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INTRODUCTION

In previous vapers from this laboratory (1) the con-
densations of tertiary butyl, tertliary amyl, tertiary hex-
vl, and tertlary heptyl alcohols with phenol in the prec-
sence of anhydrous aluminum chloride have been described.
Of the seventeen nossible tertisry octyl alcohols, all (2)
but the methyl dipropyl carbinols héve been condensed with
phenol by using aluminum chloride as the condensing agent.
The purpose of this paper is to describe the condensation

ol

of these remaining tertiary octyl alcohols.



HIsTORICAL

Condensation may be defined as the union of two or more
organlc molecules or varts of the same molecule (with or
without the elimination of component atoms) in which the new
combination ig eflected between carbon‘atoms. It is a pro-
cess closely assoclated with the history of synthetic organ-
ic chemistry. Internal condensation, the linking of carbon
atoms within a molccule, leaxds to the formation of cyclile
compounds, whereas external condensation 1s the union of two
or more different moleculesgs to produce a molecule of greater
complexity and, generally, of greater molecular welight.

The union between molecules or narts of the same mole-
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exhibited by unsaturated atoms to saturats themselves.
Whether the combining molecules are already unsaturated or

are renderced unsaturated by the withdrawal of certalin elem-
«J

-

ents, a catalyst iz rogulred to bring about the condenzation,
serving ieither as a dehydrating agent, as an actilvator, or

Condensations Involving dehydration are very numerous.

Among the dehydration catalysts that have been used nmay be

O

mentioned the following: s=sulfuric acid, phosphoric acid,
vhosphorus pnentoxide, maznesium chloride, zline chloride,
vhosphorus pentachlovide, aluminum chloride, ferric chlor-
ide, (both the anhydrous salt and in the form of the hexa-

hydrate), stannic chloride, acetic acid, sulfuric and acet-
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ic acid mixture, boron trifluoride, hydrogen chloride, hydro-
gen fluoride, antimony trichloride, and titanium tetrachlor-
ide. Of these condensation catalysts the ones listed below
have beszn shown to be more efficient and of greater applica-
bility, so an example of each is listed:

Zinc chloride was the catalyst used by Fischer
and Roser (3) in the preparation of aminotriphenylmethane
by condensing benzhyvdrol with aniline hydrochloride,

Sulfuric acid was employed as a catalyst by Eecker (4)
in 1882 when he condensed m-nitrobenzyl alcohol and benzene
to‘yield m-nitrodiphenylmethane. /

Mixtures of acetlc and sulfuric acids were used by
Mleyer and Wurster (5) in condensinz benzyl alcohol and ben-
zene to give divhenylmethane.

Stannic chloride was the condenging agent used by
ilichael and Jeanvratre ( ) in preparing phenyltrimethvlvhen-
ylacetonitrile from meésitylene and phenylhydroxyacetonitrile.

Phosgphorus pentoxide was employed by Hemllian (7) as a
catalyst in the condensation of benzhvdrol with p-xyleng to
form diphenyl-p-xylylmethane,

dagnesium ehloride was the catalyst used by .azzaras (8)
in condensing pronyl alcohol with m-cresol to give vnropyl-
m-cresol,

gydrogen chloride was employed by Noelting (9) in opre-
varing p-nitrodimethyldiaminodiphenyltolylmethane from p-

nirtodimethylaminobenzhydrol and m-toluidine.

Zincke (10) announced the reaction of aromatic hvdro-



L

carbons with halogeﬁ‘compounds in the presence of zinc dust:
Zn .

CeHgH + ClCHgC6H5 — 06H50H206H5 +_ HC1 I
Slnce aluminum chloride catalyzes the same reaction, zine
chloride may be formed as an intermediate.

Eecause of 1ts powerful dehydrating action aluminum
chloride hasg engaged the attention of workers in this labor-
atory, both in studies of 1ts uses and in attempts to deter-
mine the possible mechanisms by which it acts, | v

Friedel and Crafts (il) firgt introduced alumlinum
chloride as a catalyst in condensation reactlions among ali-
phatlic compounds. They at flrst observed that aluminum
chloride acts in the cold on amyl chloride to produce hydro-
gen chloride, hydrocarbons of the composition C Hpp.p, and
highly condensed hydrocarbons. Later they found that treat-
nenf of mixtures of_organié ch}orides ang aromatig hydrocar-
bons with aluminum chloride led to the formation of such al-
kylation products as toluene, ethylbenzené, or amylbenzene,
and acylation w»nroducts like benzophenone, A possible mech-
anlism for the Friedzl-Craftsz reaction would be the combina-

tion of the catalyst with the bhenzene derivative:

- =C1l2

this intermediate would then react with the halide:

~Clo

AT ' s ¢ -
A, * R'CL A1C1ly + R'CgRg. TII

Merz and Weith (12) condensed two molecules of phenol
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to produce diphenyl ether by using aluminum chloride, while
Wass (13) used this catalyst in condensing dichloroethylene
oxlde with benzene to give triphenylethane., These reactlions
indicated that the aluminum chloride may serve as a dehy-
drating agent as well as a catalyst. This was still further
shown when Graebe (14) succeeded in producing small amounts
of aniline by treating benzene with hydroxylamine in the
presence of aluminum chloride.

The condensation of chloral, chloral hydrate, bromal,
and trioxymethylene with various organic compounds in which
an eliminatlon of water occurred was reported by Frankfort-
er and co-workers (15) who showed tﬁat, since sulfuric acild
did not bring about the same reactions in some casges, the
aluminum chloride was acting not only as & dehydrating
agent but also a2s a catalyst.

The first reported condensatlon of alcohglé with aro-
matic compounds was the work of Auer (16) who;Yin 1834,
condensed ethiyl alcohol with phenol using zinc chloride as
a catalyst. A mixture of ethylvhenol and ethvlphenetole
resulted. Anisole was obtained when methyl alcohol was
substituted for ethyl alcohol.

In 1387 Nef (17) obtained dlphenylmethane by the re-
actlion between benzene and benzyl alcochol in the presence of
aluminum chloride. In repeatling this work Huston and
Friedemann (18) found that this reaction gave a thirty per-
cent. yield of diphenylmethane as well ag smaller amounts of

o- and n-dibenzylbenzene, a hydrocarbon having the formula
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Co7Hoy, and anthracene. The yields were fqund to be a
function of the temperature and the amounts of reagents
used., In continuing this work Huston and Friedemann (19)
condensed methyl phenyl carbinol, ethyl vhenyl carbinol,
and diphenyl carbinol with benzene to obtain the correspond-
ing substituted benzenes. It was found that bofh methyl and
ethyl groups had a retarding effect upon the condensation
while a second phenyl group did not. | |
In 1924 Huston (20) found that benzyl alcochol would
also condense with phenol, anisole, and phenetole ih the
presence of aluminum chloride to give yields of 45, 456, and

7 percent., respectively. In trying to condense primary

191!

alcohols with benzene, Huston and Sazer (21) reported neca-
tive results for methyl, ethyl, propnyl, isopropyl, n-butyl,
isobutyl, isoamyl, phenylethyl, and phenylpropyl alcochols.
Allyl alcohol, however, condensed to give a 16 percent.
yield of allylbenzene. This, together with the results ob-
tainad by Huston and Bartlet (22) in condensing phenyl butyl
carbinol with phenol, led to the hypothesis that only those
alcohols 1n which the alpha carbon atom was a member of a
benzene ring or held a dcuble bond would condense unier the
a2ction of sluminum chloride. This conclusion was favored by
khe work of Wuston, Lewls, and Grotemut (23) on the conden-
sation of methyl phenyl, ethyl nhenyl, and diphenyl carbinols
with phenol since the latter gave the highest yield of con-
densate, It is interesting to note that the attemnt by

Huston and Davis (24) to condense triphenyl carbinol with
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benzene gave triphenylmethane rather than tetraphenylmethane

~

ags the oroduct.

Other vapers followed in which Huston and co-workers
(25) reported the condensations of benzyl or halogenated
benzyl alcohols with phenol or halogenated phenols, cresols,
or halogenated cresols.

A study of the condensation of cyclohexyl, cyclopentyl,
and cyclobutyl carbinols with benzene by Huston and Goodemoot
(25) showed an increasing activity with smaller rings.

Although earlier attempnts by Fuston and co-workers (27)
showed dehydration rather than cohdensation of various di-
aryl alkyl and dlalkyl aryl carbinols, several of these com-
vounds have recently beén condensed with phenol by Welsh and
Drake (28), Huston and Hughes (29), and Huston ahd Jackson
(30). They modified the usual condensation vprocedure by ad-
ding a solution of the carbinol and phenol in petroleum
ether to anhydrous aluminum chloride suspended in petroleum

- - hed

1 y il yviphienol were obtlalued

A omam 2 T e ~ cram o ey
cther. Considerable amounts of

N

I

('D

-

Pci

as a by=producte.
It was the werk of Huston and Hsieh (1) which opened up

of investigation when they found that it was

o

2 new Tield
possible to condense saturated aliphatic alcohols with ben-
zene and with phenol by using anhydrousg aluminum chloride.

The temperature of the condensaticns was controlled by re-

sulating the rate of addition of the alcohols to a stirred

mixture of aluminum chloride and benzene. Although they

were unable to bring about the condensation of alivhatic
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primary alcohols with benzene or with phenol, they succeeded
in condensing igopropyl alcohol, sec-~-butyl alcohol, methyl n-
propyl carbinol, and methyl isopropyl carbinol with benzene
to give the mono-subs}ituted derivatives in vields of from
25 to 28 vercent. Thé tertiary butyl, tertiary amyl, and
tertiary hexyl alcohols condensed with both benzene and
phenol ﬁo zive good yields of mono-~alkyl derivatives. The
yvields of the p-t-alkyl phenols were from 40 to 55 percent.
of the theoretical. Many other investigations (31) in which
the alkylation of aromatic nuclel wasg the object followed.
The condensation of the tertiary heptyl alcohols with vhenol
was accomplished by Huston and Hedrick (1), while Huston and
Guile (2) accounted for the conden%ation of eight of the
geventeen tertiary octiyl alcohols with phenol. Of the re-
maining nine, only the methyl dipropyl carbinols have not
been condensed with phenol in this laboratory, and, to the

writer's knowledge, the condensations descrihed herein have

not been previously reported in the literature,



THEORETICAL

In the course of investigations on the condensation re-
actions between various alcohols and aromatic hydrocarbons
in the presence of aluminum chloride it has been observed by
Huston and his co-workers that the alpha carbon atom of the
alecohol must be under strain in order to create an actlve
nydroxyl group. This activation is due primarily to the
Tact that the electron pailr which holds the hydroxyl oxygen
to the alpha carbon is drawn closer to the hydroxyl group,
resulting in a relatively unstable carbon-oxygen bond. The
vrogressively greater reactivity of thé alcohols in passing
from the primary'to the tertiary is accounted for on this

basis and may be represented as follows:

RiG: O:H -~ R:¢ @ O:H R:G :0:H
S H . H RH .

The,diétance of the electron pair from the carbon atom in-
creaseg as the reactivity of the alecholic hydroxyl group
increases. This greater reactivity of the tertlary alcohols
is reflected in their greater tendency to condense. The
fact that the primary alcohols have not been condensed by
the methods employed'in this laboratory further emphasiées
the low reactivity of thils class. Iase of condensation par—k
‘allels the ease with which tﬁe hydroxyl group is repléced by
the halbgen of hydro-halogen aclds ag well(as Jhe ease wlth
which dehydration occurs.}

The mechanisms which have been advanced for the conden-

sation of tertiary aliphatic alcochols with aromatic hvdro-
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carbons in the presence of anhydrous aluminum chloride may

be divided into three types:

1. The formation of an alkyl-hallde by the acticn of
aluminum chloride on the alcohol, followed by al-
kylation through a Friedel-Crafts resction;

2. Dehydration of the alcohol to form an alkene which
théen condenses with the aromatic compound;

s A preliminary action of the aiﬁminum chloride to
form an ether-like substance which then rearranges

to produce the alkyl substituted aromatic compound.

" Regardless of the path the reaction may take, an atom of
hydrogsen must be split off the ring to combiﬁe with the al-
coholic hydroxyl group as follows:

AlCl+ : ; _
RBCOH + HCgH4OH ———=> R=3C-CgH,O0H + HO Iv

Muech evidence has accunulated to show that the above gimple
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brief discussion of each of the three mechanisms suggested

above will be given, | -

The Alkyl Halide Intermediate Mechanism

Perrier and Pouget (32) and Mpetse (33%) showed that the
éction of anhyarous aluﬁ;num'chlbride on a primary =alcohel
proceeds in two directions: with an excegs of the aleohol,
in the cold, are formed compoqus of the type A12016(ROH)n,
while with an excess of aluminum chloride, onlheating, hydro-

gen chlorlide 1s liberated and there are formed addition pro-
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ducts such as A12014(OR)2 together with simple ethers:
AlClEOR + ROH —— AlClon + ROR v

Tzukervanic (34) found that in the beginning of the reaction
between a tertiary aliphatic alcohol and sufficient aluminum
chloride there are formed the above addition products, but
with the addition of an excess of aluminum chloride and heat
the corresponding olefins and alkyl halides are formed. In
his suzggested scheme of reaction it will be observed that
all the required components for a Friedei—Crafts aynthegis

are present:

CzHyjOH + AlCly —— ALC1,(OCgHyq) + HC1 VI
. A1C1,(0CsHy ) —— CgHig + AiClEOH . VIT
Ogtio + HEL —> CgH11C1 VIII

A later study by Tzukervanic and Nazafova (35) showed that
secondary alcohols and phenol 1in the presence of aluminumn.
chloride give only ingignificant amounts of ilkfl.?henols.
This has since been disproved by the work of Huston and Cuf-"
tis (35) on the condensation of the secondary hexyl alcohols
with ptienol to give gecondary hexyl phenols in good vields.
Tzukervanic and Nazar&va stated that in seneral, the mechan-
ism of condensation of secondary and tertiarylaicohols with
phenol 1s different. They found the main product to bhe a
vhenolic ether of the type RCgHj;OR. Since the secondary al-
cohols, in distinction from the tertiary, do not give con-

siderable amounts of olefins and alkyl halides, they proposed
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a scheme of reaction which 4did not involve the Friedel-Crafts

mechanism:
ROH + AlCls —> AIC1O0R + HC1 IX
CEHOH + 2 ALG1,0R ——> RCgH4OR + 2 AlC1OH X

One objection to the mechanlism suggested in steps VI-VIII
Is the difficulty always encountered 1n replacing the hydroxyl
hydrogen atom of a tertiary alcohol even when a metal as ac-
tive as sodlum is employed. The evolution of hydrogen chlor-
ide and heat was observed by Huston and Hedrick (37) on add-
ing a solution of n-butyl dimethyl carbinol in petroleum
ether to a suspension of aluminum chloride in the same sol-
vent., Although hydrogen chloride is evolved ih’step VI, it
must be again introduced in step VIII if the alkyl halide is
to be an interme@iaﬁewin'thgfféédtion. Further, upon adding
- phienol to this mixture,of’carﬁinﬁl‘and aluminﬁmvchloride in
petréleum ether, a much smaller yield of alkyl phenol was

obtained than had been produced by the usual procedure.

The Dehvdratlon Mechanism

McKenna and Sowa (33) proposed that the alkene formed
by dehydration of the alcohol was the intermediate in the
condensation of alcohols with benzene.using boron trifluor-

ide as the catalyst:

BF

=73 =~ ,
CHBCHQCHQCHQOH —_—= BgHBCHQCH-vHQ “ HQQ XI
CH3CHoCH=CHp + CgHg ———2; CHBCHESH'C6H5 XII

This reaction was found to apply to primary, secondary, and
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tertlary alcohols. A slmilar mechanism has been proposed by
MeGreal and Niederl (39) using zine chloride as catalyst,
and by Welsh and Drake (23) for the condensation of aryl car-
binols with phenol in the presence of aluminum chloride.
Where the eliminatlon of water ffom the carbinol is lmposgi-
btle, as in‘the cases of benzyl alecohol, benzhydrol, and tril-
phenyl carblnol, Welsh and Drake assumed the elimination of
the hvdroxyl group along with a nuclear hydrogen., Thls ex-
planation was advanced to account for the reaction between
tfiphenyl carbinol and phenol at high temperatures in the
abgence of a catalyst. ‘

Itescannot be denied that olefins will condense with
aromatic hydrocarbons in the presence of aluminum chioride
as this has been shown by several pnapers (405. Nevertheless,
the fact that primary alcohols will not condense with ben-
zene ﬁnder ordinary conditions (21) leads to the conclusion
that this mechanism does not fully explain all condensa-

tions between alcohols and aromatic compounds.

The Ether Intermediate ldMechanism

In 1992 Hartmann and Gattermann (41) reported that p-
butylphehol could be produced by treating iso-butyl phenyl
ether with aluminum chloride. Other similar rearrangements
of alkyl-aryl ethers were repvported from time to time, and
in 1933 gmith (42) discovered that tert-alkyl phenyl ethers
can rearrange into the corresponding p-tert-alkyl phenols
upon the application of heat., He alsb reported the rear-

rangement of some alkyl phenyl ethers by means of aluminum
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chloride.

That such ethers may be intermediates in the condensa-
tion reaction is indicated in the work of Huston and Eld-
ridge (43) who found a benzyl phenyl ether amonz the pro-
ducts obtalned 1n the benzylation of 2,6—dichlofophenol with
benzyl alcohol in the voresence of aluminuﬁ chloride.

However, it must be remembered that Huston has reported
sood ylelds of the alkylation product resulting from the con-
densation of tertiary alcohols and benzene, anisole, and m-
cresylmethyl ether (1) as well as in the condensation of
benzyl alecohol with anisole and ohenetole (20). In all
these reactions ether formation 1is an impossibility; No
ethers have been isblated from reactions between tertiary

aliphatic.alecohols and phenol as carried out in thls labor-

atory (1).

An attempt has been made by Huston and Hedrick (37) to
explain the color changes that always accompany the conden-
gation of phenol with tertiary aliphatic alecohols. It 1s
well known that ferrie chlorlde forms colored compounds with
vhenols. It 1s conceivable that simllar cgmpounds may bve
formed between vhencl and aluminum chloride. An hydro-alun-
inum vhenolic acid of the type H3(Al(OC6H5)6) was suggested.
This, then, would react with the alcohol to form an inter-
mediate addition complex which would rearrange to give the
alkyl phenol and aluminum phenolatejythe latter undergoing
hydrolysis to phenél and aluminum chloride, |

In reviewlins studies on the mechanism of the Friedel-
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Crafts type of reaction, Price (44) points out that ﬁérty-
poroch and Firla (45) have clearly demonstrated by conduc-
tance studies.the formation of an ionic complex bétweeh al~
uminuﬁAchioride and. an alkyl halide:

. ¢l | S S ‘
R:X: 4+ Al:Cl1 —> R (:X:Al:C1) - XIII
Gl cl

Ulich and Heyne (46), in studying the equilibrium for the
formation of some catalyst-alkyl hallide complexes, found
that the rate of alkylation of benzene was directly propor-
tional to the concentration of the complex. Price assumes
that the electron-deficient carbonium ion, R*, reacts, Jjust
as does the bromine cation Br* during bromination, to com-

prlete 1ts octet by asgoclation with a palr of electrons from

a4 double bond of the aromatic nucleus:

H
7N /\T-R 2 =
i .0'+ —— - —_— § - +
L\W)] + R = gt ~— Qf +HY  x1v

Thie 1s supported by evidence of the reversibility ol the al-
kylation reaction uncovered by Ipatieff and Corson (47) in a
study of the.reaction of p-di-tert-butylbenzene with henzene
in the pfésence of ferric chloride, sulfuric acid, or phos-
phoric acid to jield tert-butylbenzene:
FeCl

(GH3)30-06H4-C(GH3)3 + CgHg — 2 06H5—C(CH3)3 Xv

Perhaps the mechanism showing the most promise at the
present time 41s based uvon the formation of addition vroducts

of alcohol and phenol with aluminum chloride. Such a theory
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hag also-been proposed for the catalytic action of seve#al
other catalysts. In the case of aluminum chloride, thelcom—
plex or "polymolecule" is linked together by the outer elec-
trons of the aluminum or chlorine atoms. Since the new ar-
rangement of atoms and electrons 1is unstable under the con-
ditions of the reaction, rearrangement occurs, resulting in
the formation of a more stable system:

H /7 Lo L
10:C  C:H-=:iCl:Al--:0:R — HOCgH4R + AlC1lz*Hp0 XVI

et ¢1 H

Such a mechanism is further suggested by the fact that alum-
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inum chloride 1s such a powerful electrophili
aluminum atom exhlbits a great tendency to make up an octet
of shared electrons. Also, the chlorine atom exerts a |
stronger pull upon the nuclear hydfogen than does the less
electronegative ring carbon atom, |
Two experimental observatlong lead to the conclusion
that a different wmechanisn exists for the condengation of
tertiary aliphatic alcohols with ovhenol as compared to thelr
condensation with benzene. First, lowering the temperature
decreases the yleld of alkylphenol but increases the yield
of alkylbeézene. Second, no fragmentalon of the alcohol ap-
pears durlng the phenol condensation; whereas the degree of
fragmentation 1s found to be very high when benzene 1s con-

densed.,



EXPERIMENTAL PROCEDURES

vaterials Used

Magnesiun turnings especially prepared for Grignard re-
actions were used after drying in an oven at 450 C. fOor sev-
eral days.

Benzene was thiophene-free, C. P. grade.

Petroleum ether, B. p». 30-650 Ce, was dried over fresh-
ly cut sodium,

Phenol was Mallinckrodt's (crystals) and was redistil-
led before use.

Aluminum chloride was Baker's Analyzed, special for
condensations, C. P. anhydrous.

Diethyl ether was C. P. anhydrous, and was dried over
freshly cut sodium before use.

Diisopropyl ketone was obtained from Eastman's.

Methyl iso-propyl ketone was prepared by brominating
tertiary amyl alcohcel and hydrolyzihg (438).

Ethyl acetate was Baker's U. S. P., redistilled before
using.

n-Propyl bromide was prepared by adding 48% hydrobro-
mic acid to n-propyl alcohol in the presence of concentra-

ted sulfuric acid and refluxing for several hours (49).
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Preparation of the Tertiary Octyl Alcohols

4=-Methylheptanol-4

By adding methyl lodide to di-n-propyl ketone in the
presence of zinec, Gortalow and Saytzeff (50) first prepared
methyl di-n-propyl carbinol in 1x386. They reported a yileld
of 30 percent. Halse (51), in 1914, prepared the same al-
cohol by the reactlon between n-propyl magnesium bromide and
etnyl acetate. Stadnikow (52) modified the procedure of
Halse by substituting benzhydryl acetate for the ethyl ester

to obtaln a yield of 40 percent.
Preparation of n-Propyl Magnesium Bromide.

To a mixture of 50 grams (2,06 moles) of dry magnesium
turnings and 100 ml., of anhydrous ethyl ether contained in a
three-liter, three~necked, round-bottomed flask, a solution
of 246 grams (2 moles) of n-propyl bromide in 500 ml. of an-
hydrous ethyl ether was added dropwise through a dropping
funnel. The mixture was stirred continuously during the ad-
dition of the halide by means of a glyqerine-sealed stirrer,
A long reflux condenser having a calcium chloride drying

tube at 1ts upper end served to condense the ether vapors,
Preparation of the Carbinol.

To the Grignard reagent thus prepared was added 873
grams (1 mole) of freshly distilled ethyl acetate. The rate

of addition was so regulated that the ether refluxed gently.
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After the ester had all been added the stirring was contin-
ued for a perilod of at least two hours.

Hydrolysis of the mixture, after it had been allowed
to stand overnight, was brought about by pouring the con-
tents of the flask onto ice in a three-liter beaker. The
cold mass was tﬁen treated wiéh 1:1 hydrochloric acid whille
the whole wasg %igorously stir/ed untlil the magnesium hydrox-
ide was compleéely dissolved |as shown by the clearing of the
water layer. |

The ether}layer was sepgrated from the water layer by
means of a large separatory/%unnel. Thevwater layer was
next extracted three timeS/&ith fresh portions of ether.
The ether extracts were combined and dried overnight by

. . ‘ /
standing over anhydrous sodium sulfate. /

/ »
The ether was distilled off by use of a water bath and

the residual 1liquid subjected to a distillation under re-

duced pressure. The methyl di-n-propyl cerbinol was collec-

ted between 580 and 60° C. under a pressure of 7 mm. of

mercury.



20

2,35=-Dimethylhexanocl->3

By adding 2~-methylbutanone~3 to n-propyl magnesium bro=-
mide, Clarke (53), in 1911, obtained a 45 percent. yield of
methyl n-propyl iso-propyl carbhinol. He prepared thé ketone
by converting ethyl acetoacetate to ethyl dimethylacetoacet-
ate and hydrolyzing with aqueous potasgium hydroxide. )

The méthyl iéo-propyl ketone was prepared (48) by the
action of bromine;on.tertiary amyl alcohol at 50-60° C.
forming trimethyléthylene dibromide which was then hydro-~
lyzed to the ketone. A 70 percent. yield of ketone boil-
ing at 93%-96° C.fat 750 mm. pressure was obtained. |

To a 2 moleitheoretical of n-provyl magnesium bromide,
prepared as described under 4-methvlheptanol-4, was added
172 grams (2 moles) of methyl iso-propyl ketone. The rate
of addition was such that the ether refluxed gently. ‘The
stirring was continued for two hours after the last of the
ketone pad bgén added. The resultant product was hydro-
lyzed ih thé/usual manner with ice and 1:1 hydrbchloric acid;
¥Methyl n-propyl iso-propyl carbinol was collgcted between

45° and 47° C. at = pressure of 3 mm., of mercury.
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2,3, 4=-Trimethylventanocl-3

A 76 percent. yieid of methyl di-iso-propyl carbinol
was reported by Whitmore and Laughlin (54) in 1932 from the

action of di~iso-propyl ketone on methyl magnesium chloride,

Cn /
Preparation of Methyl Magnesium Bromide.

The methyl bromlde generator, by & modification of the
procedure glven for methyl chloride (55), consisﬂs of a
three-1liter, round-bottomed flask resting on a sand bath.
The flask iz fitted with a‘feflux condenser which has a.de—
;ivery tube running from its upper end to a itrain of wash'’
bottles. Thié train is made up of thiree bottles contalning
saturated sodlium hydroxide solution, three containing con-
centrated sulfuric acid, and three séfety bottles, one at
gach end of the traln and one between the alkall and the
acid bottles. ' ¢ ,

In the flask was{placed 53 grans of water and 536
gramg (320 ml.) of concentrated sulfuric acid. The addi-
tion of 370 grams (470 ml.) of methyl alcohol was ecarried
out, with coolin@,‘at‘such a rate that the temverature 4did
not rise above 70° C.E After adding 1130 zrams of sodium
bromide the apparatus was tightly connected and the flask
heated on the sand bath so that the zas was evolved at a
Tairly rapid rate. ?he washed methyl bromide was paséed
into a three—liﬁer, three-necked, round-bottomed flask
which contalned 75 grams (3.09 moles) of magnesium, a few

16dine crystals and sone Ethyl bromide to start the reaction,



and 600 ml, of anhydrous ethyl ether. The reaction was
"carried out under the hood hecause of the poigsonous nature
of the methyl bromide fumes. About two hours were required

to use up all the magnesium.

Preparation of the Carbinol.

<

)

/

Y - . \ o~ v
To the methyl magnesium bromide was added 290 grams
y :

/
(370 ml.) of di-iso-propyl ketone in /400 ml, of anhydrous

;ethyl ether. It was added at such a rate that the ether

refluxed gently. The resulting product, after standing
od

overnight, was hydrolyzed in the same manner as the 4-

'_methylheptanol—A. Methyl di-iso-propyl carbinol was dls-

Xtilled under diminished pressure. The fraction boiling

|
—
[

i . O O v
between © and 547 C. at 13 mm. nreszure was collected.

PR
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CONDENSATIONS

Bach of the tertliary octyl alcohols whose preparatlion
has been described was condenéed with phenol; Since the
procedure was the same in every case, only a typical run
wiil be described.

A 500 ml, three-necked, round-bottomed flask was fitted
with a short reflux condenser, a thermometer, and a glycer-
Ine-gsealed mechanical stirrer. In the flask was placed 32.5
srams (one-fourth mole). of the carbinol and 35 grams (three-
eighths mole)bof freshly distilled phenol., The stirring
motor was started and stirring continued until the vhenol
was completely dissolved to form a colorless solution in the
kalcohol. The addition of 17 grams (one-eighth mole) of al-
uminum ch%oride was carried out by introducing small portions
at frequeﬁF intervals during a two hour period. The stir-
ring'was ébntinued vigorouély for another hour and the mix-
ture was then allowed to stand overnight before hydrolysis
wag carried out. The temperature was not at any time allow-
ed to rise above 30° C. It .was always observed that the
Tirst additlon of the aluminum chloride caused the mixture
of\carbinol and phenol to undergo a seriess of color changes
beginmning with a yellow, going through a purvle, and ending
with a final condensation product which was unlformly a deep
maroon color,

The condensate was hydrolysed by pouring Bhe thick

mixture onto ice in a three liter beaker. VWhile stirring

constantly, 1:1 hydrochloric acid was added until the nlas-
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tic mass rose to the top. The hydrolysate was then extracted
three times ether. The ether extracts were combined and the
ether removed on a water bath. The residue was then subject-
ed to a distillation under reduced pressure, The fraction
obtained between 450 and 60° C., at a pressure of 6 mm, of
mercury, consisted of uncombined carbinol. From 60° to 90O
C. the uncombined phenol distidlled over. The octyl phenol
itself was obtained in the range between 140° and 160° ¢. at
the low pressure. The octyl phenol fraction was then redis-
tilled and collected over a two degree range of temperature.
The product usually crystallized in the recelving flask, or,
if not, crystallization was induced by cooling the distil-
late in the icebox overnight.

Purification of phe product presented some 4difficulty
because of\the extremnely hish solubility of the alkylated
phenol in ﬁll of the common solvents. The slight color of
the product was removed by pressing the crystals on an un-
glazed vnorcelaln plate., Turther purificaﬁion was attained

by recrystallizatlon from petroleum ether.
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DERIVATIVES

The d-naphthyl urethanes and the 3,5-dinitrobenzoyl
esters were prepared as derivatives of the p-tert-octyl

phenols.

a~Naphthyl Urethanes

The method of French and ”irtel (56) was employed in
the preparation of the urethanes. One gram of the crystal-
line phenol was placed in s test tube and 0.5 ml., of a~naph-
thyl isocyanate added. It has been found that, 1f the reac-
tion is not syontaneous, addition of a few drops of.aAsolu—

I-
ol

o

tion of trimethylamine in absolute ether will readily cat
yze it, During the reaction the contents of the tube must
be protected against moisture by means of a calcium chloride
drying tube. The solution was warmed on a steam bath for
thirty minutes, cooled in a beaker of ice, and the sides of
the tube scratched with a stirring rod in order to induce
crystallization. The urethane was nurifiled by repeated re-
crystallizations from petroleum ether until a constant melt-

ing point was obtained.

31{7 H H H_ (i)
e CH=) =N
CH -ue-c C\COH « OCN- Q// P 23,
57 No==g” o=
C=H, H B H
3T %U e
H

CgH17CgH,~0-CO-NH=Cq oH XVII



7,5=-Dinltrobenzoyl Esters

A modification of the method descrilbed by Shriner and
_Fuson (57) was used in thé preparation of the 3,5-dinltro-
benzoyl esters of the tﬁree p-tert-octylphenols., In a 50
ml, Erlenmeyer flask were placed three grams of the phenol
and an equal weight of 3,5-dinitrobenzqyl chloride dissolved
in fauy ml. of pyridine. After the initial reaction had sub-
sided the mixture was refluxed over a small flame for one
with.ether. The ether extract was washed with cold dilute
sulfuric acid to remove the pyridine and then with cold
dilute sodlum carbonate solution to remove excess acid. The
ether was removed on a water bath and the ester then re--
crystallized frox a water-alcohol mixture untlil a constant

melting point was obtained.

CsHs B H 0O H Nop
C=C VO CeHeN
CHz=C-C]  OOH + 0l-C-c  “CH ZAEANN
VA C=(
iy H H H O,

- Cgly7-CaHy=0-C0-Cgl3(N0o) o +  HOL XVIII
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PROOF OF STRUCTURE

To prove the strucgure of the octyl phenols the cor-
regponding octyl benzenes were brepared, nitrated to the p-
nitro derivative, reduced to the p-amino compound, diazo-
tized, and the diazonium salt finally hydrolyzed to form
the octyl phenol.

' The three methyl di-propyl phenyl methanes had been
previously prepared in this laboratory (58) and their phy-
slcal constants determined. The method employed in the pre-
paration of these octyl benzenes was to condense the three
methyl di-propyl carbinols with benzene in the presence of
aluminum chloride.

The methyl di-n-propyl carbinol and the methyl n-propyl
igso=-propyl carbinol were condensed with benzene in the same
manner so that a general descriptlon of the procedure will
suffice. The condensation of the methyl di-iso-propyl car-
binol, however, regulired speclal treatmeﬁt because of its

great tendency to undergo fragmentation during the reaction,

Prevaration of the Octylbenzenes

A one-liter, three-necked, round-tottomed flask was pro-
vided with a glycerine-sealed mechanical stirrer, a reflux
condenser, and a separatory funnel., A calcium chioride dry-
ing tube was inserted in the upper end of thé reflux conden-
ser to exclude moisture. In the flask was placed 195 grams
(two and oné-half moles) of benzene and 33 grams (one-fourth

mole) of anhydrous aluminum chloride. The mixture was then
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stirred untll the aluminum chloride was uniformnly suspended
in the benzene. Next, 65 grams (one-hglf mole) of carbinol
was added through the dropping funnel at the rate of one
drop per second., The stirring was continued for four or
five hours after the last of the carblnol had been added.

At no time during the addition of the carbinol was the tem-
verature allowed to rise above 30° C., external cooling be-
ing applied 1f needed. The evolution of conslderable amounts
of hydrogen chloride gas was noted as the reaction proceeded.
After standing overnight the mixture was hydrolyzed by pour-
ing into ice and 1l:1 hydrochloric acid. The benzene layer
was sgeparated and the water layer extracted three times with
ether. The benzene~ether solutlion was washed with sodiun
carbonate solution in order to remove any excess acid and
then dried overnight over anhydrous sodlum sulfate. After
removing the ether and benzene on a water bath the residue
was distilled under reduced pressure.

All attempts which have been made to condense methyl
di-iso-propyl carbinol with benzene at room temperature have
l1ed to fragmentatlon of the carbinol resulting in the forma-
tion of alkyl benzenes of lower molecular weight. This is
the subject of an investligation now under way in this labor-
atory by Huston and Awuapara. In order to avoid this split-
ting asg much as possible, the condensation was fun at a temp~-
erature of minus 30° C. This temperature was maintained by
mixing ether and solid carbon dioxide ("ary ice'"). To pre-

vent the freezing of the benzene, an equal weight of petro-
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leum ether wasgs added. The sugpension of aluminum chloride,
petroleum ether, and benzene was cooled in the icebox over-
night, then cooled down to —300 C. and the carbinol added
over a period of five hours. The low temperature was main-
tained while stirring was continued for another five hours
after which the mixture was placed in the icebox overnight.
The material was allowed to come glowly to room temperature
and then treated in the usual manner, Even with all these
precautions the yield of the desired product was low as

indicated in the table.

Nitration of the Octylbenzenes

The nitration of the alkyl benzenes followed Malherbe's
procedure (59). The hydrocarbon was treated with an equal
weight of fuming nitric acid (sp. gr. 1.52), cooling during
the addition. After the first violent reaction had gubsided
the mixture was warmed to 900 C. in a water bath for one hour.
It was then poured on lece and the resulting solution extract-
ed three times with ether. The ether extracts were dried
over calcium chlorlide, the ether removed, and the liquid
nitro compounds subjected ﬁo a distillation under reduced

pressure,

Oxidatlon of the Nitrated Octylbenzenes

In order to determine the position taken by the nitro

group, the octyl side chaln was converted into a carboxyl

group and the nitrobenzoic acild 1dentified by melting point.
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The oxidation was adapted from a method proposed by Anshiuitz
and Beckerhoff (60)., One mram of the nitro compound and 20
ml, of 6 N nitric acid were sealed up in a Carius tube and
heated in a Carius furnace at 130O C. until crystals appear-
ed on cooling., The time required was from 10 to 20 hours.
The crystals were removed, filtered by suction, washéd with
petroleum ether, dried, and recrystallized from alcohol un-
til they melted at 238-2400 C. and caused no depressgion of

the melting point of a known sample of p-nitrobenzoic acid.

Reduction of the Nitrated Octylbenzenes

Conversion of the nitro derivatives into the correspond-
ing amino compounds was accomplished by the method of Ipatieff
and Schmerling (61). For each gram of the nitro compound,
contained in a 500 ml. round-bottomed flask equipped with an
alr condenser, £ grams of granulated tin and 5 ml. of concen-
trated hydrochloric acid were added. To this mixture was ad-
ded.sufficient ethyl alcohol to bring nearly all of the ma-~
terial into solution. The flagk was shaken until reduction
was complete as was shown by tﬁe aﬁsence of a marked turbid-
ity on pouring a test portion into water. The flask was heat-
ed on a steam bath if the reduction was slow. Ten minutes was
all that was usually required'to complete‘the process, The
aqdéous—alcohollc solution~Was then decanted into about twice
1ts volume of water aﬁd the amine extracted wilth ether after

the solution had been made alkaline with 40 percent. sodium

hydroxide solution. A purer product was obtained if the amine
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wasgs steam distiiied before the ether extraction. The ether
solution was washed wlth potassium carbonate solution, the

ether evaporated, and the amine dried with so0lid potassium

hydroxide.

Replacement of the Amino Group by Hydroxyl

For each two grams of the amine, a solution of 1.5 ml,
of concentrated sulfuric acid in 10 ml. of water was added.
The insoluble sulfate thus formed was suspended by vigorous
stirring in 10 volumes of water. After cooling to 5° ¢. a
25 percent. solution of sodium nitrite was added dropwise
untll an excess was shown by a positive astarch-potassium
iodide test, The solution was tested from time to time with
Conso red paper to make sure that the acid concentration
did not drop too low. When the diazotlzaticn was complete
the soluticn was brought to room temperature with continued
stirring and finally heated on the gsteam bath for an hour
to bring about hydrolysis of the diazonium salt, The phenol
was extracted with ether, dried with anhydrousg sodium sulfate
and distilled in vacuo. After isolation of the pure phenol
the o~naphthyl urethane was prepared.i Melting point and mix-
ed melting polnt determinations indlicated that the phenols

obtained by this meth~d were identical with the others. .
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TABLES

Table I
Condensation of tert-Octyl Alcohols with Phenol

Product: 4-Methyl-4-p- 2,3-Dimethyl-3- 2,3,4-Trimethyl-
hydroxyphenyl~- p-hydroxyphenyl- 3-p-~hydroxyphenyl-

heptane hexane pentane
Yield: 55.0% 47 .0% 59.6%
M., p., 63-63.5° C. 72-73° C. ' 57-58.5° G.
B. D. 151-152°/6 mm. 122-124°/2 mm. 116-117°/2 mm.
282-284°/738 279-281°/738 285-287°/738
‘Analyses: ‘
AES B1.17% 80.91% 80.956%
FH 10.687% 10.77% 10.31%

~

#* Calculated for CyyH,,0: C= 81,50%, HT 10,75%

Table II

s

3,5-Dinitrobenzoyl Esters

Phenol Esterified M. p. (%c.) 2 N =
4-Methyl-4-p-hydroxyphenylheptane 124.5-126.0 6.97%
2,3-Dimethyl-3-p-hydroxyphenylhexane 97.,0-98.0 7.01%

2.3,4-Trimethyl-3-p-hydroxyphenylpantane 103.0-103.5 6,98%

Table III

d-Naphthylurethanes

a-Naphthylurethane of: M. p. (Oc,) 7N %
4-Methyl-L-p-hydroxyphenylhneptane 105,0-106,0 3.72%
2,3-Dimethyl-3=-p-hydroxyphenylhexane 127.5-128.5 3.69%

2,3,4-Trimethyl-3-p-hydroxyphenylpentane 105.0-107.0 3.70%

* Calculated for 025H2902N; N= 3,73%
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Table IV

Methyl Di-Propyl Carbinols *

Compound: 4-lMethyl- 2,3-Dimethyl- 2,3,4=-Trimethyl-
heptanol-4 hexanol-3 pentanol-3
5. D. 5
found: 62-639/12 mm 54-56°/13 mm. 53=-54%/13 mm.
157-99/743.5  155.5-7.5°/748.5 146-79/740.5 ma
reported: 61~-63°/12mn 75-77°/40 mm.
159-61°/755 158-58.2°/758 mm
% Yield: 54.5 % 36 % 80 %
Index of
refraction
(20° ¢c.): 1.4258 1.4317 1.4342
Surface
tension
(20° ¢c.): 26,675 27 . 500 28,325
070 : 0.8208 0,834k 0.8457

* Physlcal constants taken from the :. 3. thesis of
Kenneth D. CGEine (58)
Table IV-4

p=-Nitro-tert=octylbenzenes

Nitro Derivative of: Boilling point:
4-Methyl-4-phenylheptane 1%37-1%9°/ 6 mm.
2,3-Dimethyl-3-phenylhexane 140-141°/ 7 mm.

2,3,4-Trimethyl=-3-phenylpentane 133-135°/ 6 mm.
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Table V

tert-Octylbenzeneg ¥

Compound: 4-Methyl-4- 2,3-Dimethyl-3- 2,3,4-Trimethyl-
vhenylheptane phenylhexane 3-phénylpentane

B. p. o]

found: 109-111°/10 mm, 104.5-6.5/11 mm 104-106°/13 mm.

242-3°/749 mm. 237-8%°/748 mm,  234-6°/743 mn,

reported: 120-1°/12 mm.
Yield: 31.8 % 18.4 % 6.0 %
Refractive

Index 20° 1.4930 1.4900 1.4968
Surface

tension 31.488 30.80 31.763
D7° 0.8700 0.8663 0.8308
Analyses 3 ,

% G e 88.34 # 8843 % 88.55 %

% H ER 11,64 % 11.68 % 11,51 %
Mol., Wt.

found: 190.88 189,92 139.72
Mol. Refr.

cale.: 63.25 63.25 63.25

found: 63,57 63,51 63,18
Paracnor

calc,: 522.4 519 .4 5l6.4

found: 518.25 517,52 513.0

* Physlcal constants determined by Cline (58)

## Caleulated for CigHo,: G T 88.33 %, H = 11.67 %



DISCUSSION

The general procedure used to prepare the p-tert-octyl
phenols described consisted in the preparation of the three
isomeric methyl dipropyl carbinols, followed by thelr con-
densation with phenol using anhydrous aluminum chloride as

the catalyst:

: 03H7 H H 03H7 H H
| L—C A101ls X C—C )
CH3-0~OH % HC\ /COH S Ch3~u—0\ ~COH xIX
) C==(C C:::..C/
CBH'? H H CBHT H H

The three carbinols, 4-methylheptanol-4, 2,3-dimethyl-
hexanol-3, and 2,3,4-trimethvlipentancl=3, have 2ll been pre-
viously prepared. The methods involved 1ln thelr preparation
are described in the experimental portion of this thesis,
while their physical constants, zs determined in thils labora-
tory by Kenneth D. Cline (58), are listed in table IV. At-
tempts by the writer to prepare 2,3,4-trimethylpentanol-3 by

using iso-~propyl maznesium bromide and methyvl i1so-proopyvl
o = = = i &

1

ketone led only to failure. It has been found that such

53

branched Grignard reagents have a tendency to cause enollza-
tion and polymerization of the ketone.

In preparing the octylphenols, the phenol was dissolved
in the carbinol by rapid stirring and the aluminum chloride
added in small portions. This ”shager nmethod" was decided
upon following the observation of Curtis (35) that higher
vields resulted from this method than when the zlcohol was

added to phenol and catalyst in petroleum ether. No increase
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in yield was observed when a temperature of 45 to 50° c.
was tried, whereas a temperature of 10° C. was found by
Huston and Gulle (82) to cause a decrease in yiéld. For
these reasons the temperature was held between 25 and 500
C. After completion of the reaction the condensate appear-
ed as a gummy nass which stuek to the sides of the beaker
when water was added. The addition of hydrochloric acid
thinned the mass and permitted it to rise to the surface.

A deep maroon color was always observed at the final stage
in the condensation.

The presence of unchanged phenol in the condensate was
shown by 1ts crystallization as long white needles in the
receliving flask during the distillation of the products.
Thegse needles slowly chanzed to a purple and finally to a
deep blue c¢olor, suggeéting the color reactlons between
pvhenol and ferric chloride.

Separation of the octyl phenols from colored Iimpurities
was difficult due to thelr great solubility in all common
orzanic solvents, The problem was solved by pressing them
out on porous vorcelain vlates which were kept fof sevaeral
days in the icebox. Thisg method was necessary in the case
of 2,2%-dimethyl-3Z-p-hydroxyphenylhexane because the impure‘
compound would not crystallize at room temperature.

After purification of the octylphenols, thelir vhysical
constants were determined, they were snalyzed for carbon and
hydrogen, and two solid derlvatives, the a~naphthyl urethanes
and 3,5-dinitrobenzoyl esters, were prepared for identifica-

tion. The latter were chosen in vreference to benzoyl esters
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because the melting points of the benzoyl esters were not
high enough to make them satisfactory derivatives. The per-
centages of nitrogen and the melting points of these deri-
vatives are shown in tables II and III.

The proof of structure was the same as was uged by
Huston and Hsieh (1) and by several subsequent investigators
in this laboratory. The octyl benzenes were prepared by
condensing the same three carbilnols with benzene in which
the catalyst, aluminun chloride, was suspended. The yields
(table V) were found to decrease as the branching of the al-
ccochol increased. Not only alkyl benzenes of lower molecular
weight, but also alkyl chlorides appeared in the lower frac-
tlcns when these condensates were distilled. Although very
low temperatures increased the vield of octylbenzene and de-
creased the yield of the lower alkyl benzenes, it simulta-
neously increased the amount of alkyl halide,

These tert-cctylbenzenes, whose vphysical constants had
been previously determined in this laboratory (52), were
nitrated, reduced, diazotized, and the diazonium salt hydro-
lyzed to the octylphenol., Oxidztiocon of the side chain of tle
nitrated octylbenzenes showed that the substitution of alkyl
group for hydrogen in the vhenol occurs in the para position

rather than in the ortho or meta positions.



SUMMARY

l. The methyl di-propyl carbinols have been condensged
with phenol in the presence of gluminum chloride to gilve

good yields of the corresponding p-tert-octylphenols.,

2. The 3,5-dinitrobenzoyl esters and the a-naphthyl

urethanes of these p-tert-octylphenols have been prepared.

5. The structures have been established by synthesis.
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