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IRTRODUCTION

Although previous vorkers in this laboratory have condemsed
2,3,3-trinethyl-2-peatanol(1l) and 2,2,3-trimethyl-3-pentancl(2,3)
with phenol in the presence of aluminmum chloride, the study of
these condensatioas was still ineomplete. |

Proofs of strusture were lacking for both condensation prod-
ucts isoclated. In the case of 2,3, 3-trimethyl-2-pentancl, only
e small amount of the cardisol was availeble dwe to great 4iffi-
culty of preparation and some doudt existed comcerning the purity
of the compound odtained. In the econdemsation of 2,2,3-trimethyl-
J-pentancl, the previocus workers obtained producte whose physical
" cemstants differed greatly.

For these reasons, it was considered desirable to coatimue

the study of the condensation of the two carbinols with phenocl.



HISTORICAL

A complete reviev of the literature dealing with alkylation
of aromatic muclei would odviocusly de beyond the scope of this
paper and weuld de needlessly repititious.

Many previeus papers(},5,6) have furaished drief and fairly
complete surveys. Ia additien to these reviews, extensive surveys
on the sudbject of aluminum chloride im erganic chemistry have bdeea
made by Kranslein (7) and Thomas (8).

Since this werk is a study eof the condensation of tertiary
aliphatic alcohols with phenol in the presence of alumimsm chlor-
ide, only those researches dealing with this sudject will de sum-
sarised, v

Alkylation of phenol by means of tertiary aliphatic alcohols
usiag aluminum chloride, was first reported by Hustoa and Hsieh
in Septembder 1934 at a meeting of the American Chemical Society.
Tertiary batyl tertiary amyl, and the tertiary hexyl aleohols
were condensed with phencl, and the results, pudlished im 1936, (10)

were as follows!:

Aleohol Tie1d (%)
1. 2-Methyl-2-propanel ko
2. 2-Methyl-2-bButamol 5h
3. 2-Methyl-2-peatanol 56
4, 3-Methyl-3-pemtanol 50

5. 2,3-Dimethyl-2-butanol .



In 1935, after the report made dy Hustean and Hgieh to the
American Ohemical Society, dut prior te the formal pudlicatioa
of their results, Tsukervanik and Nasarova (9) reperted the coa-
densation of tertiary Butyl and tertiary amyl alochel with phemeol,
to obtain 60-70% the alkyl phenels.

The inmvestigation was contimued by Nusten and Hedriek (11)
vho successfully eondensed the tertiary heptyl alechels with

phemol.

Aleohol Yield (£)
1. 3-Methyl-3-hexamol n
2. 2-Methyl-2-hexanol 65
3, 2,3-Dimethyl-3-pentanel 41
b. 2,3-Dimethyl-2-pentancl 27
5. 2,3-Dimethyl-2-pentencl By
6. 3-Ethyl-3-pentanol 30
7. 2,3,3-Trimethyl-2-butancl 26

Ia the meantime, the stuldy of the octyl alechols had deea
undertakea by Andersea (2) who condemsed twe of the methyl ethyl
butyl carbisels with phenol to obtaian rather lew yields of con-
densation produet.

Alcohol Yield ﬁz
1. 3-Hethyl-3-heptancl 25
2. 2,2,3-Trimethyl-3-pentanel 21

Sayder (3) repested Andersen's work and thea cempleted the
investigation of the methyl ethyl butyl eardimols. Ia the case
of the 2,2,3-trimethyl-3-peatancl, the cendensatien preduot od-
tained by these workers had differeat melting peints.



Unfortunately, the same derivatives had aot deea prepared and %
vas impossidle to ascertaia whether the products were different,

or the same, wvith varying degrees of purity.

Alcohol Yield (%)
1. 3-Hethyl-3-heptanol g0
2. 3,4-Dimethyl-3-hexanol o
3. 3,5-Dimethyl-3-hexanol 61
%, 2,2,3-Trimethyl-3-peatanol 21

The study of the ectyl alcchols was eontimued by langdea (12)

vhe condeased the dipropyl methyl cardimols.

. Aleohol Ted (%)
1, 3-Rthyl-3-hexanmol 36
2. 3-Zthyl-} methyl 3-peatanol 54

Ruston and Guile (1) condensed the dimethyl amyl carbimels
with phenol in an exteasion of the study of She cotyl alcohols.

Aloohol Yield (%)
1. 2 methyl 2-heptamol 10
2. 2,3-Dimethyl-2-hexanol 36
3. 2,4-Dimethyl-2-hexanol 59
4. 2,5-Dimethyl-2-hexanol 65
5. 2-Methyl-3-ethyl-2-pentancl 2s
6. 2,4, 4-Trimethyl-2-peatansl 65
T. 2,3,4-Trinethyl-2~pentancl 23
8. 2,3,3-Trimethyl-2-peatansl 2

A later pudlicatioca by Bustoa and co-workers (13) corrected the
yield of ectyl phemol odtained ia alkylation of phencl with

2,3, 3-trimethyl-2-peatanol to 40%.



.

Euston and Meloy (14) eompleted the study of the ectyl
aleohols with the sondensation of the methyl dipropyl carbimols

vith phenol.

Alechol Yield
1. 4 Methyl Y-heptanol 65
2. 2,3 Dimethyl 3-hexamol 47
3. 2,3,4 Trinethyl 3-pentanol 60

Thus, a study eof the alkylatien of phenol with tertiasry
aliphatic alcohols imitiated and developed fully by Hustom and
his ce-vorkers in this laboratory, was completed through the eetyl
aleohols with the publication dy Hustoa and Moloy ia 1942,  In the
eight year period, twenty-aiame tertiary aliphatic aleohols have
beea eondensed with phemol, derivatives of the alkyl phemols were
prepared, and the structures of all Wat three were provea by sya-
thesis. The three alkyl phenols for which proef eof strusture is
s$111 lacking are: 2,2,3 trimethyl 3(para hydrexy) phenylmethane,
2,3,3 trimethy 2(pars hydroxy) phemylmethane, and 2,3,4 trimethyl
2(para hydroxy) pheaylmethans.



EXPFRIMIETAL

1. Preparatioa of Alcohols

A, 2,2, 3-?rinethyl-3-Pentanol
This alochol was first prepared by Clark znd Jomes (15) by

the reaction of pinacolems snd Wethyl magnesium bremide. Sayder
(3) and VaaDyke (6) also prepared the alcohol ia the same mamner.
The procedure used ia this work was quite similar with mimer
variatiens.

Six moles (14} grams) of dry mesgnesium turnings were placed
in a five liter, three-mecked flask equipped with a mercury-
sealed mechanical stirrer, an Alliha condenser protected dy o
ealeium chloride-soda-lime tude, and a Hershderg dropping fuanel
(16). Abous five milliliters of ethyl bromide vere added, and
after waiting a minute or two for the reaction to start, one hua-
dred milliliters of ether were added. The remainder of six moles
of ethyl dromide (654 grams) was diluted with five Dundred milli-
1iters of ether and added threugh the droppiag fumnal at the rate eof
two drops per second. VWhen the reactica was proceeding satisfac-
Serily as evidenced dy drigk bdoilimg of the ether, two liters of
sther were aldded through the condenser. The remainder of the
othyl dromide selutien wvas thea added dropwise as rapidly as it
was possidle to 4o so without externmal cooliag of the reactioa
flask. The time required to prepare the Origmard reesgeat was six
hours.

The resctioa mixture was znalyzed by Gilmen's (17) method,
{n which an aliquet was hydrolysed with standard acid and back-



titrated with standard d®ase. The yield of Grignard reageat od-
tained was 5.7 moles, 95% of theoretical.

A solution of five moles (500 grams) of pimacoleme and five
hundred milliliters of ether were then added to the stirred solu-
tion of etlLylzegnesium dromide at the rate of ene drop per sec- .
ond. The time for eomplete addition vas ten hours. %The reaction
mixture wvas allowed to stand overnight befors hydrolysis.

Hydrolysis was ascoamplished By pourisg the mixture ea ice.
Sufficient 257 sulfuric acid was sdded (abowt 600 ecc.) to dis-
golve the basic magnesium salts. The organic layer was separated
sad the aquecus portion extracted three times with 107 eof its
volune of ether. The ether extracts and the ergaaie layer were
combined and washed with water, 5f sodium esrbonste solution,
and wvater, snd dried over anhydrous sodiusm sulfate.

The ether was distilled off through am eighteen insh Vigreux
fractioaating column and the residue fractiomated By measns of a
heated Fensks column (250 x 16 mm.), packed with ome-sixteenth
inch glass helices, using a total condensation, partial take-off
head.

PThree hunired and twenty-five grans of the carbimol were
obtained, a yleld of 50%, besed or the pinacelome used. The index
of refraction of the carbinol was checked periodicelly as £t dis-
t11led, to insure purity.

B.P. - 61-62¢ 0./20 m.

ngo - 1.4358



Rarly rums ia which the ketone vas added mere rapidly,
gave only 35% yields as was odtaimed by VanDyke.
B. 2,3,3 Trimethyl-2-Pentanol

This slcokol was prepared by Nortoa and Eass (185) throwgh
the reasction of 2,3-dimethyl-2,3 epoxybutane (prepared in 15%
yi;ldc from pinacolons) with ethylmagnesium dromide te odtain
a yield of 32% based on the oxide. They also odtained the
aloohol 1a 6% ylelds from acetons and tertiary amylmegnesium
chloride. Eustoa and Guile (1) prepered the alcohol by syathe-
sising 3,3-dimethyl-2-pemtancne and react it with methyl iecdide,
enploying a medification of the mtuu-lndortuhor procedure
(19). TYields of 2-5% of $he carbinol were odtained.

In 1904, Grignard (20) discoversd the resction of orgaaic
soids with alkylmagnesium halides which gives tertiary alcohols
1a satisfactery ylelds. Bailey (21) extended this work and pre-
pared a large mumdber of tertiary alcohols, usiag simple Grignards.
These methods were applied inm developing an improved method of
synthesising 2,3,3-trimethyl-2-pentancl in yields of 25%.

Briefly, the occtanol was prepared in the following memner:
Tertiary amylmagnesium chloride was prepared and carbonated by
Passing in carbdon diexide to yield the scid complex. Addition of
excess methylmegnesium dromide yielded the carbdimol complex which
wvas hydrolysed to obtain the carbdimol. A detailed procedure for
a two ﬁle run of tertiary amyl chloride, ylelding ome-half a
mole of cardimol, follows:



1, Preparation of Tertiary Amyl Chloride
The chloride was prepared by a procedure adapted from the

preparation of tertiary butyl chleride (22). Tertiary amyl
aleohol wvas shakea with excess concentrated hydrochloriec acid
for adbout ten mimutes. Separation of the chloride, washing with
sodium carbonate solution and water, drying ever calcium chleride,
snd fractionation, gave a 60% yield of pure tertiary samyl ehlo-
ride, B.P. 82-83° G./740 ma.
2. Preparation of Tertiary Amylmagnesium Chloride

The OGrignard reagent was prepared in the usual manmer. How-
ever, instead of wsing iodine ab a catalyst, several milliliters
of othyl dromide were sdded te the magnesium, and when the re-
action started, ome hundred milliliters of ether were added
Shrough the ceandenser. Thea sddition of the amyl chleride was
made, and when the reactiom vas proceeding satisfactorily, addi-
tional ether was added to the flask. For the $wo mole rum, @
total of niae hundred milliliters of ether was used, 7The rate eof
addition of the halide was eritical and maintained at a rate of
abeut two drops per three secends. The time of reactioa was four
hours. The yield as determimed by titratica was 50-60%.
3. Cardonation of the Orignard Reageat

The procedure was takea from Organio Symthesis (23).
Cardon dioxide, from a eylinder fitted with g needle-valve, was

passed through a train consistiang of a safety-flask, twe coacen-
trated sulfuric scid wash bdottles, and a safety-flask, iate the
stirred Grigmard reagent which had previeusly been cooled to 0°C.

A 50114 carbom-diexide-aloohol cooling dath was found more



10.

efficient and convenieat to handle than the ice-salt dath:
recommnended as a simple means of controling the temperature
of reaction. The time required to carbdomate the Orignard re-
agent odtained in a two mole rum vas two to three hours.

4. Preparation of Methylmagnesium Bromide (24)

Methyl dremide was gemerated in a three liter, ome-necked
flask, fitted with a condenser which wvas connected by glass
tuding to a purification train. The traia consisted of a safety-
flask, three 25% sodium hydroxide wash bettles, a safety-flask,
three concentrated sulfuric scid wash dettles, and a final safety-
flask. ?The outlet was comnected to a T-tude which served as
the gas delivery tube. The other arm of the T-tube was fitted
vith a glass rod, to serve as a plunger to preveant pluggiag of
the gas outlet tube. The plunger was held in place by a ludbri-
cated rudber sleeve, in much the same mamner as a glycerine-
sealed stirrer.

Seven hundred and fifty grams of sodium dremide were added
$0 the generatioa flask which contained a solutien of 235 grams
of methanel, 540 grams of concentrated sulfuric acid sad 50 milli-
1iters of water. The flask and its contents were then heated
gently oa a sand Vdath,

The resction flask was a three liter, three-aeccked flask,
fitted with an Allihm condenser protected dy a calcium ghloride-
seda lime tude, and a mercury-sealed stirrer. Eighty-four grams
(3.5 moles) of megnesium turaings, sufficieat %0 prepare slightly
more then three moles of Orignard reageat, were placed in the
flask, and three hundred milliliters of ether added. The gas
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delivery tude was placed in the third ameck of the flask with
the end exteadiag delow the surface of the ether.

As an added safety measure, & two-way stopcock was im-
serted between the gas generator and the purification train, se
thet excess methyl bromide could be psased out of the aystem,
if necessary, to control the reactiona.

When the resction started, an additiomal eight hundred
milliliters of ether was added to the reaction flask. The re-
action was completed when all the magnesium hal deea consumed.
¥ime for completien was six hours.

5. Addition of VMethylmegnesium Bremide te the Aeid Complex

Estimating the yield of asid te De about ene mole, three
moles of methyl Grignard provided am sdequate excess, simce
only two moles weres required theoretically.

The flask conteining the acid complex was fitted with &
Sgoose-neck” glass bend and a condeaser set for distillation.
The Orignerd resgeat was added through a &reppiag funnel quite
rapidly, in a strean. There was only a slight reaction and
the ether degan te distil. ZEther was removed by distillation
until the reactioa mixture was syrupy and the temperature had
risen %0 60°C. About ome amd one-half liters of ether were
oollected. TFive hundred -uuutoro. of anhydrous demseme wvere
added to the residus and the solutios refluzed at 65-70°C. for
four hours. The asddition of Grignard reagent, distillation of
ether, and reflux was completed im a day. (N¥ote- It was sug-
gested by Dr. G. L. Goerner of this laboratory that it might de



safer and more convenient to edd the benseae to the acid eom-
plex »rior te the additiea of the Grignard reagent. Them,

after additioa of the Grignard reagent, selveat may bde distilled
off until the proper tempersture is reached.)

6. Isolation of the Carbinel

The complex mixture was hydrolysed with ice and sufficieat
25% sulfuric acid to disselve the basic salts. About seven hum-
dred milliliters of acid were required.

After the usual separatiea and extractioa of the aqueous
layer with benseas, the combined extracts wvere washed with water,
5% sedium hydroxide, water, and dried ever snhydrous sodium sul-
fate. Neutralization oZ the alkall extract ylelded a small amowat
of dimethyl ethyl aecetics aetAd. The beasene vas removed by distil-
lation and the residus was fractiemated by means of a Feaske
eolumn. The yleld of eardinol was 25% of theeretical, based on
the tertiary amyl ghloride.

B.P. = 636490, /20mn.
2?9 - 1.3
11. Condensations

NHoet of the earlier verkers ia this laberatory who condeased
Stertiary aloohols with phenol used either of two methods. In
the first procedure devised by Eustom and Hsieh (10), the sloehol
and phenol were dissolved ia petreleum ether, and the alumimum
ohloride was added in pertioms. The second presedure developed
by Kuston and Hedrick (11), comsisted of suspendiag the alwmimum
shloride in petroleuam ether and adding a solution of phenol and
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carbinel ia petroleum ether dropwise from a dropring funnel.

Attempts to condense phenol with the cardinols under coa-
sideration, by the method of NHuston and Hsieh (10), gave nega-
tive results, the phencl being recovered quantitatively and the
aleohol lost through decempositioa by alumizum chloride.

The method developed Dy Esterdahl (25) to effect comdsasa-
tion of some seccndary aleochols with phenol, and later used by
Husten and Meloy (14) ia the comdensation of tertiary aleohols,
proved successful. In this method the aluminum chloride wves
added %0 a solutien of phenol {m the cardimel, mo solveant deing
used.

A, 2,3,3-2rimethyl 2-Peatanol and Phemel

A ome liter, three-necked flask was fitted with a glyecerine-
sealed mechanical stirrer and a two-necked additiema tude bdearing
s calcium chloride tude and a thermometer reachiag to the dottom
of the flask. The third meck was closed with s well-rolled cork.

Twe moles (1585 grams) of phenol were dissolved in ome mole
(130 grams) of the cardimel. The solutiom was placed im the flask
and .5 mole (67 grams) of aluminum chloride was added im portiems.
Initial additiens vere of the order of two grams. The temperature
rose te 35°C. almest immediately and was maintained by control-
1liag the rate of additiom.

After seme aluminmm chloride was added, the selutioa decame
1ight drown, and vwith centinwed asdditioa of She catalyst, it
turnaed deep purple. Only small ameunts of hydrochleric acid
vere evolved as revealed by testing vith ammonias plased at the

outlet.
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After two-thirds of the aluminum chloeride had deen added,
the reactioa mixture became quite viscous, mecessitating slower
addition of catalyst. As stirring contimmed, after a portion
of aluminum chloride was added, the mixture became consideradly
less viscous as the catalyst vas incorporated imto the reastion
mixture and givea the oppertunity to react. The time required
for complete addition was seven hours.

Heat was then applied by means of a water dath and a ten-
porature of 40°C. was malatained for two hours. During this tims,
greater quantities of hydrechloric seid were evolved Shan were
observed in the earlier stages of the reaction. After heating,
the reaction mixture was a dark erjnge coler.

After standing overaight, the mixture was hydrolysed by
pouring 1t slovly on cracked iee, with stirring. The erganio
layer was seperated and the aquecus layer extracted twiece with
105 of its volume of ether. The ether extracts were sdded to the
phenolic layer and the solution washed with a 5% solutien of
sodium blcarbenate and them with vater. The ethereal solution
vas dried ever anhydreus sodium sulfate.

The ether vas remeved by digtillation and the residue frac-
Sionated through a 10 imeh Vigreux celuma beariag a 12 mm, side-
srn. 7The wide sidearm helped preveat plugziag due to crystalli-
sation. As a further aid in frasilionatiea, the column was
heated by means of & coil ¢f Chromel wire,

The following fractioas were edtained frea 1.25 moles of

ocarbdinols
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1. 80-120°C./12 mm. - 130 grams - phenol

I1. 120-150°C./12 ma. - 15 grams - mixture
111, 150-175%C./12 mm. - 15 pm' - alkyl phenol
IV, residue - 10 grams

Traction III wvas refractionated several times and the
following fractioas Saken:

I. 165-167°6./12 ma. - %0 grams
II. 167-170°C./12 mm. - T4 grams

III. 170-172°C./12 mm. ~ 24 grams

The total weight of material in these fractioas wes 138
grams and may de considered as the crude alkyl phemol, a yield of
53% of the theoretiesl.

The crude material was purified dy recrystallisatioa from
hexane. It vas extremely soludle im the solveat at rooa tempera-
ture and orystallisation was accomplished by dissolving the phenmol
in adeut three millilieters of solvent per gram of solid amd allow-
fiag it to erystallise ia the faedox. There was only appreximately
40% recevery, so that it was necessary to comcentrate the mother
liquor to adout half its velume to take a second crop of crystals.
A third erop was recovered in the same memner. Products having ap-
proxinately the same melting point were comdimed amd recrystal-
lised 1n the same fashion. ' Gradually, tve mainm frastieas vhich
vere indicated ia the first erystallisation, were isolated; one
melting at about 75°C. and the ether at sdout 100-110°C. 4As the
produsts bYecame purer, mere solveat was required, asd ia the last
stages of purification, adout 10 milliliters of hexans per gram
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of 80114 was used with the lower melding product, and about 20
milliliters per gram for the high melting product. In all, a
total of seventy orystallizations were required to separate the
Swo products which erystallized as tiny wvhite needles.
I. wn.p. 80-810C, Yield ~ 238 grans

II. wm.p. 118-119°C. Yield - 6 grams
Fraction I 1s 2,2,3-trimethyl-3(para hydroxy) pheaylpentans
and fractioa I1I, the mormally expected produet, is 2,3,3-tri-
nethyl-2(para hydroxy) phanylpentane.

Some material melting delow pure 1 remained and was un-
doubtedly impure I which would de further purified by additional
crystallizations. Tweaty-five grams of material meltiag i the
range of 65-75°0. remained.

Material which Boiled below 165°0./15 mm. on redistillation
of the alkyl vhemol fraetion, was added to fractiom II, deiling
et 120:150%./12 mm. and the combined frsotion redistilled seversl
times to glve:

I. 123-130%C./12 mm. ~ 11.5 grams
1I. 155-165°C./12 mm. - 5 grams
Fraotioa I ves extracted five times with 500 milliliters of boil-
| ing weter. The mixture was filtered hot, the imsoludle oil re-
nzining em the paper, deing returaed to the flask fer the next
extraction. On cooling, the vater solution, fime meedles of
tertiary WSyl phenol le;;mtod. The tertiary dutyl phemol was

isclated in very small quantities, omly $wo grams deing recovered.



B. 2,2,3-Trimethyl-3-Peatanol and Phemol
The precedure used vas identical to that used im Part A.
The fractions isolated weret
I. 80-120°C./13 mm. Yield - 130 grams - Phenol
II. 120-150°C./13 mm.  Yield - 20 grams ~ mixture
II1. 150-175%C./13 mm.  Yield - 140 grams - alkyl phemol
IV. residwe 12 grams
Fraction 1II was redistilled several times and the following frac-
tioas takea:
I. 164-168°C./13 mm. - 13 grams
II. 166-169°C./13 mm. - 98 grams
III. 169-171°C./13 mm. - 21 grams
Most of this material came over in a fairly marrow boiling range
and the whole ceuld be comsidered the crude alkyl phenol. ZThe
veight of product odtained, as indicated adeve was 132 grams, a
7ield of 51% of the crude alkyl phemol, based on 1.25 moles of
the carbdimel. |
The crude material was recrystallised as described ia Part
A, and twvo products vere obtained as tiay white crystals froa
hexane.
I. =.p. 79-80°C. Yield - 31 grams
II. =m.p. 118-115%. Yield - 8.5 grams
Fraction I is the normal product, 2,2,3-Trimethyl-3(pars hydroxy)
vheaylpentane, and fraction 1I, the mrmpd product, 2,3,3,-
trimethyl-2(para hydroxy) pheaylpentans.

17.
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As ia Part A, there was 25 grams left vhich melted some-
wvhat lover thaa pure I, which could be further purified by addi-
tional recrystallisations.

Redistillation of ths alkyl phemol fractiea gave a small
quantity of lower bdoiliag material which was added %o the
120-150° frectiom, which was then redistilled several $imes to
give tvo very impure frastiocas.

1. 118-143°C./13 ma. - 12 grams
II. 143-165°C./13 ma. - 12 grams
Trastion I was extracted five times with 500 milliliters of
Yoiling water to odtaia three grams of Sertiary dutyl phemol.

I11 muu of derivatives

A. K Haphthylurethanes
The methed of Fremch and Virtel (26) was used. To ome gram

of the alkyl phensl was added one milliliter of 4 maphthyl
feccyanate. A fev dreps of an ether solutioa of trimethyl amine
were added to catalyse the reaction. The reactiea mixture, pre-
tected from moisture by a calcium chleride tube, was warsed ea
the steam-dath for one-half hour. On coeling, 1t selidified.
The solid was extracted several times with deiliag ligroia
(v.p. 90-120°0.), ia tweaty milliliter portions, and the insol-
uble material filtered off. The  maphyhylurethame crystallised
as vhite plates and was recrystallised three times from adeus
tveaty-five milliliters of ligroia to a constant meltiag point.

B. 3,5 Dinitrobensoates

The pyridine methed of preparatien was tekea from Shrimer
sad Fusen (27). The product crystallised ia fime, white needles



from alcohol and was recrystallised twice to a coanstant melt-
ing point.

C. 3Bensoates

The same Bethod was used as ia the preparstien of the
dinitrobeascates. The product crystallised either as vhite
needles or clusters frem dilute alcochel.

0iling eccurred whea the het alcoholic solution was diluted
wvith water te the proper extent and thenm allowed to cool. The
difficulty was overcome dy diluting a cold alcoholic solutiea of
the product with water te imcipient cloudiness. The cloudiness
vas digcharged with a drop of aleohol asd the bemsoate erystal-
1ised in the ice-dox. If oliling resulted, additiomal alecohol
vas added to clarify the selutioa.

The denscate of tertiary butyl phenol erystallised ecasily
as white plates, from algoohol or dilute alcobhol.

Mixed melting points of the corresponding ecompounds ise-
lated from esch cendensation, and of their derivatives, showed
no depression., Tert bdutyl rhemel and its demsoate shecked with
that vhich vas reported by Huston and Nsieh (10).

Analysis

The oA naphthyl urethanes vere analysed for amitrogea by
the semi-micro Kjeldahl method (28). Samples of fifty to sixty
milligrams vere used, and the ammonia evelved was abdsorded in
4% voric scid and titrated with ¥/100 hydrochloric aeid.

19.
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D1SCUSSI0N

Several theories have beea proposed ia aa attempt to explain
the mechanism of alkylation of aromatic muclei with alcehols in
the presence of dehydrating catalysts, dut ao one theory seems
completely satisfastory. These theories have deen thoroughly
digoussed by previcus workers im this laboratory and need only de
meationed hers.

Euston and oco-workers had obdserved in their early iavestiga-
tions that the alpha carboa aton of an aloohol must de under
strain ia order %o create an active hydroxyl greup. This generali-
sation, as proven experimentally, helds true for aromatic alcohols
end unsaturated aliphatic alcohols.

Saturated aliphatic alcohols exhibVit varyiag degrees of
sctivity, depending on their structure. Tertiary aleohols have
the most active hydroxyl growp and comdense most readily; secomdary
alcohols comdense less resdily; while primary aloohols which are
most acidie, do not condense at all under ordinary conditions.

Tgukervanik and Nasarova (23) proposed that an additiea com-
pound of the $ype AICIZOH and HC) were first formed. The ether
decomposed to the olefia which then reacted with hydrochloric ascid
to form an alkyl halide. Thus, in the presense of excess alumizum
chloride and an aromatie ring compound, all the compements neces-
sary for a typical Friedel-Crafts type resctioa are preseat.

A dehydration mechanism was proposed by McKemna and Sowa (30)
te explaia the alkylatiea of hnﬁo by aloohols. The aleohol
was said to be dehydrated first, fellowed By addition of the ring

macleus t0 give the alkyl deasens.
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In similar type alkylations, NcGreal and Niederl (31) anmd
Velsh and Drake (32) alse proposed the dehydration mechanism.

Rearrangemsnt of alkyl phenyl ethers has deen proppeed as
a possidle mechanism, since it is known that such rearransgments
occur to give good ylelds of alxyl phenmels (33).

In this laboratery, work carried eut by Evart (3l4) ia 1938
led to the proposal that addition compounds of alumimun chloride,
\ﬁo aloohol, and phenol are first formed. 7This complex molecule
being unstadle, rearranges to & more .tabh‘ configuration by
splitting out aluminum chloride and water to yield the alkyl
phenol.

These mechanisms all sttempt to explain the formation of the
alkyl phenols, dut do mot explaia the rearrangeseat vhich apper-
ently occurred duriag condensatien of the alcohels wsed ia this
investigation.

Ia each condensation, twe products were iselated. The com-
pounds obtained ia each case, which melted at 118-113%C. were
identical as shown by their mixed melting point and that of their
derivatives. The same vas tm.of the compounis melting at 79-80°C.
and £0-81°C. As further evidence, the snalysis of the alpha
saphthyl mthnu' of all four compounds showed them to be isemeric.

A Tessocmable explanation of this phenemens may de developed,
based on the work of Nuston and Avuapera (35). They studied the
fraguentation of alcohols by cendensiag highly dramshed aloohols
with benzene. Alkyl bensenes of lover melecular weight were iso-
lated and it wvas showa that only by rearrangement and fission of



the original aleochol eould tho;c proeducts be formed. A mechanism
wvas proposed ia which an imitial reactioa bdetween aluminum chlor-
ide and the alcohol yielded a complex molecule which decomposed
%0 produce aa alkyl catiom or cardonium iea. Some ef the cation
which failed to econdense mormally could form the alkyl halide or
1t could 1ose a protom to form the alkems. The alkeme could thea
add a proten to give twe carbonium ions im equilidriuvm, eme of
which had a teadensy to rearrange to a tertiary dutyl coafigura-
tion. They further proposed that a Sertiary butyl grewp adja-
cent to a positive cardon or an wnsaturated cardboa sets up a con-
dition favoradle to chain rupture. Iam this manner, the isolation
of lowv molecular weight alkyl bensemes wvere very satisfactorily
explained.

Subsequent isvestigations by Barrett (24) and VanDyke (6)
supperted this theory.

Applied t0 the alocohols under semsideratioa, the mechanism
proposed above weuld lead to the fellowimg series of reactions:

Yor 2,3, htriutgl-z-ggtml

4 -0K 0- §—;o - 4101,
GE—O + A0, — C-0-0

4

¢

6930 - A6, —5 O—p¥ 01~
~c C-¢—0 4+ EHOALCL
¢1
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In normal alkylatioms, the cardbonium iom will resct with

phenol with the loss of a proton as showa by Price (36)

¥
c4+ 0
cic * — BOG—%—O HOQ—E—-G

e .

¢
é

J

The portias which fails to condense normally(ia this case prac-
tically sll of §t) would have & tendsney to resrrange, as follows:
g7 —> 6—¢ ¢
6-¢g—¢ < 0-¢t
6

It might bde censidered that the methyl greup migra\es detweea
the two forms, with a greater temdency to feorm ths tertiary Wutyl
configuration with {te iwer energy level and greater stability.

Then sach carbonium fon reacts with phemol S0 form the
alkyl phenol.

Isolation of tertiary dutyl phanel was not uwnexpected im view
of the findings of Huston and coworkers ia the deasens condenss~
tions with Sranched aloohols. Umdoudtedly, rearrengemsat tc the
tertiary butyl econfiguration folloved dy soission of the molecule
led S0 formation of the tertiary butyl eatioa which condeased with
phenol.

The same series of rezctioms eay de epplied to the condensa~
tion of 2,2,3~-%rimethyl-3-pentancl. The fact that the twe preducts
1s0lated were identical to those obtained ia the condensation of
2,3,3-Srinethyl-2-pentanel corredorates the delief that an equili-

rium exists detween the two carbonium fems. The fact that
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rearrangement may occur with 2,2,3 trimethyl 3-pentancl was
showa by leughlin in am unpudlished reeearch (37) On dehydratiea
of the alechel, the normal product and a lesser amount of the
Tearranged produst was odtained.

The structure aseismed to each of the compounds isolated
was dased on the mechanism of reaction. Simce the tertiary
batyl configuration is the most stadle, ths produst occurring in
larger qusmtities would de 2,2, 3-trimethyl-3 (para hydroxy)
vhenylmsthane and the other produet, es supported by this theory,
would be 2,3,3-trimethyl-2 (para hydroxy) phenylmethane.

The para positien was sssigned te the alkyl groups by smalogy.
In all of the tweaty-six tertiary alkyl yheacls whose structures
have bdesn provem by synthesis im this laboratory, the alkyl greup

vas sudstituted pera to the hydroxyl growp.



SUMIARY

1. 2,3,3-trimethyl-2-pentanol and 2,2,3-trimethyl-3-
pentanol vere condensed with phenol in the presence of alumimum
ehloride.

2. 1Isolation of 2,3,3-trimethyl-2 (Fara hydroxy) phenyl-
methane 2ad 2,2, 3-trimethyl-3 (para hydroxy) phenylsethane
from each enndensatien furnishes strons evidence of rearrange-
ment of bdoth aleohels.

3. Tragmentation of the alcohols te & slight degres vas
preven by igolaticn of small smounts ef tertiary bPutyl phemel

in each case.
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