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In 1072, &, Yaterno (Gazz. chime itale 2, 1-6)
heated gently a nixture of benzyi chloride end phenol
in the presence of ine Il vas given off, end trhe 1li uwid
enter:d into cbullition, Latcr, a brovn li-uid was sepe
arated from tlie 7n, and distilled, "lLe unconbined binzyl
chloride and phcnol were distilled off bclow 2600, The
ronaining riass weas distilled at 6 rm,, end the main froct=
ion thus distillins at 180-1900, .his solidified to a
rness of small rcedles, contaminated with an oil, vhich wes
rressed out nnd discardod, iiiile the needles vere recry-
stallized from alcohol, .'.is benrylatcd phenol crystallizcd
in vhite silky necedles (ii. 84) which were soluble in d -
cohol, cther, benzene end chloroform, .he pure phenol
boilecd at 175-180 at 4-5 rm. It was soluble in alkaline
solutions, but wes precipitated b, ecids, It was insoluble
in iTg. :2i0g formed substitutlon woiructs, IiCe 6.V
a sulfonic acid vwiith the phenol, the bariun salt of vhich
wvas solubl: in 1.0,

LBonzylated enicole treated/?ijlt,hzmd toiled far
eicht hours &t 1700 gave CHuIl,and tho san: benzyl phenol
a8 Just described,

in 1874, &. Petorno and ki, I'ileWd (Cezz. chin,.
ital. 3 121-129, 2501-254) published an erticle in which
they dencribe morc derivatives of berzyl phenol, Lonzyl phenol
with acetyl chloride gave buncyl plicnol acetate in the cold,
"his compound could not be crystallized tut roenained a pale

vellow liculd, sele ©l79, censity 1.,1043 «t 1l6o. it vas very



casily hydrolized, absorbing sufficient moisture from
the air to decompose the ester, benzyl phenol crystallizing
out,

Benzyl phenol and benzoyl chloride gave benzyl‘
phenol benzoate., lhis was very soluble in CeHe, and cry-
stallized from CeHe in friable crystals of the triclinie
systan, It crystallized fron elcohol in glistening needles,
M.P, 86°, This compound was not decomposed by alcohol, Hg0
or aqueous pot assium hydroxide,

The same authors describe a di-brom derivative
prepared by adding excess Brg to a solution of benzyl phenol
in CSg. This compound melted at 1759 amd remained an amorphous
substance, soluble in CICls and CSg, but insoluble in al-
cohol and ether, Later workers have questioned this compound.,
(Zincke and Valter, Ann, 334, 367-385, (1904) ).

In 1875, Paterno and I'iletil (Gazz. chim, ital, 5,
38l1) again published an artiocle in vhich they describe the pre=
paration of benzyl phenol by a different method, Benzyl al~-
cohol and phenol were condensed, using a mixture of HeSOe and
acetic acids to eliminate a molecule of 1'0H, They obtalned a
mass of erystals, vhich on purification proved to be benzylated
phenol, A fluorescent oil was also obtained in considerable
quantity which did not crystallize, but appeared to be an
isomeric benzyl phenol,

In 1880, Perkin and lodgkinson (Journ. Chem. Soc,
1880, P 724) boiled phenyl acetate with benzyl chloride., A
beautiful fluorescent liquid was obtained, B, P, 310-3200,
Analysis shaved a composition of CpslpgOs. This was reedlly






saponified with alcoholic KOH. An oil rose to the surface,
This oil on purification, yielded crystals, M.,P, 390,
Analysis indicated formula of clonloo. This may be cinnamyl
methyl ketone, CeHg-CH = CH - CO - CHs. Lhe alkaline solution
from the above saponification was acidified, and an o1l sep-
arated out. On purification it melted at 80 - 81° and boiled
at 320-3229, snalysis indicated formula of Cy;H;50. They
conc luded that this compound was ident ical to the benzyl
phenol prepared by Paterno by the action of benzyl chloride
on phenol in the prescnce of Zn dust, Tie differemse in
melting point was thought due to impurities in their com-
pound,

” Liebmann (Ber, 15, P, 152, 1882) (Ler, 14, 1842,
1881) prepared benzyl phenol from benzyl alcohol end phanol
in the presence of molten ZnClg., I'ropyl and amyl phenols were
prepared by the same method., The benzyl phenol thus prepared
hed a M,P, 840 and boiled at 325-3300,

In 16862,Rennie made a ‘rather extensive study of

benzyl phenol, end 1ts derivatives. (J. Chkem, Soec, 1882, F 33),
He prepared his benzyl phenol in the same menner as l'atcrm, i.e.
benzyl chloride and phemol in the prescnce of “n dust, )
He prepared and described the mono sulfonic acid and its salt s (\
with barium and potassium, potassium bromo-benzyl sulfonate, ﬁ
tri nitro benzyl phenol and the methyl ether of benzyl phaaol,
After a study of these derivatives, he states that benzyl
phenol resembles p=-cresol in its action with H.S0e, HNOs or

Brﬂ .



Later in the same year Rennie (J. Chem, Soc.
1882 P 220) reports a further study of benzyl phenol der-
ivatives, 1his time he includes benzyl phenol-sulfonic acid,
mono nitro benzyl phenol, amido benzyl phenol, di nitro
benzyl phenol, tri nitro benzyl phenol oxidation products,
nitro bran benzyl phenol and its reaction with IlNOs., Di
nitro benzyl phenol oxidized gave benzoic acid, indicating
that these two nitro groups were in the original phenol
ring, Tri nitro benzyl phenol, upon oxidation, gave p-
nitro benzoic acid, hence indicating that the third nitro
group went into benzyl group, rather than in the original
phenol ring;

After studying these compounds, all derivatives
of benzyl phenol, s nnie concludes thatthe benzyl sroup
must be in the para position in the phenol ring, T7This
view is substantiated by the fact th:t the same nitro-
brom derivative is obtained, vhether Ili0s acts on the mono
brom derivative or Brg acts on the mono nitro derivative,
Hence, the nitro brom derivative, and consecuently the nitm
sulphonate, and the brom sulfonate must be symmetrical,
The only possible way to explain this fact, is to assums j>
that the benzyl group is in the para position of the pherol
ring. Alss nitro brom benzyl phenol, with HNOg, gave orth -
brom-alpha-dinitropheml, the second N0z group taking the p-
position left by the benzyl groupe

Although the above reasoning seeningly makes 1t
certain, that the benzyl group is in the para position, othser



facts served to add an element of uncertainty to Rennle's
theory. Iirst, the melting points of the mono and di-
nitro derivatives differed b; only 130, vhile the corres-
ponding derivatives of para cresol differed by 400,
Secondly, the yleld of di nitro benzyl phcnol was always
small, regardless of the method of prcparation. Still
more important, however, was the fact that the potassium
salt was of an abnormal color for such di-ritro compounds,
This salt gives oran~ce needles in contrast to the depth
and beauty of the crystals of di-ortho-nitro derivatives of
other phemols, The fact, that eddition of nitric acid
the di-nitrc-benzyl pheml gave tri-nitro phenol instead
of tri—nltré benzyl phenol, was also puzzling, Tri nitro
benzyl phenol i1s formed by direct nitration of di nitro
benzyl phenol., Its constitution vill depend on that of tle
di nitro derivative, One I0g group must be in the benzyl
group; p-to the CHg, however, since it yiclds p-nitro benzoiec
acid on oxidation, and a second one must be in the position
ortho to the OH group, The position of the third must be
regarded as somewhat doubtful,

Rennie published agein in 1886 (J. Chem, Soc, 49,
408) roporting some further examination of di nitro mra
henzyl phenol, and also a study of the oil which always occwrs
with the crystals of p-benzyl phenol, ©This oil was pressed
out, extracted with alcohol end studied, It was first aul-
fonated and the barium salt formed, The Ba salt of the p-
benzyl phenol crystallized out, but the remainder did not

promise to crystallize well, so the barium was replaced with
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potassium, vhereupon ood crystals vcre obtained with

2 1/2 molecules of Hp0 of crystallization. The nitro sul-
fonate formed pale ycllow rosettes, M, 81-82, The sul=
fonate treated with bromine, gave some brom sulion&ate bub
also some vhite flekes, vhich on recrystallizing from
alcohol end water, formed minute whit e crystals melting

at 91°, This compound was soluble in alcohol, ether,
acetic acid or alkali, Ke remarks that this is probably
a di brom derivative, but he mekes no further study of 1t,
( This will be shown later in this paper, to be 2, 4, di brom
6 benzyl pherol, as Rennie suspected but had no definite
proot);

M. Backunin studied the condensation of benzyl
chloride and pasreod in the prescnce of zinc (GCazzetta 33 1,
495-496 (1905), 1bi14, 33 i1, 454-460 (1903) ) with the idea
of determining the test corditions of tondcnsatioa., EFe
concludes that a neutral solvent i1s the best to use, since
it gives a finer division of tbe substanccs reacting, end
hence more chance for contact and reaction, He prepared
benzyl phenol benzoate (M.P. 86-87) by hcating benzyl phenol
with dbcenzoic acid, in the presence of phosphorie oxide in
benzene solution,

L. Zincke and T/, valter (Ann, 334, 3567-385,(130%) )
published some work on bromine substictution in phenols, es-
pecially in the case of p-benzyl pheanol. They prepared the
benzyl phenol by condensing benzyl chloride and phemnol vith

zine, as Paterno had done before., (loc. cit), He describes



the benzoyl derivative, as needles melting at 870, DP-benzyl
phenol treated with 2Brs in a solution of chloroform, gave a
product having two crystalline forms, one belng colorless
needles melting at 449, but which was unstable and readily
passed to the more stable form on standing, ths stable form
being rhombie crystals M, 57°. The acetyl derivative of this
di brom benzyl phenol formed mono-e¢linic prisms, M,P, 539,
$:) conciudes that the formula of this compound is
4
because when it 1s treated with llaNOg,

a bromine atom is readily replaced with a li0g as is the case
vhen ordinary brom phenols are treated with NalOg, under the
same conditions, Zincke and ‘alter also describe tri-brom
and pcnta brom-derivatives of p-b:rnzyl phenol, It is to be
noted, that the di1 brom derivative of o-benzyl phenol, announced
b,y Paterno and Fileti (GCazz, chim, ital, 3, 121-129, 251-254)
M.,P, 17590, does not agree with any compound prepared by Zincie
and Talter,

The action of 4lCls, as a catalyst, in condcnsing
various substances has been studied extensively since 1876,
when Friedel and Crafts vorked with amyl alcohol and hydro-
carbons, (“ompt, rend. 84, 1392) At this time they war ked
only with aliphatic compounds, and even state that AlCls will
not condense aromatic compounds., Custavon (Ber, 13, 157,1880)
(Bull, <oc., Chem, 42, 325, 1884) believed that an unstable
organie aluminum compound was formed, which broke down glving

AlCle. In 1881, lerz and V.eith, (Ber, 17, 187), rcrort having



prepared di phenyl ether from the ection of AlCls on phenol.
ihis would point to a dehydrating action of the AlCls.
Friedel and ‘rafts (Ann, Chim, I'hys. 1, 489, 1884), advanced
the following theory of the action of an aromatic o mpound on
an alkyl halide in the presence of AlCls, riving an alkylated
benzene ring,

cl
CeRsH + AlCls —> KEC1 + A1-CI
LCeRs

c1 '
il-C1 + R'Cl —» AlCla + R® CeRs
\“CeRs regenerated

In 1901, Jaubert, (Comp., Rend, 132, 841l) prepared
aniline and p-toluidine from the action of H.NOH.HCl with
the hydrocarbon in the presence of AlCls, or ZnClsz. Th s
action must be strictly a dehydration reaction,

Buttgenbach (J, Prakt. chem., 105, 355 (1923) ),
beiievea that an uhstablo Al-organiec compound is first pro-
duced, which breaks up, giving AlCls and the final conda scd
produot; |

In 1916, (Huston erd Xriedeman, J. A. C.S. 38, 2527)
published the results of same work with AlCls &s a catalyst
in the condensation of benzene and bcnzyl alcohol, ihqy ob-
tained di phenyl methane, some p-dibenzyl benzene, a trace
of the corresponding ortho isomer, and anthraceme as a by-
product. There appeared to be a dehydrating action of the
AlClg in this reaction, The proportion of reagents used,
and the temperature, affected the yields of different products,



Huston published a brief report, (Sci. 52,
206-1920), of the candensation of benzyl alcohol end phenol
in the presence of AlCls, obtaining p-benzyl phenol as
a product,

In 1918, Huston and Friedeman, (J. A.C.S. 40,
785-93) published work on the condensation of benzene
with secondary alcchols, They used phenyl methyl carbinol,
phenyl ethyl carbinol and di phenyl carbinol in this
study. They found that the methyl and ethyl group seemed
to hinder the condensation, the ethyl having the greatest
retarding effect, while the presence of the phenyl group
did not hinder the coniensation,

Ruston, (J, A, C,S. 46, 2775-9, (1924) studied
the action of A].Clg in the condensing of phenol and benzyl
alcohol, to give p-benzyl phemol, Fhenol + AlCls in petrolcunm
ether gave a viscous mass, probably Al phenolate, from which
the phenol was quantitatively recovered on addition of HCl,
vith phemol and benzyl alcohol in petroleum ether, with 0,5
mol. of AlCls at 20-300, he obtained 43-5% p-benzyl phenol,
The yield was not increased by the addition of larger amounts
of AlCls. cSimilarly, phenyl methyl ether gave 46% p-benzyl
phenyl methyl ether, and phenyl ethyl ether gave 57% of
p-benzyl phenyl ethyl ether, Bcnzyl chloride and phenol in
the presence of AlCls, gave 36% of p=-benzyl phenol. TH s
would bar the possibility that the action of benzyl elcoll
and phenol with AlCls 18 a reaction in which the benzyl alco-
hol is rirst converted to benzyl chloride, and them the react-

ion being merely an cxample of Friedel and Crafts recaction,.
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This is further barred by the fact, that when benzyl alco-
hol and AlCls react below 35°, 96% of the benzyl alcohol
is recovered, while if the reaction occurs above 400,
25-30% of benzyl chloride is recovered after a vigorous
reaction, It will be noted that the above condensation
was carried on between 20-300, which eliminates the poss=-
ibility of the formation of benzyl chloride in appreeciable
amounts,

In 1923, L, Claisen (Z. Angew., Chem, 36, 478-9)
published some work on the carbon-alkylation bf phenols in
vhich he rives a method of preparing the orths alkylated
phenol, to the practical exclusion of the para isomer, TlLis
is done by treating the lNa phenolate with the¢ alkyl halide,
in the presence of & non-dissociating medium, such as
CeHe,or toluene, which rives almost entirely the ortho
alkylatedAphenol, instead of the ether, as ohtalned vith
the use of alcohol or other dissociating medium, as a sol-
vent, He characterizes several ortho alkyl phenols, among
them being or tho benzyl phenol, M, 219, B 31.2°, which he
reports 1s accompanied by p-benzyl phenol, M, 84, B 30 -20,
In en article published by Claisem, iremers, iloth and -
Lietze, (Ann, 442, 210-45, 1925),ortio benzyl phcnol is re-
ported to exist in two forms, - the labile form L.2l and
the stable fom, M 52°, Other ortho alkylatecd phenols are
also described, Claisent's work is also rcported by Claisen

& Tietzke (Ber, 583, 275 (1925) ). in this article, they

show that when the recaction between the sodium phenola te

and benzyl chloride takes place in a non-discociating medium,






such as benzene or toluene, that ortho eslkylation tekcs

place, to the almost entire exclusion of the ether,
Claisen explains this reaction, on the basis

of Michael's theory (J. pr. 37, 486; 216,189) of tle

reactlion between silver cyanide and methyl iodide. Accord-

ing to this theory, Claisen's reaction takes place as

follows: 0

% {, £
. K -ﬁ
o nt (5 e (Yoo ()

K, von Auwers, Vegener and Lohr (Chem, Zentr,
1926, I, 2347) carried on experiments to explain the re-
ection of salts of keto-enols and alkyl halide, 7hey sum
up three possibilities:

1. "The initial formation of addition products
with subsequent splitting" (i‘ichael),

2e "The initjal formation of normal O-derivatives
with rearrangement into the C-derivat.ve",

3. "Separation of metal as metellic haliide, tform-

etion of free keto and enol radicels,

7
<c+c’_% -c-cC
* '~ " I
0 0

N
and, with the slight reactivity of the alkyl group, rartial
or complete rearrangement of the enol to keto radical, &nd
finally union of the radicals”. (%islicenus),
The course of the alkylation depends on tlie nature

ot the enol-keto, and also the alkylization agent, as vell
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as on the type of medium used. .aturatcd alkyl Lalides
promote the formation of O-derivatives, vhile unsaturated
alkyl halides such as allyl and benzyl helides promote the
formation of C-derivatives, These facts eare best explaired
by the first hypothess, which 1t will be noted egrees with
Claisen's idea, It is hard to see vwhy an ether should be
rearranged to a C-derivative in benzene, more read ly than
in alcohol, as the second hypothesis would indicate, Lcoord-
ing to the hypothesis, it would seem that allyl and benzyl
halid es should form et.ers beceuse of their greater react-
ivity, but this is not the case, Allyl and benzyl radicals
hold oxygem only loosely, whereas they form stable compounds
with carbon because of their € ight valence requirecments,

Some work hes been carried out on the rearrange-
ment of phenyl benzyl ether to give benzyle tcd phenols. J,.
Von Alphen (Reoc, trav, chim, 46, 799-812,1927) heated benzyl
phenyl ether with ZnCle to 1600 for one hour, and found that
1t was converted to 4-hydroxydiphenylmethere, M, 849 and
also a dyestuff, "he above nemed compound vas also obtained
when 10 g. phenol, 14 g, of benzyl chloride and & small plece
of ZnClg, were heated together at 100°.

%. F, “hort, (J. Chem. Soc. 1928, 528) als reports
a small note on the rearrangement of benzyl phenyl ether,
7he eth r was heated with ZnClg to 2250 or to 1800 in a
stream of HCl end he obtained a mixture of phenol, O-benzyl
phenol, p-benzyl phenol end high boiling prodw ts. Ile re-
marks that the rearrangement follows a course similar to tlre

Fofmann rearrangement of alkyl anilines, The p-OH diphenyl
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methane so obtained melted at 840 - 84,59, and vas later
oxidized to p-methoxy benzo phenmone M. 61-620, The 0-
hydroxy diphenyl methane reported melted at 549 and no
proof of structure is given., Ilio further details are given
in this note,

There is also in existence a patent (U. S, 1,
580, 053), issued to V., Kropp, W. Schremz and V. Schule-
man in vhich they prepare an O-benzyl phemol, M, 52°, by
tregting the phenol with benzyl chloride and later treat-
ing the resulting mixture with L5a(Ol)g and heating. 'he
cooled liquid is filtered, and the O-benzyl phenol liberated
from the filtrate by acidulation. Inquiry has failed to
produce any of ithis product to be checked with the O-benzyl
phenol, latér reported in this paper,
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Experimen tal

This work was undertaxen vith two objects in
mind; -

1, To study the condensation of phenol and benzyl
alcohol in the mresence of anhydrous AlCls, vith emphasis on
the effect of varying proportions of phenol and AlClg, on
the yield of the various products produced,

2+ To determine definitely, vhether substitution in
benzylated phemols took place in the phenol ring, or in the
ring of the benzyl radical,

Part I
Duplicate determinations were made with the follow-
ing proportions of phenol, benzyl alcohol and AlCls:
l. 1 mol, phenol; 1 mol. benzyl alcohol; 1/2 mol AlCls

2,2 " " 1 n " 1/2 = n
3.3 " " 1o n " 1/2 = m
4.1 " " 1 -~ " " U
5,2 n " 1 " a 1 v n
6s 3 " " R " " U

The phenol, 52 g., and benzyl alcohcl, 55 g., were
suspended in 10C e¢c, of petroleum ether in a bottle vhich had
three openings in the top. In one opening was fitted a reflux
condensef to return all evaporating petroleum ether during the
course of the reagtion, In the second and center opening was
fitted a mechanical stirrer so arranged with & mercury seal
that no gasses could escape around the stirring rod dumd nz the

process, <his stirring rod was hooked up with an eclectric
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motor in such a way that a steady flcw of power was assured.
The third hole of the bottle was kept corked, except vhen
AlClg was added through it from time to time, I3 g. AlCls,
finely pulverized, were added in small portions over the course
of about an hour, until the entire amount had been added,
%hen the AlCls is added, some heat 18 evolved, and 1if added
too fast, the temperature riges too high. The tempersature -
should be maintained below 300 -~ 359, as Huston hes shown
that at this temperature very little benzyl alcohol is con-
verted to benzyl chloride by AlCls, At higher temperatures,-
above 400, however, 25-30% of the alcohol is converted to the
chloride, and the reaction then becomes a Iriedel and Crafts
reaction rather than one of dehydration. (J. Am, Chem. Soc,
46, 2775-9, 1924), A thermometer may be inserted in the cork
if desired, but it is difficult to read, since the mess soon
becomes amber colored, and smears the thermometer, After omne
or two runs, the opcrator can tell quite definitely, should
thoe temperature rise above 300, A cooling bath 18 unnecessary
if the AlCls is added slowly, because the evaporation of the
petroleum ether will carry off all excess heat generated,

After all the AlCls has been added, the rnss is
stirred for another hour, at which time it is cuite viscuus
and cloudy amber in color, It is allowed to stand for at
least twenty-four hours, and then the jelly-like mass 1s de-
composed with ice, acidified with HCl, and extracted with
ether, |

The ether is distilled from the ether extract, and
the residue heated at atmospheric pressure to about 220°, to

remove all phenol and benzyl alcohol remaining in the mixture,
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It is then distilled in vacuo at 3-4 mm, and the frzction
collected from 130° to 1759, Also a fraction is collected
from 1759 to 220° at 3-4 mm., This is a viscous oil, pro-
bably a di benzyl phenol which secldom crystalliies, although
one sample has crystallized saome on long stancing, LAbove
2200 at 3-4 mm, no distillate is obtained, the residue being
a thick tarry mass, which will coke on corntinued heating,
This residue has not been investigated. A4ll condensations as
above outlined were carried out in the same epparatus as des-
cribed above, and in essentially the samc manner, save for
the varying emounts of ingredieuts,

The weights of the fractions from 130-1750 at 34

mam, follow., 1/2 mol, wts, were used in the ratios give

below:

1/2 1n01,41Clg 1 mol,ilCls
1l mol, Benzyl alcohol; 1 mol, Phenol 27 g 23 8,
1" " " 2 " 45 45 "
1 " " " 3 " " 49 " 55 "

¥ will be noticed at once that the incrcased amourt
of Al1Cls causes little or no increase in the fraction from
130-1759, but that the increased proportion of phenol dce s
cause a decided increase, especially the increase from 1 to
2 mols of phenol per mol of benzyl alcohol,

These samples crystallized partially, and devclopcd
a reddish quinore color on standing, as eny phenol does, C(loscr
fractionation indicated that there were two compounds present,
whose boiling point s were rather close tosether, These tvo com=-

pounds are ortho benzyl phenol and para benzyl phenol, O-
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benzyl phenol did not erystallize, vwhereas the p-benzyl
phenol did largely crystallize out, These fractious were

then filtered by suction, and a hcevy oil thus obtained in the
filtrate was fractionated & number of timnes, and the maja
part of 1t proved to be ortho benzyl phenol, b.p. 138-90C,

3 mm, The crystals reralning were redistilled and then re-
crystellized and proved to be p-benzyl phenol, b,p. 153-4°

at 3 mm,, m.p, 84°, The purified p-benzyl phenol does nol
color on standing, but rcmains as a white crystalline compound,
The ortho benzyl phenol does develop the characteristic red
color on standing,

It 18 impossible, b; any knowvn metlod, to guant-
itatively separate a mixture of ortho and para benzyl phenol.
Accordingly thx exact amounts of each isorer obtained in each
case are not known, but approximete amounts are of interest,
These Tigures are as accurate as can be obtained by filtration,
and subsequent close fractionation of the isomers, but at best
are only approximate, The approximate figures foilow:

‘ 1/2 mol.AlC1s 1 mol,.lCls

Tte 90- %P- Vt., 5 0- ,P-

1 mol.Benzyl alcohol;l mol phenol 27 g, 30% 70% 23 g, 404 GO
b " "2 n " 45 " 40% 60% 45 " 40,5 60;
1" n " 3 " 4G " 55% 45% 53 " 50,5 5075

"hese f'igures show merely that the emount of the artho
isomer produced is greatly increased, &s the emount of plenol,
is increased . '1th 3 mols of phemol to 1 of benzyl alcohol,

the amount of ortho isomer m@rocduced is practically ecual to
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the amount of para isomer,

‘he ortho benzyl plienol spoken above proved
identical with that obtained by Claisen'’s method of pro-
ducing ortho alkylated phenols, Claisen's ortho compoun@
is prepared by preparing sodium phenola te in toluene sol-
ution, and later adding molecular cuantities of benzyl
chloride and refluxing on an ¢il bath for about tive hours
at 1609 and allowing to stand for about twelve hours, 1In
a typical preparation, forty-seven grams of phenol were
dissolved in 150 cc, of toluene, and 11,5 g, of Na added in
smaell pieces, This mees vee refluxed on en oil bath for about
four to five hours, with occasionel addition of more tbluene
as it was needed to cover the reacting mess, A total of 100
cc, were added in ell, 63.6 grams of oscuzyl chloride were
then addéd, and allowed to stand for one hour, <The reaction
mass vwas then refluxed on an oil tathk, at 1500 to 16090, far
about five hours. The mass was then extracted with 20/ 1.20H
solution, the lower dark red layer being reserved., This ex-
tract was then acidified with HCl, and extracted with ether,
On the fhird fractionation, 16 grams of prtho-benzyl phenol,
b.p. 134-1400 at 2-3 rm, vere obtained. <his is about 17% of
the theoretical, luch a yield was obtained twice, while
attempting to duplicate a previous yield of 485, appara tly
under the same conditions. 7Tnis yield, however, could ot be
duplicated,

“he ortho-bcnzyl phenol, s prepared, is a licuid
at ordinary temperatures, b,pe 138-90 at 3 mm, It vill solidaify

if kept in a freezing mixture for some time, but readily nd ts
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on being brought to room temperature, 20°-21°C. Claisen
describes this form as the labile form vwhich changes on
standing to a stable form with m.,p. 520, I have samples
that were prepared a year ago and wvhich have not changed
at all, It seems rather cdoubtful that they wi ll change,

I have not obtained any sample, as yet, with a m.p, of 529,
U, S, Fat, 1,580,053 describes this product obtained from
treating phenol with benzyl chloride. However, I have mot
tried this particular method for the preparation, and the
owners of the patent are apparently unable to supply me
with any of this materieal,

The ortho benzyl phenol, so prepared by Claisen's
method, gives a di brom derivative, which crystallizes from
alcohol and water in fi‘é vhite silky crystals, m,p, 900~
919, The artho isomer from the AlCls condensation, rives the
same di brom derivative, ‘nalysis for bromine gave the follow-
ing results:

Calculated for Cels.Clg.CeHyBrgOH- 46,75% Br,
Tound 46 ,82% 46.80%
Av, 46,.81% Br.
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Part II

As previously stated, this part of the viork was
designed to determine definitely vhere bromine substitution
taok place in benzyla ted phenols, in the phenol ring or
in the benzyl ring. 7incke and TWalter, (Ann, 334, 367-385
(1904) ), assumed that this substitution tock place in the
phenol ring because of the ease with vhich MakOg vould react
with the compound, substituting NOgz for Br, as was also tile
case with simple brom phenols, Other than this assumption,
they produced no positive evidence,

To study this question, two experiments were carried
on:

1. The ortho benzyl phenol prepared in Part I by
both Claisen's method, which produces ortho ealkylated compourds,
and the ottho isomer from the AlClg condensation, were bromin-
ated, A di-brom derivative formed very readily, but fur ther
bromination was difficult. This would be expected if the two
bromine atoms went in the 2,4 positions of the pha ol ring, }

2. The next step was to teke 2, 4 di-brom phenol,

17 35-36°, (Zastman) and convert it to the sodium salt, md
condense the resulting compound with benzyl chloriie, accord-
ing to Claisen's method. The resulting compound proved to be
identical in avery way with the compound resulting from the
direct bromination of the ortho benzyl phenol, In ti is case
the benzyl group must be in the ortho or 6 position and tle
structure must be as follows:

\ o
rsq ?‘O %.ﬁ 7/
B.L 1 7H~5 C@R T
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Since the product of the bromination of ortho bcnzyl phenol
is identical with the above compound, bromination in benzyl
phenols takes place in the phenol ring, rather than in the
benzyl group attached,

The 41 bfom derivative of p-benzyl phenol is like-
wise easily formed, but furthe: bromination is difficult ,
This compound was easily purified by distilletion but was
crystallized with difficulty, until material was available

for seeding, After eight days the thick liquid did crystallize,

and on first erystallization, the crystals melt ed at 42-30,
These same crystals, after standing for three days were
melted again, and melted at $6-79, These crystals had not
been touched or treated in any way, but apparently a change
took place as described by Zincke and Vialter. (loc, cit.).
Since this tire, the only form that has been obtained, is the
apparently stable form, M, 56-70, It 1s possible that this
is true, because all samples have crystallized as a result of
seeding with the stable form. The compound orystallizes

in prismatic needles, M. 56-70,

The same product is produced on bromination of p~
benzyl phenol, whether CHCls or CSi is used as a solvent,
trereby confirming Zinoke and VWalter's statement, tlm t Paterno
and Fileti (Gazz. chim, 1tal, 3, 121-129, 251-254) reported
erronecous wvork, vhen they stated that bromination in CSg sol-
ution, produced an amorphous substance, M, 1750, It is indeed

"difficult to know vhat they may have had in hand",

The above compounds were anulyzed for bromine o n-

tent, by the Parr Bomb method, as reported by J. ¥, Zemp and
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H. J. Broderson, (J. Am. Chem, Soc. 39, 2089),

, G

Theory for Q.C—Oﬂ;m 46,75 Bromine,

Found I 46.,28% II 46.6% Av, 46,.,44% Lromine,
I

Theory for #((y¢ O 46,75, Bromine

B¢
Found I 46,84% 11 46.80% Av. 46.82% Lromine

7he benzoates of ortho and para benzyl phenol,
were prepared and analyzed, The benzyl phenol in eitler
case was dissolved in 5% KOH, and equimolecular quantities
of benzoyl chloride added with stirring,

The benzoate of ortho-benzyl phcnol has never
orystallized, The compound boils at 201-202 at 2 mm,
Analysis gave the following results,

4
Theory for O‘d Q 83,295 C 5.59% H

Found I II Aversage
C 83.36% 82,95% 83.15%
H 5.58% 5455/ 5.565%

The benzoate of para-benzyl phenol crystallized well, !',FP.

84-5°, Analysis gave the following results:

TheoTy foT OO 83 ,29%C 5.59% H
Found I II Average

C 83.25% 83 ,40% 83 ,33%

H 5.595% 5.62/% 5.61%



An attempt was made to prepare the acetates

of both para and ortho benzyl phenol, 10 grems of benzyl
phenol were edded to 17 cc, of acetic anhydride and 4.5 g,

of sodium acetate added., The molecular ratios are 1 : 3 : 1
respectively, The mixture was then refluxed eight hours,
although later it was found that the same result was obtaired
with two hours of refluxing, The mass vwas neutralized with
NaxCOs and extracted with ether. Vhen purified by redisti llat-
ion the para benzyl phenol product boiled at 151-20 at 2 mm,
This compound crystallized in the ice box and the crystals
melt at 31-20, The corresponding ortho benzyl phenol com-
pound boiled at 140-1410 at 2 mm,.,and hés never crystalliz ed,
On analysis, these compounds, both isomr ric, gave the following
result:

I II II1 Iv v VI Av,
C 77.96% 78,31% 77.76% 77.61% 978,13% 78.01% 77.96%
H 6,084 5.98% 6.,01% 5.935 6.025 6,07% 6.004%

Theory for Lo C - 79.6%
( ) )] D ve\’
! /c: H - 6 .24%

It 1s evident that the products obtained above are
not the acetates of para or ortho benzyl phenol. 7he compounds
are very stable to moisture of the air, TFaterno and File ti
(Cazz. chim, ital, 3, 121-129, 251-254) report the acetate of
pera benzyl phenol as being a pale yellow licuid, which .is
easily hydrolyzed by moisture of the air, and which never cry-
stallized. Their compound boiled at 3179, density at 1609,
=1,1043. The compound which I prepared with acetic anhydride
acting on para benzyl phenol, was a colorless liquid, crystalliz-
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ed in the ice box to icy appearing crystals, M 31-29, end
is very stable to atmosgheric moisture,

Time has not permitted complete investigation of
these compounds, but the work is being continued, and it is

hoped that a report in the future will be possible,
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Summary

The work reported in this thesis may be sumnarized
as follows:

1. The caondensation of benzyl alcohol and phenol,
in the presence of AlClg, has been studied with reference to
the varying proportions of phenol and AlClg added to the benzyl~
alcohol, In this particular condensation at least, the 1 ncrease
in amount of phenol, increcases the proportion of the ortho benzyl
phenol produced with the para benzyl phenol, 1 mol, of 41Clg
does not give higher yields than 1/2 mol. of AlCls used &s a
catalyst,

2. It has been definitely shown, that bromination of
ortho benzyl phenol, takes place in the phemnol ring rather than
in the benzyl radical,

3¢ 2-benzyl, 4-5-di brom phenol has been prepared and
described for the first time. It was prepared by Rennie, (Jour,
Chem, Soc, 49, 406) as a by-product of the study of para bunzyl
phenol, but its structure was not determined,

4., The benzoate of ortho benzyl phenol has been pre-
pared and described,

5, Benzyl phenols have been treated with acetlic anhy-
dride, and products obtained which apparently are not acetates,
but the exact nature of the compounds has not yet been determined.
This work is being continued,in the hope of being able to meke

a later report,



MICHIGAN STATE UNIVERSITY LIBRARIES

TR

3 1193 (!3145 2620

1




