have shown that when benzene is alkylated with alco-

hols using boron fiuwcride ae a catalyst, the alcohol is
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firet dehydrated and then the alkene condenses with
benzsne according to the following scheme (VIII).

H
VIII CH;(CHy):0H ¢ BF; — CHgOH,0 = CHy + Ha?

CHLCH,OH = OHn¢ CgH~Bi% casoaggge%
They state as evidence that normsl and segondary alceohols
give identical producte and iso- and tertiary alcohols
2lso give identical products,

Likewise N¥iederl (23) has shown that debydration of
the alcchol is the first step in the reaction for when
phenylethyl aleohol ané phenol are Lreated with zine
chloride 4 a'hydraxy 1, 1 ~ diphenyl ethane is the chief
product. |

More evidence in favor of such & mechanism is in the
condensation of unsatursted hydrocarbons with aromatic
hydrocarbons using aluminum chloride as a catalyst.- Berry
and Reid (34) have shown that ethyleme condenses with
benzene using this catalyet. Other workers similzar to
this are numerous (25),

Evidence against such 2 mechaniem is slight., It
must be noted that MoKenns and 8owa, snd Wiederl used a
catalyst other than aluminum chloride and s much higher
temperature thzm is employed in the Buston method. Fuston

and Sager (7) have shown that primary slcohols will not



react with benzene in the presence of aluminum chloride.

The 1dea of ether formation followed by rearrangement
to the substituted phenol presents itself as a possible
mechanism. MNuch has been reported on the rearrangement
of mixed aromatic ethers., The ether was formed in most
cases by the alkali salt of the phenol and an alkyl halide
{1%).

IX CglizONg 4 ROl wweed CpH-OR ¢ ¥aQl
Most of the workers have used agents other than sluminum
chloride.

R Ao smith (24) reports the rearrangement of m~cresyl-
isopropyl-ether, tertiary butyle, isobutyl-, secondary
butyle, and isepreplePhanyl ethere, and p~cresyliso butyl
ethers when treated in the c¢old with sluminum chloride
(%), He made the ethers by the above method (IX) and

X Rz00CgHg =—miP=RgC*CgH 00

effected rearrangement by the addition of an sgual molew
cular amount of asluminum chloride. He stated that the
ethers could not be distilled even in vacuo without re-
arrangement. Other works simlilar to this are numerous
(28).

In view of this it seems prebable that if the slkyl
ethers were formsed ae an intermediste they might rearrsnge
to the alkyl phenols. The only accounts recorded in the

literature of the formation of an ether by a catalyst

12
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s8imilar to aluminum chloride are those of Herz and %eith
(27), and Wewland (28), The former in 1851 found thst
aluminum chloride reacted with phenol %o give z 10 to 12
per vent yield of diphenyl ether at a reflux temperature.
The former treated rhencl in the presence of boron flu-
oride with methyl, ethyl and isopropyl alcohols. The
sthers and substituted ethers were obtained. Isovropyl
alcoohol and phenol gave 2, 4=~isopropylphenylisopropyl
ether and 4-isopropyliphenol, They found thet dehydration
was the first step in the progress of the reaotion.

Claieen (29) pointed out thet iv alkylating the
2lkali =21t of phenol with a halide of an unsatureted
21kyl the ether is noi z mecessary intermediste for phenyl
alkyl ethers under the conditions of formstion do not re-
arrange to the alkyl phenols. He noticed that alkyl
phenols were always present with the ethers. He states
further that carbomealkylation ie still further inecreased
if alkylphenols are used, that the solvent medium is most
important, and that phenols with = vacant ortho position
alkylate in that position., Thus 211yl bromide and sodium
phenoclate in an alcohol medium give a 80 per cent yield
of the allyl ether Hut in z medium of benzene there ig
only a 20 per cent yield of the ether and a 70 per cent
yield of o-allylphenol.

This work of Clzisen's ie in asgrecement with that of
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Huston*s for he has reported the condensation of tertiary
alcohols with benzene (X1}, anisole (XII), and me~cresyl-
methyl ether (2) and the condensstion of benzyl alcohol
with anisole and phenetole (4).

Xl RzCOH - Ggﬁ@-—._) agﬁﬂﬁﬁgv Hs0

X1l EsGOH > 05350033......» ch - QSH40033’ 320

In these, thsre is no poseibllity of ether formation
however the reaction takes place giving a good yield of
the alkylated hydrocarbon.

To investigate the possibility of ether formation
that might take place according to the reaection represent-
ed by equation XIII) the following was done, After the

XIIT RyCO0H v OgHz0R-ALOL3 H 0CR; » Ha0

reaction of a condensation was completed the mixture was
decomposed with water, acid and ice, and extracted with
ether. The ether layer was then washed three times with
an excess of an alcoholic potassium hydroxide solution to
remove the phenols, Care was taken 10 keep the mixture
cold, The ether layer was then dried and the ether eva-
porated off. Ko phenyl slkyl ethers were present, This
would indicate that an ether was not formed even as an

intermediste.



Hueton has glven as a possible mechanism the clea-
vage of water, the hydroxyl group of the alcohol and the
parag hydrogen of the aromstic ring being split off =8 is
represented in equation (XIV)., Aluminum chloride then
appears to be merely a dehydrating =sgent. This scheme is

X1V RaCiOH + B OH,0R-AL0L3, R.C ~ OgH,OH 4 Hy0

unlikely for it cannot explain the fact that a highly
colored complex always accompanies the reaction.

The proof of the mechanism for this reaction is
beyond the scope of this theﬁis, but another mechaniem
that seems reascnable suggests itself. There is little,
but some evidence for it. It is known that ferric chlor~
ide forms colored compounds with phenol., Such a reaction
may be represented by equation (XV). It will seem more
obviocus when it is compared with the reaction for the
formation of the ferric cyanide ion or its acid as in
equation (XVI). 1If we substitute aluminum chloride for
ferric chloride an hydro-sluminum phenolie acid would re-
gult as in equation (XVII).

The hydruﬁaiamiﬁampheaalie acid then reacts with the
aleohol (XVII1), to form an intermediate addition complex
which rearrsnges (XIX) to cive the substituted phenol and
aluminum phenolate, The water formed in the step (XVIII)

then would react w»ith the aluminum vchenolate to produce

15
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ordinzry phenol and aluminum hydroxide (XX). ¥o theory is

XV FeGly 4 EHOOgHz—w—> 3HT 4 Fe(&ﬁsﬁs);:«;- 3HC1
XVI FeCly + 6HOn = 35" 4 [Fecng}i 3HCL
XVII AlClz + GHOCgHz=—= 3T 4 [M(’-ﬁ%ﬁg);’rf 3HC1
AVIII BzAl(OCgHg)g + 3Rz00H = AL(OCgHz)g- (~CRz) 5+3Hz0

XIX A (0CgHg)g® («ORg) g AL (OCgHg) s + 3HOCgE,.CRy
XX A1{0CgHg)z + 3Hz0 === A1(OH)z+ 3HOCgHg

offered for the rearrangement in the step represented by
the equation {XIX) although it might be by the formation
of the ether (XXI), The ether then rearranges quantitative-

X1 AL(0CgHg)s" (ORy), == AL(OOgHS), + BR;00CgH,

1y to the phenol as is represented by equation (XI). It
is difficult to visualize what would go on in & molecule
g0 complex. The above scheme seems unwarranted but exper~
imental evidence gives some support to such a mechaniam,
Buston (6), to throw zsome light on the mode of conw
densation of phenol with benzyl alcohol, added aluminum
chloride to & petroleum ether solution of phenol in the
molecular ratio of 1 to 2, They obtained a colorless,
vigcous mass which so0lidified on standing., After decompo-
aition with water and hydrochloric acid the phenol was

recovered. The reaction can be represented by XXII in
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which sluminum phenolate would be formed leaving an excess

XXII 1 AlCly ¢ 3CgHgOH wwmy AL(0CgHg)z 4+ 1/3 41C14

of aljuminum chloride,

This work wae repeated using the same relsztive quan-
tities.  The evolution of hydrogen chloride was guite vig-
orous and some heat wae liberated. Instead of decompo-
ging the reaction mixture at this point, a quantity of
alcohol stochiometrically eguivalent to the phenol was add=-
ed dropwice. This represéented the relative quantities of
the ingredients in an ordinarxy condensation., After all of
the alcohol was added there was no color, nNor any percepe
tible evidence of a reaction., After decomposition and
purification a 17 per cent yield of the alkylphenol was
obtained, This would indicate thet the aloohol had re- S
acted with aluminum phenolate in the presence of an ex~ V
cess of sluminum chloride, However, this does not elim~
inate the possibility of the alcohol reacting with the
aluminum hexo-phenolate for it might exist in 2 relative-
ly emall quantity.

This was followed by allowing phenol and aluminum
chloride to react ian a 68 t0 1 molecular ratio as is ree
presented by equation XVII. The chloride was added to
the phenol as above, A little heat and much hydrogen

chloride wasg evolved bhut there was no color. Toward the
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end the petroleum ether layer was c¢lear and below 1%t was
a thick viscous mass that did not solidify. It did not
resemble the aluminum phenolate above in any way. After
the reaction had subsided, as evidenced by no perceptible
evolution of hydrogarbon chloride, alcohol was added to
the mixture in the ratio of 3 to 1 compared with the
chloride or 1 to 3 compared with the phemol, Again there
was no evidence of a reaction nor any c¢olor. However,
after decomposition a Bl per cent yield of the alkyl phenol
was obtained which agrees with the yislds obtained with
this alcobol in an ordinazry condensation.

From the above 1t is evident that using the constie-
tuents in the ratio as is represented in the equations
(xv) to (XX} inclusive favors condensation. 1t seems log-
ical to suggest that the mechanisem in azn ordinary condenw

sation follows a scheme similar to that presented above.
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DISCUBSION

The general procedure employed in preparing the tert-
heptyl phenols consisted of the preparation of the terti-
ary heptyl aleohols followed by their condenaation with
phenol in the presence of aluminum chloride as a catalyst
(xx111).

XXIII GyH;s0H » OgHzOR AL0L3 CoHyx+ CgHoOH + HgO
The alcohols that were thus condensed consisted of the
following:

1 - N-butyl dimethyl carbinol.

2 - Isobutyl dimethyl carbinol.

3 - 3ec.~butyl dimethyl ocarbinol.

4 ~ Tert-butyl dimethyl carbinol.

B - K-propyl dimethyl carbinol.

8 - Isopropyl dimeﬁhyl carbinol.

7 - Triethyl oarbinol.

These all have been prepsred and reported in the litera-
ture. Likewisge Binder (17) prepared them and reported
ihem. W-butyl dimethyl carbinol has been prepared by
#hitmore (30) by condeneing n-butylmagnesium bromide and
acetone. Isobutyl dimethyl oarbinol has been prepared by
Edger and co-workers (31) from isobutylmagnesium bromide
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and acetone. Becondary butyl dimethyl carbinol has been
prepared by Edgar (31) from secondary butylmagnesium bro-
mide and acetone, Methyl ethyl-n-propyl carbinol has
been prepared by Whitmore {32) from n-propylmagnesium
bromida«gnd methyl ethyl ketone. %hitmore (33) and Edgar
(31) prepared tert-butyl dimethyl carbinocl from terte
butylmagnesium chloride and acetone. Tri-ethyl oarbinol
was prepared from ethylmagnesium bromide and diethyl care
bonate. Isopropyl methyl ethyl carbinol has been prepar-
ed from isopropyl dromide and methyl ethyl ketone by
Whitmore and Evers (34). The above methods were used to
prepare the aloohols for condensing purposes.

The halides were made from the corresponding alcohols
and phosphorous tribromide (35) in all cases, with the
exception of ethyl bromide and ter-butyl ohloride. Ethyl
browmide was purchased and tert-butyl chloride was prepar-
ed from tert-butyl aloohol and concentrated hydrochlorie
soid, {38) The halides were then treated with magnesium
and the ketone following generally the procedure of
Whitmore (32).

Good yields wore obtained in all cases with the ex-
ception of tert-butyl dimethyl carbinol and isopropyl
methyl ethyl carbinol., It was apparent that as the bromide
used became more complex the yleld of the aloohol dimin~
ished tremendously. For this reason a more complex key-

tone was sought so that a simple bromide might be used.



Tert-butyl dimethyl carbinol was prepared by treating the
ethyl ester of trimethyl aéetic acid (37) with methylmag-
nesium iodide. (XXIV). A good yleld of the alcohol was
obtained. However, this involved using two moles of

methylmagnesium iodide so an attempt was made to condense
Bg
XX1V (033}300 - OCzH: ¥ QGHEMng——~¢ (835)36~g -Oﬂﬁﬁg»%
pinascolone with methylmagnesium jodide (XxXV). The alcohol,
which consisted of a hydrate described by Whitmore (31),
was obtained in a 70 per cent yield, The 0144 hydrate
wag condensed as such with phenol.
XXV CHa0~ -2 C{CHz)z + CHpMEI——y (CHz)sC = C(Gﬁs)ggmﬁgb

S i

2
d o AR, N v"

ﬁeﬁh;t:a@hy& isopropyl carbinol was prepared in a 50
per cent yleld from methyl isopropyl ketome (38) and ethyl-
magnesium iodide (XXVI},

0 CHg QHz  CHg Jost
XXV 033&6_3 + CHghgl ey OHg=CH = GCF "-OH + ug
CHz 3

The alkyl phenols were prepared by suspending s one-
nalf molecular equivalent of aluminum chloride in stirred
petroleum ether (20-30°) %o which was added dropwise a
petroleun ether sclution of a molecular equivalent of the
alcohol and =2 one and two tenths molecular equivalent of
the phenol, The addition was added during a periocd of
about two hours. During this time a deep red color devel-

oped accompanied by the evolution of hydrogen chloride.

31



The mixture was stirred for four to six hours longeyr,
then allowed to stand over night.

in the case of the isopropyl, secondary butyl and
tertiary butyl derivatives, the condensations were carried
out using an ice bath. If they were run at 20-30° a low-
er yield was obtained which was accompanied by a large
amount of a tarry residue, This is rrobably because these
alechols by virture of their structure are dehydrated more
easily than the other alcohols. The effect of the secon-
dary or tertiary group attached to the hydroxyl ocarbon
atom weakeng the carbon %o oxygen bond making dehydration
easiar.

After standing over night the deeo red brown mixture
was decomposed by pouring on to a mixture of ice, water
" and hydrochloric acid., The petroleum ether was separated
and the agueous layver was extracted thrse times with ore
dinary ether. After drying the combined petroleum ether
and ether solutions with anhydrous potassium sullate, the
ether was evaporated on - steam bath. The resulting oil
was then submitted to fractional distillation. There were
three fractions, & low boiling fractlon which consisted
of alecohol, its chloride and unsatursted derivative,
another of ordinary phenol and the lszst consisted of the
alkyl phenol.

Thus, n-butyl dimethyl-p-hydroxyphenlmethane was pre-
vared from n-butyl dimethyl carbinol and phemol (XXVII);

33
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XXIIT  (CpBg)y0=0B # CgHgOBewy (CoHg),C-CgH,0K & H20

The only one reported in the literature is n-butyl
dimethyl-p-hydroxyphenylmethzne nrep2red by MeGresl and
Niederl (22), They report a bolling point for this
phenol of 280° at 760 mm., which agrees with the boiling
point found, 277° at 748.5 mm. The boiling points of the
vhenols were taken at atmospheric pressure vsiag the micro
method., ({38)

0f the above phenols prepared all of thew solified
with the exception of the n-propyl methyl ethyl derivative
when they were cooled in the ice box. The lower melting
onegwere preessed between filter vapers to remove the o0il
and kept in an ice box until the crystals were crisp. The
n~-butyl derivative gould noet be recrystsllized. The other
solid phenols were recryvetnllized from 2 BO per cent
alcohol, petroleum ether mixture. The results are tabu~
lated in table 1.

The following derivatives were prepared for purposs
of identification -- the benzoyl and o~chlorobenzoyl
eeters and the o -naphthyl wurethanesz. The benzoyl and o
chlorobenzoyl esters were prepared according to the method
described by Shriner and Fuson (40). After isolation of
the esters they were recrystallized twice from an 85 nper

cent aloohol water solution and finally from an 85 nper cent
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acetic acld water solution. The results are tabulated in
table II and III..

The o{~naphthyl urethanes were also prepared according
to Shriner and Fuaon (41). The urethanes thus vrepared
were a2ll s80lids and were readily recrystallizable from
ligrein with the excertion of the tertisry butyl derivative
which was only slightly soluble in this solvent. For this
reason it was not purified. The resulte are summarized
in table IV,

By observing the properties listed in the tables I,
11, III; and IV, it is obvious that of the seven phenols
prepared they are 21l different. This indicstes that the
alkyl groupr of the slcohol combines with the benzene
nucleus of the nhenol without resrrangement. HNore evi-
dece of this is shown in their melting points. It is
known thet the heaping of eurogens on adjacent carbon
atoms of & compound causes an incresse in the melting
point of the compound, This fact is in support of the
structure of these phenols for as the hesping increases
there is a decided increase in the melting point,

The absolute proof of the strugture wes eatﬁblished:
by synthesizing the phenols by another method. Binder (17)
prepared and definitely established the etructure of the
geven alkyl benzenes corresponiing to the vhenols report-
ed in this thesiz by ure of the ?arachof; moleculayr re-

fraction, and molecul:r volume measurements, In all cuses
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sec=butyl dimethyl-p-hydroxyphenylmethane wasg prepared
from sec~butyl dimethyl carbinel and phenol (XXVIII);
isobutyl dimethyl-p-hydroxyphenylmethane was prepared from
iscbutyl dimethyl carbinol and phenol (XXIX); tert-butyl
dimethyl-p~hydroxyphenylmethane was prepared from tert-
butyl dimethyl carbinol and phenol (XXX); n-propyl methyl
ethyl-p=hydroxyphenylmethane was prepared from n-propyl
mathyl ethyl carbinol and phenol (XXX1); isopropyl methyl

sthylnp-hydrexyphenyi methane was prepared from isopropyl

N PN i
A -c;w!m 3"’5«

1 carbinol and phenol (XXXIT); and triethyl-p-

hyﬁroxyphenylmethane wae prepared from triethyl carbinol

and phenol (XXX111).
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the observed valuee agree with the caleulated valuesz.

The phenols were prevared from these alkyl benzenes
by the method of Senkowski {(42) and ¥alherbe (43)., The
alkyl benzenes were nitrated with fuming nitric acid give
in the para nitro derivetive. The pbsition a8 establ=
ished by oxidation of a portion of the nitro derivative
witk diluse rtitric ascid in a Carius furnace (41)., This
lead, in every case, 1o penltro benzoic acid. The more
complex alkyl grours, as the tert-butyl dimethyl zroup,

- were very difficul t to oxidize.

The nitro groups were then reduced with tin znd cone
centrated hydrochloric acid. This gave the p-tert-hentyl
phenyl amines which were diazotized and hydrolyzed to the
desired alkyl phenole. The general procedure is repre~
se&te& in the series of equations {(XXIV}, The reeults are
surmarized in tables V and VI.

R R | e
XXKIV &gwasﬁafﬁﬁﬁw a-g.ceﬁgmg&!%&id,\ HOU-CgH4 "N 02

R g
o * B0 ne S0 HEL &c—-c i) R«G»—G H,0H
Re gfeﬁgé 2*““%§&*9 & aﬁﬁgﬁﬂﬁ% ety

Tert-butyl dimethyl-p-hydroxyphenylmethane was re-
crystallized and identified by 1ts melting point end a
mixed ﬁelting point. The other rhenols were identified by
their  «paphthyl vréthanes. Mixed melting points indieat-

ed that they were identical with the urethanes made from



the phencles obtained in the condensations.

Thus the structure of each of the seven phenols n-
butyl dimethyl, isobutyl dimethyl, sec-butyl dinethyl,
tert-butyl dimethyl, nepropyl methyl ethyl, lzoproryl
methyl ethyle, and triethyl-p-hydroxyphenylmethane was
satablished.
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EXPERIMERTAL
methyl eihyl garbinol.

Thirty-six grame (1.5 moles) of dry magnesium turn-
ings and 200 ce, of anhydrous ether were placed in a onee
liter 3 necked flask equipped with o mercury-sealed
stirrer, a reflux condenser and s dropping funmnel. To
this 153.5 g (1.5 moles) of dry, redistilled ethyl bro-
mide was added with stirring through the dropping funnel
at 2 rate fast enough 10 kzep the mixture refluxing
gently. After the addition was complete the stirring was
continued for one hour at rcom tempersture. Then 130 g‘
(1.5 moles) of isopropyl methyl ketone, in 800 ce. of
ether was added dropwise. The ketone was prepared from
tort-amyl carbinol (38).

After the ketone wss all added stirring wae contin-
ued for two rhours at room temmerature then the mixture
was cooled in zn ice bath and poured on to ice in a large
beaker. Dilute hydrochloric acid was added to diesclve
the magnesium hydroxide. The ether layer was geparated
and dried for several hours over -nbydrous sodium car-
bonste. The ether was distilled on a steam bath znd the

resulting alcohol was submitted to fractional distillstion
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using a Claisen flask with sn 18 inch fractionating
column,

Eightynaeggp grame of the alcohol, boiling at soq~
53° (30gm.), n 5 1.438%, was obtained which was 50 per
cent of the theoretical yleld based on the ketone,

Tert-butyl dimethyl ¢arbinol.
1 -~ From pinacolone (44).

Twenty~two grams (.8 mole) of magnesium turnings
in 100 cc. of dry ether was pvlaced in a 500 ce. round
bottomed, 3-necked flask equipped with o mercury-sealed
stirrer, reflux condenser and a dropping funnel. A mix-
ture of 128 g (.9 mole) of pinacolone in 10G co. of an-
hydrous ether in z 500 cc. round bottowed 3-necked flask
squipped ac above. When the Crignard reagent was 2ll adde
ed stirring was continued for cme hour, after which the
mixture was decomposed and purified =s in the case of lso-
propyl methyl ethyl carbinol above.

Seventy~five grams of the aloohol, 71 per cent
of the theoretical yield bhased on pinacolone, bolling at
- 48%°-51° (20mm.), was obtained. This consisted of a miz-
turé of colarleééAerystals {¥+P. 80°) and a liguid which
solified when cooled in ice. This corresoponds to the
corbinol described by ¥hitmore (32). The alcohol was ua-
ed without further purification for the condensation with

pheﬁﬁl .



2 - From the ethyl ester of trimethyl acetic acid,

The general procedure is the same as above.
Finety-nine and six tentha grams {.8 molea) of methyl=
magnesium iodide in 150 cc. of ether wes added dropwise to
a stirred mixture of 35 g. (.3 mole) of the ester in 100 cc.
of ether. After the comrlex was hydrolyzed and purified
28 g. of slcohol, 40 per cent of the theoretical yield,
was obiained which had the same physiesl properties as

that prepared from pinacolone,

Condensations:

The alceohols were prepared as desoribed and condene-
sed with phenols. In as much as s8ll the condensations
wore oarried out in a similar manner only a typicsl run
is describgd here. It shouid be noted that preliminary
runs were zade to determine the bhest procedure and the
best relative gquantities to uze. Thus, for example, the
aluminum chloride wae added to a mixture of the =zlcohol
and phenol, or a solution of the alcohol and phenol was
added to 2 suspension of aluminum chloride in petiroleum
ether, There was no difference in the yields obtained
frow either method and since the latter method wags more
convenient it was employed. 4 slizht excess of vhenol
wa e used in every case.

Twenty-nine grams (.35 mole) of n-butyl dimethyl
earbinol and 28 g. (.3 mole) of rhenol dissolved in 100 cc.

3Q
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of petroleum ether was added dropwise with stirring over
a period of two hours o 17 g. of sluminum ohloride (.125
moles) suspended in 150 ce. of petroleum ether in a 500
cc. round bottomed flask equipped with a mercury-sealed
stirrer, condenser and a dropping funnel. The addition
was carried out at room temperature (20°-20°), A water
bath was employed to insure that the temperature would not
rigse above (30°-30°). After the addition was complete the
bath was removed and stirring woe continued for 4 to 8
bours, During 51l this time hydrogen chloride was glven
off and 5 deep red brown color developed. After zllowing
the mixture to stend over night it was trested with ice
and hydrochloric acid. The hydrslyza& product was then
extracted three times with ether and dried with snhydrous
potassium sulfete. The ether was removed by distillation
and the residue was fractioned by 2 modified Clalsen flask
using reduced pressure 2nd an 18 inch fractionating
column, There were three fractions, usually & small
amount boiling from 40°-70° at 20mm, was obtained which
ononeisted of a mixture of the uncondensed alcohol, its
chloride, and unsaturated compounds obtained from the
alcohol; the next fraction consists chiefly of rhenol
boiling from 70%°-110° at 4mm,; and the last fraction was
the desired alkyl phenol boiling from 110°-30° at dmm.

The last fraction was distilled repeatedly yielding a
colorless liquid which solidified after cocling. Thirty-
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one grams of the phenol or a 64,6 per cent of the theore-
tical yield based on the aleohol was ottained which melt—
ed at 16° and boiled at 133-5° (4mm.), 157980 (17mm.),
and 377° (748, 5mu. ).

This particular phenol was not recrystallized. In-
8tead the s0lid was pressed betwesn filter paper to re-
move the oil. The other phenols, except the n-propyl
derivative, were recrystallizéd from a 50 per cent mixture
of a}eohol anGé petroleum ether after they were distilled.
The results are tabulated in table 1.

Tor a study concerning the mechanism the following
was done - 211 the reactions were run at room tempernture,
A, Twenty~three éram@ (.25 mole) of rhenol was
suspended in 100 cc. of petroleum ather in a set-up like
the above and 17 g. (.125 moles)of aluminum chloride was
sdded in small portions, The mixture warmed up slightly

and hydrogen chloride was given off. After a while the
mivture turned to = white solid. To this 29 g. (.35 moles)
of n~-butyl dimethyl ecsrbinol in 100 ¢c. of petroleum

ether was added dropwise. The%e was no evidence of a re-
action. The resction mixture vemained » white solid.

Thie mirture after standing over night was decomwmnoszed and
treated as in the general directions for decomposgition

and purification., The following fractions were obtained.

{fractions on next page)
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10 g. B.P.  40«60° (20 mm,} alcohol, chloride, alkenes.
15g, *# 80~110° (4 * ) phenol.

10 g. *  130-30" * *  pobutyl dimethyl-p-hydro-
xy=-phenylmethana.

The yield was 25.6 per cent of the theoretical based on the
aleochol,

B. Thirty-five and two tenths (.37 mole) of phenol
was supended in 100 c¢c, of petroleum ether as in the above
and 3.2 g. {.082 moled of =luminum chloride waz added in
sgall portions, Hydrogen chloride was given off vizorcuse-
ly. Toward the end of the addition the mixture was clear
and almost colorless. After standing z few minutes two
layers appeared, The botiom layer was viscous possessing
a 1ighﬁ yellow c¢olor. To this mixture 14.5 grams (.124
woles) of n-butyl dimethyl earbinol in 100 c¢c. of petro-
leum ether was added dropwise, No color, nor any evidence
of a reaction develoved, hut toward the end the lower
viscous layer became more vigoous., This was sllowed to
stand overnight and then decomposed. The following frac-
tions were obtained. The yield wes 51.3 per cent of the
theoretical bhaged on the alcohol.

1 g B.P. 40-60° (30mm.)

27 g, ° 80.110° (4mm.) vhenol

15¢. * 120-20° "  n-butyl dimethyl-o-
hydroxy-phenylmethane,

¢. Twenty-nine grams (.25 mole) of n~butyl dimethyl



carbinol in 50 co. of petroleum ether was added drorwise
to 17 g. (.125 moles) of aluminum chloride suepended in
100 ¢o. of petroleum ether in s set-up like the one above.
Hydrogen chloride was evolved at the start and a yellow
oolor followed by a deep red color developed, After the
addition was complete and the svolution of hydrogaen chlor-
ide stopped, 28 g. (.3 mole) of vhenol in 200 cc. petro-
leum ether was added slowly. Thers wag little evidence
of a reaction. The color did not change. After decorpo-
sition and rurification 11 g, or an 18,9 per cent of the
theoretical yield bnged on the aloohol was obtained. The
following fractions were obtained.

7L g. B.P. 40-80° (2C0mm.) zlcohel, chloride and
alkene,

1.5 g. "  80-110° {4 * ) vhenol.

11 g, * 120-20° ¢ ¢ n-butyl dimethyl~p=hy~
droxyphenylmethane.

Prevaration of derivatives:

4. Benzoyl and o-chlorobenzoyl esters of the seven
phenols were prepared by the method deseribed by Shriner
and Fuson (40). A typiesl run 1e zs follows:

Three grams of the phenol was dissolved in 2 4 co.
of pyridine and 3 oc. of tho acil chloride was added.
After the initiasl resction the wmizture was warmed over a
low flame, refluxed for one hour, cooled, poured on %0
ige with stirring, and extracted with ether. The ether

extract was washed with acid to remove the pyridine, then



with sodivm earbagase solution, After the removal of the
e¢ther the ester uﬁé distilled under reduced prassure and
cooled in the ice box. The crystalec thus obtained were re-
crystallized from BE per cent aloohol and fimmlly from
85=80 per cent goetic aecid,

The resultse are in $ables II snd III.

B, o(~Faphthyl Urethanes (41):

Cne half gram of the tertiary heptyl thenol was plac-
ed in a B0 ce. dry Erlenmeyer flask with a pinch cof anhy-
drous potassium carbonate and 1 cc., of ~ naphthyl isocy-
anate was added, A czlelium chloride tube was placed in
the flask and the mixture was heated on the steawm bath for
a few minutes, After cooling, 3C cc. of ligroin {80-80°)
was added to extract the urethane, It was warmed %o boll-
ing, filtered hot and a fine white crystalline product
geparated by sooling. The urethane was recrystallized
from petroleum ether,

The resulte are tzbulsted in table IV,

Bitration of the tertisry hentyl benzenes.(17)
The nitration wma carried out ageording to Malherbe's

{43) procedure by treating the hydrcearbon with an equal
weizht of fuming nitric acid (1.52). After the resction
subsided the mixture was warmed to 200 on 2 steam bath
for one hour, then poured on to ice. The nitro derivative

thue prepared was extracted with ether then fractionally
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distilled, The tertliary butyl dimethyl derivative was a
801id »hich was regrystalilized from zlcohol, All the
others were liquids.

The results are tabulated in table V.,

Beduction of the pargenitro tertiary slkyl benzenes,

The reduction of the seven p-nitro tertiary alkyl
benzenss above to the corresponding p-amino tertiary alkyl
benzenes was acoomplished by means of tin snd bydrochloric
acid. A tyricel zun ie as follows.,

Thirty grame of tin was placed in & 300 ¢c. round
bottoned flask fitted with an ailr condenser. From 10 %o
15 grams of p-nitro tertiary alkyl benzene was added, then
10C cec. of concentrated hydrochloric aeid was atided in two
vortions. This mixture was placed on the steam bath affen
the initial reaction subsided snd left there several hours.
the amine floated on the surface as an o4l which solidi-
fied by cooling. This was probably a salt of tin. descri-
bed by Ipatieff (45).

This was treated with a large amnunt of water (300 ce.)
and made alksline with 40 per cent sodium hydroxide, then
stenm distilled from a liter flask, The amine was extract-
ed with ether, dried with solld potassium hydroxide and
finnlly fractionally distilled using a smzll flask under
reduced pressure., From 2 to 5 groms of the amine was thus
obtsined.

The results are surmmarized in tadble VI,
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Phenols from pars amino tertiary alkyl benzenes (3).

4 typical diazotization is as follows, The amine
(2 g.) obtained sbove war treated with 1,5 cc. of concen-
trated sulfurie acid in 10 oco. of water. The s0lid salt
 formed was then suspended in 100 to 150 ce. of water.
After cooling it down to0 about 59 2 25 per cent solution
of sodium nitrite wun added dropwise from a dropping fune
nal with vigorous stirring until a positive test for ni-
trous acid was ob%ained with stzrch potassium iodide paper.
The diazotized solution was then warrmed on a steam bath
and subjected to steam distilliation. The phenol war ex-
tracted with ether, dried rith amhydrous potassium sule
fate and distilled in vacue. Afder isolation in this way
the og~naphthyl urethane was prepared using half of the
vhenol obt:ined, The melting polints were the same as
those prepared frow the phenols prepared by the previous-
1y described method. Uixed melting volnt determinations
gave no decrease in the melting points indieating that the
nhenols were identical with the other vhenols,
Qxidation of Dpar

The oxidsotion method was adapted from Halherbe (43).

-nitro tertiary alkyl bhenzenes.

ne gram of the nitro cowpound and 30 cC. of d44lute nitric
seid (6 ¥.) was olaced in a Carius ftube, sezled and placed
in the @Garius combusiion furnace, It was heated up to 120°

for two to six days. By that time cryetals formed in the
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tuba after 1t was cooled., The tubs was opened, itz con-
tents ocoled in Yce and collected on a fllter, The white
s0lid was washed with ether and reprystalliized several
times from aicohol, In each ¢ase the crysials had a
melting point of 338-240°. A mixed melting moint deter—

sination with pe-nitro benzoic acld showed no depression.
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Table Il

Benzoyl esters

Sﬁbstanua |
PnﬁYdrcxy~§hen¥1msthanes u. P. | aﬁgpgsitieésf%ig'*A
E-»pmpyi methyl ethyl | 38-36° | 80.40 8.16
E-butyl dimethyl 36-37° | 80.91 | 8.10
Iaebntyl aimethyl 71-72° 80.42 |  6.13
Is@prcgyl methyl ethyi 40~41§ 39.61 i 8.38
seewbutyl dimathyi 44450 80.39 | 8,00
Triethyl |7 | sos | s.e
"”Te:t.~butyi oimethyl | 84-84,5°| 81,00 | 8.15

" SGale. Tor Oygfigg0gt O, 81.03%; B, 8.167
Table IIl
O~chlorobenzoyl esters.

S&bstanne
P-ﬂydraxy»phanylmethanes} ¥, P. B. P, | . %
¥-propyl methyl ethyl 25-36% | 10.68
- nyl T 177-6° | ~
Efbutyl dimethyl | {2am.) 10,71
Isobutyl dimethyl 51~52° | 10.83
‘Iéopzopyl methyl ethyl 42-43° 10.59
b 1 175-8

?ecmbutyl dimgthyl L { 'y 10.64
Triethyl 87-689 10,81
Tert. butyl dimethyl 83-850 | 10.62

*Calc. for OpgHyq0501: C1, 10.73%



Table IV
Raphthyl Urethsnes.

P»hyéroxypheny&methanes m, P. j % N Found,*
Axuprepyl meﬁhyi ethyl 83.83° | 3.84
Febutyl dimethyl 110-11° 3.87
Tsobutyl dimethyl 114-115° | 3.78
Teopropyl methyl ethyl 113-1180 3,92
Sec~butyl ds.mamym 132-23 © 3.79
Triethyl 133~35° 3.91

Tert,~butyl dimethyl

.

Rauieo

*Calo. for O)gHa,O0oN: W, 3.874

Table ¥V and VI

P-nitro and p-anino tert.-hertyl benzenes

Penitro tert.-

?«hydraxyphenylmﬁthmnesf hent

l

¢
i
i

[Feamino tert.~

L Beotyl benzenes
| B,P. i %N

Found**

' ' S Ko A
¥-propyl methyl ethyl | | (Bum.) | 6.98
N-butyl dimethyl { 391 6.31 gv(iOmm Yy 7.22
Isobutyl 5xme£ny1 | 284 6.25 | %2;; 7.08
Iaa bropyl methyl etﬁyl | E 386k§6.24 ? %%E;m I 7.00
Sec-butyl dimethyl | | 277 6,29 (smm,) | 6.87
Priethyl § % 288 6,30 1%2;.; 7,21
Tert.-butyl dimethyl _ﬁ 108°| ww- 6,33 55;%é° 8.9

*Calo. £or OygHygOgl: ¥, 6327

**Calc. fOr Oy gy Nt
¥, 7.17%
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SUMMARY

1. The alivhatic tertiary heptyl alcoholsz have been
condensed with phenol in the pressénce of zluminum chloride
to give good yields of the p-tertiary heptyl phenole.

Ej' N~butyl dimethyl-p-hydrexyphenylmethane, isocbutyl
dinethyl-p-hydroxyphenylmethane, sec«butyl dimethyl-p~hy~
droxyphenyiﬂetbane, tert-butyl dinethyl-p-hydroxyphenyl-
methsne, n-propyl methyl ethyl-p-hydroxyphenylmethane,
icopropyl methyl ethyl-p-hydroxyphenylmethane and triethyl-
p-hydroxyphenylmethane have been prepasred in this way.

3. The benzoyl, o-chlorobenzoyl ssters and the e
nzphthyl urethones have bean prepured.

4. The structures have been establisned by synthee

gis,
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3.
4.
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10.
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THE OONDENSATION OF THE TERTIARY HEPTYL ALCOHOLS WITH -
PHENOL IN THE PRESENCE OF ALUMINUM CHLORIDE
"~ AS A OATALYST

The alcohols were prepared using an alkyl magnesium
hslide and a ketone. These alcohols were condensed with
phenol using A1Clz as a catalyst. The quantities of the
alcohol, phenol and AlCl; used were in thé ratio of
l: 1.8 :0,5 respectively. Equation:

R

J ! /-
The proof of the structure of the phenols consisted
of preparing the phenol by another method which is illu~
strated by the following equations:
t R : R 0
O HNO y_ . (o 3 .
A~ OgHgHiosy F-0-CgH, “°2‘rTxT.‘H)F6’3 HO-0-CgH, * NOg (para).

SnlH
HCl )

R R
. HNO
R-0-Ogly* NHg—! =3 H-C-OgHy - OH
R > R

Benzoyl, O-chlorobenzoyl esters and« -naphthyl

urethanes were brepared of the seven phenols.



