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ARSTRACT

THE CRTHC ALKYTATIC!” CF PHENCILS
WITH ARCNATIC AICCHCLS
IN THE FRESENCE CF p-TOLUENESULFONIC ACID

by Herbert Bowers Rickert

A new method for the ortho alkylation of »nhenols
by aromatic alcohols has been discovered. The aromatic
alcohcl and nhenol vere refluved in cyclohexane with a
p-toluenesulforic 2cid catalyst to yield water of
reaction and ortho-alkylated products. 3maller amounts
of the vara isomcrs were forred. ‘“hen benzyl zlcohol
and phenol were thre reactants, as much as 4.4 parts
of o-benzylphenol for each one part of n-benzylphenol
wé;é obtained.

Benzyl alcohol may also be used to alkylate sub-
ztituted ohenols. In particular the benzylation of
the three isomeric cresols and the six isomeric ¥ylenols
was studied. Good yields of ortho-benzylated products
were obtained with all the crescls. In the benzylation
of the six xylenols, rood yields of the ortho isomers
were obtained except with 2,6-xylenocl. In the latter
case ortho alkylation is not vrossible and both the
3- and 4-benzyl nroducts were formed.

Substituted benzyl alcohols may also be used for
the acid-catalyzed ortho alkylation of vphenols. Phenol

was successfully alkylated with p-methyl-, p-isopropyl-,
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p-chloro-, p-bromo-, o-chlcro-, and <,4-dichlorobenzyl
alcohols. The ortho/para ratios are hichest (4.5-
5.3/1) for alcorols containin~» electron-releasiny sub-
stituents. Ortho/para ratios for alcohols containing
halozen (electron-withdrawins~) substituents are in the
order of 2.5-3,0/1.

The rate of the reaction may be determined bty
measurin- the amount of water removed per unit time.
Benzyl alcohols containin~t electron-rc¢leasing substit-
uents react faster than benzyvl alcohol itself; alcohols
containinr electren-withdrawvines groups react slower.

A mechanicm is nronocsed whereby orthe alkylation
proceeds via a cyclic intermediate comnlex. Para
alkylation iz assumed to take nlace via free carbonium
ions.

Acid-catalyzed ortho alkylation may also be carried
out at 140—15000. without 2 solvent in the nresence of
P-toluenesulfonic acid. The yields by this method are
as gocd as with the solvent method.

Ctrter catzlysts such as Dowex 50 and benzenesulfonic
acid may also be used, tut scmevhat lower ortho/para
ratios are obtained.

The benzylated nroducts may be analyzed by means
of their infrared snectra. The C-H stretchins bands
at ?.7-5.9/@, the C-H deformaticn tands at 8.2—8.%/4

and the out-of-plane C-H deformaticn bands at 10-1%;4
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are the most nusefnul for cualitative analysis. The
latter bands are mos* valuable for the quartitative
estimation of iscmers.
There is no other ~ood metho?d known for the nrep-
aration of ortho-alkylated phenols from aromatic alcohols.
The only cther seneral metho? described for the ortho

tenzylation of phenols is that of Claisen. In this

latter method benzyl hslides and not the alcchols are

N

the alkylatinc asents.
Many substituted e2romatic alcohols are now avail-
able from the reduction of readily available aroratic
acids or aldehydes by rears of comnlex metal hydrides.
Yost of the substituted benzyl alcohols used in this
research were prenared by the sodium borohydride
reducticn of the corresnor®in-~ tenzaldehydes. Thus
tre acid-catalyzed alkylation of phenols with aromatic

alcotols sheould »nrove a valuable synthetic tool for

the orsanic chemist.
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I. INTRODUCTICN

In 1920 Huston (1) nublished a brief revort on the
alkylation of ophenol with benzyl a3lcohol in the nresence
of 2luminum chloride. Since that time Huston, Guile,
and co-workers at lichi~an 3tate University have carried
cut considerable work on the terzylation of ohenols.

Trevy have studied the aluminum-chloride-catalyzed
condensations of benzyl alcchol with phenol (1)(2)(3),
o-cresol (4), m-cresol (5) and p-cresol (6), benzyl
chloride and o-cresol (7), Z2-chlorotenzyl chloride and
ohenol (3), 4-chlorobenzyl chloride and phenol (8), and
4-bromobenzyl chloride and vhenol (9). They have also
studied the ccndensation of 4-bromotenzyl alcohol and
ohenol (10) as well as the alkylation of o-cresol with
ortho-, meta-, and para-bromcbenzyl chlorides (7).

In addition to studies of aluminum chloride alkyl-
ation, Huston, Guile, and co-workers also studied the
Claisen condensation of benzyl chloride with o-cresol
(#)(7), m-cresol (5) and op-cresol (6)(7), and the con-
densation of phenol with Z-chlorobenzyl chloride (8),
4-chlorobenzyl chloride (£) and 4-bromobenzyl chloride
(9). Huston and Gyorgy (7) studied the Claisen con-
dersation of o-cresol with ortho-, meta-, and vara-

bromobenzyl chlorides, as well 3s the condensation of
1



n-cresol with threse same benzvl chlorides.

In 1956 interest in the condensation of benzyl
alechols with nhenols was revived by a ccrbinstion of
three factors:

1) The substituted benzyl alcohols were now
readily available bty the Brown (1l1) sodium borohvdride
reduction of substituted benzaldehydes.

2) A larce numbter of pure substituted phenols was
now available as starting materials. In particular, all
six of the isomeric xylenols were now readily available
and alkylation of these seemed a logical extension of
the work with the cresols.

3) An infrared snectrophotometer was now available
at Michi~an State University and could be used to study
the snectra of benzylated nhenols. Infrared analysis
nromised to be a vowerful tool in the determination of
isomers, since btoth the O-H stretchinec band at 2.72u,
and the benzene substitution bands in the lO—l?;L region
could be used for correct assignment of structure.

Initial work, which besan on the aluminum chloride
condensation of benzyl alcohols with phenols, was shifted
to the use of n-toluenesulfonic acid as a catalyst when
it was demonstrated that the condensation of benzyl alco-
hol in the presence of this catalyst yielded large
amounts of o-benzylohenol. A similar method was origi-
nally revorted by Pratt, Preston and Draver (12), who

claimed that phenol could be alkylated with benzyl
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alconol in t e nresence of n-toluecnesnlfonic acid to
yield o-benzylnhenol.

Two other features make a sulfcnic acid catalyst
more desirable for the study of alkylation reactions
t-an the use of aluminum chloride, namely the homozeneous
reaction in solution and the ease cf determining rates
of reaction by measurin~ the amount of water as it is
removed by azeotropic distillation.

Fratt, Preston 3and Draver (12) found that alkvla-
tion of the benzene solvent toock vlace during the reaction.
This undesirable side reaction occurrinz in the Pratt
method was eliminated by the use of cyclohexane as a
solvent inert to benzylation.

Tith a new rethced cof erzylation it was decided
tnat tre benzylaticn cof phenol and the cresols would te
reveated by the n-toluenesulfonic acid method and com-
pared with the earlier aluminum chloride and Claisen
methods. TFollowin-~ this, the c-toluenesulfonic acid
method could then be extended to other substituted
ofencls and benzvl alcohols.

As the nrobtlem develoved, it was found exnedient
to divide it into tre fecllowin~T separate narts:

1) Alkylaticn of pnhenol by benzyl alcohol with a
p-toluenesulfenic acid catalyst and comnarison of the
results with other methods.

2) Alkvlation of the trree isomeric cresols with

benzvl alcorol and determination of the nroducts.
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3) Alkylaticn of the six isomeric xylenols with
benzyl alcohol and determination of the products.

4) Alkylation of phenol with a number of substi-
tuted benzyl alcohols and determination of the oroducts.

5) Investication of the relative rates of benzyla-
tion of phenol in relation to structure of the substi-
tuted benzyl alcohols.

6) Investigation of the scope of ortho alkylation

using p-toluenesulfonic acid as a condensing agent.



ITI. HKEISTORICAL

A. Benzyl Fhenols

In 1872z Paterno (12) heated a mixture cf benzyl
chloride and nkenol in the nresence of a zinc catalyst.
The crude reacticn mixture was separated from the zinc
and distilled. The main fraction, collected at 150~
120°C. (6 mm.), solidified to a mass of needles contam-
inated with an o0il which was pressed out and discarded.
Recrystaliization of the needles gave p-benzylnhenol
melting at 84°C. Paterno also prenared n-benzylohenol
by treatine n-benzylanisole with hydriodic acid for eicht
hours at 17OOC.

In 1875 Paterno and Fileti (14) prenared p-benzyl
phenol ty condensine benzyl alcohol and nhenol in the
nresence of sulfuric and acetic acids. Again an
unidentified o0il was obtained in addition to the cryst-
alline n-benzylnhenol.

Rennie (15) in 18fZ also alkylated phenol with
benzyl chloride in the vresence of zinc to obtain
nD-benzylokrenol. <inc chloride was used as a condensins
azent by Leibrann (16) in the same year for the alkyl-
ation of phenol with benzyl alcohol to oroduce p-benzyl

nhenol.
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Later, in 1%=&6 Rennie (17) made a study of the oil
which occurs alon: with the crystals cf n-benzylohenol.
He concluded tiat this cil was the isomeric o-benrzyl
ohenol.

Backunin (12) in 19%0% also studied the condensation
of benzvl chloride and nhencl in the nresernce of zinc.
The s3ame method was used by Zincke and “Walter (19) in
1304 to »reoare n-tenzylnhenol.

In 1920 Gomber: and Buchler (2U) showed that
btenzvlphenols (isomers not isolated) may be nrevared
by heatin~ ohencl =“nd benzyl chlceride to 150—1800C.
vithout a2 catalyst. In the nresence oi cooner the
reaction nreceeds at 115-12000.

The sare year lluston (1) nutlished a brief revort
on the condensatior of benzvl alcchol and onhenol in the
wresence of aluminum chloride to prcduce n~tenzylchenol.
Three years later Claisen (&£l) discovered that if benzyl
chloride i3 resacted with sodium nhenate in toluene
mainly o-benzylohenol is cbtained. A small cuantity of
the nara izomer was also isolated. If a polar solvent
such a3 ethyl alccirol is used in the above reaction the
nroduct is almost entirely benzvl vhenyl ether.

In 1224 Huston (¢) opublished a3 more comnlete
reosort on the reaction of berizyl alcohol and phenol in
the presence of aluminum chloride. He noted that the
rain proiuct was n-benzylnhenol alon~ with a smaller

ame'nt of z2n oil. Tive years later Maxfield (3), one of



Huston's students, shicred tie oilly immurity to be
o-benzylnirenol an~ studied tle ce¢ffect of reactant nrop-
orticns on the amount of o-tenzylohencl formed. He
siowed that as the mclar excess of nhenol was increased,
tne amount of o-benzylnhenol also increased.

Von Braun :ind Reich (£22) in 1225 heated benzyl
phenvl ether and 35% hvdrochlcecric acid in a sealed tube
at 100°C. to ~ive a mixture of ortho and para benzyl
phenols. Similar results were cobtaired vith a mixture
of benzyl chloride and »nhenol.

In 1926 Kronn an? co-workers (23) natented a process
for the nrenaration of o-ienzvlnhenol. FYhenol and a
benzyl halide were treatcd with a solution of barium
hydroxide ard heated. The cooled liauid was filtered
to remove tle inscluble tarium salt of p-benzylphenol.
The o-honzvlnhenol was reccvered from the filtrate by
acizulation.

Von Alvhen (c4) in 1927 heated benzyl phenyl ether
with zinc chleride at 150°C. to obtain n-benzylnhenol
and hiszher molecular wei~ht materials. Short (£5) in
19¢% reported trat benzyl vhenyl ether would rearrange
wihen heated to 22500. with zinc chloride or heated to
180°¢C. in a stream of hydroren chloride. He obtained
a mivture oi vnhenol, o-benzylnhenol, n~benzylnhenol,
and rizher boiline »nroducts. A year later (Z5) he
rencrted that z,4-ditenzylonhenol is one of the main

products of the rearrancement. Behagzel and Freiensehuer
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(27) in 1334 foun® titat if tenzvyl nhenyl etuer is heated
to ;5000. without a catalyst it will rearran-e to ~ive
the same nrcducts isclated by Short.

Foldi (£8) in 17%¢2 studied the 3lkylation of »henol
vith benzvl bcnzenesultonate at 15000. He found the
reaction yielded 25% p-benzylvotenol, 30% o-benzylohenol,
and 2 small amount of benzyl phenyl ether.

In 1229 lLeyer and Rernhauer (23) found that if
phenol is alkylated with benzyl alcoliol 3t 40°c. with a
sulfuric acid catalyst, n-kerzylnherol is formed along
vith a small ameunt of tfe ortho isomer.

Akimeff (30) found in 19325 that the ortho and para
isomers of tenzylprerol could be senariated by extracting
the dry sodium salts with xylene to effect selective
solution of o-kenzylnhenol. In the same year Sharma
and Dutt (21) alkylated vrenol =ith benzyl chloride in
the nrezence of titanium to obtain p-tenzylrnhenol. Also
in 1935 Lal (3Z) used an uranium catalyst for the con-
“ensation of benzyl chloride with phenol. He obtained
mestly n-benzylnhenol alon~ with srmall amounts of
o-tenzylphenol and bterzyl nhenyl ether.

A year later lclkaster and Bruner (33) studied the
reaction of benzyl chloride and phenol at 125-7500.
without an added catalyst. At 125°C. with a 10:1 mole
excess of phenol they obtained 50% o~benzylphenol and
40% p-benzylnhenol, whereas with a 2:1 mole excess of

Phenol they obtained %23% o-benzylphenol and 18% p-benzyl?
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ohenocl. The same year ‘ndrianov (%4) found that reflux-
ing benzyl chloride with vphenol in toluene in the pres-
ence of nhosvhorus pentoxide at 1%0°C. gave both ortho
and para benzylphenols.

In 1941 lonacelli and Eennion (35) treated phencl
with benzyl n-propyl ether in the presence of boron
trifluoride to obtain p-benzylohenrnol. The benzyl
n-pronyl ether was added durinz coolincs and the reaction
nixture then heated on the steam bath for two hours.

Four vears later Teterin (36) studied the dehydra-~
tion of benzyl alcohol in the vresence of acid catalysts.
Debydration at 120°C. in the presence of activated clay,
with the sevaration of one mole of water per two moles
of benzyl alcohol, yielded a benzylphenyl ohenyl ether
and tenzyl alcohol. Dehydration of dibenzyl ether
unjer the same conditions also yielded a tenzylnhenyl
phenyl ether. Cn the cther hand, dehydration of benzyl
alcohol in the nresence of n-aminobenzenesulfonic acid
at 140-20°¢. yielded only dibenzyl ether.

The reaction of benzyl alcohol with aluminum
chloride was investicated in 1948 by Illari (37) to
determine if tenzyl chloride was formed. He concluded
that berzyl chloride was nrobably not an intermediate
in the reaction of benzyl alcohol with btenzene.

Huston (2) had opreviously shown that benzyl chloride was
not an intermediate in the reaction of phenol and tenzyl

alcohel in the vpreseuce of aluminum chloride.
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In 1949 Cheney an co-workers (38) onrenared
o-benzylnhencl try the Claisen method. No para isomer
was isolated, hLut apnreciable cuantities of 2,6-dibenzyl”
phenol viere formed. They also obtained o-benzylphenol
fror the commercially available "Santonhen 7", which is
a mixture of ortho and vara benzylnhenols supplied by
Fonsanto Chemical Co. This mixture is evidently opro-
duced by the condensation of berzyl chlcride with an
excess of ohenol as described by kclMaster and Bruner (33%).
Cheney sevmarated the isomers in the mixture by utilizing
the marked difference in the water solubility of their
bariur salts.

The same year Hart and Simons (39) studied the
reaction of tenzvl chleoride wvith phenol at 4500. without
an added catalyst. They found that the reaction pro-
ceeded very slovly with a half life estimated at 1600
minutes. The reaction was not carried to comnletion
and no nroducts were isolated.

Pratt, Preston and Draper (12) studied the alkyl-~
ation of phenol with benzyl alcohol in the nresence of
p-toluenesulforic acid. Benzene was used as an azeo-
troninr solvent to remove the theoretical amount of
water in nine hours. They revnorted a 28% yield of
p-tenzylnherol and a 50% yield of diphenylmethane.

The sare year Zalkind and Kurlina (40) studied the
hish terperature (120-40°C.) condensation of benzyl

alconol with phenol in tre presence of three catalysts:
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anhydrous n-2-inctenzene sulfonic acid, =activated clay,
ard corcentratel sulfuric acid. The nroducts of conden-
sation of two molcs of benzvl alcohol with itself and cof
benzyl alcchol with phencol were found, but tte latter
nredominated. The monobherzylnhenol fracticr. contained
mainly the m3ara isomer alon® with a sraller amount of
o-benzvlnhenol.

A year later Setkina 2nd Kursanov (41) heated
ptenol with l-benzylnyridinium chloride for six hours
at 120-200°C. They found the »nroducts c¢f this reaction
to be 1245 benzyl v»henyl ether, 29% p-benzylphenol, 17%
nirved citenzvloherols, and 127 mixed isomeric bvenzyl
ethers of benzylnhenols.

larbell and Petropoulos (42) in 1952 found that
benzyl phenyl ether was converted very ranidly by
aluminum broride in chlorcbenzene soluticn to 3 mixture
of phenol, c-benzylohenol and dichlorodiphenylmethane.
The ratio of the nhenolic nroducts was the same at
-42°%¢, as at 25OC. and was unaffected by the use of
benzene or nitrotenzene sclvents. This sare year
Kharasch, Stampa and Nudenber (43%) found trat benzyl
vhenyl ether when irradiated with ultraviolet lieht in
an isopropanol solution yvielded n-benzvlphenol nlus a
small amount of nhenol.

In 1955 ¥indler (44) revorted that benzyl chloride
may be added to ohenol at 100°C. in the oresence of a

small amount of ferric oxide to yield benzylvhenols.



12

1

He 4id not cnecifv '‘e arounts of orto =nd nara isomers
in his nroduct.

Flkobaisi and hickinbottom (45) in 1952 studied the
Claisen alkylaticn cf ohenol with benzyl chloride in
refluxin~ toluere. In their pnrocedure phenol was
dicsolved in dAry toluene and this sclution added to
finely nowdered sodium hyvdride, also suspended in
toluene. The whole mixture was refluxed and treated
with benzyl chloride to obtain the desired o-benzylnhenol.

In 1959 Elkobaisi and Hickinbottom (45) studied the
thermal rearran:tement of benzyl ohenyl ether. They
found that heatin~ tenzyl phenyl ether at reflux for
twenty hours mave 4% p-benzylovhenol. They also recov-
ered 53% of unchanced startins material. If heating
were carried out for seven days at 25000. in a sealed
tube, they were able to isolate %% o-benzylvhenol, 7%
p-benzylnhenol, and less than 1% Z,4-dibenzylphenol.

The same year Kornblum and Lurie (47) alkylated
sodium and potassium phenovides in a variety of solvents
with benzyl bromide. Sodium vhenoxide and benzyl
broride, when reacted in ethylene glycol dimethyl ether
at 3500., rrave a2 72% yield of benzyl phenyl ether, a
15% yield of o-benzylphenol, and 2 5% yield of
c-benzylovydiphenylmethane. Furthermore the same
reactants in toluene at 50°C. gave 63% carbon- and
20% oxyren-tenzvylation. Potassium phenoxide and benzyl

bromide reacted at 50°C. in petroleum ether yielded
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3%% carbton- and 55, oxy-en-benzylation.

The same wvear Coutinho (48&) reacted benzyl chloride
with nhenol at 100-10°C. to yield amon>s cther compcunds
c- and p-benzylphenols. He found the yield of mono-
benzylphenols to increase when the nhenol/benzyl cnloride
ratio was increased.

In 195C Elkobaisi and Hickinbottom (49) continued
their study of the therral rearransement of btenzyl
phenyl ether. They heated this comnound in four solvents:
of-naphthol, 4 -naphthol, quinoline, and isoquinoline.
Both o- and n-tenzvlvlenols were isolated in all four
cases Aalont with rrceducts reculting from benzyvlation of
the solvent. They corcluied that this rearranserment
depends primarily on homolysis into benzyl- and phenoxy-

radicals.,

B. Benzyl Cresols

Paternc and hazzara (50) in 1372 prevared c-benzyl-
4-nethylpherol by treatin- a mixture of btenzyl chloride
and p-cresol with zinc.

In 1901 Venturi (51) prevared 3-methyl-4-benzyll
phenol from m-crezol and benzyl alcohol in the presence
of a zinc chloride catalyst.

Claisen and co-workers (52) in 1925 nrepared
2-benzyl-4-methylnhenol by the action of benzyl chloride
on tre codium salt c¢f p-cresol suspended in toluene.

The same year Schorisin (53) used the Claisen method to
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orenare <-methyl-5-benzylnrencl frem sodium o-cresolate
and tenzyl chloride.

In 1229 Meyer and Pernhauer (29) reacted o-cresol
ind benzyl alcchel in the presence of 70% sulfuric acid
to obtain 4-benzyl-Z-methylnhenol. A year later Huston,
Swartout, and Wardwell (4) used an aluminum chlcride
catalyst for the alkylation ci o-cresol with benzyl
alcohol to obtain 4-benzyl-z-methylohenol alonz with a
small amount of the isonmeric 2-benzyl-6-methylphencl.
They 21so0 prevared this latter commound by Claisen's
method and showed the two oroducts to be identical.

A vear later BHuston and Lewis (6) prepared Z-benzyl-
4-methylohencl from n-cresol and benzyl alcochol in the
preseice of an aluminum chleoride catalyst. The same
comncuni was also prenared by Claisen's method and the
tiio shovm to bte idertical.

Hus%ton 2nd Houk (5) in 13%¢ comvleted the series
of studies on tle benzylation of tiie three isomeric
cresols with their work on the bernzylation of nm-cresol.
They found th2t m-cresol treated with benzyl alcohol
and aluminum cht:lcride rave 4-benzyl-%-methylvhenol and
2-benzyl-S-methylnhenol. They also treated m-cresol
with sodium 2and berzyl chloride to obtain Z-benzyl-5-
methylvhenol and Z-benzyl-3-methylvphenol.

In 1934 Chichibabin (54) reacted o-cresol with
tenzyl alcchol in the nresence of vphosphoric acid to

vield a benzylated phenol. He assicned the structure
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of 6-benzyl-2-methylnherol tc this vrrofuct. Two years
later andrianov (34) studied the action of benzyl
chloride on monohydric phenols in refluxinsg toluene in
the nresence of nhosvhorus ventoxide. From o-cresol
he obtained supnosedly £-tenzyl-5-methylvhenol, from
m-cresol he obtcined a benzyl-m-cresol, and from
p-cresol he obtained a berzyl-p-cresol.

Hart and Haslund (55) in 1950 showed t!at the
prodiuct obtained by Chichibabin (54) by the reaction of
o-cresol 2nd tert-hutvl alcchol was indeed 4-tert-
butyl-o-cresol and not %S-tcrt-butyl-o-cresol as claimed
by Chickitabin. Thus it is probable that Chichibabin
had actuzlly vrenared 4-benzyl-c-methylohenol and not
6-berzyl-2-methylokerol as he had claimed. Apnarently,
indrisnov was influenced by Chichibabin's work and also
called his rroduct 5-benzyl-2-methylnhenol.

The same vear Huston and Gyorsy (7) prepared
4-benzyl-Z-methylol.enol by the aluminum chloride cata-
lyzed condensation of o-cresol and tenzyl chloride.

They also reacted benzyl chloride and sodium o-cresolate
by the Claizen method to obtt2in Z-btenzyl-6-methylphenol
as well as benzyl o-cresyl ether. In the Claisen alkyl-
ation of n-cresol with benzyl chloride they obtained
tenzyl n-cresyl ether as -ell as 2-benzyl-4-methylvhenol.
The Z-benzyl-4-methylphenol was concurrently prenared

by Wheatlev and co-workers (56) as an intcrmediate in

the nrenaration of substituted imidazolines.
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In 1955 kindler (44) claimed the vprevnaration of a
benzyl-o-cresol, a benzyl-m-cresol, and z-benzyl-4-
methylohenol.

Elkobaisi and Hicrintottom in 1958 (45) describe
tte prenaratior of -benzyl-S-methylnhenol and Z-benzyl-
4-methylnrenol by their modification of the Claisen
rnethoed.

Tte same workers (4€) heated tenzyl o-tolyl ether
for ten days at EBOOC. to zive, in addition to other
products, £-benzyl-5-methylohenol and 4-benzyl-2-methyll
nhenol. They also determined that 4-benzyl-2-methyl?T
phenol was formed in &% yield if benzyl p-tolyl ether
was refluxed for forty hours.

Bailey-iood snd Cullinane (57) reported in the same
vear that heatin~ benzyl o-tolyl ether in boiling tenzene
vith a small amount of sulfuric acid «ives 85% 2-btenzyl-
4-methylotenol nlus some n-cresol and &,6-dibtenzyl-4-

methylnhencl.

C. Benzyl ¥Xylenols

Schoririn (5%) in 1925 heated (Z,4-dimethyl) phenyl
benzyl ether with sodium in a tube at lOOOC. for a
nrolen7ed neriod to obtain a comvound said to be
6-tydroxy-7-methylditenzyl. The editors of Reilstein
(52) have & note in their reference to tre reaction
which states that this comoound ray be Z-benzyl-4,6-

dimethylolenol.
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FTive vears later Auwers and Janssen (59) rearran-ed
Z,p-iimethylotienyl benzozte in the preserce of aluminum
chloride to obta2in 4-benzoyl-2,5~-dimethylorenocl. Reduc-
ticn of the benzoyl thienol by Cler~ensen's rsthod yielded
4-benzyl-2,5-dimethvliphenol. Hey and aters (50) in
1955 also pnrevared 4-benzyl-2,5-dimethylotenol by tte
same metltod.

In 1255 Buu-Hei, 3y, and Lejeune (51) nrenared
4-benzyl-3,5-dinethylanisole by refluxin: benzyl chloride
and %,5-dimcthylanisole in chlorcform solution in the
nreserce of zinc chloride. The benzyl anisole was
derethvylated to yield 4-bvenzyl-5,5-dimethylphenol.

In 1959 Elkobaisi and Hickinbottom (46) found that
heatingm benzyl-2,4-dimethylphenyl ether for a nrolonced
neriod at £50°C. mave a variety of products including
c-benzyl-4,6=-dimethylnhenol. Similarly treated,
benzyl-2,6-dimethylorenvl etrer —ave 4-benzyl-Z2,6-

direthylohenol.

D. Alkylation of Phenol with Substituted

Benzvyl Alcohols and Halides

Klarnann, Gates, and Shtenov (62) in 1932 condensed
p-chlorobenzyl chloride with phenol in the presence of
zine chloride to obtain 4-(p-chlorobenzyl) phenol. They
also alkylated phenol with o-chlorobenzyl chloride by
the Claisen method to obtain the isomeric Z2-(p-chlorol

benzyl) phenol.
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1 year later Huston and co-workers (9) coniensed
ohenol with 4-bromobenzyl ctliccite by the Claisen and by
the aluminum cllecride methods. In the first case they
ottained Z-(»-bromobenzyl) ohenol, whereas in £t e second
case they obtained the corresoondin=z nara isomer.

In “%e sare ~vear Huston and co-workers (7) studied
the conden==ation ¢f nhencl with chlcrcochenzyl chlcocrides.
Zv the Claisen method nhencl and z-chlcrobenzyl chloride
rave -(o-chlorobenzyl) phenol, whereas with the
aluminum chloride method tle ccrresnonding para isonmer
w2s forred. They also fcuni that 4-chlerobenzyl chloride
and »nltenol, when reacted by the Claisen method, ovroduced
Z-(p-chlorobenzyl) phenol, wkile reaction by the alumi-
rum chloride method ~ave 4-(n-chlorctenzyl) ohenol.

‘heatley, Cheney, and Rinkley (5%) in 1949 prevared
?-(o-isopronylbehzyl) nhenol by firct formin: sodium
rhenate from nhcencl and sodiumn hydride and then refluxing

with 4-isonroopylbenzyl chloride in toluene. .heatley

and co-workers (54, %5) al=o orevared Z-(p-chlorotenzyl)

onerncl by the same method.

A vear later Wu, Suile, and Huston (10) studied
the condensation of =-tromobenzyl alcohol and nhenol in
the nresence of aluminum chloride. They obtained
4-(o-tro~ohenzyl) nhenol and proved its structure by
showin~= it to be identical with the product of the
retuction of 4-bromo-4'-hydroxytenzoohenone.

In 1955 Kindler (44) reported the prenaration of
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(p=ethvlbenzvl) vherol by tbe treatment of phenol with

n-methylbenzvl chleride ia the oresence of FeQOB.

E. Biologicz2l Activity cf Ortho Penzyl Pherols

Crtho henzyl »nhenols are of tiolosiczl interect
therselves or are useful as intermediates in the pren-
aration of biclo=ically active substances.

Schulemann (65) reported that o-berzylphenol is an
active anthelwintic a~ent. .eichert (65) stated that
the o-tenzylnhenyl esters of substituted carbamic acids
also show anthelmintic activity.

Shumard (67) showed that c-benzyl-4-chloronhenol

is effective 2c 2 funricide acainst Asperrillus nizer

and other fun~i. The bactericidal action c¢f this phenol
in acueous soam soluticns wac studied by Perrv (68).
Monsanto Cherical Co. sells c-venzyl-4-chlorophenol as

2 comrercial ~ecrmicide and disinfectant under the trade
name of "JSantcphen 1M.

Huston and co-workers (7) reported that 2-(p-bromo’
benzyl) ohenol, z-(o-chlorotenzyl) vohenol, and 2-(p-chloroz
tenzyl) phenol show snecific antibactefial activity.

Klarmann, Gates, and Shtenov (62Z) reported that
¢-benzyl-t4-chloronhenol and 2-benzyl-6-chloroohenol are
Dotent tactericides which show hizh activity against

Staphylococcus zureus and Streptococcus haemol.

Cheney, 3mith, and Binkley (%8) utilized Z-benzyl

phenol for the preparation of &—benzylnhenyl-p -dimethyll
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aminoethyl ether. They founrd the hydrochloride of this
compound to be relxtively non-toxic and to nossess
sreater antiniistarminic sctivity in animals than Benadryl.
“heatley and co-workers (H4) prevared a series of
ﬂ-(o-benzylnbenowy)—eth7175 -chloroethylamines usin~
o-benzylnhenol= as startins materials. They found that
certain of the=se amines noszessed warked symoatholytic
and antihistaminic nronerties.
~heatley and co-workers (£9) also vrevared a series
of guaternary ammenium »alidecs derived from substituted
N,N-dimethyl-o-benzylphenorxvethylamines. They found
these comnounds nosseszed a hirh dewree of vasopressor
activity.
The reacticn ol «-benzylphenol with formaldehyde
and dimethvlamine was found bv “heatlevy and Cheney (70)
to yield rainly Z-benzyl-6-direthyvlaminomethylphenol.
A sirilsr Klannich reacticn with Z-benzyl-4-chlorophencl
yielded 2-benzyl-4-ctloro-5-dimethylaminomethyvlohenol,
"rom these and other ohenclic lannich bases, #dheatley
ari co-verzers (71) »renarel a series of N,N-dialkyl
carbamates v ich were converted to the quaternary ammo-
nium salts. Cne oif these salts, [B-benzyl—é-dimethyl
Carbamyloxy)—benzyl] trimethylanmonium iocdide, was
qaite efteetive in vroducinz curare-like paralysis at

low doses.



ITI. XFERIIENTAL

A. Infrared Analvsis

1. General NVethcd

A Perxin-Elmer lodel 1%27 (Infracord) sncctrovho-

tometer was urced to record spectra of the variocus sarvples.

The Lodel 1%37 is a double tear instrument with
direct linesr transmittznce vs. linear wavelensth
recerdiny. It Yas 3 ranve of 2'5‘1§A4 on &%"x11" size
vager.

Sodiurm chleoride cells with a 0.5 ml. sam»nle thick-

ness vere used with tte lodel 1%27. The reference cell

a5 filled with pure colvent and the sampnle cell was

filled with a 1-4% solution of the comnound to be

analvzed. Carbon disulfide (reazent grade) was the

solvert used in roat cases. Jith a double team instru-

rent carbon disulfide will o~ive ~ood spectra from

.5 to 4.%*¢, 4,3 to 6.Q/4 and 7.2 to 1?;4. These
resgions are tre most imvortart in the study of alkylated
phencls ard their derivatives. In tne 4.2-4.9/L and
©.0-7.3 rerions poor shectra are obtained as the pen
Toes "dead", since carbon disulfide has intense 3sbcorop-

ticn in these repions.



. Analvsis cof Berzyl Alcorcls

Irfrared snalysis of liauid alcokols s3:ch as »n-tolyl
alcohol could be carried out a3t tre standard concentra-
tion of 4% in carbon disulfide. Fowever the s0lid halo-
~enated alcochols such as o-chlorobenzyl alcohol wvere less
soluble in carton disulfide and were prenared in z-%5%
solutions.

The rain bands ¢f interest to bte fourd in the
btenzvl alcohols were the followine:

1) Free C-H stretcrin~ frequencies to be found at
2.7%u. 3raro and of medium intensity.

2) Hydromen tended C-H s*retching frequencies at
2.9—5.%u . Broad and of strons intensity.

%2) Carbon-hydromen stretching frequencies at
5.¢5 « Sharv and cof medium to strons intensity.

4) Oxy~en-hydroren deformz2tion bands at 9.6—9.?/‘.
Broad snd of stron~ intcnsity.

5) Aromatic subctitution bands at #.7-104 . Sharp
and cf veak intensity.

6) Aroratic sutstitution bands at 10-1?/4. These
are usuzlly of stron~ intensity.

The identification ¢i the benzyl alcohcls prevared
for uce in these experiments presents no »nrotlem. Since
the benzyl =21cchols are nrevired from the corresvonding
aldehydes the apnearance of an O-H stretching band is

oroof that reducticn has nroceeded. As the C=0 stretch

is a2 verv =strcn~ band any traces of aldehvde can easily



be detected in the oroduct.
The aromatic substituticn btands in the 10-154¢
re~ion are fairly civnle as the alcchols contain only

one arcmatic rin=.

3, Analysis of Benzyl Fhenols

The benzylvhenols are all soluble in carbon cdisul-
fide to thc extent of at least 4%. The infrared svoectra
were vrensred at this concentration.

The sare main btands are nresent as are present in
benzvl alcchcls. Howcver, the oxvzen-hydromen deforma-
tion tanis occur at F.}-S.Q;L in rvhenols.

The infrared snectra of trese tenzylpnhenols are
valusble tcols in the identification of various isomers
formed in thc alkylation reaction.

Tre ghape of the C-H stretchinm band can be used as
a sensitive method to dctect the oresence of or ho-sub-
stituted products. The presence cf alkyl =mrouns in the
vositicns ortho to the hydroxyl :roun will decrease
hydroren bondin and »~roduce a more narrov tand. Fron
the stane of this band in the infrared spectra of the
rroducts of an slkylaticn rezction 2 decision can be
made 23 to whether ortho or para alkylation took place.

The aromatic substitution bands in the 10-15
renion can be used to determine the aromatic substitution

Pattern of the nroducts. Thus o-berzylphenol
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nas two typmes of aromatic substituticn. The menosubsti-
tution of the tenzyl ring ~ives two stronz biands at
15~7§u and 14.5§AL. The 1,2-substitution cof the phen-
olic rin~ is shown in thre infrared spectra by a strong
band at 15.50/4, .

Ncw with p-benzylphenol

7 N CHZ—QOH

we £ind that the monosubstitution of the benzyl rinz also
~ives two stron btands at 15’7%P‘ and 14.3%/¢. Since
1,2-substitution is not oresert there is no 15'5QA4

tand as in o-benzylvnhencl. Instead there are two strong
tande at 12.4%*4 and 12.7%/4 which show the presence of

l,4-substitution in the phenoclic ring.

4, Analysis of Phenyl Urethanes

Trese materials are rathcer difficult to dissolve in
carben disulfide. Infrarecd determinations were carried
out at a concentration ot &%.

Aroratic substitution bands are present in the
1s and

“tenyl urethares a~ vell as in the benzyl alcohe

tte tenzyl nhencls. Fowever the O-H stretching and
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Jeformation tanis are no longer nresent. Inste2d there
are two inmrortant new baris prezent in ti.c urethanes.

1) The ritro-en-hydro-en stretchin~ tand at 2.%*L
is slarp and of medium intenzity.

2) Thre C=C stretchin= vibration at 5‘2“ is sharp
and of stronz intencity.

These tvo band: sre not bnresent in the ovarent
ohencls and can be used to show that preparation cf the
urethane has been carried out.

Tre aromatic substitusicon in the 10—12/4 recion is
rather comnlev since there are are at least three
arcrotic rirnzs precent in the urethane of a benzylated
phencl. The IB—IQ/L rezion is especially crowded;
hovever in certnin cases bauds in the 11-1214 can te
used to substantiate assiznments made bty a stuly of the

arcmatic substitution patterns in the benzylated phenols.
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B. Rearentz and Vaterials

1. Commercinl Crcmicals Used without Purification

The followin~ materials were obtained from the

indicated zcurces 11.d used ~itkont further purificetion.

Corpound

Aluminum chleride

c-Aminonhenol
tert-Amyl alcohol

Benzene

Benzenesulfonic acid
Benzhvdrol

Renzyl alcohol
Benzyl tromide
Renzyl chloride
o-Chlorobenzaldehyde
p-Chlorotenzaldehyde

Cinramyl alcohol

m-Cresol

Dibenzyl ether

cy4-Dichlorobenzaldehyde

Dimgthyl ether of
diethylene =lycol

<y3-Dimethv1lphenol
<y4=Dimethylnhenol

¢y5-Dimethylphenol

Comnany Grade

J. T. Baker C.P., anhydrous
granular

Fastman ¥odak Practical

Matheson, Coleman Reagent
& Bell

Eastran Kodak Practiczal

" " White label

n ”n n n

n ”n n "

n " "n ”

n n " "

”n "n ” n
llatheson, Coleman Pure

& Bell
" n "

Eastman Kodak White label

" n " "

Ansul Chemical Technical
Aldrich Chemical Pure
EFastman Kodak White label

" " " n



Compound
2y5-Direthylnhenol
%,4-Dimethylohenol
3,5-Dinethylnhenol

Dowex 50 W X2 cross-—
linked, 200-400 mesh

N-llethyl aniline
r.-Octane

Prenol

fg—Pbenylethyl alcohol
Phenyl isocyznate
dl-Prenylmethyl
carbinol
p-Isopropylbenzaldehyde
Sodium torohydride
n-Tolualdehyde

t-Toluene=ulfonic acid
(monohydrate)

27

Company Grade
Eastman ¥Yodak dhite label
" n " "

n n " n

J. T. Baker Reazent
" n " n
moon " Practical

liatheson, Ccleman Reasent
& Bell

Eastman Kodak Whitc label
Matheson, Coleman Pure
& Bell

n " n

Eastmran Kodak White label
Metal Hydrides Technical

Fastman Kodak wWhite label

n " " "
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. Comnercial Chemicsls Further Purified

n-Butyl Ethker

The ori~inal chemical was kMatheson, Coleman & Bell
"pure" grade. About 200 nl. of the n-butyl ether wzs
treated with ferrous ammonium smlfate hexahydrate to
reduce any peroxides. Distillation with a two footb
Vigreux column at 100 mm. yielded a first fraction cf
150 ml. conteinin~ some water. “hen no more water
distilled, a second fraction of 460 ml. boilirg at

73-20°C. was collected and used as an alkylation solvent.

o-Cresol

Fastman Kodak practical srade o-cresol (500 ml.)
was cistilled with a two foot Vigreux column 2t 15 mn.
The first fraction of &0 ml. was collected up to 920C.
At 92-22.5°C. 2 second fraction of about 400 ml. was
collected. This cecond fraction was used in the alkyl-

ation exveriments.

p-Cresol

p-Cresol (Hercules Powder Co.) was distilled at
16 mn, with a 20" Virreux column. The first fraction
was collected at 95.5—95.500. A second fraction was
collected at 735.5-05.0°C. and used in the alkylation

experiments.
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Cyclohcxane
Cyclohexane (Fastman ¥odak practical srade) was

purified as follews: It was first washed several times
with concentratcd sulfuric acid to remove any aromatic
or olefinic corpounds and then washed several tines
vith water to remove residual acid. The water-washed
raterial was agitated with Drierite, decanted and
distilled. About 9% of‘the material was collected as
a first fraction and discarded. A preoduct fraction
boilin~ at 82-4°C. (750 mm.) was collected (about 90%

of the m2terial) and used as an alkylation solvent.

0-Fthylphenol

This material, cbtained frcm Koppers Chemical Co.,
was distilled 2t 50 mm. emnlovine a two foot Virreux
column. The first fraction was collected at 120.0-
1£5.5°¢. 2nd discarded. Le second fracticn, collected

at 125.5-127.0°C., was used in this research.

p-Ethylprenol

Eastman Kodav practicsl grade p-ethylphenol was
distilled wit» =n 18" Vioreux column at 25 mm. The
first fraction was collected =2t 153-14000. and dis-
carded. Thre second fraction wacs collected at 140.0-

141,5°C, and used in the alkylation experiments.

n-Heptane

This chemical was Eastman Kodak practical grade

D]

naterial which was washed with sulfuric acid and water
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in the same manner ac cyclclexane, The washed material

C . . o - ~~C
vas distille? and the fraction toilins at 25-397C. 3t

750 mm, was collected and used as an alkylation solvent.

3. Preparation of the Substituted Benzyl Alcotols

The methtod of vprenaration of the substituted tenzyl

alcohols was based on the work of Chaikin and .

(72) and

G. Brown
the work of H. C. Brown and co-workers (11).

The aldehyde or ketone to be reduced was placed in
a one liter flaskx and dissolved in methanol or isopro-
ranol. 3cdium borohydride dissolved in water or dilute
sodinm hydroxide was added to the solution of the car-
bonyl compound. Durins additicn the flask was cooled

with a water bath if necessary to keen the reaction

mixture from refluxine too vigorously. The reaction

rixture was stirred for 15-3%0 rminutes after the addition

of the sodium borohydride. 3odium hydroxide solution

(10-15%) was added and the contents refluxed for 30
minutes. The reaction rivture was allecwed to cocl and
diluted with water; at this noint the solid benzyl
alcorols precinitated out of solution. The solid alco-
hols were recrystallized from ethanol-water mixtures

to sive the oure benzyl alcohols. If the alcohols
separated as liguids they were taken up in cyclohexane,
wasrted with water, and »urified by distillation.

In most cases a substituted benzyl alcohol was pre-

vared a number of times to secure the desired amount of
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preduct. Hovever in each case only one exneriment is
described, as thc mocthod of preparztion was essentially

the sarme for ary one alcohol.

c-Chlorobenzyl Alcohol

One mole of c-chlorcrenzaldehyde reduced by C.3

mole of sodium borohydride yielded 115.5

3

. (B0%) of
o-chloroterzyl alcohol, m.p. 71.0-1.5°C., lit. (73)
MePe 72°C.

Tre infrared s»nectrum of o-chlorctenzyl alcohcl
shows the expected C-E stretching band at 2.75—3-1?/L-
There is no trace of a C=0 stretching bvand in the
carbtcnyl re~icn, so little if any residual aldehrde is
present., The strons ban' at l3.2u, is characteristic

of ortro substitution.

p-Chlorobenzyl Alcohol

30dium berohydride (0.3 wole) and cne rcle of
pD-chlorobenzaliehyle yielded 104,7 g. (73%) of p-chloro?
benzyl alconol, m.p. 71-2°¢., lit. (73) m.p. 73°C.

Tre infrared svectrum of n-chlorotenzyl alcchol
....... 's an C-H stretchine band at 2.75-5.12u,. There is
10 tard in the 5.%}( (aldehyde) regicn of the spectrum.

There is a stron band at 12.4%a which is charac-

teristic of »ara substitution.

Z,4-Dicklorobenzyl Alcchol

Jodiur borohyvdrice (C.4% mole) in 150 =, of 4%

f0divm hydroxide and 1.47 moles & ,4-dictlorobenzaldehyde
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in 1000 =1, isonrcrancl yvielled 17).5 . (71%) of

cy4-dici:lorotenzyl alcchel after recrystallizaticn from

an ethanol-rater mixture. 1\ second recrystallization

from cyclchexane cave white crystals of ¢ ,4-dichlorcbenzyl

c
alcohol, m.p. 52.5-5.07C

Analysis
Calculated for C7H60120 : C,47.503 H,3.42; C1,40.06

Found : C,47.58; H,3.55; C1,40.18
There is an C-H stretchin~ band at 2.75-5.1%u. in

the svectrum cf LZ,4-dichlorcbenzyl alcohcl. There is
also & possitle trace of aldehyde in the alcohol since

a very vea¥% tanl is prescnt at 5.%/¢ in the aldehyde

(C=0 stretch) resion.

The bands at 11’?&‘ and 12.%/L are characteristic

of 1,2,4-berzene sutatitution. The band at 11-§/¢ would

Ye due to the sinsle hydro=en btetween the o and 4 sub-

stituents, vherezz the banl at 12‘%%‘ would be due to

the two adjacent srowatic hydrosens.

p-Methvlbenzyl Alcohcl

p-Tolualdehvie (£.07 moles) was reduces ty C.A3

Tole of sodium btoronyiride to yield 173.3% 5. (67%) of
p-rethylbenzyl alcohol as a colorless liguid, b.p.

o
137.5-2,0°C. at 17 mm. , n§5 = 1.5300. Cannizzaro (74)

“ives a b.on. of 21700. at 763 mm. for this comnound.

The O-HE stretcrin~ band is present at 2.75—5,192

in the znectrum of p-methylbenzyl alcohol. 1In addition

trere 13 a weak band at 5.8?/¢w%jch may be due to the






23
precence cf 1 s-all amount ¢f unreduced v-tolualdehyde.
This is a C=0 band anl will show when only traces of
cartonyl are nresent since it is a very stron= band.
The btand in the aromatic resion at lZ.?%;t is chaor-

acteristic of para subcstitution.

n-Isopropylbenzyl Alcohol

p-Isonronpylbenzaldehyde (1.69 moles) was reduced by
0.51 mole of sodium borohydride to yield a crude »roduct.
An identical run was made and the two crude products
were combined and distilled to yield 370.7 g. (73%) of
p-isopropylbenzyl alcohol as a colorless liquid, b.p.
156.5-8.5°C. at 12 m=z., ngso= 1.5169. An authentic
sample of p-isovpropylbenzyl alcohol (Aldrich Chemical
Co.) zave a n%50= 1.5166.

Trhe O-H band in the srectrum of p-isonropylbenzyl
alcohol is similar to the bards found in the rest of

the benzyl alcohcls. There is no band in the carbonyl

rerion, therefore unreacted aldehyde is absent.

The strorm band at 12.2%/¢ is due to para substi-

tuticn in the benzene ring.

D-Bromobenzyl Alcchol

This material was a student oreparation obtained

from Dr. R. T. Guile. It was recrystallized from

o,
ethanol-water to give white crystals, m.DPe. 78°C. Wu

(10) reports a m.n. of 76—7OC. for this compound.

. N s - W an
The infrarei soectrum of this compound shows
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-1l band 2t 2.75-3.03u, and a para substitution band

at 12.53u,.

C. Alrxylations

1. Renzylation of Phenol

Most of the phenol benzylations were carried out
with benzyl alcohol 2s the alkylatiar agent and p-toluenel
sulfonic acid as the catalyst. Variations in the ratio
of reactants as well as tyne of solvent and reaction
temnerature were investigated to determine the conditions

affectine the yield of o-benzvlnhencl.

CH,OH OH

+ —= benzylphenols
p-toluenel

sulfonic acid

Some furtrer alkylations were carried out in which
the use of other allylatin~+ aments and/or catalysts was

explored.

2. Benzylaticn with a p-toluenesulfonic acid catalyst.

Results from twenty btenzylaticns of phenol usine
2 p-toluenesulfonic acid catalyst are included in this
thesis. 1In seventeen experimerts tenzyl alcohol was
used as the alkylatin= asent. In two exteriments
benzyl ether and in one experiment tenzyl chloride were

the alkylatin~ agents.
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Benzvlations with benzyl alcohol: Low temnersature

metbe with saturated Ywirocarben solvents,

In nine exneri-ents a eaturated bydrccarben sclvent
was uced for the alkylation of phenol with benzyl alcohol

in thie presence of v-toluenesulforic acid.

CHZz0H OH saturnted
Vi L:ydrocarbon
+ solvent - Yenzylohenols
A v-tcluene

culfonic acid

The reneral vrocedure ased in these nine evperiments
vas as follows:

A three-necl: flask (F4/40 joints) of azppropriate
size mas used for tle reaction. The flask vas eguipped
with a mector-driven tlass stirrer and a Dean-3tark
water trap fitted with a reflux condencer.

he saturated hrdrecarton solvert, n-toluenesulfonic
acid, and phenol were »nlaced in the reaction flask. 1In
sore cases the benzyl alcchol was first mixed with the
other reactants, 2nd in others it was added durins the
cource ¢f tr*e reaction. The reaction mivture was
refluxed until tle theoretical amount of water had teen
collected in the water trap. Cyclchexane vas used as
the zclvent in most of the ewperiments. In these cases
the reflux temoverature varied from 80-84°C. ‘when
n-heptane was used as a solvent the temperature varied

fron 78-102°%.

WJhen the reaction mixture had cocoled to room temp~
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erature it was washed vith 5% sodium ticarhonate sclution
and then washed with water. The hydrocarbon solvent

was renoved by distillation under diminished oressure
(water asnirator) emnloyins a Claisen-tyve distillation
head. 1\ twelve inch Visreux column was used to rerove
the unreacted phenol by wvacuun distillaticn. The residue
from this distillaticn was fractioned with a three foot
Vigreux column.

Four separate fractions were ccllected durins the
product distillation. The first fraction contained
any resjdual phenol. The second fraction was o-benzyll
phenol and t*e third fraction was a mixture of the ortho
and para isomers. The fourth fraction was p-benzylphenol.
Renzyl phenyl ether boils about thirty de~rees below
o-tenzylphenol and woull have been ccllected in a sepa-
rate fraction if present. .However, in none of these
experiments was a fraction collected which boiled in
the ranse of benzyl phenyl ethrer.

Experimental conditicns and results are given in
Table I.

The hydrocarton solvents used in this series of
experiments were cyclohexane, n-heptane, and n-octane.
As the boilin- point of the solvent increased, the
reaction temmerature was also increased, with a corre-
sopondin~ increase in the rate at vhich water was collecteq.
In experiment 7 where n-octane wac the solvent, water

w33 collected as quickly as benzyl alcohol was added.
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Solvent lethod of Phenol Alkylation with
Benzyl Alcohol in Saturated Hvdroccarbon Solvents

Exp. Phenol Benzyl Tosyl

Crtho/

Solvent Add'n %Yield
(moles) alcohol acid (ml.) tirce mono- para
(moles) (molec) (hrs.) tenzyl ratio
phenols o/p
1 3,0 1.5 0.11 500 - 47 3.5/1
n-heontane
2 2.0 1.0 C.10 20C0 - 54 3,471
n-heptane
3(2) 2 g 1.0 0.10 500 1.5 55 2.5/1
cyclohexane
+(8) 2.5 1.0 0.10 1000 1.2 51  3%.0/1
cyclohexane
5 1.5 0.75 0.10 500 4.4 ee 4.,4/1
cyclohexane
6 1.5 0.75 0.10 500 0.9 49 2.0/1
n-octane
7(®) 40 2.0 0.25 1300 2.1 52 3.9/1
cyclohexane
cyclohexane
5(e) 3. 1.5  0.07 500 0.3 60  1.4/1
cyclohexane

(a) The cycloherane used in thece exneriments was

(b)

(¢)

Eastman Kodak vpractical srade material.

A small amount c¢f crule product was lost during
purification.

This reaction was stonned when only 71% of the
theoretical amount of water had teen collected
in order to see if benzyl phenyl ether or dibenzyl

ether wvas

an intermediate in the reaction.
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However, it iz rot wct:itle to correlate lirvectly the
rate of %t reaction vithl reaclion temrnoeralure cince
the rate of =istillation 13 also denendent on reflux
terperature.

Goed yields cf o-tenzyl—henol were obtained fron
benzyl alcohol =2nd phenol in the vresence of »n-toluenel
sulfonic acid with either purified cyclchexane or
purified n-heptane as solvent vhen the reacticn was
carried to corpletion. “'hen practical grade n-octane
was uszed a3 a sclvent the ortho/vara ratio (£.0/1) was
sorevhat leuss (exmeriment 5).

The use of practical grale cyclohexane which had
not been purified (experiments % and 4) gave somewhat
cialler ortho/para ratics than tre use of purified
cycloherane (experinents 5, 7, znd 8).

#Zhen the amount of excess phenol was increased,
the yield c¢f rorctenzyl phenol was also increased as
would be expectel, but tre ortho/para ratio ap-eared
to remain about the sare durin~ an increase of the
phenol/benzyl alcohol ratio from two to three.

The len~th of tine durin~ vhich the benzyl alcohol
was added appears to have little influence upon the

ortho/para ratio.

High temveraturc method

Four of tre experiments in which ohernol was alkyl-
ated vith tenzyl alcohol in the presence of p~toluenel

sulfonic acid were carried out at temneratures from
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145-155°C.

CH20H OH rno solvcgt
145-155"C.

AN 7
l + //\n > benzylphenols
LQ/J L\// v-toluenel

sulfonic acid

This metkod was similar to the solvent method except
tnat little or no hydrocarbon solvent was used. When no
hrdrocarbon sclvent was used, a small amount of phenocl
vanor co-distilled with the water. A small amount of
solvent was usually =2dded, sufficient to fill the Dean-
Stark trap, plus encuch additional solvent to aid in
removing the water. In the nurification of the product,
cyclohexane vas added to the cooled reaction mixture in
order to facilitate handlin- of the solution during
washin:.

Experimental conditions and results of these experi-
ments are ~iven in Table II.

Table II. Hich Temnerature lethod Alkylation of Phenol
with Benzyl Alcohol without Added Solvent

—

Exp. Phenol Benzyl Tosyl Temp. Add'n %Yield Ortho/
(molez) alcchol acid °c.) time  mono- para
(moles) (moles) */ (hours) benzyl ratio
phenol o/p

1 2.0 1.0 0.02 1328-73 - 54 3.5/1
2 2.0 1.0 C.02 148-55 1.1 57  4.0/1
3 3.0 1.0 0.01 143-52 4.5 66 3.6/1
4 5.0 1.0 0.01 126-60 - 67 3.6/1







40

No tenzyl phenyl etber was obt2ined in any of these

expverirents.
In two of tlc evperiments all the berzyl alcohol
was nresent at the start of the reaction. In these
cases, when the temnerature reached 156—800., water
started to dAistill very rapidly, so trat within ten
minutes almest the calculated amount of water had been
collected. A small amount of phenol vavor cec-distilled
with the =izter and wac collected in the Dean-Stark trap.
Good yields of o-benzylphenol viere obtained by this
method in which evcess phenol was actually the solvent.
An increase in tre phenol/benzyl alcohol ratio
increased the yield of monobenzylokenols but did not

chanee the ortho/para ratio.

Low temmerature method with mixed solvents

In three further experiments a mixed hydrocarbon-

ether scclvent was uced to deterrmine the effect of solvent

rolarity upcn tre products.

CH,0H O
4

tydrocarbon-
ctrer solvents

N\

benzylphenols
> and benzyl

phenyl ether

+

n=toluenel
sulfonic acid

|
NS

Y4

Cyclohevare and the dimethyl ether of dietlhylene
zlycol were used 23 trhe solvent system in the first
resiction., In the last two reactions varyin: amounts of

c¢yclolhexane and n-butyl ether were used as the solvent






syatem.
Recoults of theve evperiments are sammarized in

Table II1I.

Table III. Mixed 3Solve:t Methed 4l¥ylation of Phcenol
with Benzyl Alcohol

Exn. Phenol Benzyl Tosyl Solvent Add'n Products

(rmoles) alcohol acid (ml.) tire
(moles) (moles) (hours)
1 1.5 C.?75 J0.1 150, cyclo- - % yield
hexane; <50, r-benzyl
dimethyl ether phenol
of diethylene
slycol
2 1.5 C.75 0.1 300, cyclo- 1.1 13% benzyl
hexane; 20QC, phenyl
n-butyl ether ether
28% o-benzyl
phenol
10% v-benzyl
phenol

Total = 51%

1.5 0.75 0.1 120, cyclo- 2.7 10% benzyl
hexane; 460, phenyl
n-butyl ether ether
12% o-benzyl
phenol
18% p-benzyl
phenol
Total = 40%

-

In exneriment 1 tre diztillation of vrodnct was

ston:ed when the 4istillin<e head temperature reached
15 Oﬁ . . V3 : T

9°C. at % nm., ~ince at this point all tte menobenzyl
thenols would kave distilled. The residue from the dis~
tillsticn waz a dark purple viscous oil which weirhed

42.7 ¢. Apnarently this reuidue contzins materials of
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a ki her molecular wei-1t than mcenotenzylated nhenols.
In exnerivert ¢ n-butvl etlter wac subcstituted for
some of the cveclohexare nsed in the first series of
evperirents. There was a decreace in the ortho/para
ratio. In additicn sore benzyl phenyl ether was formed,
and trere was a decreace in the total yield of etler
and phencls.
In experiment % an increase in the rercentase of

n-butyl ether caused a furtter reduction in thc ortho/

vara ratic ac well a3 a reducticn in tre total yield.

itternted alkylaticon with benzyl chloride

The s=ane geveral procedure was used as in the alkyl-
atiocn of phenol with benzyl alcohol in hydrocarbon sol-
vents., The followine ouantities of reavents were used

in this exmeriment:

phenol = 1 mcle

tenzyl chloride = 1 mole

cyclohexzne = 400 nl.
p-toluenesulfonic acid = 0,05 mecle

All the reactants, erxcent for the benzyl chloride,
were mixed torether and heated to reflux temperature.
The btenzyl crhloride was adled over a period of seventy
zinutes, after whrich heatirs was cortinued for thirty
Tinutes., At the end of this tire, tle reaction mixture
“as treated in tie manner described earlier for the first
series of colvent alkylations (see page 35). Most cf

the reaction mixture dictilled below 124°C. at 50 mm.
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in the rance of phernol and benzyl chloride. The distilla-
tion was stopped at thiz »oin% &3 only 5.2 . cf a dark

brown residue was left.

CHzCJ
£0°¢.

‘ I e —-- —-» no reacticn
p-toluene
sulfonic acid

Alkylation with berzyl cther

To one mole of phenol and 0.5 mole ditenzyl ether
vas added 400 ml. cyclohexane nand 0.05 mdle p-toluenel
sulfonic acid. The reacticn mixture was heated to reflux
tewnerature, and henting was continued for seventy-four
ninutes durin: which time 8.4 ml. of water was collected.
As 0.9 rl. of the water was from the catalyst, a net
amount of 7.5 ml. water was formed (82% of the calculated
anount ).

The reaction mixture was treated as before to
vield 41.2 g, cf o-tenzylohenol and 15.2 g. of p-benzyld
phenol., Based on the actual amount of water formed,
this i5 eaquivalent to a 27% yield ¢f morobtenzylnhenol

and an ortto/para ratio of 2.7/1.

Hz-O-CH <:::j> ©
<z:::>H: 2 2 80°C. o-benzylphenol

——— and p-benzylphenol
+ n-toluene

sulfonic acid
{or
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Rearran~e~ent of bonzyl phenyl ether

Benzyl pheryl etier was orenared frcam sodium phenate
and benzyl chloride bty tle methed of Zhort and Stewart
(75). The crui=s product was distilled at 3 mm. to yield
2 fraction of benzyl phenyl ether tciling at 132—300.
This fraction solilified to give white crystals with a
m.n. of 32,5-9,0°C. Short and Stewart (75) zive a m.p.

of 39°C. for this compound.

Examination of the infrared spectrum of benzyl
phenyl ether shows the absence of an C-H stretching band
at E-7§;¢- Tre stren— tand at 8.12u_ is characteristic
of aromatic ethers.

Renzyl phenyl cther (0.29 mole) was mixed with
420 ml. cyclohexane and C.07 mole of p-toluenesulfonic
acid., The reaction mixture was refluxed for 5 hours and
25 rinutes durins which time 0.8 ml. of water was
reroved from the catalyst. The mixture was cooled and
washed in the uzual manner with sodium ticarboniste solu-
ticn followed ty water.

Tre cyclohexane was revmcved under asvirator vacuun.
Toward the end of the distillation some water backed
Up into the still vot and the distillation blew out at

the =till heal. Some material was lost, but 140.5 . of
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1 viscous ¢il vins left in the flack. Since 164.2 3. of
benzyl prenyl etrer 1122 been uced in the reaction, up to
3.7 m. of 0il may have teen lost. Thus, at least 85%
of thre crude product vas saved.

The viscous 0il was distilled vith a tvo foot
Visreux column to =ive 5.0 g. of a white solid, b.p.
105-113°C. at 50 mm., identified as phenol.

The residue was distilled with a three foct Vimreux
colurn to give 4.2 ~. of o-benzylphenol and £0.2 . of
p-tenzylnliencl. This ccrresnonds to an crtho/para ratio

of 1.2/1. The rect of the raterial (105.8 g.) did not
distill below 153°C. at & m-.

o-benzyvlphenol

0% p-benzylovhenol
@-CH;.- e @ — < s polybenzyl rhenols
n-toluene and vhencl

sulfonic acid

Since phenol is much lower boilin~ than the benzyl-
ated phenols, it is vposzible that most of the 22.7 g.
thich was lost was phenol. In effect the phenol could
have teen rapidly steam-dictilled out of the flask vhen
the evplosion occurred. If the 23.7 7. lost was phenol,
then a total of 8.7 <. of 0.31 mole of nhenol was pro-
duced durin~ the rearran—cement. If all the residue
(105.3 z.) was dibenzylated product, it would be equiva-
lent to C.%29 mcle, and if tribenzylated oroduct, eguiva-
lent to C.29 mole. Thus +tre residuc likely contains a

nivture ¢f di- znd tribenzylated products. O©f course
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some polymers of the benzyl framrent could zlso be

nresent.

b. Benzylation with mineral =2c¢id catalysts

Two experirents were carried out in which a strong
mineral acid wzs uced ss a catalyst for the alkylation

of phenol with benzyl alcohol in a cyclohexane sclvent.

Phosphoric acid catalyst

To 500 ml. cyclohexane and 1.5 moles phencl vas
added 0.1 mcle 25% phosphoric acid. This mixture was
heated to reflux tewperature and 0.75 mole benzyl alcchol
aided over a2 neriod of eishty minutes. Durine the reac-

tion the nhosrhoric acid apneared to be »resen

S€

c‘f

as a
serarate phare. Heatin: was continued for three hours
and forty five minutes durin; vhich time 14.7 ml. of
water s collected.

The reaction mixture was treated as before and the
crude product distilled te yield 11.72 3. of o-benzyll
ohenol 2and 54.7 =, of p-tenzylphenol.

CH,OH
80°c. __ o=-benzylphenol
H O - p-benzylphencl
3T

Sulfuric acid catalyst

To 250 ml. cyclohexare ard one mole phenol was

zdded 250 ml. of 67% sulfuric acid. A two phase system

resulted. This mixture was heated to reflux temnerature.
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Benzyvl alcohol (one mole) was ad'led over a period of
eitty-six minutcs dnrin-. visorous agitztion. EKeating
vas continued for an additicnal hceur and tre reaction
mixture alloved to cool. The upper (cyclohexane) layer
was geparated 2ni treated as before.

Fracticnation of the crude vproduct mave 67.C z.
of o-benzylohenol (36% yield). Less than 5 5. of
material distillel below 151°C. at 3 nm. in the boiling
ran~e of o-benzylohenol.

CH,0H  OH

20°¢.
+ —a= p-benzylphenol
HZSO4

¢c. Benzylation with a Dowex 50 catalyst

Solvent method

Pienol (% moles), 1.5 moles of btenzyl alcohcl,
20 3. of Dowex 50, and 500 zl. of n-hectane vere mixed
and refluxed for forty-five minutes until all the water
from tre Dowex 50 nnad teen collected. Refluxing was
continued for eirhty-ei—rht minutes, but very little
wiater was collecte”. As the reaction rate under these

corditicns was very slcw, tre evveriment was discentinueq

.

Eith tempersture metliod
Phenol (z moles) 2nd 40 g. Dowex 50 were teated for
one rour at 117-150°C. at tre end of whick time all the

vater orezent in the catalyst had becen removed, Heating
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at 14)-151°C. was continued vhile one mole of tenzyl

alcohol vas aidel over a veriod of cone hour. As soon
as the last of the benzvl alcohol had been added, the
vater stopped dixtilling.

The reaction mixture was allored to cool to QOOC.,
ard the Dowex 50 was removed by filtration. Unreacted
cherol wa2s revoved from tie filtrate by vacuum distilla-
tion. The residue was fractionated, usinz a three foot
Viereux column, to ~ive 77.% . of o-benzylphenol and
%3,9 z. of p-tenzylohenol. This is a 60% yield of
monobenzylphenols and an ortho/para ratio of 2.3%/1.

A similar run was carried out with three moles of
phenol, one mole of benzyl alcohol (added over two
hours and 23 minutes), and 10 g. of Dowex 50. Fraction-
ation of the product yielded ©5.2 g. of o-benzylphenol
and %29.9 g. of p-benzylphenol. This is a 7%% yield of

monobenzylphenols with an ortho/para ratio of 2.4/1.

d. Benzenesulfonic acid catalyst

Phenol (1.5 moles), benzenesulfonic acid (0.1 mole)
and 500 ml. cyclohexane were mixed and heated to reflux
temperature. Renzyl alcohol (C.75 mole) was added over
a period of two hours and z7 minutes, after which
refluxing was continued for 29 minutes.

The reaction mixture was washed as usual, and
solvent and unreacted phenol were removed by vacuum
distillation. Fractionation of the residue yielded

48.5 g. of o-benzylvhenol and 20.2 g. of o-benzylphenol.
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This is a 50% yield of monobenzylvhenols and an ortho/

para ratio of 2.4/1.

e. Attempted alkylation without a catalyst

Phenol (2 moles) was added to one mole of benzyl
alcohol ard the mixture heated at 168-173°C. for 41
minutes. No water was formed durins this time;

therefore it was assumed no alkylation took pnlace.

f. Identification of products

A sample of p-benzylohenol, prevared by the
p-toluenesulfonic acid method, was recrystallized four
times from ligroin (60-9000.) to mive white crystals,
m.p. 84.5°C. This corresponds to the m.p. of 84°¢.
found by Paterno (13).

The sample of p-benzylphenol obtained in this
work was mixed with an authentic sample of p~benzylphenol
and a melting point was taken. There was no depression
of the melting point.

The infrared spectrum of the prepared sample of
D-benzylnhenol was comnared with the infrared spectrum
of an authentic sample of p-benzylphenocl. The spectra
wvere identical.

The infrared spectrum of p-benzylphenol is consis-
tent with its structure. The O-H stretching band at
2.Zﬂ has a hydroren-bonded shoulder at 2.8?;4 which is
typical of phenols with no ortho substituents. The

aroratic substitution band at 12.4?/¢ is typical of
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compounds which have 1,4-aromatic substitution.

The recrystallized samnle of p-benzylphenol was
reacted with nhenyl isocyanate to ~ive a phenylurethane
which on recrystallization from ligroin (60-90°C.)
nelted at 135.5-4.000. This urethane is not recorded
in the literature.

Analysis

Calculated for 020H17N°2 : N, 4.65
Fourd : N, 4.63

A sample of o-benzylnhenol, prepared by the
p~-toluenesulfonic acid mwethod, was distilled three times
with a three foot Viereux column to yield a fraction
toiling at 142-3°C. at 3 mm. This fraction solidified
to yield a white solid with a m.p. of 53—400. Claisen
and co-workers (52) mive 52°C. as the melting point of
o-benzylphenol.

The irnfrared spectrum of o-benzylphenol shows the
expected differences from that of p-benzylphenol. The
0-H stretching band at 2.7?;4 contains no hydrogen
bonded shoulder as does the O-H band of p-btenzylphenol.
The ortho alkyl sroup decreases the intermolecular
hydrosen bondincg and thus causes the change in the
svectrum. The 12.4%%¢ band present in the svectrum of
r-benzylnhenol is absent. Instead there is a band at
13.§/L which is typical of comvounds with 1,2-aromatic

substitution.

The purified samole of o-benzylphenol was reacted
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with nhenyl isocyanate to cive a vhenylurethane, which
on recrystallization from licroin (60-90°C.), melted at
120°c. Claisen a2nd co-workers (52) give the meltinz
point of this phenylurethane as 117.5—8.000.

Purified o-benzylphenol (0.25 g.) was mixed with
purified o-benzylphenol (0.25 z.) and ground together

in a mortar with a pestle. The melting point of the

mixture was 38-42°C.

2. Benzylation of Cresols

a. Benzyl alcohol and p-cresol

Two moles of p-cresol, 0.002 mole p-toluenesulfonic
acid, and 40 ml. cyclohexane were heated for four hours
at 127-42°¢. while addinz 0.7 mole benzyl alcohol.
Durinz the reaction period 1%.2 ml. of water were collect-
ed by distillation. Purification and distillation of
the reaction mixture yielded 87.1 g. crude 2-benzyl-4-
methylphenol in 63% yield. The crude product was redis-
tilled (126-8°C. at 0.1 mm.) to yield white crystals of
2-benzyl-4-methylphenol, m.p. 35-6°C. Hickinbottom (45)

records a melting point of 36°C. for this compound.

e D

CHy

OH
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The infrared svectrum of 2-benzyl-4-methylphenol is
congsistent with its assigned structure. The O-H
stretching band at 2.Z£‘ is of medium width with just a
trace of a hydrogen-bonded shoulder. It is the same size
and shape as that of 2-benzyl-3,5-dimethylphenol, which
also has one ortho benzyl group. The strong band at
12.%/4 is characteristic of 1,2,4-aromatic substitution.
Phenyl isocyanate was reacted with 2-benzyl-4-
methylphenol to yield the phenylurethane as white crystals
(from hexane), m.p. 147°C. Hickinbottom (45) records a

m.p. of 146°C. for this urethane.

b. Benzyl alcohol and o-cresol

Three experiments were carried out in which benzyl
alcohol was used for the ortho alkylation of o-cresol.
One experiment was of the low temperature type, whereas

the other two were high temperature alkylations.

Low temperature alkylation

One and one-half moles of o-cresol, 0.75 mole
benzyl alcohol, 0.1 mole p-toluenesulfonic acid and
500 ml. cyclohexane were placed in a one-liter flask.
This mixture was heated to reflux temperature and heating
was continued for two hours and 3% minutes, at the end
of which time 14.7 ml. of water had been collected.
Purification and fractionation yielded 59.2 g. of
2-benzyl-6-methylphenol and 26.3% g. of 4-benzyl-2-
methylphenol.
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High temperature alkylation

Two moles of o-cresol and 0.02 mole v-toluenesulfonic
acid were heated to 150°C., and one mole of benzyl alco-
hol added over a period of one hour and ten minutes at
a temnerature of 141—5300. Heating was continued for
nine minutes at 150-200. During the reaction period
15 ml. of water was collected.

Purification and fractionation yielded 85.% g. of
2-benzyl-6-methylohenol and 30.1 g. of 4-benzyl-2-
methylphenol.

In a second experiment two moles of o-cresol,

0.002 mole p-toluenesulfonic acid, and 45 ml. of cyclo-
hexane were heated to 150°C., and 0.75 mole of benzyl
alcohol added over a veriod of four hours and 27 minutes
at a temperature of 140—15100. Heating was continued
for ten minutes at 151—200. During this period 13.4 ml.
of water was collected by azeotropic distillation.

Purification and fractionation yielded 68.8 g. of
2-benzyl-6-methylphenol and 21.4 g. of 4-benzyl-2-

o

nmethylphenol.

Identification of Products

4-Benzyl-2-methylphenol. Distilled 4-benzyl-2-

methylnhenol was redistilled to yield a fraction boiling
at 162-300. at 1 mm. This fraction was recrystallized
twice from ligroin (60-90°C.) to obtain white crystals
with a m.p. of 51.0-1.500. Huston (4) gives a m.p. of

49.5-50.5°C. for this compound.
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CHj

Examination of the infrared spectrum of 4-benzyl-

2-methylphenol shows a medium width O-H stretching band

at 2.70-3.02;0 with a shoulder on the richt due to some
hydrogen bonding. This tyve of band is characteristic

of phenols which have one ortho methyl substituent. The
shave of this band is similar to the OH band of 4-benzyl-
2,3-dimethylphenol. The strong band at 12.%¢¢ is charac-
teristic of the 1,2,4-substitution of the phenolic rinsg.

Such a band is also opresent in 2-benzyl-4-methylphenol.

2-Benzyl-6-methylphenol. Distilled 2-benzyl-6-

methylphenol was redistilled to yield a fraction boiling
at 147.5°C. at 1.8 mm. This white solid had a m.p. of
49-50°C, as comvared to the value of 49.5-50.5°C.

recorded by Huston and co-workers (4).

OH

Oy

The narrow O-H btand at 2.7%/¢ is characteristic of
phenols containing two ortho alkyl groups. In the

aromatic recion the band at 15-?}L is characteristic
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of phenols with 1,2,3-aromatic substitution.

Cne-tenth mole of Z-tenzyl-6-methylohenol was
dissolved in 100 ml. of chloroform and cooled to 2°C.
One-tenth mole of bromine in 50 ml. chloroform was added
over a period of 47 minutes, maintaining the temperature
at 2°C. The reaction mixture was aerated to remove
hydrosen bromide and washed with dilute sodium bicarbon-
ate. The chloroform was removed from the solvent layer
by distillation.

The crude 2-benzyl-4-bromo-c-methylphenol was
distilled to yield a fraction boiling at 167-8°C. at
0.5 mm., This fraction yielded white crystals with a
m.p. of 65.5—4.000. Huston and co-workers (4) give a

m.,p. of 65—400. for this compound.

OH

Br

Summary of results

The results of three alkylations of o-cresol with
benzyl alcohol and a p-toluenesulfonic acid catalyst

are summarized in the following table.
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Table IV. Benzylation of o-Cresol

Exp. Moles Moles MNoles Ml. Temp. % Ortho/
o-cresol benzyl cata- cyclo- oC lono- para
alcohol lyst hexane ° benzyl ratio
cresols o/p

1 1.50 0.75 0.1 500 85 57 2.3/1

2 2.00 1.00 0.2 None 141- 58 2.8/1
153

3 2,00 0.75 0.002 45 140- 6l 3,2/1
151

¢. Benzyl alcohol and m-cresol

Two moles of m-cresol, 0.1 mole p-toluenesulfonic
acid and 650 ml. of cyclohexane were heated to reflux
tenperature (8100.) and one mole of benzyl alcohol added
over a periocd of one hour. Durine the reaction period
18 ml. of water were collected by distillation.

Purification and fractionation of the crude product
yielded 101.2 g. of a fraction containing the two
O-benzylated m-cresols and 18.3 g. of 4-benzyl-3-
methylphenol. This is a monobenzyl yield of 5% and
an ortho/para ratio of 5.5/1.

The crude 4-benzyl-3-methylphenol was recrystallized

from hexane and found to have a m.p. of 95°C. Huston
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and Houk (5) cive a melting point of 9300. for 4-benzyl-

3-methylphenol.

@—CHZQ-OH

CHj

There are two ortho isomers which were isolated by

Huston and Houk (5) in the benzylaticn of m-cresol.

OH OH

N
CHj CHg
2-benzyl-5-methylphenol 2-benzyl-3-methylphenol
m.p. = 46—700- mopn = 71"'2OCo

Since these melting points are considerably lower than
9300., the assignment of #4-benzyl-3%-methylphenol would
seem to be correct for the 93°C. material. In addition
this latter commound is the hizher boiline fraction,
and such a physical property would acree with its
assisnment. Both of the o-benzyl isomers are lower
boiling since the presence of the o-benzyl groups
lowers the boiline point by decreasins intermolecular
hydrosen bonding.

That this assigntent of the para isomer is correct
may be seen by a study of its infrared spectrum. The

larze hydroren bonded shoulder in the OH band (2.7-3.%/4)
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is typical of ophenols which do not contain an ortho
substituent. An O-H band of similar shane is found in
the spectrum of n-benzylohenol.

The crude o-benzylated m-cresol containing two
vossitle isomers was distilled at 1 mm. to zive a color-
less liquid boilin~ at 148.0—0.500. When this material
was vlaced in the refriserator a white solid formed.

The solid was removed by filtration, dried and recrys-
tallized to ~ive crystals which melted at 68-70°C.

Further recrystallization from hexane <ave white crystals,
m.p. 74.5°C. These crystals must be 2-benzyl-3-methyl Z
phenol, which melts at 71—200. accordins to Huston and

Houk (5).

OH/CHz @

CHy

They could not be 2-benzyl-5-methylphenol, as this

isomer melts at 46-7°C. accordins to Huston and Houk (5).
Examination of the infrared snectrum of 2-benzyl-

>-methylphenol shows tris assisnment to be correct.

There is a stron~ band present at l}.ﬂ,b which is com-

pletely absent in 4-benzyl-3-methylphenol. The strong

band at 12.9?/L is characteristic of 1,J,3-benzene sub-~

stitution; for example, it is found at 13.9a, in 2-benzyl-

6-methylphenol. Furthermore, the 1,2,4-substitution band

found at 12'%A¢ in 4-benzyl-2-methylphenol, and at
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12.%/0 in Z2-benzyl-4-methylovhenol, is completely absent
from the smectrum of Z-benzyvl-3-methylvhenol.

The mi¥ed meltin< vcint of Z-benzvl-3-methylphenol
and 4-benzyl-3-methylnhenol was found to be 60-6500.
This value shows that these two materials are different
compounds.

If the infrared spectrum of the crude ortho benzyl
material is examined, it is easily seen that another
material in addition to either 2-benzyl-3-methylphenol
or 4-benzyl-3-methylohenol is present. There is a band
at 9.l;u, which is not present in either 4-benzyl-3-
methylolienol or 2-benzyl-?-methylvhenol. Furthermore
in 2-benzyl-3-rnethylohenol there are no tands in the
11.5—12.204 region. Since there are considerable diff-
erences in this resion tetween the crude ortho-benzylated
m-cresol and 4-benzyl-3-methylphenol, the differences
must be due to a third constituent.

The 2-benzyl-3-methylphenol was isolated as a
crystalline material which sevaratecd from the crude
ortto benzyl material on standing. A vortion of the
mother liquor, after separation of the 2-benzyl isomer,
was treated with bromine discsolved in carbon tetra-
chloride. After evolution of HBr had ceased, the carbon
tetrachloride was removed by distillation and the residue
recrystallized from hexane to give white crystals, m.p.
102,5-3,5°¢. This is apparently 2-benzyl-4,6-dibromo-

5-rethylphenol, which is reported by Huston and Houk (5)
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to have a meltin~ mnoint of lOZ—lO}OC.

OH
Cren o
N } CH3
Pr
The strong band at 13.3‘4 of 2-benzyl-3-methylphenol
can be used to measure the vercent of this isomer in the
crude ortho-tenzylated m-cresol fraction. This band is
oresent in the crude fraction as a shoulder on the strong
15.7§u, band. The pure Z-benzyl-3-methylnhenol gives
an absortance of %6% when measured from the base line,
whereas this band in the mixture has an absorbance of
% wren measured from its base line. Thus the mixture
contains about 25% 2-benzyl-3-methylphenol and 75%

2-benzyl-5-methylnhenol.
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3. Benzylation of Xylenols

The alkylation of the xvlenols was carried out by
the same general method used for the benzylation of

phenol and described on ». 35.

a. Benzylation of Z,3-xylenol

A solution of 12z.2 g. (one mole) 2,3-xylenol and
3.8 z. (0,02 mole) p-toluenesulfonic acid in 3200 ml.
cyclohexane was heated to reflux temnerature and the
water was removed from the acid catalyst. To this solu-
tion was added 54.1 g. (0.5 mole) benzyl alcohol over
a period of six hours and 30 minutes. The mixture was
then refluxed for an additional one hour and 48 minutes.
Durins this time 8.3 ml. of water were collected. After
washinz the reaction mixture as usual, distillation
yielded 70.2 g. of 6-benzyl-2,3-dimethylohenol and 10.4 g,
of 4-benzyl-2,3-dimethylphenol. This corresponds to a

monobenzyl yield of 76% and an ortho/para ratio of 6.7/1.

OH
. A yers
' X~ CHs
4 \> CHz /\j CHs Ch
— 2
x CHs 7

|

N

The crude 6-benzyl-2,3-dimethylphenol was redistilled

to yield a white solid boiling at 160-1%C. at 2 mm. and
melting at 58-60°C. This redistilled material was
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recrystallized from ethanol-water to esive white crystals
with a meltins point of 64.5°C.

Analysis:

Calculated for C 0 : C, 84.88; H, 7.60

15t16
Found : C, 84.88; H, 7.66

Fxamination of the infrared spectrum of this
comnound shows a narrow C-E stretchins band at 2.72a.
which is characteristic of phenols substituted in both
positions ortho to the OH sroun. The band at 12.5244
is characteristic of 1,2,3,4-substituted benzenes.

The phenylurethane of 6-tenzyl-c,3-dimethylphenol
was prepared by reaction of the phenol with phenyl
isocyanate. It was recrystallized from hexane to give
white crystals, m.p. 136.5-137.0°C.

Analysis:

Calculated for 022H2ON02 ¢ N, 4.24

Found : N, 4.46

The crude 4-tenzyl-2,3-dimethylphenol was a white
solid with a m.p. of 84-8°C. It was recrystallized once
from ethanol-water and azain from hexane to give white
crystals, m.p. 104.0°C.

Analysis:

. on.
Calculated for C15Hl6o : C, 84.882; H, 7.60
Found : C, 85.%28; H, 7.5%
Examination of the infrared spectrum of this
comnound shows an O-H stretching band of medium width

at 2-7%;0. Such a band is characteristic of phenols
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substituted in one of the nositions ortho to the
hydrexyl group. The band at 12'52ﬂ> is characteristic

of a 1,2,3,4-substituted benzene.

b. Benzylation of Z,4-xylenol

A solution of 100 g. (0.818 mole) 2,4-xylenol,

59.1 5. (0.547 mole) benzyl alcohol, 9.5 g. (0.05 mole)
p-toluenesulfonic acid, and %50 ml. cyclohexane was
refluxed for one hour and 47 minutes. Durine this time
9.2 nl. of water were ccllected. The reaction mixture
was washed as usual and the solvent and unreacted
xylenol removed by distillation.

The residue was distilled at % mm. to yield 48.5 g.
of 2-benzyl-4,6-dimethylphenol, a white solid. This is
a 42% yield. The solid was recrystallized reneatedly
from petroleum ether (60-90°C.), benzene, and cyclohexane,
but the crystals would always "felt out" as described
by Houston and Houk (5). Most of the material was lost
durins recrystallization, so another exveriment was
carried out in which the product was purified by dis-
tillation.

A solution of 92.7 g. (0.8 mole) 2,4-xylenol and
3.8 ¢. (0,02 mole) p-toluenesulfonic acid in 300 ml.
cyclohexane was heated to reflux temperature and the
water from the catalyst removed. To this solution was
added 54,1 g. (0.5 mole) benzyl alcohol over a veriod

of four hours and 35 minutes. The mixture was refluxed
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for an additional six hcurs. Durins this time £.7 ml.
of water were collected.

The mixture was washed as usual and the solvent
and unreacted 2,4-¥ylenol removed ty distillaticn. The
crude product solidified on coolins.

The crude product was distilled to yield e4.7 =.
of a white solid boilinz at 159-168°C. at 2 mm. This

corresponds to a yield of 61% of 2-benzyl-4,6-dimethyl”

phenol.
OH
OCHZ AN CH3
o N\
CH;

The product was redistilled at 2 mm. to sive 39.7 ¢,
of a white s0lid boilinz at 159.5-161.5°C. and melting
at 65.0—65.500. This material was acain redistilled at
2 mm. to cive 26.1 g. of a white solid boilin< at
160.5-1,0°C. and melting at 66°C. Elkobaisi and Hick-
inbottom (46) record a melting point of 67°C. for
2-benzyl-4,5-dimethylphenol.

The infrared spectrum of 2-benzyl-4,6-dimethylphenol
Was consistent with the assimned structure. It showed
2 narrow O-H stretching band at 2°79AL which is charac-
teristic of phenols with two alkyl groups in the ortho
positions. The stronz band at 12.6?/4 is characteristic

of 2,4,6-trialkylphenols (1,2,3,5-benzene substitution).
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A phenylurethane cof z-benzyl-4,6-dimethylphenol
was prenared by reaction of the phenol with phenyl
isocyanate. The crude phenylurethane was recrystallized
from ligroin (60-90°C.) to yield white crystals, m.p.
143.5-4.000. Elkobaisi and Hickinbottom (46) record a

meltinz point of 15600. for the phenylurethane.

¢c. Benzylation of £,5-xvlenol

Experiment No.l. A solution of 100 g. (0.818 mole)

2,5-xylenol, 9.5 g. (0.05 mole) p-toluenesulfonic acid,
and 350 ml. cyclchexane were heated to reflux temvera-
ture. Durins a period of two hours and 29 minutes,
59.1 5. (0.547 mole) benzyl alcohol were added while
refluxin~ was continued. A total of 10.1 ml. of water
was collected. The reaction mixture was washed as
usual, and the cyclohexane was removed under reduced
vressure.

when the residue was distilled to remove unreacted
2,5-xylenol, the vacuum take-off became plueged with
crystals of the xylenol. To prevent this, 100 ml, of
1,2,4-tricrhlorobenzene was added. Since 1,2,4-trichloro2
benzene has about the same boilins point as the xylenol,
the mivture co-distilled without further difficulty.

The crude vnroduct was distilled at % mm. to yield
45.1 g. of 2-benzyl-3,6-dimethylphenol and 13.6 g. of
4-benzyl-2,5-dimethylphenol. This corresponds to a

monobenzyl yield of 51% and an ortho/vara ratio of 3.3%/1.
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The crude i-btenzyl-3,6-dimethylnhencl was recrys-
tallized once from cyclohexare-lisroin (90-120°C.) and
twice from ligroin (60-90°C.) to yield white crystals

which melted at 75.0-75.500.

OH
CHg
Analysis:
Calculatedl for 015H16O : C, 84.83; H, 7.60
Found : C, &4.84; H, 7.51

Examination of the infrared svectrum of this com-
pound showed a narrow O-H stretching band at 2'7QA¢
vhich is characteristic of phenols substituted in both
positions orthe to the CH group. The strong band at
12.4540 is characteristic of comoounds which have
1,2,3,4-benzene substitution.

A nhenylurethane wzs onrepared bty reaction of
2-tenzyl-%,6-dimethylphenol with vhenyl isocyanate.
The crude phenylurethane was recrystallized from
lizroin (60-9000.) to vield white crystals, m.p. 150.0-
150.5°¢.

Analysis:

Calculated for 022H20N02 : N, 4.24

Found : N, 4.38
The crude 4-benzyl-Z,5-dimethylphenol was recrys-

tallized once from benzere-cyclohexane and twice from
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ligroin (60-90°C.) to yield white crystals which

melted at 58—900.

H
,CH3
4 \CHZQ-OH
CHyj
Analysis:
Calculated for 015H16O : C, 84.88; H, 7.60

Found : C, 85.08; H, 7.59

Examination of the infrared snectrum of this
compound showed an O-H band of medium width which is
tyvical of nhenols substituted by an alkyl grouv in
one of the orthc nositions. The two bands at 11-59u
and ll.8?¢¢ are characteristic of 1,2,4,5~-benzere sub-
stituticn.

A sample of 2-benzyl-3,6-dimethylohenol was mixed
with a samole of 4-tenzyl-3,6-dimethylphenol. The
mixture melting point of 55-60°C. shows that these are

different compounds.

Experiment Nc.2. Benzyl alcohol, 108.2 5. (one

mole), 2,5-xylenol, 122.2 g. (one mole), 300 ml. cyclo-
hexane, and 300 ml. 67% sulfuric acid were refluxed for
two hours. The reaction mixture was washed as usual,
and solvent and unreacted 2,5-xylenol were removed by
vacuum distillation.

Distillation of the residue yielded 12.1 g. of
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2-benzyl-3,6-dimethylphenol and 19.% g. of 4-benzyl-
2,5-dimethylphenocl. This is a monobenzyl phenol yield
of 15% and an ortho/para ratio of 0.62/1. In addition,
a fraction of 4.1 ¢. (2%) was obtained which boiled at
15u-144°o. at 1 mm., about ten degrees below the fraction
containing Z-benzyl-3,5-dimethylphenol.

Examination of the spectrum of this low-boiling
fraction shows that it is probably impure benzyl-2,5-

direthylphenyl ether.

cHy
@/’CHZ - O’/—\

CHg3z

There is a weak O-H stretchinp band at 2.ZA¢ which
would be due to the presence of 2-benzyl-3,6-dimethyll
phenol as an impurity. This band has about 20% of the
absorbance that it does in pure 2—benzyl—3,6-dimethyl€
nhenol, therefore the ether fraction may contain about
c0% of this phenol.

Four otrer bands present in the spectrum of
2-benzyl-3,5-direthylphencl are 2lso present as weak
bands in the ether fraction. These are bands present
at 8.1, 8.3, 9.5, and lO.;u,.

There is a band at 8.8?;4 in the ether fraction

which is not oresent in the spectrum of 2-benzyl-3,6-

dimethylphenol. This is a stron band which may be

due to the CH,-0 vibrztion. In addition, the aliohatic
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C-H stretchines band in the 3'“_3'?A4 rezion is present
as a doublet in the snectrum of the ether fraction.
This doublet would be consistent with the fact that

in benzyl 2,5-dimethylphenyl ether there are two kinds
of aliphatic C-H bonds: the tyve tound only to aryl,

and the type bound to aryl and oxycen.

CH3

{DCHZ -0
5 2

CHg
2rnd tyne (5.?/4) ‘\\\]st type (5‘%%4)
In 2-benzyl-3,5-dimethylphenol there is only the

first tyoe of C-H tond, bound to aryl alone.

OH

7 '

N)-CH, =7 r CHs
e

CHy
. ﬁfhfjsi::ZZTf 1st type - bound

to aryl only (3.%/4)
Cnly the second type of alivhatic C-H tond would be

orese~t in tenzyl ohenyl ether.

2nd type only (3.5/»)

e

e

7 Scvigod Y
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If the spectrum of the above comnound is examined
there is a C-H band at 3.?/L, but not at 3.%/1.

The crude 4-benzyl-Z,5-dimethylohenol was recrys-
tallized from hevane to yield white crystals, m.D.
59,5-60.0°C.

,CH3
7 M-CHy - OH

CH3

Comparison of the spectrum of this sample of
4L-benzyl-2,5-dimethylovhenol with a spectrum of a samnle
prevared by the o-toluenesulfonic acid rethod shoved
that they were the same com»ound.

A phenylurethane was prepared by reaction of
4-benzyvl-2,5~-dimethylphenol with phenyl isocyanate.
Recrystallization from hexane yielded white crystals,
r.p. 15%.0-159.5°C.

Analysis:

Calculated for 022H20NO2 s N, L.o4

Found : N, 4.35
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d. Benzylation of 2,6-xylenol

Experirent No.l. To 450 ml. of cyclohexane was

added 100 . (0.818 mole) 2,6-xylenol and 19.0 g.
(0.1 mole) p-toluenesulfonic acid. This mixture was
heated to reflux temmerature, and 75.7 g. (0.7 mole)
benzyl alcohol was added over a veriod of five hours
and 30 minutes. Refluxins was continued for an addi-
tional hour. Durineg the reaction period 13%.7 ml. of
water were removed.

The reaction mixture was washed as usual and the
solvent and unreacted xylenol removed by vacuum dis-
tillation. The residue was distilled at 153-61°C. at
3 mm. and crystallized to give 45.4 g. of a soft white
solid. This corresvonds to a 31% yield of monobenzyl-

2,6-dimethylphenol.

The crude monobenzyl-2,6-dimethylphenol had a
meltins point of 41-4°C. An examination of its infra-
red spectrum showed bands at 12.1, 12.55, and 12.89%¢.
Not all these bands should be present in a 2,4,6~
substituted phenol such as the expected 4-benzyl-2,6-

dimethylphenol.
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e Lo
CHsj

Aprarently the monobenzyl fraction was a mixture
of isomers. The other nossible monobenzyl isomers
would te %-benzyl-2,5-dimethylohenol or benzyl 2,56-

dimethylnhenyl ether.
OH

HzC j//{\,—C Hs
N, GHz
% 0
| HsC CHs

The crude monotenzyl fraction was recrystallized
from hevane to «ive white crystals, m.p. 51—200. The
mother licuor was set aside for furtrer examination.
The crystals melted at 51-200., and had an infrared
snvectrum which showed a much stronwser tand at 12.8Q/4
and much weaker bands at 12.%»4 and 12.52¢4. This
material was further recrystallized from ethanol-water
to yield a comnound with a m.p. of 68.0-68.500. Elko-
baisi and Hickinbottom (46) report a m.p. of 66°C. for
4-benzyl-2,6-dimethylphenol.

The infrared snectrum of the pure material showed

a still stron~er band at 12.89;4 whereas the bands at
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12-%p¢ and 12.5§;¢ had disapneared.

A phenylurethane was orepared by reaction of
4-benzyl-2,6-dimethylphenol with phenyl isocyanate.

The urethane was recrvstallized from hexane to mive
white crystals, m.o. 15400. Elkobaisi and Hickinbottom
(46) report a meltine noint of 15300. for the phenyl
urethane of 4-benzyl-2,5-dimethylphenol.

The mother ligquor from the first recrystallization
was evavorated until most of the remaining xylenol had
sevarated as a solid. Tre solid was isolated by fil-
tration and the small amount of mother liquor evaporated
to yield a yellow o0il. The infrared spectrum of this
0il showed stronser l?.%;b and 1205%A¢ bands and a
weaker 12.%/0 band.

The yellow o0il was dissolved in hexane and cooled
in the refrigerator. A white solid separated and was
shown by its infrared spectrum and mixture melting
point to bte more 4-benzyl-2,6-dimethylohenol. Solvent
was removed from the mother liquor to yield a yellow oil.

On standing additional crystals formed in the
yellow 0il. The crystals were senarated and shown
to be rore 4-benzyl-z,6-dimethylnhenol. The remaining
vellow 0il was dissolved in carbon disulfide and an
infrared snectrum onrenared. The infrared spectrum of
the yellow cil shcowed that the bands at l?.%/o and
12.52»0 were larger and the band at 12.8.c weaker.

There was now a shoulder on the 12-%;4 band at lE.%u_.
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The yellow o0il should contain 3-benzyl-Z2,5-xylenol,
since the other isomer was shown to be 4-benzyl-2,6-
xylenol. Furthermore the banid at l2.5;u, (the stronsest
band in this recion) is characteristic of 2,%,6-sub-

stituted nhenols.

oH
H3CT¢>ﬂ—Cﬂ%3
NAck,

Analysis:

Calculated for ClSHl6O : C, 84.88; H, 7.60
Found : C, 82.55; H, 7.35

The low carbon and hydrosen values show this isomer
is not nure. As only a few drons of vellow o0il were

obtained, further nurification was not attempted.

Experiment No.2. To 450 ml. of cyclohexane was

added 100 g. (0.818 mole) Z2,5-xylenol, 108.1 g. (one
mole) benzyl alcohol, and 19.0 g. (0.1 mole) p-toluene”
sulfonic acid. This mixture was refluxed for eight
hours, durins which time 17.6 ml. of water were removed.

The reaction mixture was washed as usual, and the
solvent and unreacted xylenol were removed by vacuum
distillation. The residue was distilled at 3 mm. to
give 59.6 7. of monobenzyl-Z,6-dimethylphenol, a yield
of 349%,

A considerable amount of residue remained from the



75

distillaticn oif the monotenzvl-2,6-dimethylnhenol.
This resicdue was distilled at 2 mm. to give 40.7 . of
a yellow licuid boiling at 213-800. vhich crystallized
to ~ive a 1lirht vellow solid.

Tre solid was recrystallized from benzene-lizroin
and further recrystallized from hexane to yield white
crystals, m.p. 117.5-118.0°C.

Analysis:

Calculated for C, H_,C : C, 87.37; H, 7.24

Found : C, £€7.31; E, 7.46

From the toilin voint and elemental analysis of
the unitncwn substance it is apnarent that two moles of
benzyl alcohol have teen condensed with one mole of
¢ ,6=xylencl.

The infrared swnectrum of this comnound was examined
and the followins facts noted:

1) There was a stroneg O-H stretching band at
2.79u,. Therefore the componnd is a dibenzyl dimethyl O
phenol and not an etker. The narrow width of this band
is characteristic of ohenols with alkyl srouns in both
ortho positions.

2) The band at 5’59”' (aromatic C-H) was about
the sare denth as the band at 3.49u, (aliphatic C-H).

In 2 monobenzyl dimethylohenol the 3.59;L btand is not
as deep as the 5.4Q;L band. In a dibenzyl dimethylphenol
there would be ten aliphatic hydrorsens and eleven aro-

matic hydro-ens whereas with a monobenzyl dimethylphenol
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there are eirht aliphatic hvdrogens and seven aromatic
hydrosens.

3) There was no band between 12 and léu,, thus it
is unlikely that there is either para or 1,2,3,5-substi-
tution present.

4) The monosubstitution band at lBUﬂ%u was much
larcer than the monosubstitution band of a benzyl
dimethylphenol. This indicates that two monosubstituted
rings are present.

5) There was a band at 10.9§AL which is not present
in 4-benzyl-2,6-dimethylohenol. This band is character-
istic of pentasubstituted benzenes.

It was shown that 4-benzyl-Z,6-dimethylphenol and
protably 3-benzyl-2,5-dimethylohenol were present in
the monobenzyl fraction. In view of all these facts it
seems likely that this dibenzyl dimethylphenol is %,4-

dibenzyl-z,5-dimethylphenol.

OH
H3C 7 ' CH3
L§ CH2
CHz

Elkobaisi and Hickinbottom (46) report a hish

boilins comnmound melting 3t 118°c. which they isolated

from the reaction of benzyl alcohol and 2,6-xylenol in
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petroleum ether (60—9000.) with an aluminum chloride
catalyst. They claim the structure of their compound

to be benzyl (4-benzyl-Z,5-dimethylphenyl) ether.

C H3
|

CHj

However it seems vpossible that their so-called etber
was 3,4-dibenzyl-c,6-dimethylphencl.

A urethane of 3,4—dibenzyl—2,6-dimethylphenol was
prepared by reaction with phenyl isocyanate. Recrys-
tallizaticn of this compound from hexane gave white
crystals, m.p. 184—500.

Analysis:

Calculated for 029H28NO2 : N, 3.34

Found : N, 3.75
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e. Benzvlation cf %2,4-xylenol

To 500 ml. of cyclohexane were added 183.2 g.

(1.5 moles) 3,4-»vlenol and 19.0 g. (0.1 mole) p-toluenes
sulfonic acid, and the mixture was heated to reflux
temnerature. To this was added 108.1 g. (one mole)
tenzyl alcohol over a nericd of three hours and %7
minutes. After addition was comvnlete, refluxinz w2s
continued for ore hour.

The reaction mixture was washed as usual, and the
solvent and unreacted ¥ylenol removed by vacuum distil-
lation. The residue was distilled at 3 mm. to yield
119 &, of =2 monobenzyl 3,4-dimethylphenol (56% yield).

OoH
K\\\
N

CH3 ch, CH,
7

g

Examiration of tre infrared spectrum of the mono-

benzyl 3,4-dimethylphenol shows an O-H stretching tand
of medium width at 2.Zu,, characteristic of phenols
substituted in one ortho position. The shave of the
C-H stretchineg bard at 2.7 cannot be used to distin-
suish between the two nossible ortho isomers; its
shape would be about the same for each isomer, since

each isomer would have one ortho substituent.
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However, an examination of the 1o-1ga resion
indicate= that a mixture of two isomers is nresent. A
btand at 12.5?/4 is characteristic of 1,2,3%,4-benzene
substitution and indicates the presence of Z-benzyl-

3,4-dimethylphenol.

OH
" ~CHj
CHgj

The bands at ll.B?;L and ll.8§p¢ are characteristic of

1,2,4,5-substitution and indicate the oresence of

2-benzyl-4,5-dimethylnhenol.

OH
Qc“z >
HC N

CHgz
The crude product was redistilled to yield 60.9 <.
of a colorless liouid boilins at 173.5°C. at 2.5 mm.
The

Uoon standing, a soliAd senarated from the liquid.
solid was recrystallized from hexare to give white
crystals, m.p. 46.5-47.0°C.
Analysis:
Calculated for C15H16O
Found : C, 84.15; H, 7.69

. C’ 84.88; H’ 7060

Examination of the infrared snectrum shows an ortho
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substituted phenol witn tands at ll.}?;b and 11.82/4,
characteristic of 1,2,4,5-benzene substitution. The
band at 12.5?;4 (characteristic of 1,2,3,4-substitution)
is absent. Apparently this solid is Z-benzyl-4,5-
direthylphenol.

Phenyl isocvanate was reacted with z-benzyl-4,5-
dimethylphenol to yield a nhenylurethane. Recrystalli-
zation from hexane yielded white crystals, m.p. 159.0-
159.5°C.

Analysis:

Calculated for 022}1201\102 : N, 4.24

Found : N, 4.37

The spectrum of the original crude product, con-
tainin~ a mixture of the two ortho isomers, Was
re-exanined. The band at 11'8§A4’ which is present in
z-benzyl-4,5-dimethylphenol, can be used to measure the
amount of this isomer present in the crude product.
Comparison of the absorption of the bands in the spectra

of the two isomers showed the crude product to contain

about 70% of Z-benzyl-4,5-dimethylohenol. The other

20% of the miwture should be 2-benzyl-5,4—dimethylphenol.
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f. BRenzylation cof %,5-xvlenocl

To 400 ml. cyclohexine were added 18%.2 5. (1.5
moles) of 3,5-xyvlenol an? 3.8 ¢, (0.02 mole) p-toluenel
sulfonic acid, and the rixture was heated to reflux
temperature. A solution of 81.1 g. (0.75 mole) benzyl
alcohol in 100 ml. cyclohexane was added over a period
of five hours and 40 minutes. The mixture was refluxed
for an additional hour and 44 minutes. A total of
12.5 ml. of water were removed.

The reaction mixture was washed as usual, the
layers were separated, and 1,2,4-trichlorobenzene added
to the orzanic layer. Cyclohexane was removed by dis-
tilliation and then the unreacted xvlenol co-distilled
with tre trichlorobenzene. The residue was distilled
at 0.2 mm. to =ive &4.4 o. of -benzyl-3,5-dimethylphenol
and 14.4 o, of 4-benzyl-3,5~dimethvlphenol. This is a
monobtenzvl yield of 64% and an ortho/vara ratio of
5.9/1.

A samnle of Z-benzyl-3,5-dimethylvhenol was recrys-
tallized once from benzene-licroin (90-120°C.), once
from cyclohexane-licroin, and once from hexane to give

white crystals, m.p. 77.5-78.5°C.

OH
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Analysis:
Calculated for Cl5Hl6o : C, 84.88; H, 7.60
Found : C, 84.85; H, 7.61
The infrared snectrum of this comnound showed an
C-H band of medium width at 2.7;u_. Such a band is
characteristic of a phenol with an alkyl group in one
of the ortho nositions. There were two bands at ll.89u
and 12.Q/¢, characteristic of 1,2,%,5-benzene substitution.
A éhenylurethane of 2-benzyl-3,5-dimethylphenol was
prevared by reaction with phenyl isocyanate. The ure-
thane was recrystallized from hexane to sive white
crystals, m.p. 127.5-128.0°C.
Analysis:
Calculated for 022H20NO2 : N, 4.24
Found : N, 4.25
1 sarpnle of 4-benzyl-?,5-dirmethylovhenol was recrys-
tallized from cyclohexane to yield white crystals, m.p.

105.0-105.5°C.

CH3

4 \-CHZ 7N OH

CHjy

Buu-Hoi, Sy, and Lejeune (61) record a meltinec
point of 112°C. for this compound.
The infrared smnectrum of this compound shows a

wide O-H band characteristic of a phenol which has no
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ortho substituents. The bands at 11-62AL and ll.9;¢¢
are characteristic of commounds which have 1,2,3%,5-
benzene substitution.

Since the meltin~ noint of 4-benzyl-3,5-dimethylC
phenol was somewhat lowver than recorded by Buu-Hoi, 5y,
and Lejeune (61), the compound was prepared by another
method.

To 150 ml. of cyclohexane were added 150 ml. of
67% sulfuric acid and 61.% g. 3,5-xylenol (2.5 mole).
The reaction mixture was heated to reflux and S4.1 g.
(0.5 mole) benzyl alcohol were added over a period of

three hours. Heatin~ was continued for an additional

50 minutes.

Tre orcanic layer was separated and washed twice

with water, whereunon crystals formed. Recrystallization

from cvclohexane yielded white crystals, m.p. 10600.

The infrared spectrum of this samnle showed it to be

the same ccmpoun?! as the 4-benzyl-%,5-dimethylphenol
prenared with a p-toluenesulfonic acid catalyst. A
nixture meltins point of the two samnles of 4~benzyl-
%3,5-dimethylphenol shcwed no depression. However, when
a sample c¢f 4-benzyl-3,5-dimethylphenol was mixed with
a samnle of 2-benzyl-%,5-dimethylphenol, the depressed
meltine point (63%.0-72.0°C.) showed that threse were

two different comnounds.
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4. Alkylzation of Phenol with Substituted

Benzyl Alcohols

a. Alkylation of phenol with p-methylbenzyl alcohol

To 500 ml. cyclohexane were added 61.1 g. (0.5 mole)
p-tolyl alcohol, 141.1 . (1.5 moles) phenol, and 19.0 g.
(0.1 mole) n-toluenesulfonic acid. The mixture was
refluxed for one hour and 27 minutes. Durinz this time
9.6 ml. of water were collected.

The reaction mixture was washed as usual, and
solvent and unreacted phenol removed by distillation.

The residue was distilled at 2 mm. to yield 60.4 g.

of 2-(p-methyltenzyl) phenol and 11.5 g. of 4-(p-methyll
benzyl) phenol. This is a monobenzyl yield of 68% and
an ortho/para ratio of 5.3%/1.

The crude 2-(p-methylbenzyl) phenol was redistilled
at 1 mr. to yvield a colorless liquid boiline at 146,5-
148,0°C. This material was acain distilled at 2 mm.
to vield a coleorlecs ligquid, b.p. 156.0—6.500., n§52
1.5883,

OH
CH3© CH,
NN

Analysis:
Calculated for Cl4H14O : C, 84,77 H, 7.07

Found : C, 84.78; H, 7.10
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An infrared snectrum of this comnound showed an
0-E band of medium width at 2‘7%A" Such a band is
characteristic of ohenols substituted by an alkyl group
in one of the ortho pnositions. The very strons band at
15.%;0 is also characteristic of 1,2-benzene substitution.

Phenyl icocyanate was reacted with 2-(o-methyltenzyl)
rhenol to form a phenylurethkane. Recrystallization from
hevane vielded white crystals, m.p. 101.5-2.0°C.

Analysis:

Calculated for C21H19N02 : N, 4.41

Found : N, 4.58

An infrared spectrum of the phenylurethane showed
an N-BE stretchin~ tand =t 2.2/4 and a C=0C stretching
band at S.ZAL. The stronc~ tand at 15.%/0 is character-
istic of 1,2-benzene substitution.

Distilled 4-(p-rmethylbenzyl) phenol had a toilin~

(0]
point of 171-20°C. at 2 mw». and n§5 = 1.5872.

CHj @ cHd D-om

Analysis:
Calculated for 014H14O : C, 84.77; H, 7.07

Found : C, 83%.20; H, 7.14
An infrared csvectrum of this compound shows an
O-H band which has considerable hydrozen bonded character.

Such a band would be present in a phenol such as
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4-(p-methylbenzyvl) nhenol, which dces not contain a group
in the ortho mosition. There are tands at 12.%}4 and
12.6§u,, in the recion where abscrpntion due to 1,4-
benzene substitution occurs.

Prhenyl isocyvanate was reacted with 4-(o-methylbenzyl)
phenol to form a nhenylurethane. Recrystallization from
hexane vielded white crystals, r.n. 92,0-8.5°C.

Analysis:

Calculated for 021H19NO2 : N, 4.41

Found : N, 4.50

Examination of the infrared spectrum of the phenylT
urethane shows the exnected N-H band at 2.92“ and the
C=0 band at 5.’75/“ .

A small samnle of the phenylurethane of 2-(v-methyl:z
benzyl) phenol was mived with a small samvnle of the
phenylurethane of 4-(p-methyltenzyl) phenol. The melting
point of the mixture was 892.0-9%2,0°C.

Examinaticn of the infrared svectra of the two
phenylurethanes also shcws they are not the same com-
pounds. The mc~t noticeatle differences are a streng
bard at 9.3u,, which is present in the para isower but
not in the ortho, and a tand at 9.€/L which is very
ruch strons-er in the ortho than in the para spectrum.

The carbon analysis for 4-(p-methylbenzyl) phenol,
prenared by the p-toluenesulfonic acid method, was
lower than the calculated value. This compound was

therefore prenared by an alternate method.
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To 50.5 =. (0.54 mole) phenol was adde’ 65.6 ¢.
(0.54 mole) p-tolyl alcohol, 150 ml. cyclohexane, and
150 ml, 67% sulfuric acid. Tre resultins two phase
system was refluxed for one hour and 20 minutes.

The reaction mixture was cooled, the or2anic layer
separated, and washed as usual with 5% sodium bicarbonate
ani water. Solvent and unreacted phenol were removed
by vacunm distillation.

The residue was distilled at 1 mm. to yield 17.7 =z.
of Z-(p-meth7ltenzyl) phenol and 23.6 g. of 4-(p-methyl
benzyl) phencl. This is a2 mcnobenzyl yield of 39% and
an ortho/para ratio of 0.75/1. The spectra of the two
isomers were the same as those of the two isomers
prepared ty the p-toluenesulfonic acid method.

Tre fraction containins 4-(p-methylbenzyl) vphenol
tad the followin~ aralysis:

Analysis:

Calculated for CiyHy40 = C, 84.77; H, 7.07

Found : C, 84.21; H, 5.91
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b. Alkylation of phencl vitk p-isopronylbenzyl alcohol.

Experiment No.l. To 500 ml. cyclohevane were added

75.1 <. (0.5 mole) c¢f o-isopropylbenzyl alcohol, 141.1 .
(1.5 moles) of phenol, and 19.0 <. (0.1 mole) of p-tolu-
enesulfonic acid. The mixture was heated to boiling and
refluxed for one hour and 11 minutes, durine vhich time
10,9 ml. of water were collected.

The cooled reaction mixture was washed as usuzl,
and the solvent and unreacted phenol removed by distil-
lation. The crude nroduct was fractionated to yield
66.5 «. of Z-(p-isopropylbenzyl) phenol and 14.0 g. of
4-(p-isonronylbenzyl) phenol. This is a monobenzyl
yvield of 71% and an ortho/para ratio of 4.8/1.

The crude 2-(p-isovpropylbtenzyl) phenol wzas redis-
tilled at 0.5 mm. to yield a colorless liquid boilirn=s
at 145.5-7,0°C. This material was azain distilled at
0.9 mm. to yield‘a colorless licuid boilin~ at 155.5-
156.500., n§50= 1.5720. ‘/heatley, Cheney, and Binkley

0
(A3) ~ive an n25 = 1,5722 for this compound.

D
CH; OH
|
7 N\ _
HC-L_ HCH,
CHy

The infrarei spectrum of this compound showed an

C-H band of medium width at 2.73u,. Such a band is
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characteristic of phenols which kave an alkyl =roup in
one of the ortho nositions. The very stron~ bard at
15.%;; is characteristic of 1l,z-substituted benzenes.
The band at l?.E?;L should be due to the para substitu-
tion on the benzyl ring.

The 2-(o-iconropylbenzyl) phenol was reacted with
phenyl isocyanzte tc form a phenylurethane. Recrystal-
lization of the uretrare from hexane yielded white
crystals, m.p. 101.5—2.500.

Calculated for C25H25NO2 : N, 4.06

Found : N, 4.15

The infrared spnectrum of the phenylurethane shows
an N-H band at 2'%A¢ and a C=0 band at 5.2;4. There is
also a strong band at 13.2;4 characteristic of 1,2-
benzene substitution.

Crude 4-(p-isovoropyltenzyl) phenol as distilled
from the reaction mixture melted 2t 57-61°C. It was

crystals, m.p. 71-200.

G

&L o yon

CHy



Analysis:
Calculated for 016H18O : C, 84.9%; H, 8.03
Found : C, 84.85; H, 8.12

The infrared snectrun of 4-(p-isoorooylbenzyl)
rhenol had arn C-H band at Z.au which showed considerable
hydrozen bonded character. Such a band is characteristic
of vhencls which have no ortho sutstituents. There was
also a very strong bandi at 12.344 vith a shoulder at

lZ.B;u,. 3uch a2 tand would be present in phenols which

have tro tvnes of para substitution present.

Experiment No.2. To 45.7 g. phenol (0.49 mole)

were added 72.0 g. p-isopropylberzyl alcohol (0.49 mole),
15C ml. cyclohexane, and 150 ml. 67% sulfuric acid.
This mixture was refluxed for one hour and 15 minutes.

The reaction mivture was allowed to cool, an
organic layer separated and was washed as usual. Solvent
and unreacted phencl were removed by vacuum distillation.
The residne was distilled at 1 mm. to yield 28.1 g.
of 2-(p-isonrooylbenzyl) phenol and £1.0 5. of 4-(p-isol
propylbenzyl) ohenocl. This is a monobenzyl yield of
4475 and an ortho/para ratio of 1.3%/1.

The 4-(p-isopropylbenzyl) phenol fraction froze
vren seeded with a crystal from the previous experiment
to give a soft white solid. Recrystallization from
hexane yielded white crystals, m.vo. 73.5—74.OCC.

Comnariscen of the spectrum of this material with a
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snectrum of 4-(p-isopropyltenzyl)nhenol prevared by the
p-toluenesulfonic acid method showed these two materials
to be the same comnound.

The 4-(p-isovnropyltenzyl) phenol oprepared by the
sulfuric acid metlod was reacted with phenyl isocyanate
to form a vhenylurethane. Recrystallization of the
urethane from hexane yielded white crystals, m.p.

26.5-127.0°C.

Anzlysis:

Calculateld for 025H25N02 : N, 4.06

Found : N, 4.11

1 smrall sample of this phenylurethane was miwed
with a3 small sample of the vhenylurethane of Z-(p-isol
propylbenzyl) phenol. The mixture melting point of

~ (@] .
22,0-95.0"C. shcvwied the two compounds were differert.

¢c. o0-Chlorobenzyl alcohol 3nd phenol.

To 500 ml. of cyclohexane were added 71.3% g. (0.5
mole) o-chlorotenzyl alcohol, 141.1 =. (1.5 moles)
phenol, and 19.0 gz. (0.1 mole) p-toluenesulfonic acid.
The mixture was refluved for four hours and 27 minutes,
durin~ which time 10.9 ml. of water were collected.

The reaction mixture was washed as usual, and the
cycloheyane and unreacted phenol removed by distillation.
Fractionation of the residue yielded 53.2 g. of

2-(o-chlorobenzyl) phenol znd 21.0 gz. of 4-(o-chlorol

benzyl) phenol. This is a monobenzyl ohenol yield of
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68% and an ortho/para ratic of 2.5/1.
The 2-(o-chlorobenzyl) nhencl was redistilled to

yield a colorless liguid, b.p. 157-800. at 1 mnm.,

</_> i,

Cli

m50
ns’ = 1.6010.
D
OH

Huston and co-workers (8) zive a boilins vpoint of
146—5100. at 3 mm. for this compound.

Examination of the infrared spectrum of this com-
pound shcwed an O-H band of medium width at 2.7;p¢.
Tris tyne of O-H band is characteristic of phenols which
have an alkyl substituent in one of the ortho positions.
There vas also a very strono band at 15.§/¢ which indi-
cates there are two 1l,Z-benzene substitutions present
in the mclecule.

Reaction of Z-(o-chlorobernzyl) phenol with phenyl
isocyanate yielded a phenylurethane. Recrystallization
of the urethane from hexane yielded white crystals,

m.p. 127.5-3.0°C.

Analysis:
Calculated for C,nH,CINC, : N, 4.31

Found : N, 4.27
The crude 4-(o-chlorobenzyl) »henol wa2s recrystal-
lized several tires from hexane to yield white crystals,

m.p. 71.0-71.5°C.
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Cl

Huston and co-workers (&) report a meltiny point
of 6&-900. for this compound.

The infrared spectrum of this compound showed a
wide O-H band at 2.7;; characteristic of vhenols which
contain no srouns ortho to the hydroxyl group. In
addition to the ortho substitution band at 13.;;; from
the ortho substituted Cl in the benzyl group, there is
also 2 band at 12.@%¢aﬂuich indicates the benzyl group
is paraz to the hydroxyl group on the phenolic ring.

Reaction of 4-(o-chlorobenzyl) nhenol with phenyl
isocvanate yielded a phenylurethane which on recrystal-
lization from hexane gave white crystals, m.p. 88—900.

Analvsis:

Calcul=zted for C2 6ClNO2 + N, 4.21

o1
Found : N, 4.3%1
A low boiling fraction had distilled at 150-157°C.
at 1 mm. Examination of this fraction showed that, in
addition to about 60% Z-(o-chlorobenzyl) vhenol, there
w2s probably nresent about 40% of o-chlorobenzyl vhenyl

ether,



N

Oero O

Cl

This deduction is based on the followinz spectral
evidence:

1) The C-H stretchirns band has about 60% of the
absorbance present in Z2-(o-chlorobenzyl) phenol. Thus
the impurity dces not contain an C-H grouvo.

2) There are new bands »nresent at 7.2u s 8.¥/L,
and 11.5%u,. All trece tand: are also nresent in the
snectrun of benzyl nhenyl ether. The 8.%/4 band in
particular is charactericstic of all aryl ethers being
due to a C-0 stretchines vibration.

If this impurity is o-chlorotenzyl phenyl ether,

then it w=2s forred in a yield of 5%.
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d. v-Chlorobenzyl 3lcorol and phenol

To 50C ml. cyclohexane were added 22.8 m. (0.7 mole)
p-chlorcbenzyl alcobrol, 211.4 . (£.l moles) phencl, and
9.5 ¢. (0.05 mole) o-toluenesulfonic acid. The mixture
was refluxed for five hours and Z3 minutes, during which
tire 14,0 ml, of water were collected.

Tre reaction mixture was washed as usual, and
solvent and unreacted phenol removed by distillation.

The residue was distilled at 0.5 mm. to yield 83%.7 s.

of 2-(p-chlorobenzyl) phenol and 27.8 g. of 4-(p-chlorol
benzyl) phenol. This is a monobenzyl yield of 7%% and
and orthc/vara ratio of 3.0/1.

The 2-(p-chlorobenzyl) phenol was recrystallized
from hexane to yield white crystals, m.p. 651-2°C.

Huston and co-workers (8) rive a meltinc point of 60-1°C.

for this compound.
(ZI4<:::;>CZH2

The infrared spectrun of Z-(p-chlorobenzyl) phenol
tas a fairly narrow O-H b=nd at Z.Zu,. Such a band is
characteristic of phenolz with one ortho substituent.
The band at P.éﬁL is also characteristic of ortho sub-
stituted phenols. The very strons band at 13»§;L is due

to the 1,2-sub=titution of the phenolic ring, whereas
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the band at 1?.$u, is dae to tlie »nara substitution of
the otrer benzene rin~.

The 4-(np-chlorotenzyl) phenol was recrystallized
from hexane to yield white crystals, m.pn. 83.0—83.500.
Huston and co-workers (8) sive 2 melting point of
27.0-27.5°C. for this compound.

Examinaticn of the infrared spectrum of 4-(p-chloro
benzyl) phenol choweld the expected differences from the
ortro isomer. There is a stronz hydrosen bonded shoulder
at 2.8;a, on the C-H stretching band. Thris shoulder is
characteristic of phenols which do not contain an ortho
substituent. The 8.;;0 band, present in the ortho
isomer, is atsent in tris spectrum as is tre band at
15.;u,. Since both of these bands are due to 1,2-sub-
stitution, wve vwould evpect them to be atsent. 1In
1dditiorn the band at 12.25—12.3§/p.is very much stronscer
since in this connound tlrere are two types of 1,4-

substitution »resernt.

C\-@CHZ -@OH
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e, n-Browobenzyl alcchol and phenol

To %00 ml. of crclehevane were added 93,5 o,
(0.5 mele) n-bremcberzvl alcohol, 141.1 . (1.5 moles)
prencl, 2nd 19.0 ~, (0.1 mcle) n»-toluenesulfcnic acid.
The reaction mixture was refluxed for two hours and
11 minutes, durin~ which time 10.5 ml. of water wvere
collected.

The rezctiorn mivture was washed as usual and the
solvent and unreacted phenol removed btv distillaticn.

Distillaticn of tre resicdue yielded 63.4 g, of
Z-(p-btromotenzyl) nhenol and £6.2 7. of 4-(p-bromobenzyl)
phenol. This corresnonds to a 68% yield of monobenzyl
rroduct and an ortho/rara ratio of 2.4/1.

Crude 2-(p-brormobenzyl) phenol was distilled at
0.5 mm. to yield a white solid toilinz at 163-5°C. This
material was recrystallized from hexane to mive white
crystals, m.p. 72-3°C. Huston and co-workers (60) sive

a meltin- point of 72—500. for this comvnound.
8/ Senz

The infrared spectrum of 2-(p-bromobenzyl) nhenol
has a fairly narrow CO-H stretchins band at 2.3u,. Such
a band is craracteristic of phenols which contain an

orthe subetituent. There is also a stron~ band at 8.;u,
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characteristic c¢f ortho substituted phencls. The band
at lZ.;u, is characteriztic of 1l,4-benzere substitution
and vould ke due to the para snubtstitution on the other
benzene rin~. Also the band at 13’9% would be due to
the 1,2-subgstitntion of tre phenolic rirg.

Tre crnude 4-(p-brorobenzyl) nhenol was recrystal-
lized from hexane to rive white crystals, m.n. 84—500.
Wu, Guile, =nd Huston (%) sive a meltinsy point of

95.0—95.500. for tric compound.
ol yera{yon

Fxarination of tre infrared spectrum of this com-
poun? showed the exnccted tands. There is a strong
hydrozen bonded shonlder at 2.8?/¢ on the C-H stretching
band, since there are no substituents ortho to the
hydroxyl croun. The band at 8.%»;, which was present
in the ortho isomer, is absent as is the band at 15.959.
There is a new band at 11.92u, which may be due to the
type of para substituticn present in the phenolic ring.
The band at 12.%}0 is nresent, as in the ortho isomer,

and would be due to the 1,4—substitution pattern of the

other tenzene rin-.
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f. &,4-Dichlorcbenzyl 2lcohol and phenol

There were added 23,5 . (0.5 mole) &,4-dichloro’
benzyl 2lccrel, 141.1 =. (1.5 moles) nhenol and 12.0 =~.
(C.1 mole) p-toluenesulfonic acid to 500 rl. of cyclo
kevane. This mixture was heated to reflux temrerature
and 10.9 ml. of water vere ccllected over a period of
ten hours.

Tre reaction mivture was alloved to cocl, washed
as usual, and the or=anic layer distilled to remove
solvent ard unreacted nrencl. The residue from this
distilliation wa: fracticrated at 3 mm. to yield 66.2 g,
of 2-(Z,4-dichlorobenzyl) phencl and 26.3 z. of 4-(2,4-
dichlorobenzyl) phencl. This is a monctenzyl yield of
7%% and an ortro/para ratio of 2.5/1.

The crude £-(Z,4-dichlorotenzyl) phenol was re-
diztilled to yield a colorless liquid, b.p. 158.5-
160.500., which sclidified on standinz. Thre solid was
recrystallized from hexane to yield white crystals,

m.p. 66-67°C.

OH

“ClI

Arnalvsis:

Calculated for 015H100120 : C,62.07;H,5-98;Cl,28.02

Found : C, 61.76;H,4.15;C1,28.24
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Examination of the infrarcd svectrum of this
compound showed a fairly narrow O-H stretching band at
2.244 characteristic of phenols containin<s a bulky
sroup in one orthec nositicn. The stron~ tand at 15-§/L
is due to the presence of 1,2-benzene substitution on
the phenolic rinr. There was also a strong band at
8.§u‘ characteristic of ortho-substituted phenols. It
is most nrobably an O-H deformation band whose frequency
is sensitive to the amount of hydrogen bonding.

A phenylurethane of 2-(2,4-dickhlorobenzyl) phenol
was prepared by reaction with phenyl isocyanate. Re-
crystallization from hexane yielded white crystals,
m.o. 12%,0-12%.5°C.

Analysis:

Calculated for CZOH15CI2NO2 : N, 3.77

Found : N, 4.08

Crude 4-(2,4-dichlorcbenzyl) phenol was recrystal-

lized from hexane to yield wvhite crystals, m.p. 72.0-~

72.5°%C.
el yers L Hor
Cl

Analysis:
Calculated for 013H10C12O : C,62.07;H,3.98;C1,28.02
Found : C, 61.94;H,3.9%;C1,28.3%0
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Examination of the infrared snectrum chowed an O-H
stretching band at 2.Zu with a large hydrogen bonded
shoulder. Such a band is characteristic of phenols
which do not contain an ortho substituent. The strongest
band in the svectrum is a very strong and broad band at
12.1-12-%u,- 3ince both 1,2,4- and 1,4-substituted
benzenes absorb in this region, and since toth types of
substitution are present in the molecule, the size of
the band is reasonable. The band at B-Qu,, which was
presernt in the spectrum of the ortho isomer, is absent
in this spectrum. _

A small sample of 2-(2,4-dichlorobenzyl) phenol was
mixed with a small sample of 4-(2,4-dichlorobenzyl)
phenocl. The mixture meltins point of 48.5-54.500.
showed these compounds were different.

A phenylurethane of 4-(2,4-dichlorobenzyl) phenol
was prevared by reaction with ohenyl isocyvanate. Re-
crystallization from hexane yielded white crystals,
m.p. 142.5°C.

Analysis:
Calculated for CEOH15012NO2 : N, 3.77

Found : N, 3.87
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5. Relative Rate of Phenol Eenzylation

by Substituted Benzyl Alcohols

The relative rate of phenol benzylation by substi-
tuted benzyl alcohols was determined in the following
manner :

The substituted benzyl alcohol (0.5 mole), phenol
(1.5 moles), p-toluenesulfonic acid (0.1 mole), and
500 ml. cyclohexane were heated rapidly to toiling and
the reaction mixture was refluxed until the calculated
amount of wster had been collected. The reaction rate
was followed by recordinz the amount of distillate
collected in the Dean-Stark trap and the time of the
readin>. Amount of water was plotted on granh paner as
a function of time, and the time at which half of the
calculated water had been collected was determined.

As 1.9 ml. of water was distilled from the catalyst at
the start of the reaction, the reaction half time was
the time at which 1.9 ml., + 4.5 ml. (0.25 mole) or
6.4 ml, of water had been collected.

An experiment of this type was carried out for
benzyl alcohol and five substituted benzyl alcohols.
The data (ml. of water collected and time) for these
six experirents are to be found in the first section of
the appendix. The six graphs from the plotting of
these data are also in the apprendix.

The reaction half times were calculated from the

fravhs and recorded in tre following table.
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Table V. Rate of Phenol Alkylation with Benzyl Alcohols

Exp. Benzyl alcohcls Half time of reaction
in minutes

1 p-isopropyl 26
2 p-methyl 32
3 unsubstituted 36
4 p-chloro 47
5 o-chloro 1%0
5 2 44-dichloro 254

The structure of products formed in these reactions
was establist.ed in the precedinc Experimental section.
For nurvoses of comvarison, it is assumed that the
products formed are similar in all cases. However this
is not strictly true, as has been shown by the variation
of tre ortho/para ratios.

The quality of the reasents used in these six
evveriments was the sare as the quality of the reagents
n3ed in the precedine Experimental section. No attempt
was made to prepare rearents of special purity, as the
purnose of these exverirents was not to carry out a
detziled kinetic study of this alkylation, but rather
to see if the half times of reaction fell in an order
that was consistent with the sigma or substituent

constant of the substituent on the benzyl alcohol.
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6. 3cone of the 'cid-Catalyzed Crtho Alkylation

In order to determine the scope of the acid-cata-
lyzed ortho alkylaticn of phenols, 2 number cf experi-
ments were carried out in which a series of avéilable
substituted aromatic and aliphatic 3lcohols were heated
to reflux temperature with benzyl alcohol. In all cases
a cyclohexane solvent was used.

The formation of water and its distillation during
reflux indicated some tyne of al%rylation was taking place.
In some cases, where nearly the calculated amount of
water for the alkyvlation reaction distilled, the reaction
mixture was washed with sodium bicarbonate solution and

distilled.

a. Phenol and various alkylatinzs acents

Cinnamyl 3lcohol 23nd phenol

Cinnamyl alcohol (C.75 mole), one mole of phenol,
and 0.0C5 mole p-toluenesulfonic acid were reacted at
reflux temnerature in cvclohexane, and the calculated
amount cf water removed ty distillation. The oroduct
was a dark viscous npolymer.

CH=CH-CH,OH OH
Y 20°C.

_ olymeric
4 _p. POLlym

S n—toluene products
sulfornic acid
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c=Phenylethyl alcohol and nhenol

Refluxine 0.72 mole Z-phenylethyl alcohol, 1.5 moles
phenol, and O.c mole p-toluenesulfonic acid in cyclo-

hexane cave 0,07 mole water after four hours.

CH,-CH,OH o
2= 207C Very little

> reaction
n-toluene
sulfcnic acid

Prooarzyl alcohol and phenol

No reaction was observed on refluxinzy one mole
phenol, one mole nroparzyl alcohol, and 0.05 mole
p-toluenesulfonic acid in cyclohexane for 6.9 hours.

o)
OH 20°¢.
HC=C-CIU.CH + » No reaction
«

4 p-toluene
snlfonic zacid

N

Benzhydrol and phenol

Water was eliminated on refluxinms O.4 mole benz-—
kydrol, 0.8 mole nhenol and 0.02 mole p-toluenesulfonic
acid in cyclohexane. The reaction vroduct was was hed,
and solvert and unreacted materials removed by distilla-
tion. The resicdue was distilled to give €69.1 g. of an
unidentified yellow solid, b.p. 174-194°C. at 1 mm.

This boilin~ point would be reasonable for a con-

densation product of one mole benzhydrol with one mole
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00 0

o
&07C. Unidentified

— product6 b.p.
p-toluene 174-194"C. at
sulfonic 1 mm.
acid

tert-Amyl alcohol and phenol

Refluxin~ 0.75 mole tert-amyl alcohol, 1.5 moles

phenol, and 0.1 mole p-toluenesulfonic acid in cyclo-

hexane for four hours and

of water.

25 minutes yielded 14.3% ml.

Washing the reacticn mixture as usual,

removin~ solvent and unreacted phenol by distillation,

and distillation of the residue yielded 3%7.5 g. of

p-tert-amylphenol, m.p. 92-3°C.; literature (76)

m.p. 92-3°C.

OH
CHz !
02H5—?—CH +
CHz

Cyclohexanol and phenol

OH
8o°%c.
p-toluene’> i
sulfonic HBC—C-CH5
acid IR
C.H
275

Heatin: one mole cyclohexanol, one mole phenol, and

0.1 mole n-toluenesulfonic acid in cyclohexane yielded

no water after 37 minutes.

£0°c.
No reaction

OH OH

e

p-toluene
sulfonic acid
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X -Phenylethyl alcohol and phenol

To 1.5 molec nhenol in 500 ml. cvclohewxane was
added 0,0c mecle »n-toluenesulfenic acid and tte mixture
heated to reflux temnerature. <o -Phenylethyl alcohol
(0.75 mole) was added over a period of two hours and
42 minutes and refluxing continued for another 42
minutes. At the end of this time 1%.8 ml. of water

had bteen collected.

H

o
+ soe Alkylated
~ © 77> 9products
n-toluenel
sulfonic acid

The reaction mixture was washed as usual, and
solvent ard unreacted nhenol removed ty distillation.

The residue was Aistilled at % mm. to yield the follow-

ing fractions:

Fraction Boilin: range Weight Description
1 81-154.5°C. Very small Colorless liguid
amount
2 155-159°C. 42,6 5. Colorless liquid
p, 159-162.5°C. 16.2 g. Colerless liquid
4 16%.5-159.0°C. 15.9 g. Colorless liquid

o

Fraction 2 was redistilled at 3 mm. to yield 24.4 g.

of a colorless liquid with a boiling point of 150.0-

151-5OC. The infrared spectrum of this fraction was

comnared with the spectrum of an authentic samole of
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2-(X -phenylethyl) phenol obtained from Prof. H. Hart.

OH
</ \> g Z
- \ |

Excent for a slicht shoulder on the 11-?Lt band of
the autkentic sample, the spectra of the two samples
were identical. Fraction 2 is therefore assumed to be

2-(« -phenylethyl) phenol.

Styrene and phenol

Phenol (1.4 moles), 0.1 mole n-toluenesulfonic
acid, and 500 ml. cyclchexane were heated to reflux temo-
erature. Styrene (0.7 mole) was added over a period of

one hour and refluxinec continued for an additional hour.

CH:CHZ OH o
' %¢\\ 80"C. Alkylated

+ —>  products
‘ p-tolueneZ
N sulfonic acid

The reaction mixture was washed as usual, and the

solvent and unreacted phenol removed by distillation.
The residue was distilled at 3 mm. to yield the

follcwing fractions:
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Fraction Boilingz point weight Description
1 82-151°¢. 0.9 . Colorless liquid
2 151.5-157.0°C. 44,3 g. Colorless liquid
3 157.0-160.5°C. 9.4 g. Colorless liquid
n 151,5-168.0°C.  20.0 g. Colorless liquid

The amount of nroduct (from 0.7 mole alkylating
agent) Aistillins in the 151.5-168,0°C. range was 73.7 g.
compared to 74.7 <. of material in the 155-16900. range
obtained in the previous experiment from 0.75 mole of

alkylatins azent.

b. Benzyl alcohol and various substrates

Benzyl alcohol and o-aminophenol

No reaction was observed on refluxing 0.75 mole
benzyl alcohol, one mole o-aminophenol, and 0.05 mole

v-toluenesulfonic acid in cvclohevane for two hours.

CH20H OH

-NH, > No reaction
+ p-toluene
sulfonic acid

Benzyl alcohol and p-chlorophenol

To 400 ml. cyclohexane was added 1.2 moles p-chlorol
phenol and 0.05 mole p-toluencsulfonic acid. This
mixture was heated to reflux temperature and 0.5 mole

benzyl alcohol added over a period of three hours and
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45 minutes. Refluvinr was continued for an additional
one hour and 4% minutes. Durin- this time 13.7 ml. of
water were reroved.

The reaction mixture was washed as usual, and
solvent and unreacted n-chloronhenol removed by distil-
lation. The residue was distilled at 1 mm. to yield
63.4 g. of a colorless liquid, b.p. 154-160°C. The
colorless licuid solidified on standine, to give white
crystals of Z-benzyl-4-chlorovhenol, m.Dp. 48.5-9.0°C.
Klarmann, Gates, and Shtenov (62) report a m.p. of

48.500. for this compound.

CH;OH OH ) OH
5 + p=-toluene: \——
\\' su;fonic
e acid cl

Examination of the infrared svectrum shows the
exvected features. The O-H stretching band at 2.7;u
is of fairly narrow width since there is one ortho
substituent. There is a 1,2,4-substitution doublet at
12.1§u, and 12.49u, very similar to that found in
Z-benzyl-t-methylvhenol. In addition, there is the

e¥pected band at 8.%/0 characteristic of ortho substi-

tuted ohenols.

Benzyl alcohol ard o-chloronhenol

Water was eliminated (14.1 ml.) on refluxing 0.7

2 - a 0.1
mole benzyl alcohol, 1.2 moles © chlorophenol an
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mole p-toluenesulfonic acid in cyclohexare. ‘Yashing
and distillation yielded 70.7 s. of an unidentified

liquid, b.p. 150-155 °c. at 2 mn.

CHZ;0H
20°¢.
‘ O Cl Nonobenzyl
- T condensation
n-toluene products
sulfonic
acid

Benzyl alcohol and p-ethylphenol

Experiment No.l. To 450 ml. of cyclohexane were

added one mole p-ethylohenol and 0.07 mole p-toluenel
sulfonic acid. The mixture was heated to reflux temp-
erature and 0.6 mole benzyl alcohol was added over a
period of one hour and 49 minutes. Heatine was continued
for an additional 50 minutes. During this time 12.6 ml.
of water were removed.

The reaction mixture was washed as usual, and
solvent and unreacted p-ethylnhenol removed by distilla-
tion. Distillation of tre recidue at 3 mm. yielded

53.3 z. of 2-benzyl-4-ethylphenol, boiling at 164.5-
169.5°.

CHZOH 20°¢.

= Oen
n-toluene
snlfonic
acid
2Hs

ész
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Redistillation of thre crude product egave a color-

~cO
less liquid, b.p. 164.0-164.5°C., at 3 mn., nBS = 1.5779.

Analysis:
Calculated for ClSH16O : C, 84.85; H, 7.60
Found : C, 85.04; H, 7.54
7ojahn (77) reports a boiline point of 197°C. at
17 mm. for this comvound.

Examination of the infrared spectrum of this
comnound showed the expected bands. Except for position
and intensity of the C-H bands, the spectrum is almost
the same as that of Z-benzyl-4-methylphenol. The 1,2,4-
substitution doutlet at l2.£u. and lE.;;L is at a little
lower wzvelength than the doublet of Z2-benzyl-4-methyll
nhenol.

Prhenyl isocyanate was reacted with 2-benzyl-4-
ethylnhenol to rive a phenylurethane. Recrystallization

from hevane yielded white crystals, m.p. 117.5-118.5°C.

Analysis:
Calculated for CCAHglNO2 : N, 4.24

o

Found : N, 4.25

Experiment No.2. To one mole p-ethylphenol were

added Z «. of Dowex 507-X2 (20C-400 mesh) and 25 ml.

of cyclohexane, anl the mixture heated to 155°C. Benzyl
alcohol (0.4 mole) was added dropwise and heating con-
tinued until 7.9 ml. of water had been removed. The
reaction mixture was filtered while hot and the filtrate

fractioned to yield 49.6 g. of 2-benzyl-4-ethylphenol
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(58% yield), b.p. 171-4°C. at 2 mm.
The infrarcd svectrum of this material was compared
with the spectrum of 2-benzyl-4-ethylphenol prenared

in the first evveriment and found to be identical.

Benzyl alcohol and o-ethvlphenol

To 250 ml. cyclohexane were added 0.59 mole o-ethyll
phenol and 0.07 mole p-toluenesulfonic acid. The mixture
was heated to reflux temnperature and 0.5 mole benzyl
alcohol added over a period of two hours and 39 minutes.
Refluxin~y was continued for an additional 40 minutes
and a total of 10 ml., of water were removed.

Washing and Jistillation yielded 45.8 g. of material

boilin~ at 157-175°C. at 3 mm.

Y 207C. Unidentified
Cz Hs o-toluen,e- monobenzylation
l + sulfonic products
N X
acid

Benzyl alcohol =2nd anisole

Yater was eliminated on refluxinz 0.7 mole benzyl

alcohol, 1.4 moles anisole, and 0.1 mole p-toluenesul-

fonic acid in cyclohexane. Distillation of the crude

reaction nroduct vieclded 65.6 5. of an unidentified

liguid btoilin-~ at 1%7-146°C. at 3 mm.
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0%,
Unidentified
~ mo ! i
n-tolueneg nogiggﬁigglon
culfonic R
acid

Benzyl alcohol and catechol

Refluxin«< one mole catechcl, one mole benzyl alcohol

and 0.05 mole n-toluenesulfonic acid in cyclohexane gave

a rapid evolution of water. Purification and distilla-

tion at % mn. yielded tve followirg fractions:

Fraction Roilirn: point

1 142-78°C .

2 180.0-6.5°C.
3 187-90°C.

4 191-4°¢C.

oy s . .
weirht Description

6.7 8. Soft white solid
27.2 g. Colorless liquid
7.8 <. Light yellow liquid
132.0 g. Colorless liquid

Fraction ¢ was recrystallized four times from

o
cvclcheyane to ive white crystals, m.p. 94.5=5.57C.

Analysis:

Calculated for Cl3H1202 : C, 77.97; H, €.C4
Found : C, 78.4%; H, €.C1

CH,OH

0.

£0°¢.
— - Unidentified

p-toluenes monobenzylation
csulfonic products
acid (013H1202)



115

Benzyl alcohol and thiophenol

As evidenced hv the atsence of water formation, no
reaction was observed after 85 minutes refluxines of
0.5 mole benzyl alcohol, 0.5 mole thioonhenol, and C.05
mole p-toluenesulfonic acid in cvclohexane.

CHzOH 80°¢C .

[@)]

- No reaction
p-tolueneZ
sulfonic acid

Benzyl alcohol and N-methyl aniline

No water was obtained after 47 minutes refluxing
of 0.5 mole benzyl alcohol, 0.5 mole N-methylaniline

and C.1 p-toluenesulfonic acid in cyclohexane.

CHZ0H H-N-CHs

I j — No reaction




IV. DISCUSSION

A. Infrared Aralysis of Phenols

The infrared snectra of benzylated phenols has been
shown to be a valuable tool for the characterization of
the nrodicts obtained in this work. The three most
valuable rezions were the O-H stretchins bands at
2'7-3‘Q%L’ the O-H deformation bands at 8.2-8.§/L, and

the arocrmatic substitution region from lO-l%u,.
l. Cxygen-Hydrozen Stretching Bands

The O-il stretching band at 2’7'5’Q/‘ consists of
two parts in phenol itself, a non-hydro~enrn-bonded part
at E'Z/L and a bhydrozen-bonded shoulder at 2.8-3.Q/L.

If a phenol is substituted (with an alkyl group) in the
para position, there shtould be no interference with the
hydromen bondins of the O-H group. A para or meta sub-
stituted phenol would have 2 larsje hydrosen-bonded
shoulder. All phenolic products obtained in this
research which do not have an ortho substituent have

a spectrum with this type of O-H bond.

The introduction of an ortho alkyl group interferes
with hydrocen tonding of the CO-H group for steric reasons.

116
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411 benzylated ohenols which contain one ort*o csubstit-
uent have an C-H band of redium width and little or no
shoulder.

The introduction ¢f two ortro grounps sreatly
reduces the amount of hydrosgen bondine of the O-H group.
It was found that all benzylated phenols with two ortho
subtstituents have narrovw O-H stretchirg bands.

For benzvlated nhenols, the C-H stretchin~ band
offers vositive evidence as to whether ortho or para
alkylation 'as occurred fcr a varticular samnle. If
two ort' o isomers are possible, this region is of no

value in decidine wlich ortho isomer is vpresent.

2. Aromatic Substitution Region at lO-l?;c

Tre strongs bands in this regiorn are caused by out-
of-plane deformation vibrations of ttre hydrozen atoms
remainin~ on the rins. The nature of the substituents
does not have too much influence on the position of
these bands.

These bands are well suited for guantitative vwork
because of their hi~h intensity. lNany applications have
teen descrited for the estimation of relative proportions
of isomers. Cne such apnlication is describted by
Chumaevski (78), who examined structures of o-, m-, and
p-cresol as 5% solutions in C3,. He measured the optical
density of bands at 12.5%;L and lE.S?/L which correspond

to the absorption tands of n- and m-cresol. The o-cresol
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ic zcenzitered as a solvint for t'c¢ other tro iconers,
and i chtairet bty diflerernce. This v thod can be
extended to include xvlenols.

“hiffern ard Thormmson (79) have used bands in this
recion to determire mivtures of cresols as e€ll as mix-
tures of ¥vlerols. The analyesis of nhenols, cresols,
xvlenols, and etryl phenols t'as been described by
Friedel, Peirce, 2nd LcGovern (R0).

Trese bands were used a number of times to make
estimations of the isorers present in prcducts of this
research. In zove cases, such as the reaction of
o-chlorobtenzyl #und o-tromobenzyl alcohols with phenol,
bot!: ortho and para isormers were isolated. The spectra
of the pure isoners were used feor the quantitative esti-
mation cf tlese iszorers in each distillation fracticn.

I+ sore caces mivtures of isorers were obtained
fro~ vhich ore isomer could bc senzarated as a solid.
However, the other isorer could not be obtained in a
onre state. Such was the case with the following
mixtures:

1) 2-benzyl-3-methylphenol and 2-benzyl-5-

methylohenol

2) 2-benzyl-%,4-dimethylohenol and 2-benzyl-4 ,5-

dimethylphenol

3) 32-venzyl-Z,6-dimethyloherol and 4-benzyl-2,6-

dimethylrhenol

The structure of thre isolated solid isomer was first



119

determined. Comrariszson of tte snmectrum of the isolated

[ad

isover vitk t'at of the rixture showed the bands in the
nixture btelon~ins to the isomer which could not be
isolated., These bands could bte used to check the
structure of this isomer. An estiration of the relative
amounts of the two isomers could te made by measuring
the strenxtth of a band in the lO—l%u rezion of the
mixture belonging to the isolated isomer.

The bandis in the lO-l%g recmion are very useful
for the nualitative identification of arom=2tic commounds.
In moncsubstituted tenzenes the out-of-plane CH Yvendinz
absoroticn zives rise to a very strons band in the
14.0-14.4y4 rezion. In 1,2-substituted benzenes the
four adjacent hydromens =zive rise to a band in the
13.2—15.%%¢ resion.

Three adjacent free hvdromen atoms yield a band
with stron~ absorption in the 12.5-15.9/( resion.
Furtter reductions in the numter of hydrogens keep
shiftin~ the ban® to hisher freauencies (lower/L values)
and reduce its strenzth.

Parc (81) has determined the svectra of 31 alkyl-
ated phenols in CS, and CCl, on a linear/u.scale. Many
of tre comnmounds were alkylated xylenols for which he
had made correlation charts in the 10—1%/4 region.
These ¢! arts were found to be useful in determining
where substitution bands should occur for similar oproducts

obtained in this research.
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R. BRenzylaticn of Phenol

Tre discovery cf the acid-catalyzed ortho benzyla-
tion of vhencls nskes nossitle the synthesis of o-tenzyll
rhenols from tenzyl alcohols.

In the past, o-berzylphenols have usually been
prenared from berzyl chlorides and phenolic salts by the
Claisen (£1) metheod. Mclaster and Bruner (32) descrited
the preparation of o-benzylohenol from benzyl chlcride
and free vhenol at 1&5—7500., however their yields of
orthr.o-sutstituted nroduct were noorer than found with
the Claisen method.

When the benzyl alcohols are more readily available
than the ccrresvondineg halides, the n-toluenesulfonic
acid ~etho? mny be oreferable to the Claisen method.

In zdéition thre Claisen method reouires tre use of phen-
olic salts and in cases where the alkaline phenol is
subject to oxidation, the Claisen method may not be
suitable.

The Claisen methecd is not suitable for the direct
orenaration of z,5-dibenzylated phenols. Reaction of
benzyl chloride with sodium phenate gives a mono
benzylated product of the free phenol. The free benzyl
phenol must be converted to the phenoxide and alkylated

with anottrer mole of benzyl ralide.
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CH2X ONa
A O — O
N |

+ NaX

The n-toluenesulfcnic acid method may sive the

dibenzylated product in one step.

= O

2 + ( “-tolunne
NN zulfonic
acid

CH,OH OH

Aromatic alcohols are readily accessitle from
aroatic acii?s ani aldehydes. A\romatic acids are reduced

to the correspondine 2lcohols by lithium aluminum hydride.

COOH CHZOH
7

LiAlH, ~

Aroratic aldehydes are reduced to the alcohols by

scdium torohydride.

CHO CHz0H
//

|

) P

NaBHQ

N
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The ready availability of many aromatic alcohols
naites the m-—toluenesulfonic acid methed a valuable
prenarative tool.

In trhz laboratory it is easier to handle benzyl
alcohols than benzyl halides. The halides are lachry-
mators and severe ckin irritants, whereas the alcohols
arc very innocuous materials.

1ls water is a by-product in the acid-catalyzed

benzylation cof phenol OH
CH,OH OH + Hz0
74 /’ﬁ p—toluene:f_
| + sulfonic
\ ‘ \ | acia —CHz

\ /

the rate of reaction may be determined by measuring
the amount of water removed at various times during the
reaction.

Pratt, Preston, and Draper (12) studied the alkyl-
ation cf vphenol with benzyl alcohol in the presence of
p-tolueresnlfenic acid with benzene as a solvent. They
reported a 28% yield cf p-benzylphenol and a 50% yield
of diphenyl methane. Becszuse of the interference of
the benzene solvent, paraffin and cycloparaffin solvents
were used in the work carried out in this laboratory.
Quite unexpectedly the main nroduct with saturated
hydrocarbon solvents was ortho and not para-benzylphenol.

Despite t'e dczens cf workers who had studied the benzyl-



ation of nhenols, this method had remained undiscovered
up to now,

The system cf phenol, benzyl alcohol and p-toluenel’
sulfeonic acid is 2 cor"nlex one and there are a number of
possible nroducts. Cre possitle reaction would be

alkylation of the phenol to produce p-benzylphenol.

CHZOH
72
4
+ - @c HC NoH
N n=toluene S
sulfonic
acid

Reaction of p-benzylphenol with another molecule
cf tenzyl alcohol would form 2,4-dibenzylphenol. Unless
2 considerable excess of phenol is used, a large amount
of dialkylated product is formed.

Berzyl eroups have electron-releasing properties
and increase the susceptibility of an aromatic ring to
electrophilic attack. Ortho and para benzylphenols are
mcre casily alkylated than phenol; therefore dibenzyl
rhenols are formed in large quantities when benzyl alco-
hol and ohenol are reacted in molar quantities. Further-
nore dibenzyl phenols would be more easily alkylated than
either phenol or a monobenzylphenol. If desired, tri-
benzyl phenols could probably bte isolated from the reac-
tion of benzyl alcohol and phenol.

Reaction of nhenol with one mole of benzyvl alcohol

mi~ht also yield o-benzylphenol.
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o CHZOH

\ oH
/ b (W 7 ] cHe? )
7.\5\‘ N \\(. l\J

Subsequent reaction of o-benzylphenol with benzyl
alcohol mi~ht ~ive eitrer the 2,4- or the £,5-dibenzyl T
ohenol.

| Fhenol and behzyl alcohol misht also react to give

benzyl phenyl ethrer.

CHZOH

O (OO

Benzyl phenyl ether misht rearranse to give benzyl-
ated phenols.

Ether formation mieht also take place if a molecule
of benzyl alcohol reacted with a molecule of a benzylC

phenol.

-CH
CHZ0H OH o 2@
A

N 4

Reaction of a molecule of benzyl alcohol with

another molecule of benzyl alcohol micht also take vlace



to ~ive dibtenzyl ether.

CH,OH

Dibenzyl ether could then act as an alkylating agent
to @ive benzvlatel nhenols.
Renzyl alcohol mi~ht react with p-toluenrnesulfonic

acid to sive benzyl tosylate.

CH,0H _so3H
N /' _ ¢ NcH,-s0s @CH3
N
CH3

Benzyl tosvlate micht act as an alkylating agent
to form benzylated phenols or ethers. Benzylated benzyl
alcobols mizht be formed by the attack of benzyl cations

on benzvl alcohol. CH20H

+
T e and {_Demon—= Yew D

These benzylated benzyl alcohols could further

react to give polyreric polybenzyl compounds
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7 N 7\ /
e erad O om e (Chemon

or might form dibenzyl ethers

crvo-cns ()

CH é/ AN
2 L——/

or benzyl phenyl etters

CHZ -O </ \>
CH 7

Oor react with a molecule of rhenol to form alkylated

nhenols.

OH

O
] 2

A perusal of the Historical section of this thesis
will show that most of these nroducts have been isolated
by one cr more of the many workers who studied the

tenzvlstion of vhencl.
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A study of the structure of phenol

g
1

shows that alkylation can occur on both oxygen and carbon.
Alkylation on carborn mizTrt take place in all three (ortho,
meta, para) positions. Ag alkylation of the ring is an
electrophilic substitution the ortho and para positions
sre favored since they are rich in electrons.

Accordins to Fornblum and ILurie (82), the formation
of para substituted phenols is indicative of a carbonium
ion process. The view that vara alkylation is due to
carbonium icn intermediates is supnorted by the fact
that those halides which give carbonium ions readily
are trte ones which most easily gzive para alkylation.

Thus tertiary alcohols or halides give almost exclusively
para substituted phenols with most acid catalysts.

Price (83) revorts that secondary alcohols or halides
often mive substantial proportions of ortho isomers

with the sare acid catalysts.

Curtin, Crawford, and Wilhelm (84) found that
benzyl halides and sodium phenoxide give carbon alkyla-
tion only at the ortho nositicn. On the other hand they
found that benzhydryl chloride, which readily gives
cartorium ions, yielded pars-substituted products with

sodium vhenoyide. Busch and Knoll (85) found that
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tritvl chloride, which likewise readily gives carbonium
ions, yields para-subctitated products witl sodium
phenoxide.

Stron; acids and hich concentrations of acids will
tend to mive carbonium icns and subsequent para alkyla-
tion. Some pnara alkylation is observed with p-toluenel
sulfonic acid, a fairly strons acid. However, p-toluenel
sulfenic acid is sclutle in many orsanic solvents and
can be ernloyed in varyin-~ concentration in solution as
2 cataly=t. Vost acid catalvzed alkylations of nhenols
are hcteroreneous and rresent hiech acid conceantrations
at the catalyst interface.

Dowex 5C mives a rizter percentare of para isomer
than »-tolnenesulfonic acid although it is not a stronger
acid. The sa~e ortho/mara ratios are obtained in both
evperiments with Dowex 50, althov~h in one case four
times as much catalyst is used. Apparently the acid
ccncentration 2t the resin bead surface is the deter-
minir~ factor in the amount of ortho and para isomers
formed. The uce of other sulfonated polystyrene deriv-
atives as catalysts mi~ht yield different results.

Rodia 2nd Freeran (86) have discussed the problenm
of why the para position ¢f a phenol is usually the
favored point of benzylation with acid catalysis, even
thon~h two ortho nositionz are available. They clain
that a phenolic hydroxyl sroun will solvate protons to

vield ArOH2+. Since tre benzyl carbonium ion also



129

carries a nositive charme, mutual repulsion of these
charxes would hinder formation of the v»ara isomer. Thus,
the para isomer would be at 3 mawirum at low pH. Finn
and NMusty (87) report that in the phenol-forraldehyde
reaction the percent of ortho-linkxed diphenylmethane
isomer increases with increasins pH.

Phenol-formaldehyde resins with a high percentage
of ortho-linked diprenylmethane isomer have certain
desirable physical properties. It may be that p-toluenel
sulfonic acid and similar catalysts would have consider-
able utility in the prenaration of hish ortho resins.
Such utility should certainly be investigated.

In this rese=rch it was found that phosphoric acid
mave a larcger percentare of ortho isomer than sulfuric
3cid in the benzylation of phenol. Phosvhoric acid is
a weaker acid than sulfuric and should be less likely to
yield carbonium ions. In addition it may be that some
of the phosphoric acid was soluble in the cyclohexane
phase of the reaction mixture. The acid in the cyclo-
hexane nhase may tend to give ortho rather than para
alkylation.

The correlation of ease of carbonium ion formation
with para alkylation is obscured by two factors. One
factor is steric interaction in the ortho position
which would bte zreater with the more highly branched
alkylatine asents that form carbonium ions more easily.

The second factor would be isomerization of an initially
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formed ~rtho icomer to ~ive the corresnondin< para
isomer. Gecldsmith, Schlatter, and Toland (883) reported
trat ortrc alkylated nhenols are readily isomerized by
the usial alkylation c2talysts to yield the meore stable
rars derivatives. The more hishly brancred alkyl zroups
woull alse be the most subject to dealkylation., Isom-
erizaticrn would also increase with decreasing pH.

Althou~h the det2ils are obrcure it seems clear
trat formation of vara-substituted phenols takes place
ty carbeniom-ion intermediates. Eart and Eleuterio (29)
shew that in nuclesr zlkylation of phenols with ovrtically
active o -vhenylethyl chleoride, the para isomer is
cotically active. A carbonium ion intermediate would
¢f course be planar and canse racemization.

Urcatalyzed thermal alvylaticon with olefins to
~ive ortho-sec-alxyvlphencls has been kxnown for a lons
time. Skraun and co-workers (9C) revort that heatin-
nhencl and cvclohexare at 300°C. for 75 hours gives a
%20% conversion to o-cyclohexylphenol, ard that m-cresol
T2y be therm=zlly alkylated with propylene to yield a
50-206 conversion to thymol after 70 hours at 37000.

Recently 5oldsmith, Schlatter, and Toland (83)
described the thermzl alkylation of phenol at 220°¢.
with l-butene to =ive o-tert-butylphenol and with cyclo
hexene tc =ive o-cyclobexylphenol.

Cvclohevanol has been condensed with phenol under
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mild acid catalysis to oive the ortho isomer. Thus
Gardner (91) reacted half mole quantities of phenol and
cyclohexanol at 8500. for 40 minutes in the presence

of polyphosphoric acid to yield 17% p-cyclohexylphenol
and 22% o-cyclohexylphenol.

Tertiary alkyl chlorides snd tertiary olefins can
also be used for the ortho alkylation of phenols. Plank
ard Zocclcefsky (92) alkylated phenol with tert-butyl
chloride in the rrecence of boron triflucride treated
dryinz oils to =~ive o-tert-butylphenol. It k3s also
been reported (9%) that 20-61% yields of o-tert-butylphenol
are obtained when phenol is alkylated with isobutylene
in the presence of 0.6% phosphorous oxychloride at
38-55°C.

Goldsmith, Schlatter, and Toland (88) have found
that when phenol and isobutylene are heated to 320°C.
for several hours excellent yields of o-tert-butylohenol
are obtained with little or no para isomer.

In addition to the well known Claisen ortho alkyla-
tion of sodium phenoxides with allylic and benzylic
halides, Kundiger and Pledger (94) have found that an
allylic chloride will give ortho alkylation either
thermally or with an acid catalyst. TFor example,
refluxing (143-6700.) phenol and 1,1,3-trichloro-2-
methyl-l-propene for seven hours gives the ortho as well
as the para isomer. Similarly phenol, 1,1,3-trichloro-

2-methyl-l-propene and aluminum chloride at 55-6000.



132

give both ortho and pnara isomers.

Hart and Eleuterio (89) report that X -phenylethyl
chloride and phenol in the presence of notassium car-
bonate yield more ortho than para isomer.

Bader and Bean (95) have reacted isoprene with
phenol in the presence of phosphoric acid to yield both
ortho and para alkylated phenols.

Aluminum phenoxide catalyzed alkylation apnears
to be a seneral method for the ortho alkylation of
phenols. Two independent groups of workers, Stroh et
al.(96), and Kolka et al. (97) have reported extensive
research on this reaction. Phenols and substituted
phenols may be alkylated with ethylene, prooylene, and
isobutylene to yield mainly the mono or di-ortho
substituted vhenols.

Thus in basic or neutral media ortho alkylation of
phenols appears to be rather common, provided of course
that other criteria are 2lso met. TFor example, in the
reaction of benzyl 2nd allylic halides with sodium
ophenoxide, C-alkylation will take place in a non-polar
solvent (benzene), whereas O-alkylation will take place
in a polar (ethanol) solvent. In 1926 Ingold (98)
sumzested that the ortho alkylation of sodium phenoxides
in non-volar solvents involved the reaction of the alkyl
halide with associated sodium phenovide, whereas the
formation of alkvl phenyl ethers in polar solvents

involved reaction of the dissociated phenoxide ion.
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Curtin, Crawford, and Wilkelm (&4) have studied the
alkylation of alkali phenoxides with benzyl and allyl
halides to =ive eithrer alkyl aryl ethers or Z,4-cyclol’

hexadienones

o M* o OR
! ' CH3 I
RX + CHyy” | CH3 CHaY R CHyr? ’-CHB
| — | +
\\ / \

Trey found that dienone formation wvas favored by non-
volar solvents and ether formation by polar solvents.
Treir explanation is essentially a modification of the
picture preserted by Insold for preferential ortho
alkylation in non-poliar solvents.

Goldsmith, Schlatter, and Toland (8R) discuss the
reacson for almost exclusive formation of o-tert-butyll
phenol in thermal alkylation. They feel there are

three possible intermediates:

CHy H
! '
y \ (':H_g O C‘-CHa " ,’CHZ
CHs 3
I II 111

Trhey reject the ether (I) as unlikely, since tert-
butylohenol ether rearranges on heatins to give para,

not ortho-tert-tutylphenol.
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The second interrediate (II) represents an ion nair
which, btecause of the low dielectric constant of the
medium, would remain closely associated until reaction
occurred. They reject this since the primary carbonium
ion from ethylene would te much less stable than a
tertiary carbonium ion so that ethylene should alkyvlate
phenol more slowlv than isotutylene. Instead the rates
are of the same order of magnitude.

Tre concerted nrocess involvine a transition state
of type III is considered best by Goldsmith et al. (88)
to explain uncatalvzed ortho alkylation of phenols.

The same tihree tyves of intermeciates micht be

considered for the ortho benzylation of phenol.

O
G / hES
[ Deenl ) Sl
H

N
I

o @ I

(e e
I

In this case I is a possible intermediate since
it has been shown to rearrange under the conditions of
the experiment to <ive ortho as well as para-benzyl
phenol. However, since approximately equal proportions
of the two isomers were shown to be formed in the

rearransement, it is probable that 1 is not the sole
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intermediate in the reaction.

Transiticn state 11 could hc¢lp to explain why
ortho-tenzyl vnhenol is formed in sgood yields in a cyclo
hexane solvent, btut in poor yields in a more polar
solvent. In a non-polar solvent the ion pair would be
tishtly held as the cyclohexane medium would not favor
dissociation. Ortho alkylation would take place by
collapse of the ion wmair. Para alkylation would take
rlace by dissociation of some of the ion pairs to give
a free tenzyl ion which would attack the para position
of the phenol.

A concerted process involving a cyclic intermediate
of type III is also possible in this reaction, althourh
it would not be the sole path since some para alkylation
takes place. It does not seem probable that the ortho
benzylphenol will rearranse to yield the para isomer.

Goldsmith et al. (83) sugsest that the strong
inhibitings effect of pentane dilution on the formation
of o-tert-butylphenol may indicate more than one mole-
cule of pnhenol is nresent in the intermediate complex.
Laxfield's (3) data suwsest this also, since he showed
that as tre molar excess of phenol was increased, the
amount of o-tenzylphenol also increased.

In some of the experiments renorted in this thesis
no hydrocarbon solvent was used, althoush good yields
cf o-benzylohenol were still realized. Since all evi-

dence in the literature points to a non-polar solvent as
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favorins ortho alkylation, it seems strange that this
should be, since phenol is a fairly polar solvent. If
we assume that more than one molecule of phenol is
involved in the transition state, we can explain this
fact.

Hart and Simons (39) showed that the uncatalyzed
reaction of tert-butyl chloride with phenol was first
order in alkyl halide, but second to sixth order in
phenol, dependinm on the solvents used.

In addition to the intermediates shown it is
possible for benzyl tosylate to be formed initially and
act as an alkylating ament. Hickinbottom and Rogers
(99) reported that cyclohexyl tosylate and phenol gave
55% monocyclohexylphenols with approximately equal
amounts of ortho and para isomers. Anisole and cyclo-
hexyl tosylate also yvield 61% of cyclohexylanisoles with
approximately eaual amounts of ortho and para isomers.
Accordinzt to these data it is not necessary to have a
hydroren atom on the hydroxyl group for some ortho
alkylation to take place. In these cases both ortho
and para alkylation misht take place via carbonium ions.

This new method of ortho benzylation of phenol in
the nresence of n-toluenesulfonic acid yields three to
four times as much ortho as para benzylphenol with
cyclohexane solvent. It is more convenient than the
Claisen method to carry out since the sodium salt need

not be oreviously formed. 1In addition, no ether forma-
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tion takes nlace as with the Claisen method.

The p-toluenesultonic acid eives ortho/para ratios
sunerior tc the Mcliaster-Bruner hi<h temnerature reac-
ticn of benzyl chloride and phenol. In addition, the
total monobenzylphenol yield is higher with the
p-toluenesulfonic acid method.

In addition to alkylaticn with a n-toluenesulfonic
acid catalyst in a hvdrocarbon solvent, the reaction
may te carried out at hircher temnmeratures without a
hydroczarbon solvert., This hi~h temnerature method has
several advantages over the solvent method. First, a
smaller reaction vessel may be employed for equivalent
quantities of orimary reactants. If a large nrepara-
tion of benzylated phenol is desired, this advantacge
becomes very immortant as there is a practical limit to
the size flask which can be handled in the laboratory.
Second, considerable time is saved in the purification
of the »nroduct as it is unnecessary to remove the
solvent by distillation. And third, purification and
recovery of solvent are eliminated.

A disadvantace of the hisgh temperature method is
the constant attention required during the benzyl alco-
hol adlition to maintain the correct temverature.

In the hish temverature reaction considerably less
p-toluenesulfonic acid is required as a catalyst.

The ortho benzylation of phenol may alsc be carried

out with a sulfonated polystyrene resin catalyst. Such
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similar in structure to p-toluenesulfonic
consists of a number of p-toluenesulfonic
connected by methylene 2and tenzylidene

the polystyrene chain.

H H H H H
-C-C-Cc-Cc-C-
] H | H ]
/’I /”
|
N N
SozH SOz H

If the resin is used as a catalyst with a n-heptane
solvent, the formation of water does not take place at
an apnreciable rate. However, if excess phenol is used

5 a solvent so that a higher temperature (150°C.) of
reaction can be realized, alkylation of phenol with
benzyl alcchol will oroceed readily. The yields of
monobenzyl phenol are slirhtly better than those obtained
vith a p-toluenesulfonic acid catalyst, but the ortho/

vara ratio is si~-nificantly less. Thus ortho/para

)

ratios of Z2.3/1 and Z.4/1 are obtained with a resin
catalyst, whereas hish temperature alkylation with
p-tolueneczulfonic acid yields ortho/para ratios of
2,5/1 to 4.,0/1. It may be that a steric effect in a
cvclic interrediste decreases the yield of the ortho
isorer when a resin catalyst is used. The cyclic inter-
mediate would form less readilv and if present, would

dissociate more rapidly to form a carbonium ion.



149
Fermation ¢f a carbonium ion would result in para benzyl-
ation.

The resin catalyst methed involves the simnlest
method of purification. The hot reaction mixture is
filtered to remove the resin and the crude product
fracticnated at once. No washins or solvent distilla-
tion is necessary.

“nhen the nolarity of the solvent is increased by
the adcéition of n-butyl ether to cyclohexane the ortho/
para ratio decreases sharply. This would be exnected
as the more nolar solvent will tend to stabilize a

carbonium ion resnonsibtle for para alkylation.
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C. Benzvylation of Cresols

1. Benzylation of p-cresol

In the reaction of btenzyl alcohol with n-cresol in
the vnresence of n-toluenesulfonic acid para alkylation
is not vnos=ible and (-benzyl-4-methylnhenol is formed

in good yield.

CH,0H QH OH
7

)+ ) O
N N —

CH3
CHgz 63 %

The nhysical properties of Z2-benzyl-4-methylphenol
and its phenylurethane azsree with those recorded in the
literature. In additicn the infrared svectrum shows the
bands e¥nected in the assisned structure. As the meta
isomer boils hisher than the ortho isomer, if 5% or more
was present, a sevarate fraction should have been coll-
ected. The directive influence of the methyl group
wounld favor meta orientatiocn althoush the directive in-
fluence of tre hydroxyl sroup is much stronser.

The reaction c¢f benzyl alcohol and p-cresol in the
presence of n-toluernesulfonic acid was carried out by
the liigsh terperature method. This reaction should be a
very suitable one to carry out with a Dowex 50 catalyst.
Althoush with benzyl alcohol and phenol lower ortho/para

ratios are achieved with Dowex 50 than with tosyl acid,
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here no vpara alkylation is possible. Thus n-cresol
co1ld be heated with a Dcwex 50 catalyst to 14OOC.,
benzyl alcohol adiled, the water of reaction collected,
and the hot reaction mixture filtered to yield the crude

product.

2. Benzvlation of o-cresol

The tenzylation of o-cresol in the presence of
p-toluenesulfonic acid yields Z-tenzyl-5-methylvhenol
and 2-tenzyl-4-methylphenol.

Qr4
7 NcH, CH3
CH,O0H OH —

:/ N 7z CH3 .
N N\ CH3

O Don

The rance of ortho/para values (2.3/1 to 3.2/1) is

lorer than found in the benzylation of phenol. This is
expected since now only one ortho position is open for
alkylation inctead of the two in phenol. Apnarently
the lower vield of ortho isomer in this case is a
statistical matter.

The hirsh temnerature method (Exps. 2 and 3) yields
better results tran the low temperature (Exp. 1) method.
Also the use cf a larrse molar excess of o-cresol and a

smaller amount of catalyst apnears to yield the best
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results in Exp. 3. The low concentration of acid would
be unfavorable to the formaticn cof carbonium ions nec-
essary for para alkylation. If more than one molecule
of o-cresol is present in the transition state, a larger
molar excess of o-cresol would favor ortho alkylation.
Huston, Swartout, and Wardwell (4) obtained only
a smnall amount of tre ortho isomer on benzylation of
o-cres0l by the aluminum chloride method. On the other
hand, the benzylation of phenol by the aluminum chloride
method (%) gives a somewhat larger amount of o-benzyll
phenol. In this work it was also found that benzylation
in the presence of pn-toluenesulfonic acid gives somewhat

more crtho isorer with phenol than with o-cresol.

%, Benzvlation of m-cresol

The benzylation c¢f m-cresol is more complex since
two ortho isomers as well Aas a para isomer are possible.

They are shown telow.

OH
OoH

/‘ l C Hy </ \> -CHgy OH
NN 'CH3 CHZ @CHZ

CHz

2-benzyl-3- 4-benzyl-3- 2-benzyl-6-
methylphenol methylphenol methylphenol
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Benzylation of m-cresol in the presence of p-toluene
sulfonic acid by the cyclohexane method yields a fraction
containins both ortho isomers and a hisher boilins mix-

ture containine the para isomer.

CH,OH OH
fé\w 74 o ortho
L + ‘ fraction
N N CH; 50%

There is a3 lower percentase of para isomer formed
thkan in the benzylation of phenol. This may be due to
steric hindrance of the meta methyl group which hinders
formation of 4-benzyl-3-methylphenol but not formation
of Z2-benzyl-5-methylohenol. Huston and Houk (5) had
found in th»e aluminum chloride catalyzed alkylation of
m-cresol with benzyl alcohol that less para isomer was
formed than in the benzvlation of phenol.

Since the formation of 2-benzyl-3-methylphenol
would also be sterically hindered by the methyl group,
it would be expected that more of the Z2-benzyl-5-methyl
isomer would be formed. As expected, only 25% of the
ortho fraction was shovn to be the 2,3-isomer by the
followin~ method:

The liquid ortho fraction was cooled in the refrieg-
erator to yield a white solid and a colorless oil. The

white solid was recrystallized and shovm to be 2-benzyl-
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32-methylnhenol. Infrared analysis then showed the crude
ortho fracticn to contain =zbout 25% of the 2,3-isoner.
An infrared svectrum of the 0il senarated from the solid
2y3-isomer showed bands corresnondin~ to substitution
patterns found in the ¢,5-isomer. The presence of this
latter isomer wa2s 2lso stown by bromination of the oil
to yield Z-benzyl-4,5-dibromo-5-methylphenol, first

prepared by Huston and Houk (5).
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D. Benzylation of Xylenols

1. Benzylaticn of Z,3-xylenol

Reactiocn of benzyl alcokhol with 2,3-xylenol in the
presence of p-toluenesulfonic acid in cyclohexane yields

orvhc and nar=2 btenzyl~ted isomers.

OH
CH CHs
C“zo“ @ 2 66%
CH3 C Hj
_{.
CH3

</_\>CH2<;>OH 10%

CHz CH3

Bcth 6-benzyl-2,3-dimethylphenol and 4-benzyl-2,3-
dimethylphenol are new compounds. Boiling points,
analysis, yields, and infrared spectra are in agreement
with their proposed structures.

An examination of the structure of 2,3-xylenol

OH
7\ CHg
N CH3

shows the directive influences of the methyl groups
would cancel each other, therefore from an electronic
viewpoint the isomer distribution should be similar to
that of phenol. The presence of a 3-methyl group should

decrease the amount of para isomer because of steric
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hindrance. On the other hand there is only one ortho
position open, so from a statistical viewpoint less
ortho isomer shonuld be formed. The ortho/para ratio is
actually a little hirher than with m-cresol, so there
may be a "buttressing" effect of the 3-methyl group by
the 2-methyl group.

As in phenol we wculd expect very little of the
meta substitution product to te formed. If formed, it
should distill in the same fraction with 4-benzyl-2,3-
dimethylphenol. No meta isomer was detected.

Benzyl-2,5-dimethylphenyl ether, if formed, would
distill lower than 6-benzyl-2,3-dimethylphenocl. None
of the ether was detected.

There is also formred a high-boiling residue as in
the benzylation of phenol and the cresols. This residue
is prcbably the dibenzyl product, however no attempt

was made to distill and identify the material.

2. Benzylation of Z2,4-xylenol

Reaction of benzyl alcohol with 2,4-xylenol in
the presence of p-toluenesulfonic acid in cyclohexane

yields 2-benzyl-4,5-dimethylphenol.

CH,OH OH

oH
7 -CH;3 7 N7 Y CHs
(- - =
N

éh@

o1y
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his compound was previously preprared by Elkobaisi
and Fickinbottem (46) who recorded a meltineg point of
67°C., as compared to the 66°C. found in this work.
The boilin-~ point and infrared spectrum also agree with
the assisned structure.

The meltins point of the phenylurethane was 143%,5-
144,0°. instead of 1360C. as recorded by Elkobaisi and
Hickinbottom. The N-H and C=0 bands in the infrared
cpectra of the vhenylurethanes are similar to those
found in the urethane spectra of 6-benzyl-2,3-dimethyl’
phenol, 2-benzyl-3,6-dimethylphencl and 2-benzyl-3,5-
dimethylrhencl. There seems to be no cuestion that this
is indeed a phenylurethane and it seems possible that it
is purer than trat prevpared by Elkobaisi and Hickinbottom.

The structure of 2,4-xylenol

Qki
7 rCHs
N
CHj
shows that only one ortho and no vara alkylation products
are possitle. Two meta alkylation products are possible
and of cource, in opvnosition to the influence of the OH
group, the two methyl sroups favor meta instead of ortho
alkylation. However meta alkylation would probably
proceed by a carbonium ion mechanism as does para alkyl-

aticn. Therefore ortho alkylation would be favored by
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the rechanism as well as by the directive influence.
l'oreover meta alkylation would be intibited by steric
hindrance of the methyl groupn(s).

If meta isomer were vresent in considerable
quaritity, it should have distilled as a slightly higher
boiling fraction than the 2-benzyl isomer. No such
fraction was collected.

No benzyl 2,4-dimethylphenyl ether was detected.
If present, it would have been collected as a lower
toilin~ fraction.

Azain there was present a very high boilins mater-
ial which was not distilled. This micht contain a

dibenzyl isomer such as

As shown in the benzylatiorn of 2,6-xylenol such
meta alkylation does take place when the ortho positions
are blocked and the two methyl groups favor the alkyl-

ation.
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5. Benzylation of Z,5-¥ylenol
Benzylation of 2,5-xylenol in the opresence of

p-toluenesulfonic acid in cyclohexane yields the

followin~ products:

7 N
CHzOH Q CHO 390/,
CHY

7 CH3

CHs 12%

@CHZ QOH

CH3

Both of these isomers are new compounds. The
boilins point, spectrum, and analysis showed the assicned
structure of 2-benzyl-3%,6-dimethylnhenol to be correct.

A mixture meltinz voint showed the 2- and 4-benzyl
isomers to be different compounds. The boiling point
and spectrum of 4-benzyl-2,5-dimethylphenol indicated
the assipgned structure to be correct.

An alternate methcod of berzylation consisted of
reflurin~ a mixture of btenzyl alcohol, 67% sulfuric acid,
2,5-xylenol, and cyclohexane. As expected, the majority
of the mcnobenzyl product was 4-benzyl-2,5-dimethylphenol.
Comparison of its spectrum with that of the previous
samnle showed that they are the same compound.

In the latter method of preparation a small fraction

of a lower boilins material was collected which is
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telieved to be tenzyl &,5-dimethylphenyl ether.

CHs

CHy

The snectrum of this fraction shows evidence for
such a structure. In one other instance, the reaction
of o-chlorobenzyl alcohol and phenol, the presence of
an ether was detected in the alkylation products. 1In
this latter exveriment alkylation was carried out in
cyclohexane with a p-toluenesulfonic acid catalyst.

ThLe detection of such a small amount of ether in
this exrezriment is good evidence that considerable
amounts of ethers were not formed in the other alkyla-
tions dezcribed in this research.

Examination of the structure of 2,5-xylenol

OH
-CH3

Chy

shows that one ortho and a para isomer would be expected.
The ortho/para ratio found in the benzylation of 2,5-
xylenol is 3bout the same as found in the benzylation of
phenol. Since in phenol two ortho positions are open
to one para nosition, here with 2,5-xylenol para alkyl-

ation must be more susceptible to steric hindrance from



151

the methyl ~roun than the crtho alkylatior.
There is also 2 meta position oven for alkylation,
althonsh the directive influences of the methyl srouvps

cancel each other. No meta isomer was detected.

4, Benzylation of 2,6-Xylenol

In the benzylation of 2,5-xylenol both ortho
positions are blocked so that no ortho alkylation is
possible. Para alkylation is favored ty the directive
influence of the hydroxyl eroup whereas meta alkylation
is favored by the directive influence of the two methyl
grouns. As the directive strensth of the hydroxyl
groun is eaual to that of %3 to 4 methyl sroups we find

that both para and meta alkylation take place.
OH

CH3 CH3
CH,OH
S S

The sevaration and iderntification of these isomers
provide an interesting examnle of the usefulness of
infrared analysis. The existence of two isomers was
first susvpected on examination of the crude monobenzyl

vroduct spectrum. Bands correspondins to both 1,2,%,5
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and 1,c,3,4 substitution patterns were present. As the

isomers were separated by fracticnal crystallization,
the growth of some bands and the disappearance of others

were noticed as snectra of the various fractions were

evamined.

A considerable amount of dibenzyl product was also

isolated. It is believed to be the followinzg isomer:

oH
CH3 CH3

CHo,

CHz @

The evidence concerning its structure is given in
detail in the Exverirental portion of this thesis.
Flkobaisi and Hickinbottom (46) also have obtained a
dibenzylated 2,6-dimethylohenol with the same melting

point. It is nossible that these two compounds are

identical. However since their compound was prepared

by a different method this fact could not be proven

unless their actual work was repeated.

An interesting extension of this present work would

be an attempt to prevare the trialkylated product.



CHg3 -CHgsa

Another interestine extension would be an investi-

gation of the followin> reaction:

CHZOH

CHg- 2
-‘\’OIUEneSu onic
acid

A monotenzyl product seers likelv, however the for-

mation of a dibenzyl product, containing six groups on
the benzene rin~T, micht require more vigorous reaction

conditions.

OH
CH3 CH3

Cw,

=~CH2 L,
O QO



154

5. Benzylation of 3,4-Xylenol

Reaction of tenzvyl alcohol and 3,4-xvlenol in

cvclohexane in the oresence of p-toluenesulfonic acid

vields a mixture of the two possible ortho isomers.

CH,OH

0 Qe gre e

CHa

39% |7°/o

The yield of monotenzyl product is somewhat low

as only a 50% excecs of the xylenol was used.

In determinin~ vhich ortho isomer would be formed

the directive influence of the methyl

groups would cancel
eaclh other. Therefore the relative amounts of the two

ortho isomers should te determined by steric considera-
tions. Apvarently this is the case, since about 70%

of tre monobenzvl nroduct is 2-benzyl-4,5-dimethylphenol
and the other 30% is 2-benzyl-%,4-dimethylphenocl.

The benzylation of m-cresol also yielded two ortho
isomers:

OH
Wy O
CHa

OoH

CHg

25% of +the T5% of the
ortho

isomers ortho isemers
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As with 2, 4-xylenol one nosition is sterically
hindered. Thus in two similar cases the relative
amounts of hindered and unhindered isomers are about

the same.

6. Renzylation of %,5-Xylenol

Benzylation of 3,5-xylenol in cyclohexane in the

presence of p-toluenesulfonic acid yields the expected

0O L,

C
CHy

preducts.

CH,OH

‘ : CH3

©60%
9%

These are the only two possible monobenzyl isomers. The
ortho/para ratio should be similar to that of phenol as
there are two open ortho positions. However the actual
ratio with 3,5-xylenol is 5.9/1. It may be that para
alkylation compared with phencl is more hindered by two
methyl =sroups than ortho alkylation is by one methyl

and one hydroxy eroup. This seems logical since in the
alkylation of phenol, ortko alkylation is subject to
hindrance from one hvdroxy and no methyls, whereas para

alkylation is subject to no hindrance.
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The meltin~ noint of the 4-tenzyl-3,5-dimethylphenol
was lower than that found by Buu-Hoi, Sy and Lejeune (61).
More of this isomer was prepared by the cyclohexane-
sulfuric acid method but after reneated recrystalliza-
ticns of this latter sarple, the melting point remained
the same 2s that of the material prepared by the p-
toluenesulfonic acid method. Spectra and mixed melting
points showed the two samples of 4-benzyl-3,5-dimethyl’
phenol to be identical. Spectra and mixed melting
points also showed the samples of 4-benzyl-%,5-dimethylC
phenol to be a different compound than Z-benzyl-3%,5-
dimethylnhenol. As there are no other nossible mono-
btenzyl isorers and the snectrum of 4-benzyl-3,5-dimethyll
phenol arcrees with its assisnment, the structure should

be as inrdicated.
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E. Alkylation of Phencl with Substituted Benzyl Alcohols

1. Alkylation of Phenol with o-kethylbenzyl Alcohol

When phenol in cyclohexane was alkylated with
p-methylbenzyl alcohol in the presence of p-toluenesul-

fonic acid, the followine products were formed:

OH

CH,OH OH 7 OH 7
m C Haz\ L >CH2 vd l \|
S P

- 57%

1% CHg

Possibly both cf these isormers are new compounds,
although Kindler (44) mentions the preparation of a
(o-methylbenzyl) phenol in his patent. He does not
specify which isomer, nor does he mention any physical
data., As this material is one of a number of compounds
claimed to have becn prepared, it may be the paper
invention of a patent attorney. The use of non-existent
"tynical examples" is well known in the patent art.
When the ortho and »ara benzyl isomers were solids,
a mived meltins point was taken to nrove that the two
compounds were indeed different. 1In the reaction of
p-methylbenzyl alcohol with phenol, both of the mono-

benzyl isomers were liguids. However, when phenyl
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urethanes of the two iscmers were mixed, the depressed
meltin~ point clearly showed these two compounds to be
different.

In the reaction of p-methyltenzyl alcohol with
phenol the orientation nossibilities are the same as
with phenol. No nossibility of meta substitution should
exist as it does with the xylenols. However it is
possible that substituents on the benzyl ring may
affect the relative rates of ortho and para benzylation.
That such an effect does occur is apnarent in the hich
ortho/para ratio of 5.3/1. Alkylation of phenol with
benzyl alcohcel generally sives ortho/»mara ratios in the
rance of 3-4/1.

The methyl sroup on the benzyl ring of the alcohol

H3C©CH20H

is an electron-releasing sgroun. Kinetic studies on
relative rates of benzylation in this work showed total
alkylation was faster with p-methylbenzyl than with
benzyl alcohol. 3Since total alkylation is faster, the
rate of ortho alkylation must be increased, althoush the
rate of para alkylation could be increased less than

the ortho, remain the same as before, or be decreased.
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2. Alkylation of Phenol with p-Isonropylbenzyl Alcohol

Alkylation of phenol with p-isopropyltenzyl alcohol
in the presence of p-toluenesulfonic acid yields a high

ratio of ortho to para isomer.

OH
Cl
59 %

CH3 CH
3 2% A/

CH; CH;

The ortho/para ratio is hi~her than in a similar
reaction of benzyl alcohol snd phenol. As the isopropyl
ocroun on the benzyl rin~ is electron-releasing, the rate
of ortho benzvlation may be accelerated by such an
effect. The same high ortho/vara ratio was also noticed
in the reaction of p-methylbenzyl alcohol and phenol.

As there are no methyl groups present on the phenol
rinm, little if any meta iscmer should be formed. None
was detected. The remainder of the 29% yield is prob-
ably polybenzylated phenols.

Identification of the ortho and para isomers seems
to offer no provtlems. However recrystallization of the
4-(p-isonropylbenzyl) phenol did not give sufficient
pure material to be used in thre vrenaration of a phenyl

uretrane derivative. Therefore an additional alkylation
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was carried out with a sulfuric acid catalyst.

CHzOH

~— 1.3/1 ratio of
ortho/para isomers

Surprisingly enoush, the tendency toward ortho
alkylaticn is so stron< with p-isooronylbenzyl alcohol
that even with a sulfuric 2c¢id catalyst more ortho than

para isomer is formed.

3. Alkylation of Phrenol with o-Chlorobenzyl Alcohol

Alkylation of phenol with o-chlorobenzyl alcohol
in the nresence of p-toluenesulfonic acid yields the

followin~ prcducts:

OH
OH 49% </_\>CH2‘©
Cl

N " 9% ¢ Hew < Son

CH.,OH
2 Cl
50/0 QCHZ - O-(/ \>
Cl

Total monobenzyl products amount to 73%%, about
the same vnercentase of monobenzyl product as found in

the alkylation of phenol with o-methylbenzyl and p-isol
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proryvl alcotrols. FHowever here the ratio of ortho to
para i.-omers is much lower.

Chlorine or the benzvl rin< has an electron-with-
drawing effect an’ an~ears to hinder the rate of ortho
alkylation. The ortho/»ara ratic is lower than found
in trhe alkvliation c¢f nhenol with benzyl alcohol. This
same loer ortho/para ratic is found in the alkylation
of nhencl with p-chlerobenzyl, o-bromobenzyl, and 2,4-
dichlorotenzyl phenols.

Huston and co-workers (8) found in the Claisen
condensation of o-benzyl chloride with okenol that
poorer yields of the ortho benzylated phencl were ob-
tained than with benzyl chloride and phenocl. They also
found when 2-, 3-, and 4-chlorobenzyl chlorides were
condensed with phenol in the ovresence of aluminum chloride
ortro-benzylated product was formed only with the 2-
benzyl chloride. Apparently in alkylation with a 2-
chloro substituted ament, rate of both vara and ortho
alkylaticn is reduced. In the case of o-chlorobenzyl
alcohol in the »resence of p-toluenesulfonic acid, as
reported here, the ortho and para alkylation rates must
be retarded to the point where some (5%) of the ether

is formed.

4, p-Chlorobenzyl Alcohol and Phenol

Alkylation of phenol with p-chlorobenzyl alcohol

in the vresence of p-toluenesulfonic acid yields the
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followinec: OH
OH
H ]
CH20 OH CL<::;>CHZ
7 > + CHZ
|+ —
N 55 %
Cl

'80/0 Ci

No etter was icsclate? in this reacticn, althoneh
some had been found in tle reacticn of o-chlorobenzyl
alcorcl with phenol.

Under similar reaction ccnditions an ortho/para
ratic of 3%3.5-4,0/1 would be rez2lized with benzyl alcohol
and phencl. Thus o-chlorchenzyvl alcohol gives a lower
3.0/1 ratin, as dc the rest of the halosen substituted
btenzyl alcohcls.

Senaration of ortho from rara isomers by distilla-
tion works ratrner well for most of the alkylations carried
out in thris research. However Z-(p-chlorobenzyl) phenol
is difficult to sepsarate from 4-(p-chlorobenzyl) phenol
b7 the tyne of Aistillation used. A similar difficulty
%Aas experienced with the separation of 2-(p-bromobenzyl)
phenol and 4-(p-bromobenzyl) phenol. Calculation of
isomer yiel'ls was carried out in both cases by isolation
of the oure comnounds and use of their svectra to

analyze isomer content of the distillation fractions.
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5. p-Bromobenzyl Alcolcl ard Phenol

Alkvlation of phencl with nw-tromctenzyl alcohol in
the nresence of np-toluenesulfonic acid yields the

followine: oH

48 %

OH
CH,0OH OH BPQCHZ " (’:H
2
Br

20% Br

The ortho/vara ratio of 2.4/1 is less than that
found with p-chlorobenzyl alcohol (3.0/1). A p-Br
substituent has only a slishtly more vositive sisma
value (+0.232 comnared to +0.226) than p-Cl, so that
the difference in ratios is not all due to differences
in electronic effects on the reaction rates.

The meltin~ point of the 4-(p-bromobenzyl) phenol
azrees with the value recorded by Wu, Guile, and Huston
(7)) for the hirh nmeltins crystzalline modificaticen.
The samnle in this resesarch was slowly recrystallized
frem more than “he minimum amount of hexane necessary
to dicsolve the sannle at reflux. Similar conditions
are described bv Wu, Guile, ani Huston (60) for their
prenaraticn of the hizh meltinz mcdification. ©None of

thv low meltins mcdification was obtained.
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. 2,4-Dichlorobenzyl Alcohol and Phenol

If ohencl is alkylated with ¢y 4-dictlorobenzyl
alcohol in the precence of r-toluenesulfonic acid the

followin~ products are obtained: OH

ARA

c OH
O o e .
Cl ( + CH,
+ — G« ci
Ci
219, ClI

The orthe/»ara ratio of 2.5/1 is lower than found with
benzyl alcohol and nhenol and thus fits the meneral
pattern found with halogen substituted benzyl alcohols.
As about 5% of an ether was believed to have been
formed in the alkylation of phenol with o-chlorobenzyl
alcohol, the distilled products in this experiment were
carefully examined for the presence of an ether. There
was no fraction in the ether range boilins below the
2-(z ,4-dichlorobenzyl) phenol fraction. Therefore the
infraredl snectrum of this fraction was carefully exam-
ined for evilence of an ether imourity. There is a
sli~ht shoulder on the R.9ptbqnd at Q.l?u vhich mi~ht be
due to 2 trz2ce of ether. However as the 8-1§AL ether

band is an extremely stronz one, there should not be

more than a small amount present.
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F. Relative Rate of Benzylation of Substituted

Benzyl Alcohols

The relative rate of phenol benzylation was deter-
mined ith six different tenzyl alcohols. The rates
with these alcohcls fell in the followin~ order:

p-iso-Pr ) o-le ) H ) p-Cl ) o=l ) 2,4=Cl

In meneral the eareater tre electron releasing
ability of the substituent on the benzyl rin:, the
sreater the rate of alkylation. The considerable de-
crease in rate of the ortho- over the para-chloro alkyl-
ation may be due to steric hindrance.

The followin~ table shows the reaction rates as

well as the ortho/nara ratios for the six alcohols

studied.
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Table VI, Phenol Alkvlation vwith Benzyl Alcohols

Benzyl alcohol Reaction % Monotenzyl Ortho/ Hammett

half-times phenols para sipgma
min. ratio function

p-iscepropyl 26 71 4.8/1 -
p-methyl Y 68 5.3/1 -0.170
unsubstituted 26 (a) (a) 0.000
p-chloro 47 73 3.0/1 +0.226
o-chloro 130 68 2.5/1 -
c,4-dichloro 254 7% 2.5/1 -

(a) The monotenzyl yiclds and ortho/para ratios
were nct determined for this marticular experi-
ment. However, judsinc fromwr similar experi-
ments with benzyl alcohol the rnionobenzyl yield
should be about 70% and the ortho/vara ratio
about %.5-4.0/1.

It is seen that the monobenzyl yields are all about
eauivalent, so the exneriments can be comnared on the
basis of their reaction rates and ortho/para ratios.

The reacticn half times vary from 26 minutes to
<54 minutes, whereas the ortho/para ratios vary only
from 2.5/1 to 5.3/1. Therefore the rate of either ortho
or para alkyvlation does not anmnear to remain constant
vhile the total rate chanmes. However, the reactions
vith o-chloro- and z,4-dichlorotenzyl alcohols are
prossibly subject to steric hindrance. If this is true,
there is a gocd correlation between the reaction rates
of the other four benzyl alcohols 2nd their ortho/para

ratios., The faster the reacticn rate, the larser the
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ortho/»ara ratio.

Tris correlaticn betveen reiction rate and ortho/
para ratics could mear the rate of para alkylation is
constant vhile tie ratc of ortho alkylation increases.

The reaction may proceed as follows:

cate vara proiuct
COnéan*
7BEF€;~‘“‘“‘*‘~L
Sed ortho product
rote P

CH,O0H OH

(N

or the reaction cculd o throurch a commron intermediate:

CH,O0H W

para

. Common (:)
nCr
h
*edsed ortho

ra

In this latter case step one could be subject to
steric hindrance from ortho substituents and cause the
large decrease in rate noted for o-chloro- and 2,4-
dichlorobenzyl alcohols. It should also be noted for
the latter two 2lcohols that their ortho/para ratios
are substantiallvy the same as that of p-chlorobenzyl
alcohol, even thourl: the rates are much slcwer. This
mezans that it must be step one which is cubject to
steric hindrance.

Pratt, Preston, and Draner (12) found that in the

alkvlation of anisole by substituted benzyl alcohols,



168

tre reaction ratecs varied with the substituent on the
alcohol. The rates decreased in tte followine order:
CH;0 ) CHy D H ) Cl

Trev alsc found trat n-nitrobenzyl alcohol reacted
very slurmoishly. Their reacticn rates decreased with
decreasin~ ability of the substituent to release electrons.
The came corder was found to hold true in this research.

Pratt and Erickson (100) studied the etherification
of triptrenvlcarbirol and benzhydrol with n-butyl alcohol
in the rnresence of »n-toluenesulfonic acid. They found
an increa2se in the electron-releasing ability of the
para substituent of a benzyl alcohol would increase the
ratc of etrerificaticn.

Thre N-alkylation cof anilines by benzyl alcchols
in tte oresence of activated nickel and sodium benzylate
was studied by Pratt and Frazza (101). They found the
reacticn rate decreased with decreasing ability to
release electrons. Thre reverse order was found to hold
true with para-substituents on the anilines.

It has also been shown (10Z2) that the rearrangement
rates of alkyl p-X{-phenyl ethers may be correlated by
Hamrett's equation using 0 p* constants. The rate
decreacecs as siama becomes more positive. Again this
is the same order ac found in the onresent research.

Thus the variation in reacticn rates is about what
may be evnected from a study of related work in the

literature.
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G. Scope of the Acid-Catalyzed Ortho Alkylation

1. PFPhenol and Various Alkylating Agents

A number of alkvliatin~ a2merts were refluxed in
cvclohexane in the prezerce of phenol arnd v-toluenesulf-
onic acid.

In ceneral, the alkylatins ament should be a benzyl
type alcorol, vinylos of a benzyl alcohol, or an olefin
derived from a benzyl alcohcl, in order for alkylation
to tare nlace under tlese conditions.

The results are listed in the followings table.
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Frercl znd Various Alkylating Aments

Alkvlatinm

acent Structure Results
Cinnamyl 7\ _
alcohol @‘CH-CH‘CHon

2-Phenylethyl
alcohol

Pronareyl
alcchel

Benzhydrol

tert-Amyl
3lcohol

Cyclohexanol

l-Frenvlethyl
alcohol

Styrene

@CHZ-CHZOH

HC=C-CH_CH
H

[:::I/q
OH

/CHB

>
o
: A
CHz

@'CH=CHZ

Polymeric products

No reaction

No reaction

Monobenzyl products

p-tert-amylphenol

No reaction

Monobenzyl products
including 2(1-
vhenvlethyl) phenol

lMonobenzyl products
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I cinramyl 21lcchcl were added very slowly and the
acid concentration made very low, it misht be possible
to isclate a2lkylated phenolic »roducts.

Nernzhydrcl has a very fast reaction rate and yields
products toilin~T in the monobenzhydryl rsnze. However,
benzhydryl chloride has been found by Curtin, Crawford,
and Vilhelm (34) to vield nara-substituted vroducts with
sodium phencxide. The reaction of benzhydrol with phenol
should be investicated further.

Tertiary alcohols or tertiary halides give almost
exclucively nara-substituted phenols with mest acid
catalysts since they very readily form carbonium ions.
This terdency toward par2 2lkylation is so strong that
p-tert-amyl phenol was the rain v»roduct when tert-amyl
alcorol was used as zan alkyvlatine agent. Tert-amyl
alcohol, rather than tert-tutyl alcohol, was chosen for
this exmeri~ent as it has a hircher boiling voint than
tert-butyl alcohol and was less likely to be lost by dis-
tillaticn durins reaction.

It would be expected that l-phenylethyl alcohol
wonld =ive cood yields of ortho product because it is a
herolo~ue of benzyl alcohol. An ortho/para ratio of
2.1/1, lcwer than with benzyl alcohol, was found for the
phenylethylated oroducts. Apvarently l-phenylethyl
Alcohol more readily fcrms carbonium ions to yield vara
allvlated »rccducts than does benzyl alcohol.

Althou~h the monostyrenated phenol fractions were
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not i‘ertified, it <oresrs from their boilin~ ran=es that
fraction ¢ would be 2-(l-phenylethyl) pherol 2nd fraction
4 wonld be 4-(l-phenylethyl) ohenol. If this is so,

then the followin~ comparison can be made:

Alkylatingz <. e
agent ortho para Crtho/vara ratio
l1-Prenylethyl 50.7 24,0 c.1/1
alcohol
Styrene 49,0 24,7 2.0/1

This close asreement of results suzgze=ts that both

alkylatirns mi~ht nrcceed through the same intermediate:
CH:CHZ OH

() -

H 2
HO-C-CHj3

S

Common

—— > intermediate ——> Products

>

—s. Complex

{ s
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<. Benzvl Alcchcl an? Variocus 3ubctrates

A number of nuclecohilic subctrites were refluxed
in cyclohexane in the presence of benzyl alcohol and
p-toluenesulforic acid.

In seneral, nhenols with alkyl, rtalo, =and hydroxy
srouns will underso alkylation by benzyl alcohol.
Althou~t not tested, it is felt trat 2 nitro sroup
vould make tre arormatic nucleun more difficult to
alkylate. Phenolic ethers vill alsco underzo benzylation
as expected.

Aromatic 3mino srouvns do not themselves react and
annarently inhibit the reactivity of adjacent hydroxy
sroups. Thionhenols are not alkylated under these
cenditions.

Results are licted in the following table.
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Table VIII. Renzvl Alcohol and Various Substrates

Nucleophile Structure

Results

o-Amincphenol OH

@ NH2
p=-Chloroprhenol OH
o-Chlorophenol OH cl

@u
p-Ethvlnhenol OH
o-Ethyvlohenol oH CzHs
Anisole OCH3
Catechol OH

@ou

Thionkenol SH

N-lethyl aniline HN-CH3

\

No reaction

2-benzyl-4-chloro

phenol

I‘onobenzyl products

2-benzyl-4-ethyl

phenol

Monobenzyl products

Monobenzyl oroducts

Moncbenzyl products

No reaction

No reaction
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The benzylation cof anisole apnears to zive a mix-
ture of isovers wrich boils closer tc~ether than do the
benzylated nhercls. This is evpected since the lower
boiline »noint of ortho-benzylphenol, as compared with
para-tenzylphenol, is due to the interference of the
ortho-btenzyl sroup with intermclecular hydrogen bonding
of the CH groups.

Perhans the isomeric mixture of benzylated snisoles
could be determined by demethylation to yield mixed
benzylphenols which could then be separated by distilla-
tion. Alternatively, the opure methyl ethers of ortho-
and para—benzylphénols could be made by methylation of
the rrernols. The snectra of these nure ethers could be
uced as standards for the determination of relative
amcunts cof ortho- snd vara-benzylanisoles.

In the benzvlaticn of catechol, if fraction 2 is
the J-benzyl isomer and fraction 4 is the 4-benzyl, the
ortho/para ratio would be 1.8/1. 3uch a result would
surtrest that catechol is more susceptible than phenol
to para alkylation. However the nresence of two adjacent
hydroxyl erouns mivht sterically interfere with the path
of the ortho reaction.

Thioohenol is not alkylated under these conditions
althourh this in no way nrecludes the fact that a
reaction may tz¥e vnlace if conditions were altered.
Thiophenols have a3 coreater tendency to form thio ethers

than ohenols do to form ethers. In fact, thiophenol is
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very difficult to C-alkylate but instead usually forms
S-alkvlation products. Cne of the few excevtions is
recorded by Laufer (103) whe reacted thionhencl with
ethylene, nronylene, l-butene, Z2-butene, l-pentene,
cvclonentene, cvclohexene, and cyclonropane. He obtained
o-alkylthiophenols, 2,6-dialkylthionhenols, and alkyl
aryl sulfides. ©No meta alkylation and little or no para
alkylation took place. Aluminum chloride and certain
cther lewis acids were used as catalysts at temveratures
below BOOC. and in sore cases as low as —7OOC.

Neither N-methyl aniline nor o-aminophenol was
benzvlated in refluxing cyclohexane with a p-toluenesul-
fonic zcid catalyst. BHowever, it is felt that conditions
miz»t be found under which ortho alkylation would take
rlace. Tre literature contzins gscattered revorts of
sirilar reacticrs with amines. ¥olka, Ecke, ard Closson
(104) renorted the crtro alkylation cf aniline by olefins
usinT an aluminum anilide catalyst. This reaction is
analorous to the reaction of Kolka et al. (97) where
prencls are ortho alkylated by olefins uszinzg an aluminum
phenoxide catsly:t. Hart zand Kosak (105) reported the
ortho alkylation cf aniline with styrene in the presence

of anilire hydrochloride.
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H. MNecrnanism of Crtho Alkylation

Luch additional work is needed on this reaction
vefcre a mecharinm can be establiched. Reacticn rates
should e studied, kinetic orders established, the in-
fluence cf substituents cf btoth alcohcl and phenol
studied, nn2d vncssitle intermediates investi~ated. This
nrecent werz was concerned largely with the discovery
of 2 new synthetic tocl, determiration of favoratle

reaction corditicrs for it, and an investizration of the

The influcrce cf substituents on the benzyl alcohol
on reacticn rate vus studied, but such a study Lelos to
predict feor wrat tvve cf aroratic alcohols this reaction
will te suitable, rather than establishes a mechanism.
It wnas shown that alcohols havins electron-releasing

substituents should zive the best yields of ortho

In another instance a terzyvlation of phenol was
cstopred when 71% of the water had been removed 2nd the
nroduct exanined for dibenzyl ether or benzyl phenyl
etrer as interrediates in the reaction. Neither was founi.

In a further exnerirent benzyl phenyl ether was
rzarran~ed in the presence of n-toluenesulfonic acid and
tho rroducts determined. The ortho/para ratio of 1.2/1
is much lower than obtaired in alkylation of phenol with
benzvl alccrol. However, in this case a better reaction

method mav have been to add the benzyl ether slowly to
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a cvclcenexane sclution contairins n-toluenesulfonic acid
and excess phencl.

Alkylation cof ore mole of wnhenol with 0.5 mole
(ecuivalent to 1.0 meole benzvl 2lcohol) ditenzyl ether
rave an ortiho/para ratio of 2.7/1. This is somewhat
lover than that cobtaired in mcst benzylations of phenol,
hovever higher ratios ray have been obtained if an
excess of phenol were used.

Althous-h very little work Lis been done to elucidate
A mechanism, it is possible to write one for the reaction
with tte uanderstandins that such a mechanism is tentzative.

This mechanism should explain certain facts:

1. .hy the ortho ncsition is favored over the para
positicn by more than a 2:1 statistical factor.

2. Why non-prolar sclvents favor the production of
the ortroc isorers, whereas polar solvents inhibit this
reaction.

2. Wry a2 hirh temnerature method is possible with
excess phenol as the sclvent. Cr, to phrase it =2another
w2y, why the ortho-allkylation is denendent on the con-

centration of pherol.

4, Vhy the rate of total alkylation is subject
to steric hwindrance (as found with o-chloro- and 2,4~

dichlorobenzyl =zlcotrols).
5. Why the rate of ortho-alkylation is enhanced
ever nara-alkylation by electron-releasing substituents

on the tenzyl slcohol.
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A nlausible mechanirm would be tre folloving:
A molecile of benzyl alcohol is protonated by the

acid catalyst

H ®

oy
o

p-toluene
sulfonic acid

The protconated 21cohcl then reacts by two different
paths, one (SNI) path leading to the para isomer and the

otrer (SNQ) leadin~ to the ortho iscmer

OoH
CH, ® OH

H +
CH,0H -Hz CH2

“Hzo
O---H
| ll/H OoH
/ -G — CH2©
H
\\

The mechanizn could be written so that the primary

intermediate is an ion pair containins the acid.

Crzon P oy Hew,
p-toluene

sulfonic acid

o o
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NDesrite tre exsct nature cf trhe common intermediate

it ceers verv ressconarle to assure that it then reacts
tv two naths (SNl) and (SN2) as shown to sive rise to
bott ortho and para isomers.

The mechanism of this reaction and the nature of

the intermediates should be further investigated.
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I. Extensions of Present Work

Trhere are a nunlter of areas in which this work

could be extended:

1. Synthesis

a. Alkylatino agents

The alkvlation of vnhenols with fluorobenzyl alcohols
has never been studied. Such an area would be a logical
extensicn of the wvork on the chloro- and tromobenzyl
alcorels. Thre fluorobenzyl alcchols are readily access-

ible via tre fluorotoluenes

CHj COOH CHZ0H
P(F1n(344_

The onresent method of alkyvlastion usin~ mild scid con-
ditionc for catalycis should be investisated for very
active aromatic alcohcls, some of which underzo decom-
position under acidic conditions. Alkylation with
cinnamyl alcohol should be reinvesticated. In addition
alkrylation with the followins alcohols should be studied:
anisyl a2lcohocl, furfuryl alcohol, and 1,l1-dimethylbenzyl
alcohol.

As electron-releasin~ psrouns are placed on the

benzyl alcchol, toth the reaction rates and the ortho/
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para ratics increase, The followins twpes of alkvlating

arents shculd be cf interest:

CH20H CHs CH,0OH
CHon CH3 CHB
H5C CHs
Ch, CHy ch; CH3
from o-xylene from mesitylene from durene

and also allyl type alcokols
R—CH=CH—CH20H
vhich are hich boiling enough not to co-distill with the

water during reacticn in cyclohexane.

b. Phenols
Cf interest would be the alkylation of dihydroxy

phenols

OH oH OH

OH

OH
OH

and trihydroxy comnounds such as nyro«allol

OH
HO OH
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which are sensitive to al*aline oxidation and therefore
not too suitable for benzylation by the Claisen method.
The alxvlaticn of other arcrmatic phencls such as

naphthols and indanols shkould also be studied.

OH OH

c. Di-benzylated compounds

Tre nrevaration of Z,5-ditenzyl phenols should occur

easily with a p-toluenesulfonic acid catalyst.

In this way products would be obtained which other-

wise vould take two senarate alkylation steps by the

Claisen nethod.

2. Catalyst

Additional acids of tre sulfonic acid tyne should
te investirated as catalysts. One tyne of interest would

be aliphatic and alicvelie sulfonic acids

R-SOBH
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Anotrer tvne wonull te ajditional arormatic sulfonic acids

SO3H
Ra

where the R's may be alkvl, halo or mixtures.

Cther tynes would be benzene polysulfonic acids,
niachthalene sulfonic acids, and vhenanthrene and anthra-
cene sulfonic acids.

Also of interest would be sulfonic acids with
heterocwvclic nuclei.

The pho=sphonic acids

0]

R -P - CH
\
OH

where R is alkvl, cycloalkyl, aromatic cr heterocyclic,
shonld also be investi~ated as mild acid catalysts for
the ortro alxylation of nhenols.

Ctrer phosphorus acids such as hypnophosnhorous acid
and polynhosnhoric aci? may be avwnlicable as they are
mcre soluble in orcanics than is phosvohoric acid.

Arsonic acids s*ould =2lso be investinsated

0

Vi
R - As - OH

\ oH
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5. Reacticn Conditions

It hns been chovn trat benzyl alcohol vill not
a2lkviate phenol at 188-17500. without 2 cataly=t. as
thi: is5 very close to the boilin- noint of phenol the
temnerature of suc* a reaction mivture could rot be
raised much bhi-her at atmcsoheric pressure., However,
if 2 hiesher boilins phenol and 3 hirher boiling alcohol

were uced, a reaction miwture could be heated to much

hizher terveratures:

OH CH,0H
~en_ o) .
@ N @ csos0cfe.
R R no catalyst

It wonld te irtere=tins to see if trermal slkylation

takes nlace under such conditicns.

It would also be of interest to investisate very
small amounts of catalyct (0.0001 mole) in the 200°C.

ran~e to see if very mild acid corditions wculd cive
very hi~h ortho/para ratios.
4, Kinetics and Mechanism

In the benzylation of p-crecol only ortho alkylation

can take place



Ly
@]
[O))

e
p-toluene

4-
: :: sulfonic acid
C

H
H3 CH3

Hewever if the rechanism of alkyvlation for vhenol is as

postulated @ OH
CHz
S+eF 2 - Pana
S+6P 3 Isomer
- Hzo
Syl
S*epl ‘ N
——= intermediate OH
N T
Spy2 I Py ortho

"'? \somer
H

and watcr is removed in step £, then in the alkylation
of n-crczol sorme crtho alkylaticn could take place via
the carbonium ion 2nd the rate of forration of water
would not ~ive the SNZ rate.

3ince electron-releasin~T srouns on the aromatic
21cohol enhsnce tre rate of crtho alkylation perhaps

the fecllowin: reaction would be of value:
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CH,OH OH
H ;
CHs CHs + p—tolueneS’-
CHs CH;3 sulfonic acid
CHy

his rencfion may sive almost 211 ortho isomer and
trmus the rate of .ater formation may te a close approxi-
maticn of the rate ol the 3N2 reactiocn. The presence of
tre five rethyl zrourns cn the benzyl alcohcl would
rrevent self-alkylztien. JTf the kinetics of the ortho
alkyl=tion were ¥novn, the order of reaction could be
Cetermired.

It “onl? 3lso be c¢f irtcre=t to extend the serics
of vara-subotituted tenzyl alcchols used in this research
to include p-Cti;C, p—NO2, and ot er substituents to
determine their reaction rates. Also of interest would

te the influerce of nhenol cubstitucernts on the rate of

Tl

2liyl2ticn.



V. SULMARY

Fhenol vas alkylated with benzyl alcot ol in the
prcernce of p-tcluenesulfonic acid to vield %.5-
4.V parts o-benzylnhencl for each nart of
D-benzylohenol.

focd vieldis of the ortlic-benzyl isomers were
obtained in *“te acid-catalyzed alkylations of
crtho-, meta-, and nara-cresols with benzyl
alcohol.

Fenzyl alcohol wias used tor the acid-catalyzed
ortto alxvlation of five of thre six iscmeric
xylercls. In the case of £,%-¥vlenol, ortho
alkvlaticn was not possitle 3nd toth the 3- and
4-benzyl proincts were feormed.

Sutstitited henzvi alcohols were used tor ttre
acid-catalvzed ortto all:ylation of phencl. Thre
ortto/para ratios (4.8-5.%) were l:i~hest for
alcchels containin» electron-releasin~ arcuns

sucl. 13 p=-methyl and s-isopronyl. Crtho/para

ritios for alcchols containin~ kalc-en (electron-

witrdravwing) orouns were in the order of Z.5-

5.0,/10

The reaction rate of substitited tenzyl alcohols

188
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w25 deterined bty measuarin.- the amount of water

ot

removed rer unit time. EBenzyl alcohols conbtainine

electrcn-relensins vrouvs reicted faster than

did benzyl alcoliol. Alcohcls containinzs electron-

withdrawinc™ arouns reacted more slowly than did

benzyl alcochol., Alcohols containine o-substituents

reacted very slowly.
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AFFENDIX I

DATY AND GRAPIS FCR XINETIC RUNS

C® 3UBSTITUTED BENZYL ALCOHCLS
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Rate ¢f Phenol Alzylation with
n-i<o-Propvlberzyl Alcohol

Time in minutes 1. of water distilled
2 0.9
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Rate of Phenol Alkylation with
p=Lethylbenzyl Alcohol

Tive in minutes I'l. of water distilled
b 0.6
8 1.5
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R2te ¢f Phenecl Alvlaticon ith
Penzyl Alcohcl

Mim=ec in mirmtes 1, of water distilled
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Rate of Prerncol Alkrlaticn with
p=Chlorobenzyl Alcchol
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Rate of Fhenol Alkyl-ticn with
cy4-Tiichlorotenzyl Alcohcel

Tine irn minutes I'l, of water dictilled

5 0.5
17 1.1
P 1.8
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