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Introduction

Az a contribution from this laboratory in 1336 Huston and Hsieh (1)
reported the condensation of tertiszry butyl, tertiary wayl, and the taree
possible tertisry hexyl zlconols with phenol in the presence ol zluisinum
chloride.

In 1337 Huston end Hédrick (2) published results on the condensation
of the tertisry heptyl slcohols with ohenol using aluminum c¢hloride as
the condensing zgent.

Exteasion of this work to the tertiasry octyl azlcohols by Hueton and

inderson (3) coversd the sction of methyl ethyl n-~butyl and methyl ethyl

~.

tertiary butyl carbinol with shenol under the same conditions.
To continue further investigetion in this field the dimethyl terti-
ery octyl slceohols were prepersc and condensged with phenol in the presence

of aluminum chloride.
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Historieal

Prepurstion of the alkyl phenols to which cless the principal pro-
ducts described in this thesis belong is sccomjlished by three genersl
methods. First the direct alkylation of phenols using slkyl helides,
acyl halides, alcohols end alkenes in the presence of various csatalysts.
Second the replacement of a vsriety of groups by & hydroxyl in slkyl
benzene derivatives. And third by rearrangemeat of the alkyl phenyl
ethers.

Primury synthesis of all alkyl phenols reported herein is by the
first general method and synthesis for proof of structure by the second,

Since this work is concerned with the use of alcohols as alkylating .
agents under the ecatalytic influence of aluminum ehloride omly those
papers dealing with condensations of alcohols and benzene nuclei in the
presence of aluminum chloride will be included in this review. However,
two facts should be mentioned in passing. First that as early as 1884
Auer (4) reported condensation between alcohols and phenols using as a
catalyst a mixture of zinc and zinc chloride and second that from that
time to the present alcohols snd phenols have been condensed under the
influence of 2 great variety of catalysts some of which are phosphoric
acid, zinc chloride, magnesium chloride, alkali bisulfates, concentrated
sulfuric scid, and perchloric acid.

In 1897 Nef (5) mentioned the formetion of diphenyl methene from
benzyl alcohol and benzene in the presence of sluminum chloride. Re-
pesating this work Huston and Friedmann (6) reported this reaction to

give a 30 percent yield of diphenyl methane. A little later Huston
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and Friedmann (7) continuing their previous work condensed successfully
mixed aliphatic aromatic secondsry alcohols and true aromatic secondary
alcohols with benzene.

In 1924 Buston {B8) extended this reaction of bensyl sleshol using
phenol, anisole, and phenetole in & similar manner to benzene. He re-
ported yields of the alkylated products as 45, 45 and &0 percent re-
spectively., Huston and Sager {9) 13546 attempted to condense veriocus
primary alcohols with benzene., WNegative results were obtained for
methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, isoamyl, phenyl
ethyl and phenyl propyl alcohols. However, allyl glcohol gave a 16 per-
cent yield of & condensed product - allyl bengzene. Huston end Hewmann
(10) followed this work by condensation of allyl alcohol and phenol.
This led to the conclusion that omly those alcohols in which the alpha
carbon atom was a member of a2 benzene ring or was double bonded would
condense under tne aection of aluminum chloride.

Later Huston, Lewis and Grotemut (11) reported condensatlon between
phenol and benzhydrol, methyl phenyl earbinol and ethyl phenyl carbinol.
Benshydrol giving a much larger yileld of alkylated product them benzyl
alcohol they stated that here was additional evidence of the eflfect of
unsaturetion of the alpha carbon atom on condensation for both the alpha
carbon atoms in benzhydrol are members of an aromztic unsaturated benzene
ring.

Huston and Davis {12) found that the tertiary alcohol triphenyl
carbinol reacted with benzene to give triphenyl methane and not tetra-
phenyl methane. The reaction between triphenyl carbinol and phenol has

not been reported.



Other papers by Huston and co-workere (13) condensing benzyl or
halogenated benzyl alcohols with phenol or halogenated phenols, cresols
or halogenated cresols followed. Mono and di substituted derivatives
were the products.

Further to investigate the effect of unsaturation of the alpha atom
on condensation Huston and Goodemoot (14) compared the resctivity of
cyclohexyl, cyclopentyl, and cyclobutyl earbinols with benzene. They
showed & progressive increase in activity as the number of carbon atoms
of the ring wes reduced from six to four.

Work with various diaryl-alkyl and dlalkyl-aryl earbinols by Huston
and Wilsey (15}, Huston and Hradel (16), and Huston and MacComber (17)
showed that they did not condense but dehydration of the aleohol occurred.

A1l these experimentis indicated that umsaturation of the alpha
carbon atom, whether it was double bonded or a member of the benzene ring
favored condensation reactions of aliphatic and aromatic zlcohols with
aromatic hydrocarbons and phenols in the presence of aluminum chloride.

¥ith the work of Huston and Hsieh (1) the field of condensation
reactions of ssturated aliphatic alcohols with phenol and with benzene
in the presence of aluminum chloride was discovered. In reacting iso-
propyl alcohol with benzene they obtained a fair yield of cumene (9) end
following this lead using simple aliphetlic primary, secondary, and terti-
ary alcohols discovered that primary alcohols did not condense with
either phenol or benzene, secondary slcohols condensed with benzene
(or its homologues) and tertiary alcohols with phenol under the influ-

ence of aluminum chloride as & catalyst. Huston and Fox (18) using the



s8imple tertiary alcohols already condensed with phenol by Hsieh nsmely
tertisry butyl, amyl and hexyl alcohols found that they condensed algo
with benzene. Taukervanik (19) reported the condensation of some
simple secondary and tertisry alcohols with benzene and toluene obtain-
ing results similar to those of Huston snd Hsieh and Huston sad Fox but
explained them by a different mechanism.

S8lnce tertiary aliphatiec alcohols condensed readily with both
benzene and phenol zm extension of this work to higher homologues of
that type of compound seemed loglcsl. Hence Huston and Binder {20) con-
densed the tertiary heptyl alcohols with benzene and Huston and Hedrick
(£) condensed these same alecchols with phenol.

Soon afterwards work was started in this laborstory upon the con-
densation of the tertiary octyl alcohols with phenol and benzene. Huston
end Sculati {21) condensed tertiary dimethyl n-amyl, isoamyl, active amyl
aﬁd sscondary amyl carbinols with benzene. Huston and Anderson (3) in-
vestigated the reaction between methyl ethyl n-butyl and methyl ethyl
tertiary butyl carbinol and phénsl. Huston end Breining {22) described
the condensation of diethyl sn-propyl and diethyl isopropyl carbinols with
benzens.

This present work 1s a contlauation of the investigation on the con-
densation of tertlary sliphatic occtyl alcohols under the influence of
aluminum chloride with phenols snd benzene. In specific it dezis pri-
marily with the condensatlon between phencl and the various dimethyl
amyl carbiaols.

The only one of the substituted phencls prepered as principsl pro-

ducts of this reaction and reported herein that has been,to the writer's



knowledge, prepared and identified in the litersture is %, 4, 4-trimethyl-
2-p-hydroxyphenyl methane. It is the subject of & patent by Hester (23)
who prepared it from phenol end diisobutylene under the action of HpSO,4.

It wes also prepered and reported by Natslson (24).



Theoretical

In all cases of condensations between slcohols snd sromatic hydro-
carbons in the presence of sluminum chloride it haz beem shown by Husten
 end co-workers that the slpha cerbon atom of the alcohol must be under
straim such that the hydroxyl group is activeted. This sctivetion is
present vhere the bond between carbon and the oxygen of the hydroxyl is
relatively unstables Thus bemayl and sllyl ale¢chols both of which con-
dense readily cun be represented by the following formula.

s Bom
Celgt e;(;,:a HeCi0s ™" CTOiE
H 1@

The electron peir {(a) fbrming:the bond between € and the U of the H‘-
hydraxyl is attracted sﬁrangly hy bath the ~0H and the C atom resultlag

Ly LIS

"4a & bond such ss found in & ﬁwlecule of ehlarlna $CLsCl: which - o

;M;Staﬁle and heaca reactive‘
¥hen we euusidsr various przmary, secondary and tertiary alcehmls

- the existant conditions may be repreaaated as follows.
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Relatively then the electron pair {b) is closer to the hydroxyl group
in tertiary alechols than in secondary or primery and closer to the

hydroxzyl in secondary alcohols than in primary. In tertiary elcchols
" the bond between € &md Q@ approachas more nearly the type of bond im a

molecule of hydrogen ehlorlde B 2 Gl s which we know is a highly

reactive compound. Therefore, we have an activated hydroxyl in tertiary



alcohols and we would expect condensation. Similarly less condensation
vonld be expected with secondary aleohols end still less with primary
ones. Experimental results are found to support this view for in gen~
éﬁﬁi tertiary sliphati¢ alcohols condense more readily and with higher
yields than secondary aliphatic slechols while condensation of primary
aliphatie aleohols takes plsce only under much more drsstic conditloas.

That the carbon and oxygen bond in tertisry aliphatic alcoholg is
reactive is also supported by the ease of dehydration of such alcohols
and the esse of replacement of this hydroxyl group by halogen of a
halogen acid.

Since condensation first was observed between tertiary aliphatie
aleohols sad aromatic ﬁyﬁrccarbana there have been several mechanisms
advenced to explain the course of the reaction, none of which have been
conclusively ssiablished. Due to the nge of different catalysts, tem=-
peratures and solvents the resulis are not always strictly comparable,
but there have been avolved three pogsible mechanisms that merit atten~
tion, These mechanisms for convenience will be designated as follows:

1. Alkyl helide formation plus Friedel-Crafts Reaction

2. Alkene formation plus condensation

3. Ether formation plus rearrengement
snd will be discussed briefly, confining the presentation to that appli-
cable to tertiary alinhatic aleohols with the understending that the
mechanism for primary and secondsry alcohol condensation mey or may not
be similar to those given for tertisry alecohols.

Each of these mechanisms 1s an attempt to explain the path by which

condensation cen teke place with the net result of water being



8plit off between the hydroxyl group of the alcohol and the pars hydrogen
of the sromatic ring as
AlCL
I. RzCOH + HCgH,O0H ——3> RzC-CgH4O0H + H 0
While AlClz is & good dehydrating agent this simple conception of inter-
molecular clesvage of water as represented above does not account for

&ll the phenomena of the reaction nor does it suggest how the elimination

of water is actually accomplished.

1. Alkyl Helide Formation plus Friedel-Crafts Reaction

This mechanism was proposed by Tzukervanik and Nazarova (25) who
observed that after the first phase of the condensation between tertiary
aliphatic alcohols and benzene there were present all the components, such
as an alkyl halide, olefin, an excess of A1Clz and HCl required for the
Friedel-Crafts reaction and the condensation of olefines with aromatie
hydrocarbons. From this they outlined s scheme af reaection applicable
to 2ny tertiary slechol end benzene. Illustrated with tertiary butyl
alcohol it was

II. (CHz),COH + ALClg —— A1C1,0C(CHg)z + HCL

CH=
IiT. ﬁlGlZOC(CHS)s ——> CHzC=CHg + ALC1:0H

CH,
3
IV. CH,G=CH, + HC1L ——> (CHg)50-C1

V. (GH5)56—61 + Cgllg — (635)50~Caﬁ5 + HCL
However, this mechanism is not completely satisfectory for it seems
unlikely that an sluminate can form &as in equation IL. in view of the

fact that it 18 not easy to replace the hydroxyl hydrogen of a2 tertiary
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alcohol. TFurther, Hedrick {26) in thie laboratory attempting to test the
validity of Tazukervanik®s conception added a tertiary alcchol to aluminum
chloride suspended in en inert solvent and observed alwmost instantaneous
evolution of hydrogen shloride and heat. This evolutieon of hydrogen
chioride would not be expeeted to occur if the alkyl halide formetion
was an intermediate step. It is significent also that an addition of a
solution of phenol in petroleum ether to the same mixture did without
evidence of further reaction, give 18 percent of the alkyl phenol expected
which wes & much smaller yield than that obtained under ordinary conden-

sations beiween the same alcohol and phenol.

2+ Alkene Formetion plus Condensation .
The mechanism of alkene formation wes offered by EcKenna and Sowa
(&7) for the alkylation of benzene using alcohols and borom trifluoride
as a catalyst and 1ls eppliceble to either primary, secondary or tertiary

aleohols. Shown for normal butyl slcohol it is

B
~ BF
VI. CHyCHCH,CHOH —% CHzGHgC=CHz + Hy0

‘ CHz
BF
VII. CH,CHoCRTCH, + CgHg—2 GHSCHZ-g«ceas

That normal and secondary salcohols give identicazl producte as do iso
and tertiary alcohols is evidence of this mechanism.

McCGreal and Niederal (28) have suggested & like mechanism for the
use of ZnCly as a caialyst and Welsh and Drake (29) believe this path
is probable in the condensation of aryl substituted carbinols with

phenol in the presence of eluminum chloride. Where the alcohol employed
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is inespable of dehydrsation eg. benzyl alcohol, benzhydrol, and triphenyl
carbinol they suggest the reaction muy proceed in effect by elimination
of water from the hydroxyl group and nuclesr Lydrogen a procedure which
they use to account for the reuction between triphenyl carbinol aad
phencl st eleveted temperstures without a catelyst.

Certainly unsstursted hydrocarbons do condense with eromatic hydro-
carbons using sluminum ehloride zs a catalyst zs shown by numerous
workers (30).

Evidence ageinst such & mechanism is slight but it should be men-
tioned that McKemnz snd Sowa wused a catalyst other thsn aluminum chloride
and a much higher temperature than employed in the Huston method and con-
sequently obtsined condensations between primary slcohols and benzene.

In contrast Huston and Sager {3) have shown that primary alechols will
not react with benzene In the presence of aluminum chloride uander ordi-
n&ery conditions.

Olefin formation and alkyl helide formation as intermedistes are
not mutuzlly independent in all cases, for according to Grosse and Ipatieff
(Z1) the nresence of & hydrogen helide is oftea necessary for reaction.

In which case they assume its action to comsist im the addition to the
olefin to form an alkyl halide which then reacts with the aromatic

hydrocarbon whose C to H bond 1s activated by the metal halide.

%Z. Ether Formation plue Rearrangement
Briefly this mechanism consists in the formation of an ether of
shenol and then its rearrangement into the substituted phenol itself.

It seemg probable that if alkyl ethers were formed as intermediates they
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might rearrange into alkyl pheaols for Smith (352) hes reported the re-
arrengement of m-cresyl lsopropyl ether, tertiary butyl -, isobutyl -, se-
concary vutyl —, isoprepyl pheayl ethers and p-cresyl isobutyl ethers when
treated inm the cold with aluminum chloride., He prepared the ethere by

treating an alkali salt of the phenol with an alkyl helide.

VIII. CggONa + RCL ——> CgHgOR + NaCl
Rearrangsment was effected by the addition of an equal molecular esmount
of aluminum chloride. Similar works are mumerous (33).

However, the formztion of alkylphenyl ethers &3 intermedistes is
questionable. HMerz and Weith (34} did report a yield of 10 to 12 perecent
of diphenyl ether from aluminum ehloride and phenol at reflux temperature.
Niewland {35) using boron fluoride with phenol and methyl, ethyl, and
isopropyl alcohols obtained ethers and substituted ethers. Dehydration
was given as the first step in the progress of this reaction.

Clagsien (36) has pointed out that im alkylsting the alkali salt of
phenol with a halide of an unsatursted alkene the ether 1s not a neces-
sary ilantermediete for phenylalkyl ethers under the conditions of forma-
tion do not rearrange to alkyl phencls. Thus sllyl bromide and scdium
phenolate in a medium of alcohol gives a 90 percent yield of the allyl
ether but in benzene medium there is only a 30 percent yield of the
ether and a 70 percent yleld of ortho allyl phenol.

It is significant also that Huston hes reported good ylelas of the
alkylated hydrocarbon in the condensation of tertiary alcohols and
benzene, &nisole and m—cresylmethyl ether (1) =nd the condensation of

benzyl alechol with anlisole znd phenetole (8} in which resctions there
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15 no possibility of ether formatlon. Also no alkylphenyl ethers have
been isoclated even in traces in this laboratory from gluminum chloride
condensations between tertiary aliphstic alcohols and phemol {1, 2, B).

In generszl no mechanlsm yet reported seems completely satisfactory.
In this laboratory (26) some work has been done in an attempt to ex-
plain the color phenomena observed in condensations between phenol and
tertiary aliphatic aslechols as due to the formation of & complex ion
or molecule much as phenol forms with ferric chloride, but such an ex-
plenation is supported by very little evidence. A similar mechaniem
with the formation of addition compounds and lonization has been sug-
gested by Daugherty (37) for the Friedel-Crafts reaction.That the path
of condensation between tertlary aliphatic slochols and phenol and
those same alcchols and benzene is different seems highly probable
based on the observation of reaction progress. The eolor formation
noted in condensztions with phenol hes not been observed in condense—
tions with bengzene nor hag the splitting of lomg branched alkyl chains
been demonstrated in condensstions with phenol,

At present in this laboratory (38) & mechanism based on addition
producte between aluminum chloride, aleohol, and phenol fellowed by
rearrangenent is being coasidered. The ides is new enly to this parti-
cular field for additiom products with 41Clg have been reported {39)
and their existance and formation postulated as an explanstion of the
estalytic action of seversl eatslysts {40). In brief this theory is;
that a eatalyst unites with the substance estalyzed through some of

the electrons of the outer shell of one of the stoms of the molecule.
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The new arrengement of slectrons and atoms inm the "polymolecule™ is not

stable at the temperature of resction, and rearrangement of atoms as
well zs electrons then take place to form systems which are mere stable.

The theory as a;:pliaﬁ"fin thisg .partimlar field is promising and timely.
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Experimental Data

Materials

Normel amyl, isosmyl, secondary amyl, smd active amyl bromides
were prepared from the corresponding alechols (Eastmen techniesl) by
the action of sulfuric acid and hydrobromic seid (41).

The bromides of diethyl carbinol and methyl isopropyl sarbinol
were prepared by treating the ecarbinols with phosphorous tribromide.
Diethyl carbinol was Eastman technical {B. P. 110 - 117° ) and the
pethyl lsopropyl carbinol was prepared by a Grignard Reaction between
isopropyk bromide snd freshly prepared sceteldehyde {42).

Tertiary amyl chloride was obtained from tertiary amyl asleohol
(Bastmen B. P. 100 — 102° C) by treatment with coneentrated hydro-
chlorie acid (43) or by pessing dry hydrogen chloride gas into the
alcohol (44).

Tertiary butyl sleohol Eastmen M. P. 25 - 25° C was used without
distillation to prepare diisobutylene.

Acetone used wes of C. P. grade dried over sodium sulfate and
tulce redistilled.

dagnesium turnings especially prepared for Grignard reacticns were
used after being dried for several days over CaClg.

Benzene was thiophene free, (L. P. grade.

Petroleum sther, B. P. 350 - 65° C.

Ether for Grignard reactions was amhydrous.

Each of the last three chemicels was dried over freshly cut sodium
before use.

Kethyl iodide and acetyl chloride were both Esstmants and used

without further purification.
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Phenol was twice redistilled and & one degree fraction used.
Aluminum chloride was Merk!s Heagent anhydrous sublimed.
Alcohols condensed weres

As  k-methyl heptanol-g

Be 2, B-dimethyl hexanol-&

C. &, 4~dimethyl hexsnol—2

D. &, 5-dimethyl hexsnol™®

E. 2-methyl-3-ethyl pentanol-&

F. 2,'4, 4-trimethyl pentanol-g2

G. £, 3%, 4-trimethyl pentanol-g

H. &, 3, 3-trimethyl pentanol-2

A. E-methyl heptanol-z

G-

CHg - CHp - CHp - Gy - Oy — C - Cig
3

Thig alecohol was prepsred by use of the Grignard reaction using
the Whitmore method (44) for preparing the Grignard Heagent and the
Edgar procedure (45} for the reaction of this reagent with & ketone
and subasquent hydrolysis of the resulting compound. As this proce-
dure was used with slight modificstions for the preparetion of seversl
alcohols it is described in detail.

In & * dry three-liter thres-necked round bottom flask fitted with

an efficient stirrer, reflux condenser, and dropping funnel are placed

#Exireme care must be teken to insure dry appsratus and reagents.
Also the resction must be protected from the carbon dioxide and water

vapor of the air.
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firet a few small eryetsls of iodine and then 98 gms (4 molea) of fresh
negneslun turnings (dried over 0aCl;}. The bottom of the flask is
heated with & smell flame untlil the iodine commences to vaporize end is
then allowed to 2ool while the normal awyl bromide is weighed out.
Thirty cc of & mixture of four moles of the hslide and 5C0 ec of anhy-
drous diethyl ether is then added directly to the dry magnesium. After
the reactlon hes started snd progressed for z few minutes 200 ee of dry
ether is added directly to the reaction mixture. Then, 475 cc of the
above halide ether solution is plsced in the dropping funnel snd added
with stirring &t the rete of & drop every second.

The remainder of the halide ether solution is diluted with 300 ce
of dry ether and sdded at the same rate. Ether refluxes slightly during
the halide~ether addition no externel cooling being applied. It is un-~
necessary to heet the mixture after the ether-haslide solution has been
added but stirring ls continued four hours and then the mizture let
steand overnight before proceedinge.

After the solution has stood overnight to it is added at the rate
of a drop & second four moles of very pure acetone in an equal volume
of snhydrous ether., It is again let stand overnight and the next day
decompogsed by pouring on water and ice. The precipitated magnesium
compounds are dissolved by adding 10 percent HCl,{keep cool with iee
during the addition). The ether layer is separated, washed with dilute
sodium carbonate, followed by distilled water and dried finally over

anhydrous sodium sulfate.
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Fractionated under reduced pressure ¥* a four mole run yielded
194 gms (37 percent) of a product B. P. 78 - 80° C at %0 mm. Checked
as to physical constents this corresponded to the carbinol as described

in the literature (46) and ms prepared and reported in this laboratory
by Huston and Seulati (21).

B, 2, 3-dimethyl hexanol-2

B
B0
Gﬁﬁ—caz—cﬂz—g&!-gg"cﬁﬁ
3 V43

Using the sbove described method for Z-methyl heptanol-2 the bromide
of methylpropyl aarbinol‘(secondary amyl alcchol) was substituted for
normal amyl bromide. Yield from a four mole preparatiom 80 gme (15 per-
cent of theoretical) boiling ét 68° C et 15 mm. This product checked
ae to phyeical eonstants with that prepared by Clark (47) and prepared

also in this laboratory by Huston and Sculati (21).

C. 2, 4~dimethyl hexanoi-Z

i

] 9
0559632-»01—@2—?—335

Gﬁg GKS

Prepared according to the method used for Z-methyl heptanol-2 sub-

stituting the bromide of secondary butyl carbinel (active amyl alcohol)

=#Phese tertiary alcohols dehydrete to some extent whem distilled

under estmospheric pressure.
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for normal amyl bromide., Yield from 4 moles was 72 gms {14 percent) of
a producl boiling between 15% ~ 156°2 C at 748 mm. The physicel con-
stants of this product checked with those of the same carbinol prepsared

in this lsboratary (21) and reported im the literaturs (48).

b. &, S-dimethyl hexanol-g

ﬁ
n 0
Eggv{?-—c‘ﬁe—*{gﬁg-(?«ﬂﬂgj
CHz CHg

Prepared according to the already desceribed method. Iscamyl
bromide used in plsee of normael smyl bromide. A four mole rum yielded
268 {53 percent) of a produet B. P. 68 - 709 C at 12 mm. This was the
2, S-dimethyl hexanol-Z as its physical constents checked with those
obtained in this laborztory by Huston and Sculati (21) and reported in

the litercture {43).

E. 2-methyl-3-ethyl pentanol-2

R

g0
335 - Cﬂg -~ g - q - CHg

GHp Clg

CHz

Prepared according to the slready described method, using 3-bromo-
pentane in place of normal emyl bromide. 3Yield 7 percent of a product
B, P. 80 - 64° C at 15 mm. This was used as the ecarbinol as it corres-
ponded to that prepared in this laboratory by other workers and re-

ported in the literature (50).
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P. &y 4, 4-trimethyl penteanol-Z

H
cH; 0
CHg - ? - Gy - g - CHg
CHz, CHx%

This alcohol was prepared by the method of Butlerow (51) with
slight modifications.

Two parts by volume of a quantity of like wolumes of sulfuric acid
and water were mixed with one part by wvolume of tertisry butyl slcohol
and the mixture plsced in a round-bottomed flask fitted with reflux
condenser snd heated for twenty-four hours on a stesm beth. Two layers
appesred. The layers were separated by means of a separatory fumnel
and the top olly layer wus saved. After belng washed with water it was
dried over &nhydrous ealcium chloride. It was then further dried by
use of phosphoric acid anhydride followed by refluxing cover freshly
cut metallic sodium. The product was fractionally distilled and thsat
portion boiling 102 — 104° C at 756 mm was seved as diisobutylene.

Into the diisobutylene at 10° € was passed gaseous hydrogen iocdide,
generated by allowing water to drop on & mixture of red phosphorus,
iodine end send, until the diisobutylene was completely saturated with
hydrogen iodide. The resulting iodide wes washed with water until all
unused hydrogen iodide had been removed. Then to the lodide was added
the ecelculated smoimt of moist silwer oxide. This was added in smell

cquentities with vigorous stirring at 0° C.
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The resulting mixture was allowed to warm up 1o room temperature
and &1l the liguid removed from the precipitated silver iodide by vacuum
distillation. This distillate consisted of two layers which were se-
parated. The water layer was extracted tihree times with sther and this
extract was added to the oily layer which, after being dried with anhy-
droug sodium sulfate, was freed of ether at ordinary pressure and then
fractionally distilled. From eight moles of tertiary butyl alcohol
was obtained 164 gms (31 percent) of a product B. P. 51° C at 15 mm
or 144° C at 738 mm.

This fraction was used as 2, 4, 4-trimethyl pentanol-2 as it
corresponded to the literature reported carbinol {51) and the earbinol

as prepared by other workers im this laboratory.

g
CHz - ¢~ C -~ C - QHy
CHgz CH CHg
This alcohol to the writerfs knowledge has not been reported in
the literature so several methods were tried. Of these the preparation
of 3, 4—dimethjl pentanone-2 and its reaction wlth methyimagnesium
iodide was the most satisfactory end will be described in deteil.
.1. Preparation of 3, 4~dimethyl pentanone-Z.
b Crignard resgent wes prepared in the ususl fashion (44} using
790 gme of d-methyl-3-bromobutane. The yleld of Crignard wes determined
by the Gilmsn method (52) of titrating s hydrolysed aliquoit, to be

412.8 gms or & 45 percent yield.
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Using & modification of the Whitmore-Bradertscher procedure for
preparing ketones (44) the Grignard reagent was added to 250.3 gms
(2.95 moles) of acetyl chloride dissolved in 708 ee of dry ether
contained in & five-liter three-necked round-bottomed flask fitted with
reflux condenser, separatory funnel, and mechanical stirrer. This addi-
tion was at such & rate that the ether refluxed and after three-fourths
of the reagent was added, an additional 5@ cc of acetyl chloride was
placed in the reaction flask to insure its presence in excess. A white
preclpltate formed which turned yellowish later in the resction. The
solutlion upon completion of addition of the resgent was allowed to stir
for four hours and then stand overnight.

The precipitate end filtrate were then poured on iee, the ether
layer separsted and the water layer extracted three times with ether and
added to the ether leyer. The combined extracts were weshed with onee
fourth of theilr wolume of ssturated squeous poteassium carbomete solution.
The solutiocn was dried with anhydrous potsssium carbonate end the ether
was then removed at ordinary pressure. The remaining residue was steam
distilled with aqueous potassium earbonate solution snd the ketone was
salted out of the distillsate with NaCl, sepsrsted from ihe water and
dried overnight with snhydrous sodium sulfate at zero degrees. It was
then fractionally distilled eollecting the fraction 135 - 140° C at
744 mm. This frsction weighing 55 gms was & yleld of 3.3 perceni bassd
on l-methyl-2-bromobutane.

%. Preparation of 2, 5, 4-trimetihyl pestenol-2.

Kethylmagnesium iodide wes prepared in the ususl fashioa by allow-

- ing a dry ether solution of methyl iodide to react with magnesium. In
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this case 0.7 of & mole of methyl iodide was used.

To the Grignard reagent in a two-liter three-necked round-battom
flask fitted with a separstory fumnel, reflux condenser and mercury-
sealed maechanical stirrer was added the 55 gms of ketone obtained above
dissolved in an equal volume of anmhydrous ether. After the addition
which was made not fazter than one drop of the mixture a second, the
solutlion was allowed to stand overnight. The next day it was hydrolysed
in the usual manner by being poured on ice and the basic magnesium
compound removed with 15 percent sulfuric aeid. The ether layer was
separated from the water lsyer which was extracted three times with
ether. The combined ether extracts were shsken with solid sodium car-
bonate until basic. T he sodium carbonate was then removed by weshing
with distilled water and the ether and-the ether solution dried over
enhydrous sodium sulfate. Ether was removed from the product and it
wes fractionally distilled at 13 mm. A thirty-six gram yield was ob-
tained, boiling point 45 - 850° C, This was 58.1 percent based on the
ketone. Physical constants were determined upon this fraction.

Boiling Point = - - 151 - 163% G at 752 mm

.30
Rafractive Index Dl - 1.4400
£0°

Specific Gravity 200 — ,8332

[27s 18]
Surfacc Tension ~° -28.1 dynes



H. %, 3, S—trimethyl pentanol-g
H
Ciiz 0
Chy ~ CHy ~ q«~‘q - CHg

This slcohol was prepared in two waysy first by treating tertiary
amyl magnesium chloride with ascetone {gee preparation of Z-methyl
heptancl-2}; and second by synthesizing the ketone 35, 3-dimethyl
pentanone-Z and reacting that with methyl meguesium iodide (see pre-
paration 2, 8, 4~trimethyl pentanol-2). However, due to the diffieulty
encountered in obtaining tertiary Grignard reagents very small yields
of the alocohol were obtained {2 - 5 percent bzsed on tertisry amyl
chloride}. The alcohol thus obtained, however, was in accord with that
prepared by other workers (bﬁ).me wox, V3

Taeble & which foilows gives several phyeiesl constants on the vari-

ous alcohols used in condensations as determined im this 3.abomtary.'

TABLE 4
3 f Kelractive ¢ oOpeciliio
Alcohol H Boiling Point : ds . _Gr
s Te.mperutureoc tPrespure cmg oD
2-methyl heptenol-Z :  159.5 s 746+ 1.4255 IT-5%; e1666 %
B-dim 20° £ 370
2, 5-dimethyl nol-g 1155.5-156.5 : 756 3 1.435 : 8339
. hexenol-g 3t 182 -~ 15§ 3750 1.4 81238 .f-sa
2, 5-dimethyl 17,80 "5"
’ hexanol-2 & _ 154.5 s 746 3 1.4942 : ,81896 250 35_
-met.hyl—?;—ethyl 140 %362
5 L 4 Q0 : 390864 5
thyl
2’4,4‘-tm22n§§nol—2 : 144 s 746 s 1.420118° ; gooe3 25.55
»3pd-trimetny 18.5° , gr, BoS
e pentanol-2 3 151 - 153 2 152 2 1.4359 3 8332 2
_trimethyl o '
L2 3 157 ¢ 746 1 1.4000°%° & .8136 250
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Condensations with Phenol

The alcohols were prepared as described and condensed with phenol
using a method of condensation as to relatlve quentities, temperature,
and addition of reagents which has been determined by a series of workers
in this laboratory to produce the best results and be most convenient
when applied to the condensations between tertiary aliphatic aleohols
and phenol with aluminum chloride as a catalyst.

In as much as all the condensations were earried out in & similar
manner except for slight variations in tempsrature only a typliesl run is
described.

Thirty-two grams (0.25 mole) of the octyl alcohol asnd 28 grams
(0.5 mole) of phenol dissolved in 100 cc of petroleum ether was added
dropwise with siirring over a period of two hours to 17 gms (0.125 moles)
of sluminum chioride suspended in 150 cc¢ of petroleum ether in a 500 cc
round-bottomed three-necked flask equipped with a eondenser, dropping
funnel, and stirrer. The temperature was controlled between 25 - 300 C
by immersing the flask in & weter bath and the reaction mixture was pro-
tected from the moisture im the air by means of a CaClp tube on the reflux
condenser. Hydrogen chloride was given off all during the ecurse of the
resction, and a deep reddish color developed in the solution. After
standing overnight the mixture was hydrolyzed by pouring it imto ice and
hydroechloric acid 1 : 1 mixture. Two layers resulted and were separzted.
The water layer was extracted three times with ether and this extract
combined with the petrolsum ether layer. The combined extract was dried
over anhydrous sodium sulfate and the ether removed under ordimary

pressures. The residue was then fractionated in a modified Claisen flask



with an 18 to 24 inch eoluma at 4 zm.

There were always three main frections. A small amount below 70°
vhich was uncondensed slcohol, treces of its chloride and umsaturated
sompounds obtained from the slcohwl; a second fraction between 70 - 100° €
sonsisting chiefly of phencl; and a higher fractiom 100 ~ 130° C fhe
 desired alkyl phenol. Tarry residues or the fraction above 130° C were
from & ~ € grams.

The fraction 100 -~ 130° € at 4 =zm in cases where it falled to erys-
tallizse was fractionated repeatedly until & colorless liquid wes oblaimed
boiling over & 2 to § degree range. Thoze phemols that erystsllized,
after the removal of any olly fmpurities ly use of & porous plate and
. pressing between filter papern were :ecrystﬁlized from s 50 percent
mixture of alcoschol and petra};sm ether until a constant gharp melting
point was obtained. -

Toble B shows the yields obtained of the principal products re-

sulting from ¢condensations betwaenrtértis.ry alechols end phenol.
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Mmgma
A+ Benzoyl Esters

0f seven of the alkyl phenols were prepared by a method described
by Shriner and TFusen (8§5), The procedurs consisted in dissolving three
grama of the phenol in 4 cc of pyridine and adding 3 ec of bensoyl
chloride. After the initial reaction the mizture was warmed over a low
flame, refluxed for one hour, cosled, poured on ice, snd the oily
material extracted with ether. The ether extract was washed with cold
dilute sumlfurie to remove pyridine and then cold dilute sodium car—
bonate solution to remove excess acid. After removal of the ether the
ester was dlstlilled under reducsd pressure from a small modified
., Clagien flask. Usually upon covling in the refrigerator the ester
cerystallised out., It was then removed from eontsminating oily materisl
by absorbing such impurities om a porous plate. And finally ii was re-
crystallized several times i‘rom 85 percent alechol until further re~
~. crystellization caused mo t:iié#ges in melting poirt. Table II gives the

data on these esters.

B. Alphe-napthylurethsnes

These were prepared by the following method (56). One gram of the
tertiary octyl phemol wes placed in & large test tube and 1.5 ce of
alpha-napthyl isocysnate wes added the reaction being cstalyzed by two
drops of a dilute sahydrous ether sclution of trimethy)l emine. The
tube waa protected from moisture by being fitted with & GaCl, tabe and
thus stoppered,the reaction was hested on a steam bath for half em hour.
Ypon ecoling the reaction contents becsme solld. This solid was ex~

tracted with 80 ec of boiling ligreim (60 - 80° §) and mll undissolved
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muterial filtered out. In the clear filirate the alph.i-napthylarstizane
crystellized out on cooling. It was filtered off and recrystallized
from hot ligroin watil & constant melting point was obtelned. Results
on theae urethanss are given ia Table ITI.

Ro deriwatives were prepared of the supposedly 2, 3, 3-trimethyl-
Z-p-hydroxyphenyl pentane as it was obtained in & quantity of less than

0.7 gram upon recrystallization to a constent melting point.

Broof of Structure

This was accomplished by synthesis of the octyl phenols by snother
method; namely that of preparation of the octyl benzenes, their nitra-
tion, reduction to the p-nitro derivative formed to the corresponding
p—amino compound, followed by diazotization and hydrolysis of the
diszonium sslt to yleld the phenol. A& description of this process ia
detail follows.

A. Prepsration of the Alkyl Benzencs

Four of these compounds had already been prepared in this laboratory
and their physical constents determined (21). However it was necessary
to obte&in them in larger quantities and to prepere the others of the
series. Since their preparations were carried out in a similar manner
& typieal synthesis ia given.

In 97 grams (1.25 moles) of benzene in a 500 cc three-necked
round-bottom flask fitted with dropping funnel, condenser, mercury-sealed
stirrer, and thermometer,was suspended 17 grams (0.125 mole) of ‘aluminum
chloride by rapid stirring. To this suspension was added drop by drop

%2 grams (0.25 mole) of the octyl alcohol the temperature being malntained
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below 300 ¢ by ilmworsing the reuction flask in a water buth Lf AcCesgiry.
During the sddition of the octyl alcchol the mixturs first bscame yellow
in color and the AlClz seemed to go iatc gsolutioa. Then upon further
addition a davk lrowa viscous layer appeared which gepsrated out on the
bottom of the flask aad tne whole wixturc became dark brownish in color.

After compleie addition of the octyl sleokhol the mixture was
allowed to stir four additional hours aad then to stand overnight. The
next day the reactlion mixture was poured on ice and hydroehloric
acid 1 :+ 1 to cause decomposition. Iwo layers resulted which were se-
parated. The water lsyer was extracted three times with ether end this
ether extract added to the benzene layar. The combined ether and
benzene extract was washed with dilute sodium carbonste solutiom and
dried over anhydrous sodium sulfate. The ether and benzene were re-
moved at ordinary pressures and then the resmainder f{ractionated under
reduced pressures to obtain the alkyl benzene.

Thisg procedure was found adequate for the preparation of
2-methyl-2-phenyl heptane, the hezanes 2, 33 2, 4; and 2, S~dimethyl-
Z-phenyl and &-methyl-3-ethyl-i-phenyl pentane but applied to the
prepration of 2, 4, 4-trimethyl-i-phenyl pentene and 2, 3, 4~trimethyl-
4-phenyl pentene splitting of the long alkyl silde chalns occurred
giving products of lower molecular weights. Ian these cases a modifica-
tion of the origimally described method was tried with apperently better
results. It consisted of carrying out the reaction at a lower tempera-
ture; but,since benzene solidifies at 5° G,it was necessary to use a
solvent that would permit the reaction mixture to remain & liquid at
sub-zero temperatures. Such a solvent was petroleum ether and the 97

(1.25) moles of benzene was dissolved in 150 ce¢ of petroleum ether in
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which wes suspended 17 grams (0.125 moles) of aluminum ¢hloride mand the
octyl s«leohol added as msual. The temperature was maintained between
=% and -10° C by use of & bath of ice and HOL or solid esrbon dioxide
(dry ice} in which the reaction flssk was immerzed. The remainder of
the preparation was as already described.

Due to the limited supply of these zlecohols and the late discovery
of this modified procedure to prevent in pert spliiting of the elkyl
chain,the data presented is based upon only two condensations and hence
is only suggestive of a promising poasibility; That the 2, 4, 4-tri-
methyl pentancl-f splits in condensation in such s way thet tertiary
butyl benzene ie formed has been definitely established by isolation
of this compound, nitration of it, reduction of the nitrocompound,
diszotizatlion of the formed amine,~an5rhydrulysis of the diazonium com—
pound with isolation of tertiary tutyl phenol (M. P. 85 - 96° C)}., The
benzoyl ester of this phemol when prepared €, P. 8l - 829 C} was mixed
with koown benzoyl ester of tertiary tutyl phenol amd gave no melting
point change to the known ester.

The 2, 3, 4-trimethyl pentancl-Z in a similer condenaation gave as
the prineipal product an alkyl beazene B. P, 160 -~ 170° C at 756 mm
which converted to & phenol by 2 similar series of reactions as those
used to convert tertiary tuiyl benzene to p-tertiary butyl phenol melted
at 395 - 960 C, Its benzoyl ester melted at 86 ~ 87° C.

No attempt to prepare £, 3, S-trimethyl-Z-phenyl pentene was made
as the alﬁéhol &, 5, 3~trimethyl pentamol-R could\not be obtained in
gufficient quantities.

Tsble ¢ summerizes the condensations carried cul to prepare the

octyl benzenes &8 to yields and praducts.
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The alkyl benzenes thus prepared were nitrated.
B. Hitration of the Tertiary Octyl Benzenes
Malherbe!s procedure (56} was used. It consisted of treating the
hydrocarbon with an equal weight of fuming nitric seid (1.52) and cool-
ing during the addition. After the reaction had subsided the mixture
was warmed to 90° C in a water bath for one hour. It was then poured
on ice and the resulting solution extracted three times with ether., These
-ether extracts were dried over CaCly and after removal of the ether the
remaining p-nitro tertiery alkyl benzenes wnich were ligulds were frac-
tionally distilled under reduced pressure. Boiling points and analyses
of these compounds are recorded in Table IV.
C. Oxidation of Para Nitro Tertiary Alkyl Bemzenes
In order to establish the position tsaken by the nitro group in re-
ference to the elkyl side chain a portion of the nitro tertiary alkyl
benzene was oxidized by a method adapted from Malherbe (58). Onegram
of the nitro compound and 20 cc of 6 N nitric acid was placed in &
Carius tube, sealed and heated in & Carius furnacs Jor six days at
130° C. By this time crystals had formed in the tube which were removed
and ecllected. They were washed with hot petroleum ether to remove oily
materisl and then recrystallized several times from alcohol. In each
case the crystale melted at 238 - 240° C and mixed melting points with
p-nitro benzolc acid showed no depression indicating a para nitro ter-
tiary alkyl benzene as the original compound.
D. Reduction of the Para Nitro Tertiary Alkyl Benzenes
This reduction to yield the p-amino tertiary alkyl benzenes was

accomplished as follows.
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Thirty grams of tin were placed'in a BOO ce round-botiomed flask
fitted with an a2ir comdenser. Prom 10 - 15 grems of the p-nitro tertiary
elkyl benaene was added and then 100 c¢ of concentrated hydrochloric aeid
in two portionas. After the initiel reactinsn had subsided the mixture was
?lﬁasd on & steam bath snd left for four hours., At the end of this time
it was treated with & large amount of water {200 - 300 cc} cooled and
made &lkaline with 40 percent sodium hydroxide. This alksline solutiocn
was then steam distilled. The amine was extracted from the dlstillate
with ether and the ether solution of the amine was dried over solid
potasgive hydroxide. After removal of the ether the residue wes frac-
tionally distilled from s 10 ¢c Clasien flesk with & 12 inch column. Rew
sults as to bolling voinits and percent nitrogea of these amlines are
summerized ja Table V.

E. Phenols from the Para fmino Tertisry Alkyl Benszenes

Theze amines wore dlasotized and then the diszonium sglit hydrolyszed
to form the phenol. A typical procedure is as follows. The amine was
treated with concentrated sulfurie acid 1.5 cc inm 10 cc of water for
each £ grams of the amine. The solid salt thus formed was gquite in-
soluble in water but it was suspended by vigorous sbirring in 10 times
the volume of the mixture of water, amime, asnd sulfuric scid. &fter cool~
ing to about 5% C & 25 percent solution of sodium pitrite wes added dropwise
with continued stirring over a fiwve hour period until the @aleulated amount
to set with the amine had been reached. 8tirring was then continued for
tvo hours more snd finally the diazotized solution was warmed on a
steam bath for an hour, Thie reaction mixture was then subjected to

steam distillation. The phenol was extracted from the distiilate with
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ether and after drying the ether extract with anhydrous potassium sulfate
it was fractionated under reduced pressure to obtain the pure phenol.

F. Derivatives

The alpha-napthylurethenes were prepasred using 0.5 grams of the
Phenol obitained and their melting points determined. In all cases these
melting points were identical with those of slpha-napthylurethanes pre-
pared from phenols from the aluminum chloride condensations of alcohol
and phenols already described. Mixed melting points showed no depres—
alons and hence the phenols as synthesized by the two differeat methods
were ldentlcal. Absolute proof in this fashion was established for
2~methyl-Z-p-hydroxyphenyl heptans; &, 3-dimethyl, 2, 4-dimethyl and
2y S~dimethyl-R-p-hydroxyphenyl hexane; and R-methyl-3-ethyl and 2, 4,
4-~trimethyl~2-p-hydroxyphenyl pentsane, |

Further proof of the structure of 2, 4, 4¢-trimethyl-l-p-hydroxy-
phenyl pentane was obtained by synthesizing it as described by Natelson
(24) as follows;

G. Synthesis of £, 4, 4-trimethyl-2-p~hydroxyphenyl pentane.

A mixture of one mole of powdered potassium hydroxide snd one mole
of phenol was heated at 65 — 100° € in & 500 ce round-bottom flask im-
mersed in en oil bath until solution was complete., Then a mole of di-
isobutylens chloride was ad@ed drop by drop at & temperature of 75° C
until the reaction was complete. Potassium chloride senarated out. The
temperature of the bath was raised to 125% G, kept there for three to
four hours and then raised %o 180° O where it was kept for one hour,
After ecoling the potassium chloride was dissolved in water and the
separated eryestalline product was purified by pressing out oily im~

purities and recrystallization from petroleum ether. This product



according to Natelson is 2, 4, 4~trimethyl-2-p-hydroxyphenyl pentane or
diilsobutylphenol, M. P. 84° C,

Bengoyl easter and elpha-napthylurethene derivatives had melting
points corresponding to those derivatives prepared from the 2, 4, 4~
trimethyl-f=p-hydroxyphenyl pentane obtained as & product from the con-
densation of 2, 4, 4-trimethyl pentanocl-2 and phenol with aluminum
chloride as a catalyst. MNixed melting point determination showed these
phenola and corresponding derivatives 4o be identieal,

No absolute proof is offered of the structures of 2, 3, 4~trimethyl
er £, 3, S-trimethyl-f-p-hydroxyphenyl pentsnes due to the difficulty in
obtaining the aleohols 2, 3, 4~trimethyl pentanel-2 and 2, &, Z~-trimethyl
pentanol-2. In the former case splitting of the alkyl ehain upon ¢onden—
sstion with benszene prevented preperation eof the alkyl bemsgene in suffi-
eient gquantities and in the latter all the alcohol prepared was used in

eondensations with phenol.
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TABLE 1I
BENZOYL ESTEKS

Benzoyl Ester of ¢ M.P.© C 1 Anslyeis Found#®

1 $C 1 <4 H

2-methyl-2-p-hydroxyphenyl heptane ? 22 - 23 3 80.55 3 8.27
& 5~dimethyl-2-p-hydroxyphenyl hexane $54.2-58,83 81.22 ¢ B.33
£y4-dimethyl-Z-p-hydroxyphenyl hexane t 37 - 38 2 81,28 3 8.41
2y o-dimethyl-2-p-hydroxyphenyl hexane t 46 - 47 ¢ 81,18 ¢+ 8.20

L2

2-methyl-5-ethyl~2-p-hydroxyphenyl pentane t 69 — 70 t 81.19 ¢ 8,39
L34, i~trimethyl~-g-p-~hydroxyphenyl pentene 2 73 - 74 ¢ B0.656 ¢ B8.22

2y 8,4~trimethyl-2-p-hydroxyphenyl pentane ¢ 47 -~ 48 : 80.4% ¢ 8.18

* Galed;.for CopingDs C = 81.23¢ H= 8.45%
TABLE IIX
ALPRA-NAPTHYLURETHANES
Alpha-napthylurethanes of : M« P.OC Z &ﬂﬁlysésxFOUﬂd*

2~-methyl—-2-p-hydroxyphenyl heptane 1 1R0-1&1l 3 3,69
2, 3=dimethyl—-2-p-hydroxyphenyl hexane $105-105.5: 3.75
2,4~dimethyl-2~p-hydroxyphenyl hexane £119.5-120.8: 5.72
2,5-dimethyl-2-p-hydroxy phenyl hexane $1132.5-153.52 3.70Q
2-methyl-3-ethyl-2-p-hydroxyphenyl pentane :109.5-110.5: Z.70
2,4,4-trimethyl~-g-p~hydroxyphenyl pentane 3 102-10% 3 .69
243, 4-trinethyl-2-p~hydroxyphenyl pentane 3114.5~115.5: 3.68

# Caled. for CESEEQOZE N= 3.78 %



TABLE IV
PARA NITRO TERTIARY OCTYL BENZENES
Substance t__Boiling Point :lnalysis Found¥*
tTemp.OC sPressure:
2 nn
é-methyl-&~p-nitrophenyl heptane : 148-180: 2 ] 6.01
gy 3~dimethyl-Z-p-nitrophenyl hexane 3 135-1358: 2 t §.99
24~dimethyl~2-p-nitrophenyl hexane t 136-137¢ R H 5.98
€y O-dimethyl-2-p-nitrophenyl hexane t 129-1%1: 2 3 6.09
&-methyl-3-ethyl-g-p-nitrophenyl pentsne ¢ 127-130: 4 ) 6.08
2y tdyd—-trimethyl-2-p-nitrophenyl pentane : 108-110: 4 H] €.05
#Caled. for Qléﬁafazﬂ N=- 5.95%
TABLE ¥V
PaRA AMINO TERTIARY OCTYL BENZENHES 7
Substance + Boiling Point tAnalysis Found*
' ;Temp.OC :Pressure: R
: 2 mm

z-pethyl-2-p~aminophenyl heptane t 108111 2 2 ¢ 8.77
2, 3~dimethyl—~2-p~aminophenyl hexane s 115-119 2 4 = 6.58
2, 4~dimethyl-R-p~aminophenyl hexane T 99-101 @ 2 s 6.87
2y 5-dimethyl-2-p~aminophenyl hexane s 99-102 3 2 s 6.9%
g-metnyl-3-ethyl-g-p-aminophenyl pentane & 103-10€ s 2 686
2y4,4~trimethyl-2-p~aminophenyl pentsne 1@ 112-115 3 § @ 6.72

#Caled. for Cqgltoz R = 6.82¢%



Discussion

The general procedure employed in preparing the tertiary actyl

phenols desoribed in this work consisted of the preparstion of the

various dimethyl amyl tertiary earbinols followed by their condeansation

with phenol in the presence of aluminum chloride as a ocatslyst.

H H
HGH  jc. HGE

IX. R~C~0H + CgHOH "SR - C ~ CgHgOH + BHgO

HCH HGH
H H

The carbincls thus condensed were

A.
B.
Ca
b.
E.
F.
G.

He

2-methyl heptangl-2

%y 3-dimethyl hexanol-2

2y 4—dimethyl hexanol~&

2y S5-dimethyl hexanol-2
Z=-mathyl-5-ethyl pentanol-2
&, 4, d-trimethyl pentmnol-®
2y, 3, 4-trimethyl pentanol-&

¥y 8, d=-trimethyl pentanol-2

0f theee,all have been reported in the literature except £, 3, 4-tri-

methyl pentanol~2. This aleohol as well as ihe others were prepared

and & detailed description of their preparation along with their physiecel

congtante as determined in this lsboratory has been given in the Experi-

mental portion of this thesis. In general,good yieldgiwere obtained of

the simpler compounds by using direct methods of synthesis eg. the

reaction hetween emyi megnesium bromides snd acetone. However, as the

amyl bromide involved became more complex the yield of the aleohol
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diminished. For this reason,complax ketones were prepared in several
cases so that a simple bromide might be used. Yields, however, of 2, 5,
4-trimethyl and 2, 5, $-trimethyl pentanocls-f remained small.

The alkyl phenols were prepared by suspending a sae-half molecular
eqiivalent of AlClz ia stirred petroleum ether at 20 - 30° € to which
was added dropwlise a petroleum ether solution of a molecular equivelent
of the slcohol and a one and two-tenths molecular equivalent of phenol.
A deep red color develaped zund hydrogen chloride was evolved during the
reaction. The mixture was atirred for four hours let stand overnight
and then desoamposed with ice and hydroechleoric acid. From this was iso~-
lated the alkyl phanols.

CHS
X. ms-cﬁg-eﬁa-cxg-eag-c-aﬂ + CgligOH ——eﬁﬁgﬂg«ﬁﬂg«ﬁﬂg—&ﬁgnﬁé;csﬁgﬂﬁ + Hg0
5
CHz CHy CHy CH
XI. aas-eaz—eaa- g ~ :: % o + ClgO ———mn ess-czg-eng-s - g;esa,,aﬁ + HoD
ol
CHg CHg CHz CHg
XII. cﬁg-eag-c;-eaz—c-aﬁ + CgHg0B ——— cﬂg-caz-«;cmg-c..cea,&aﬁ + Hg0
XIII. GEE-C—Gﬂz-%?;-G-@E +  CgHOH cas—cuszg—cxg~s~c GHO0H + HgO
Cilg H CHg
1 iy B CHs
XIV. CHy-CHy-C-C-OH + OCgHgOH egg}wg-c-c-cea@ﬁ + Hz0
HC Cig 23‘3 ¢

Cig g



Cﬂ C}Hg CHz  CHg
xv. cas—c-caz-cm +  ColgOH — Gﬁg—@—ﬂﬁg—ﬁ—ﬂeﬁ4@ﬂ + Hz0
CHz  CHy CHy CHy
CHs GHg CHs CHy Oy T3
XvI. caa-c:-c-c.-cm + CgHgOH —— CHz~¢ - C ~ G ~ OgHyOH + HgO
B K CH B H oA,
CHg Gla CHgy CHg
XVIL, OH5-CHop-C = G ~ O +  CgHgOH -~ CBgCHp~C - G - CollOH + HgO
;0 CHs g

Good ylelds resulted whem the ¢ondensatione were earried out at
25 ~ 30° G; lower temperatures 10° C were obscrved to decrease the smount
of alkyl phenol. Of the phenols prepared five were liquide ana did not
crystallize even when subjected to ice box temperature., However, they
were very viscous requiring several distillations to obtain pure fractions.
The alkyl phenols after purification were suelyzed for ¢ ard H, Their
pbysical constants were determined and derivatives were made.

The benzoyl esters and alphe-papthylurethasnes were prepared for
mesns of identification of all the phenols except 2, 3, S-trimethyl-2-
p-hydroxyphenyl pentane. Since these derivatives were all solids their
melting points were determined and they were analyzed; the benzoyl esﬁers
for percent C and H and the alpha-napthylurethanes for percent nitrogen.
Data on those phenols and derivatives is contained in the tables accom-
panying this thesis.

Absolute proof of the structure of these alkyl phenols was accom-
plished by aynthesizing them from the corresponding alkyl benzenes
prepared by condensetions between the already listed carbinols and ben—

zene in the presence of aluminum chloride. In this procedure it was
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noted that highly branched sliphstic chains often undergo splitting re-
sulting in products of lower moleculsr weight. Thias was especislly true
in the case of 2, 4, 4~trimethyl pentanoi~Z end 2, 3, 4-trimethyl

~ pentanol-R.  Temperature appeared to affect this splitting;et lower

| temperatures -10° G it occurred to a leager degree than st 25 — 30° Cu

These alkyl bensencs whea purified were nitrated with fusing mitrie
acid giving the pars-nitro déx;im&m:va; Thet substitution of the KOp
group into the benzene ring took pléae para to the alkyl chain was
proven by oxidation af & portion of the nitre derivative with dﬂﬁtc
nitrie acid in a Carius ﬁzrnem.é mg&m in every case p-nitro bengzoie
et . .
| The pera-nitro derivative was then reduced with tin end concentrated
| hydrochloric to the p—terﬂary 0etylpheny1 emine which upon uiamtims.an
and subsequent h}rdrmlyais of the e!i&atmﬁ.m salt yielded an elkyl phemﬁ.
These phenols were ihen identified by thelr aph&unapthylurethanes ai.xad
melting point determinations inﬂia&tiug that they were identicel with
the urethanes made from the phencls obteined by direct eondensetion f;f
phenol with the various carbinols under the action of sluminum chloride.

Am -~ amyl groupings -

s OHs

|
XVIII. bm -G - Cgiy  + ~HNOp im - C ~ CgHgHOp
CHgz Gilg

h'd

gng Oxidised 9 |
XX, in - G - gHHO, DiTate Moy~ 0 - ¢ - Calgiop

&




?HS Redaced QKg
GH?) cﬂ
) . 5
IXI. Am - q = Gyt i, Diszotized HNOy in Aci&} - & - CgHsOH
CH, Hydrolyzed with RO GHz

1!

In thls fashion wag estzblished the structure of six of the alkyl
phenols nemely, L-methyl-Z-p-hydroxyphenyl heptene; £, 3-dimethyl—~2-p-
hydroxyphenyl hexane; 2, 4-dimethyl-2-p-hydroxyphenyl aexsne; 2, 5-di-
methyl-&~p-hydroxyphenyl hexanej Z-methylei~citliyle=i=-p-hydroxyphenyl
pentane and 2, 4, 4~-trimethyl-Z-p-hydroxyphenyl peatana.

No sbsolute proof of the atructurse of 2, 3, 4-trimethyl-2—p-hydroxy-
pheayl pentane and 2, %, S-trimethyl-i-p-hydroxyphenyl pentane wus possible
due fto the difficulties encouatered in preparing &, 5, 4-trimethyl-g-
phenyl pentane and 2, 3, S-trimethyl-i-phenyl pentane. However, since
the preparation of these alkyl phenols was gimiler to that used to pre-
pare those whose siructures have been definitely esiablished in six
spparate cases the writer feels that they are undoubiedly the compounds

a8 designeated.



Sumsmary

1. Bame tertlery dimethyl amyl earbinole heve been condensed with
rhenol in the presence of alurinum chloride to yield p-tertisry octyl
| pheaols. .
2+ 2-methyl-Z-p-hydroxyphenyl heptane; 2, 3~dimethyl-2-p-hydroxy-
phenyl hexsne; 2, 4-dimethyl-2-p-hydroxyphenyl hexane; £, S-dimethyl-2
p-hydroxyphenyl hexanej 2-methyl-3-ethyl-2-p-hydroxyphenyl pentsne;
. 2y 4, 4~trimethyl—4~p—hyéroxynheﬂyl pentsney 2, 5, 4-trimatbyl~?~p« .
| hydroxyphenyl pentanaj and 2, 3, S-trimethyl-2-p-hydroxyphenyl pentane '
i. have been prepared in this way.
i 8. Benzoyl ester snd alpha-napthylureihenes have been preparé& of
all the alkyl phenols except 2, 3, S5-trimethyl-2-p-hydroxyphenyl pentana,f
4., Proof of structure has been advanced for the phenols excluding
the 2, 3, 3-trimethyl and 2, 3, 4-~trimethyl-2-p-hydrexyphenyl pentanes

by synthesising them in ancther way.
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