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Foreword

A large amount of work has been done in this
laboratory on the condensation products of phenols
and oresols and their derivatives. Consegucently the
literature on this subject has hsen reviewsd and
discussed to a considerable extent in the various
thesss. For this reason, it was not thought necessary
to repcat this review, but to confine the historical
portion of this thesis principally to a discussion |
of the l;terature deaiing directly with tho benzyl
phenols and their halogen derivatives,

1. Early work on the preparstion of benzyl phenel.

The preparation of benzyl phenol was first re-
ported by Paterno (Gass chem., ital, 2, 1-6, 1872),
Benzyl chloride and plienol were condensed in the
presence of zince. The resulting compound had & boile
ing point of 175-180° at 4-5 mm. This same goxpound
was also prepared dy benzylating anisole and treate
ing the mixture with HI,

In a later paper (Gass. chem, ital. 5, 381, 18795)
Faterna and Filete report tho use of a mixture of

sulphuriec and scetic acids as a dehydrating agent in



the condencation of benzyl alcohel and phenol,
This time crystals sand an o0il were obtained. The
cryetals were ssid to be the benzyl phenol and the
oil an isomer,

Perkins and Hodglinson (J.CeS5. 724, 1880) re=-
port the isolation of the benzyl phenol from the ;lTil
soclution of a mixture of phenyl acetate and benzyl
chloride. ¥.p. 80-81° and b.p. 320-522°,

Leibmann (Jer. 15, 152, 1882) hsod zinc chloride
as the catalyst in the condensation of benzyl alcohol
and phenol. Thae resulting product had a m.p. of 84°
and b.p. 325=-330°,

2¢ Tho Friedcl and Crafis lLeaciion,

Aluminum chloride has been found to have remarke
able condensation powers, These were first discovered
by Friedel and Crafts (Compt. rend. 84, 1392-93, 1876)
while investigating the condensation of alkyl halides
and aromatic hydrocarbons., This reaction has been given
the neme of the Iricdsl Crafts reaction and has receive
ed wide spread application in the condensation of doth
aliphatic and aromatie compounds. We are proncipally
concerned with it here in the preparation of the benzyl
phenols and their dorivatives,

CollgCl2Cl 4 CglisOH  81C1a CEliCinCei 0 o IX1



Tuere have becn many theories advanced as to
the action of AlClx In these condonsations, Boeseken
(itsce trave. chim. 29, 85-112, 1910) believes that
the catalyst doss not react thru the production eof
interuwediate productsy, but rather that the reaction
is & result of the change in the affinity of one atom
for gnothecre. This chonges moy rosult elther in an ene
tire ellinination of the stom or group from the rest
of the molacule and a reacting as such, or am actie
vation without ceparation from the rest of the mole-
cule, lic gives as evidence cf this assumption, the
(1) reaction of S05CLg with PhCl in the presence of
AlCls when no dichlor diphenyl sulphone was obtained,
only polychlore benzene and (2) the action of 3zCL
and Cgilg where 3BePh was obtalned.

Later, the samo author (Lec. trav. chim. 30, 381,
1911) shrows thaf dissociated chlorides 1like SO03CLoy
CollClg and CClLCH0 set in the presence of AlClz like
non=clissoclated molecules with activated ehlorine atous,
The reaction of Cgllgy S0,CL, and AlCly gave much Ph30-I
and IhCl, but also Ph30oC1l and YhoS503, This is to be
expected from the theory as a catalyst displaces the
equ&ibrium S0CLy = 805 + Clj

-
~

considerably to
tiie rizht.

Boesexaen finzlly explains the reaction (liea., trav,
chim. 30, 148-50, 1911) by stating that "in ordar to

secure condencation, an unsaturated coupound and one
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which can ve B0 activated that it can combine with
the unsaturated compound, must be brought together
in the presence of the catalyst, the reaction being
made possible by the loss of free energy®. The
f3llowing reactions were given in explaination:
LCOCL 4 AlCly ® LRCCC1.AC14
RCOC1.41C1y « RAH ® RCCR',AICly o HC1
sCOL'ALCLy decomposed with HoO0 B8 TCOR' ¢ AlClg

Yelsenhelmer and Cacsper (Bexr, 543, 1653«65,1921)
l1iken the reaction of AlCly to that of Grigmard
reagents in that the aluminum compounds are formed
with the Al functioning as iho controling atoﬁ with a
coordination number of 4, similar to Xg in the come
pound Btg0, /Yo

ET30 /Ls "X

Velland and Bettag (3Ser. 553, 2246=55, 1922)
believe that the AlCly forms complexes with double
bonds such as that with acyl chloride AlClyes (CR30).C1l
wihiich result in a loosening of the union between the Cl
and Ce thus enzbling both to add. They state that an
aliphatie double bond and those of the benzene ring
differ only as & matter of degree.

Schanyschmidt (Z. Angew, Chem, 37, 286-8, 1924)
affers mich the same explaination., lle states that the
AlClz activates the aromatic hydrooarbon, which activa-
tion is accompanied by a loosening of the bonds of the
organic halide. A complex is formed between the threo

is held by auxilary wvalences
compounds in which the AlCl3z
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and the eddition ceompound by ordinary wvelences, The
stability of the corplex dopends upon the division of
the inner wvolences. If these cre meutrelized, the
"molecular course"” is followed and the AlCls is not
regenerated, This calls for molecular quentities of
the nmctallic chleride. If a splitting out eccurs in
the corplexz at the point vhere the addition takes
Placey the Alll;z is regencucted and can be used again.
Thig invelves the "catalytic cource™ and much smaller
quantities of AlCly ere required. Cecondary reactions
cr substitu¥entis in tie riag mey dccorpose or use up

the metzllic chloricda, thus eczliling for larger amountis,

Aluninum chloride as a dehydrating agent,

Euston (J.A.C.C, 38, 2527=323, 1016) and Friede-
mon report the use of AlCls in the condensation of
benzyl wlcolhicl and benzena, giving largs yleldas of
éizhenyl methianc.

Allls

CeliglilsCl & Cgilg = ColistHaCgly & HpO
In thls and in suhseguont work on the condensation of
secondary elcchols, pacnols aiud c¢resols (J.A.CeSe 40,
785-93, 11583 Ibid 43, 1955-8, 10203 Ibid 49, 13G5=8,
1527) the reactious are dehydrating ratiher than cate
eiytic, cltio the ling bLetwesa tlus two claa%fis diffi=
cult to dotermine. |

Fuston (Scie 32, 200, 1920 and J.A.C.S. 46, 2775=9,
1024) reporis the prepsration ¢f pebenzyl phenol by
the condensaticn of phenol end benzyl alcouol in the

presence of AlCli. The reaction was carried out ia
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petrolcunm other suspancion at a tamperature delow 20°
in which cuse the plienol and AlC1lz did not react to
giva diphonyl ether s reportad by Lerz end weith.

Ona half mol of AlCly was found to be sufficlent for
Le best vieldn, Cmitting the petroleun etlher lessenad
the yizla.

Tha methyl end eithiyl esters of p-benzyl phenol
were also prepered by the AlCls condensation, anisole
and phenetcle respactively being useds In all of the
proparatiens the torperature wos o controlling factor,
&8 ant tie hizher terperaiures (40° and avove) a vigpre
ous reaction tales place glving a veriety of products.

3ensyl cllleride ond phenol were also condansed in
tiie prepaxation of p-honzyl plenol, thus making use of
thie catelytic aclicn ¢f Lze metallic chilorides With
elther the benzyl slcmhel cr benzyl cliloride, the same
interncdiate conplesics seamad to be procduced and HCY
wad evolved in large amounto.

Hellelinifield, in a tlhesls written 1929 at the lLiche
izan Jtats College, ctudied the effect of varyiung pro-
portions of yiounol und AlCly on the yield of o and p-
banzyl phonol. Il found that by increacing the amzount of
rienol thwe proportiocn of thne o-Hanzyl phenel to the para
coizpycund increasod. Ono ol of A1Clz did not give highe

er ylelds than ¥ mol,

Cilzison renction and Alkylatien of phicnols,
The Clidron reuctlon 1: liportant in the pranaration

cf the benzyl phenols because it makes possible the
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production of the ortho derivative in akmost quane
titative amounts. The smction of sodium, sodium ethoxide
and sodamide in effecting the condensation between
carboxylic esters and ketomes or other carboxylic esters
as glven by Claszien (3er. 20, 6456-650, 1877) was later
applied by the same author to carbon alkylation of
phenols (Z. angew. chem. 36, 478-9, 19233 Ber. 5838,
275-81, 19253 Ann. 442, 210-45, 1925).

CeipONa 4 CgHgClioCl ® CgH4OHCGHSCHg + KaCl

In this preparation, the phenol was treated with
sodium in a non-dissociating medium such as toluole
ani the benzyl chloride adied. The rezult was a
mixture of meno ana di benzyl plienols and an ether.

The ether was removed by first dissolving the red
liquid in alcokholiec !I0H und then extracting with pet-
roleum elifer. The potassium salt of ths phenol is not
goluble in petroleum ether and is not removed by the
extraction. The ether produced »y the reaction was
identified as the same corpound as 1s obtained when the
condensation is carried out in a dissociating medium
such as ethyl elcohol.

The benzyl phenol is the result of ring alkalation,
the medium belng the most important factor in the re-
action, rith the dissociating medium the benzyl group
substitutes on the hydroxide of the phenol.

ONg O‘g-
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In the non-dissociating medium, ortho substitution in

the ring 1s obtained. A

Mg 0. .'::H:‘ ”
H .EV _ -C-
+ Cl-'C.’ O = VY - 4

Clasien, von Auwers, 3usch and others hove offer-
edlcxplaﬂnations for the carbvon alkylation (in the ring)
of pherols. The first author (8. angew. chem, 36, 478-9
1622) finds that the formrtion of the alkyl phenols
must be by direct czrvon alkylation es the ethers do
not rearrange to producs them. The alkylation is affect-
ed by the unsaturation of the alkyls, The tendency is
8till further increased by the use of alkaline phenols.
Para substitution, whers the ortho position is talen,
has not beep demonstrated. Tha ortho benzyl phenol,
prepared by the author, had a mep. of 21° and a b.p.
of 312°, In 1525, howaver, he reports the ortho derie
vative to exist in two forms, the unstzahle form melting
at 219 ancd the stable at 520, Sudsequent attempte to
produce the latter have failed.

K. von Auwers and assoclates (Chem. centr, I,
2347-8, 192G) advaucsd thrce possidle explainations for
the c¢carbon alkylation. First, tho formation of add~ .
ition products with the subsequent splitting as given
by Cjalseon. Second, the formation of normal oxygen
deriwvntives followed “Hy rexrrangement, Third, the

geparation of the metal as a metellic hallds with the
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formation of the free alkyl and enol radicals. With
the rearrangement of the enol to the keto and finally

the union of the radicels, we have this reactions

Q- ) oH
H 2y -
—_> —_

The charecter cf the keto-enol =ad the alkylation agent
as well 3 the medium, directs the zlkylization to the
oxygen\or carbon. Séturated halides promote the forma-
tion of tlie oxyzen derivatives while allyl and benzyl
halides favar the conbhon. In cdissociating media the
exchange between ions Is stronger and for that reason
the oxyzen is favored.

X. von Auwers (3or. €13, 403=16, 1923) studied the
effect of different halides on the directiom eof the
alkxylation, From thece ztulies it oppears that iedides
yield more eaxbon derivatives than bromides. Alao‘tha
rethyl halidee favor the corhon, while the ethyl favors
the oxygen. Yo explsaination is given for thiese results.

Busch (Z. angew chen. 58, 1145-6, 1925) and Busch
and Inoll (ver. €03, 2242-57, .927) state that earbon
alkylation of phencls incrcacses with the increasing
substitution of the methane czrbon atom. While it is
possible to ovtain ethers wiith benzyl chloride in non-
dissociating medla, di-benzyl chloride yields only
carbon derivatives. The introduction of electronegative

groups favors ethsr formation. Alkyl groups on the



-10-

phenol nucleus diminishes ether forration.

%e Fe Short (Je. Chieue Soce 528y 1678) reports the
renrrangement of bcnzyl‘phenyl ether by heating to
225° with ZnCly or to 180° in a siream of HCl. A
nixture of phenol. o-benzyl phenol and p-benzyl phenol

was obtalned.

Tue preperation c¢f rslegen couvpeounds,

There has becen vexry little work reported on the
halogenaticn ¢f benzylated rronels. ¥ Fatarno and M.
Filete (Gozze Cheme 1%0l. 3, 121-179; 201-254, 1874)
prepared a dibrom derivetive by trecting the benzyl
piienol In CGy with on excese of bromine, An amorphous
subglznce was obtelned whilch wee gclutle in CICly and
Cloy dut mot in ethyl alcchel or ether. M.p. 1759,

Sintenis {(inm 161, 245 ) reports the preparation ///
of benzyl chlorophenyl ether end bencyl dromophenyl
ethier, Thene wsre riande by pascivg chlerine or dromine
into an alcohollec solution of tha etlier te which some
Hz0 hed bYeen eddlded 28 e catalyst,

Peratoner and Vitall (3agz. chim, {tal, 28, 197=
240, 1852) report a chler Yen:syl phenol made by treate
inZz benzyl phonel with sulphuryl chloride. The explafn- //
ation glven for thls xeaction ie that the chlorine adds
on, followed %ty an eliminsction of HCl. Thae chlorine
supposelly enfers the phernsl rirng in the ortho position,

Auvers (4Ann 257, 25«94, 1997) prevared tri-brom

v

phenyl benoyl ether, triechlor phenyl Yenzyl ether and
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t70 élebrom d-rivatives, In tnhcse experiments the trie
chlor or triebrom plienol wa: dissolved in alcohol and
treated with henzyl phenol and sodium ethoxide.

L. Z2incke and V. falter (Ann 334, 267-33%, 1909)
stucled the bromine suvstitution in p-henzyl phenol.
The reaction gave two types of crystsls, one which was
}unstablo and relted at 44° end which changed to a rhome

bie form with a m.p. of 57°., The formula given was

H Br
o6 oo

7The tri brcm and penta Yrom derivatives were also re-
ported,

The saume anuthor (Ann 350, 2€9-87; Ann 363, 246-84)
states that monc, di and tri brom o-cresol can be pree
pared by direct brozination witlh or without a catalyst.
The mono derivative is reported as 5 brom o-oresol and
the di &3 3-5 di1 brom o-crecol. The tri is probadly 3~
A=5« tri bHrom o-creeol. I'secudo bromides were obtained
if the recctlon wes carricd out at high temperatures.

Zinche hag done & great doal of work on thae halogsne
ation of prhonol and crsesol derivatives. Diphenol methyl

methanes vwith hromine in acetie aoid cave

This corpcound hcated with bronins in a sealed tube at
1000 gave the h:xa brom derivativoe Hepe 169=170°9, The
hepta drom compound was also prepered.

Van Alphen (ilece trave chem. 46, 799=-812, 19021)
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reports the bremination of 4 hydroxy tri phenyl methane

glving the di-brom derivativa.

O\ H ar

<>

3arv (quante. Jo. Indian Chem. Soc. 3, 10l-4, 19235)
prepared benzyl o-chlor plienyl ether, the meta and para \//
derivatives oi tue sameether and benzyl 2-4 dichlor phenyi
ethere All of tliese wvere prepered by means of the leuco-
trope.

waxiield of thiis lacoratcry in a thesis written in
1823 reporis aéfinitely that bromination of benzyl phenol
takes plece in tlie phencl ring rather thun in the benzyl
radieal. ile found ibe same ciange in the nmeliing point
and crystal fora of dibrom pebenzyl phienol as reported
by Zincke ond vualters. Ih? stable form has a m.p. of 56=79,

Meudley (dastert's thesis, wichlgon State College,

320) studicd tne eficct of the introcuction of a chlo-
rine atom uvcn the activity of the benzyl group. He
feund that tlie metivity was greatly increassed. He also
establichiad the fuct that cihilorire enters the following
greoups oy first substitutipg in the rinzg containing the

hydroxyl.

H H Cl
@ e oo 2 al De L o
H : OH
Ci
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The theory of thic subatitution of the hnlogen.

The directing Iuflucnce ¢f wericus groupe attached
to the benscno ring ¢n entering groups or atoms, nas
been the sudJect of couslderuadle studye Holleman (3er.
44y 720y 2004, IT0355y 12113 JedeCo5. TG, 2495, 19143
and Chacme lieve 1y 187, 1004) explaing thot this ine-
fluence 13 ivdicaved by tnoe vilocities of Lle recctions
of tue groura wilreedy in tus ring. That is, when a third
substitucnt ¢ is to entrr a 4l subsiltuted banzene
compound G, l4A3y tiie reactlon con We prodicted by o

ey T 2 vy L D oy A2 IS
swvuay of tile spesd of tie reucticncs

The groupo wiich inflicnca tho ortho=para cube

gtituticn In ouch a reacilcon wre in diminlshing ceries
ag followse
Gl O I r 0L CHg

and Ll mooa posftlion:
COUT S0 Top
iornex (usze clinal, ilal. 4, 303, 445, 1874) states
taat acld groups direcel o nev atom or redical to the
mata pocitions ihuw halojsang, O and berle groups direct
to tio ortihio and pura.

Ty {Jehelals 28, 1305, 1014) sussasts an olectronie
explafnation for the suhotiiution, in viich he ascumes
that the Liydrogens on the benzene ring are vltermately
poslitive aud negatlive. Sudbsztiitucats of the samn polarity

-

a3 Lthe group already in the ring are dircciod to the
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r-ta position, +Miln thos~ ef cpronite polarity will
take thn oriho or porsz. Accordinz to this explalnaticn
the halogens in the rresence of a very emzll amount of
noisture or ecme cther hulosan carrier, produces
resitive X by erlitting cf the X5 mclecule, giving the
cerpeund HCTX®, The helogrnation of the benzyl phenol

would he Pk*l&ined gccerding te the follorlng equation:
H_x*

Ity zivee me pre6f of the ponitivae halozen, the fact
that it cannot be directly renlaeed Sy zn CiI%, The
rora positien in the arcve eqnoticn Yeing occupled,
limita the zahstituition to tha ortno pesition.

nlle the 1dea of praltlve rad neretive kydrogen

8
&)
=
3

roozhly heloazen hat haen aerloucly questioned and
largaly Aropned from thno thiecyy, yeot tie effecct of the
polerity tendency of thae prouns in ile ring 1s still
held. Pfeiffer (Lnn, 451, 127«54, 19072) explains the
cubgtitution of tha bromine in iha bernzene nucleus by
eecuring that such grours os (1, 7o etc. confer polar
properties on the attaclied carhon atem, This gauses
polar rearrancamant or ghifting tlhiru the rest of the
ring which is the factor soverning the substitution of
other atoms or radlieals. Theee of like polarity go to
the meta poeitioun which 1s the farthest from the effect-
ing group. Unlike groups suvstitute in the ortho and
para.

Substitution would %2 axplained in a cimilar

rannsr by the Ieviselanmuir elactronie thanre af



15«

valence (Valence and the Structure of the Atom and
Loleculesy; A. Ce Se. Eonograph 1923). This theory assumes
that the chemical bond is produced by a pair of electrons
shared by the two atoms. The position of these electrons
with reference to the positive nucleus of the atoms
depends upon the comparative strength of these nucleae,
With similar atoms, such as the carbons of ethane, the
pair assumes a position midway between the centers, The
other extrsesme is illustrated by the Ia and Cl of XNaCl

in which the strong positive character of the Cl mmcleus
entirely removes the electrom palr from the field of the
Xa atomn,

In the combination of three or more atoms, the
position of the pair of electrons between any two is
effected by the other atoms depending upon their strength
and position in the molecule., Thus in benzyl phenol,
the position of the electrons between carbon and earbon
or carbon and hydrogen is effected by the presence of
the hydroxide group. This group having a strong attrac~
tion for electrons will pull the electron pair nearer
to the exygen atom. This pulling effect is relayed thru
the carbon to the carben-carbon bond and also to the
carbon~-hydrogen dbond of the ortho position. As the pairs
of electrons of this podition are pulled toward the
carbon, the carbon-hydrogen dond is weakened, directinj
substitution to that position. Thus in the preparation
of the chlorine derivatives of para benzyl phenol, the
chlorine will substitute im the ortho position,
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STATLLLIT OF THS PLO3LLK

The obJect of this problem can be divided tnte
three parts as followss

l. To prepare, identify and study the proper=
ties of the chlorine derivatives of orthe and para
benzyl phenol,

2. To prepare some of the derivatives of these
chlor benzyl phenols.

3+ To determine to what extent chlorine is sub-
stituted in the benzyl phenol by direct chlorination
and the position taken by the entering chlorine atoms,
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A. The preparation of 3-5 dichlor 4 hydroxy diphenyl
methane.
1. By the AlCl, condensation of 2«6 dichlor phenol
and bengyl alcohol.

H,.Al <l H <y
O B >on = D<o

Fifty grams of benzyl alcohol and 225 grams of 2«6
dichlor phenol were suspended in about 250 ec of pestro-
leum ether, The suspension was mechanically stirred
while 30 grams of AlCly was added at intervals over a
period of 1 hour, The phenol is only slightly soluble
in the ether, Stirring was continmued 30 minutes after
the addition of the AlCly and the mixture allowed to
stand over night, At no time during the reaction did the
temperature go above 32 degrees,

The sucpension was daecomposed with ice and H@l and

e petroleum ether withdrawn. The water mixture was
extracted with ethyl ether and both solution dried over
potassium carbonate, After drying, the solvents were
distilled and the residues combined. The rqaidﬁo from
the petroleum etiisr was an 0il while that from the ethyl
ether solidified on cooling. The comdined residues were
fractioncted by distillation.

lst. Fractionation,
1. 100 to 122° at 15 pm ==« A small amount of oil,

mostly benzyl alcohol,
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2. 122 to 155%=== A large fraction which solidi-

fied in the rocelver, Lostly 2-6 dichlor phenol,

3. 150 to 204%=ee A pmaller fraction which only

partially solidified,.

4+ Above 204°% «=e A large amount of charred matofial.

Tha fraction between 185 and 204°% was refractionate
ed. A small aznount of 2«3 diohlor'phonol wos obtained
batweon 153 and 195°, The lerger portion distilled
between 195 and 205°%, From this periiongs 23 grams of &
yellow oll wa3 isolated.

This condensation was repeated using the same
materials and procefdure as before except that CS; was
substituted for petroleum ether as a solvent. Upon
fractionation of the resicdues obtalnad after drying
and removing the solvenis, a large anmount br chiarred
material was obtained and dmly 15 grams of produst.

In crder to obtaln a better yield, a study wes
nade of ths cnarred muterial left in the flask after
distillation., It was found to contaln a large amocunt of
potassium undoubtedly ae a result of the drying with
I3C03e In eubsequent preparations, therefore, the drying
iaa omitted, 3y this method, the charring was avolded,
but the yleld was not greatly increased.

The yellow oil from eix preparations wes combined
and purified by distillation. The bolling point after
three froctionations was 194«196° at 15 mm,

A doternination of the chlorine content of the oil
was nade by the Parr bomd mothod (J.A.C.S. 39y 2069).
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Tesults ¢f the Clilerine analysis

1l 2
weight of o1l used « 1640 «1389
Vol. of 1N Ag:04 14,35 co 14.95 ceo
Vite ¢f C1 in sziiple « 3038 «05233
Parcent Cl in sarple 27.7 - 28.1

Theoretical % Cl in tie dicnlor henzyl piirnolee 23,.0.
Since the method of preverction of the oil and the |-

snalysis ciieckxed with ths tiaecoretical, it was at first

supposed that the ccompound was &-5 dichlor 4 hydroxy

diphenyl metiizne. Subnequiny resulls, lLowever, sl0wed

that this was not erntirely true, &3 will be secn later.

2. 3y the chlorinstion of p-benzyl pnencl.

) N N cl
H #
. ct

Para venxyl prenol wos first prepared by the AlCly
condensatlion metned previously described, 20 grams of
phenol,y &) grams of vencyl alcchel and 30 grams of
31013 were used. Pedtrxcleuw etbucr w=s the solvent. After
fractionation and racrystzlfization frcm petroleum ether,
11 grams of pure procuct was cbtained.

The para benxyl phenol was chlorinated according
to the nethod outlined in "liethods of Crganic Chemistry*,
Houven Vol. 2, p 799. Ten grans of the phenol was suse
pended in chloreforn iq& flack conrected with a chlorine
generator and wash bettle of sulphuric acide The gener-
ator consisted of an Brlenmeyer flask and separatory

funnel., The calculated amount of ¥lnO4 (7 gramns) was
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placed in the flask and 42 to 45 co of IHC1l ia the funnel,
After all of tie chlorine had been swept thru the chlore
oform solution, the solvent was distilled and a yellow
0oil obtained. The o0il solidified on cooling, but was
fractionated by distillation. All but a very small
emount came over at 190 to 205° at 15 mm, The distillate
solidified and was separated from an oily substance by
pressing between filter pspers., The crystalline product
was then reorystallized until pure, l.p. 58.=58.5% B.p.
195-196° at 15 mm,

The crystalline compound was analyzed for chlorine,

iiesults of the chlorine analysis,

1. 2
Veight of sarple 1843 02137
Vols of 1N AgiC3z usced 14.3 c¢o 16,8 ¢c¢
Wte of C1 in sauple «050765 «0556€4
Percent Cl in sample 2746 28,1
Theoretical < Cl in dichlor benzyl phenol 2840

Again the analysis and wethod of prepsration indi=-
caoted 3-8 dichlor 4 hydroxy diphenyl methane, but a very
different compound was obtained by the previous method.
Crystals of this corpound seeded in the oil prenared
by the AlCls condensation, dissolved.

The denzoyl derivative of each of these compounds
were prepared, using the Schotte and Sauman reaction.
Two grams of each were dissolved im 10 ce of pyridine
and 1.2 grams of benzoyl chloride added. The mixture was

poured into water in which a small amount of 1.0 was
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diassolved. The ZCH prevented the extraction of bensoic
acid by the ether which was next used to remove the pro-
duet of the reaction. The ether was evaporated and the
solid whizh remained pressed between filter papers and
reorystallized. The product obtained from the oil was in
appearance and melting point (98.5-99.0°) identieal with
that from the crystalline compound obtained by direct
‘chlorination.

Further studies were made in an effort to determine
which of these apparently pure compounds was the product
desired. Pravious to the chlorine analysis, it was
thought that the crystalline compound was the tri chlor
derivative reported by Headley. The melting point of his
compound was 55,0 to 57.5%, which was very near that of
the crystals prepared here. The chlorine analysis, how-
ever, showed only two chlorines,

During the course of these studies, the solubilities
of the compounds in alkalae was tested and it was found
that, whereas all of the orystalline compound dissolved
in the KO, enly a part of the oil was soluble, Following
this indicationy, 10 grams of the oil was treated with
KCH. The insoluble portion was separated and the KON
solution acidified with ECl. A orystalline compound was
obtained which when recrystallized gave a melting point
of 58,0-59.0° and was identical with the erystals obtain-
ed by direct ohlorination of p-benzyl phenol., The infor-
mation was sufficient to prove that the crystals from

both of these reactions, meaning the AlCl3 condensation



and the direct chlorination, was 3«5 dichlor 4 hydroxy
diphenyl mslthana,

Finding tue crystalline compound in the nixture of
0il, accounted for the benzoyl derivatives heing the same,
but did not account for thz sinilarity in boiling point
and chlorine content., Apparently the cry2tauls are solu-
ble in the 0il, thu=z preventirs their isolation. The oil,
however, mugt hnve th2 szme rclecular formula as the
‘crystuls, but c¢an not Hs r© prencl, ac it ic not soluble
in alkulne.

Tha 0il 1eft after the trectment with ¥OX znd separ-
stion, wer 1edistilled urntil nractically purce 3.pe 195«
1959 2t 15 rm, I% “ac thon svalrzed for chlorine.

Teculte cf th~ ch

gi~ht of cil us-gd « 2113 «1930
Vol. of .1X AgiiCay used 1%2.20 cc 15,05 co
Wte of C1 in soxple JOC746 «» 05346
Percent Cl in somple 7.9 27.7

The 2nelyrcic indicetec 2 comround having tvwo chlore
and the spme meleculer welirht as th:t of the die
chloer benzyl phenol. The mort 1li¥ely cormound, not a

phenol, with tris molecular forrulsa is 2-€ cdichlor phenyl

cl H
benzyl ether, O 0- C- O
H

¢l

~

B. The prevcration of 2«4 dichler phenyl hznzyl ether,

9, -,

The ether wos prepared Hy trealtling 2-6 dichloer phenol

P

and benzyl chlorilde —~ith sodiur in met Xyl aleshol cccord-
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ing to the Clalsen method b»z2fore descrived. 6.5 grams
of sodium was allowed to react with 199 cc of methyl
alcohel. The solution was cocled snd 45 grams of 2-6
¢ichlor phenosl addzd, This mixture was heated on the
0il bath at 150% for 20 minutes, cooled and 35 grags
of benzyl chleride addled. 7he entire miéxture was allowe
ed to stond over nizht z2nd then heated on tlie 0il bhath
for five hourc., After coslin~, th~ cil wue extracted
wvith natroleun ethnar, ths sthier removed 2nd thz residue
éistillied.

A very siall ancunt of hewzyl chioride was obtaine
ed elween 20 wnd 1720 ai 13 vam, The reccnd fraction
all divtilliad hatwesn 129 and 1329, Thia wns purified
by further dlstlllaticn. Th2 re~ulting ccmroand was a
vellow cll, having a %oiline~ point of 124 to 195° at 15
mm, irzoluble in L0 and with an cdor similar to the oil
o%tzinsd alonzg with the herzvyl phenel derivative in the

first AlCl; condarz-tion,

ct+

Thus in tve condoncotion of 2«6 dichleor phenol and
benzyl alcohol, a nmixiure is c»tained which has been

shdn to contain th» henuylated chlor phenol and the ether,

C. Attempt to intraduce trree chlorines in p-oenzyl phenol.
2=-5-4' tri chlor 4 hydroxy diphenyl mrthane had

Yeen previously prepared bdy Heudley (theeis hefore men-

tioned) by the alCl; condensation of 2«6 dichler phenol

ané p=chlor bhenxyl phenol. An sttempt wes rere made to

intrcduce the three chlerincs into p-benzyl phenol by

direct chlorination.
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Ten gre:as of the phenol were treated with the eGui~
valent of taras chlorinas by the rermanganate method. The
product o%tainad in two trials gave a m.ps 0of 58.0 to
58,5° and was idcntical with thrt from the previous chlor-
inntion when two chlorinas wsre introduced., A large excess
of chlorina was thon used, Hut a3nin only the dichlor !

derivative wae obtained,

De rraparation of 3=3 dicuhilor 2 hydroxy diphenyl meathone.

1, 3y tae Clalsen reaclticn.

OH

OH
H
cl H M HQ - ¢t 'f‘.O

+ Cl-fl
cl | ¢l
Codfunmr (1l.5 grame) was suspended im 120 cec of
toluene and Gl.§ cramd of 2«4 dichlor phenol addcd. This
mixiure wes heated on the cil bzth af 150° for 30 nine
utes during walch tinve the vhlte sodium salt was proe
duced. The wixture wes cooled and €2.3 gramc ¢f benzyl
chleride added. After standing over nigiity it was heated
for 5 hours on the 011 datliy couvlad ond treated with 250
cc of nethyl akconoulic 1ClI. The colution wus then exe-
tracted with petroleun ether to remove the ether produced
by the reaction. The potroloum ether colution was set
aslde for a luter isclation ¢of the eliierial commound. The
mathyl alcoliclic colution was noubtallized with ICY to
acain lidernte the phanol and extracted witii 8tuyl ether.
After renoving tue ethiery tiie redidue was fractionated

by distillaticne.
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1st. Fractionation

1. 90 to 1409 at 15 ma--- A 1light cil which proved
to be moetly unchanged baazyl chloride and 2-4 dichior
prcenol.

2+ 140 to 21C% at 15 :m ---35 grams of material
wnich sclicified in the receivef and which proved to be
alnost erntirely th dichlof benzyl phenol.

3. 210 to 2209 gt 1 mn --=-A heavy red oil,

4, hhcve 7700 e== A torry product from which no
materizl would Jistill,

Tne frection 143 to 210° was recrystallized several
tiree from bighk test gazoline and gave about 30 grams
of product weltiny at 77,5 1o 77.5%, The chlorine snalyeis
gave the fgllewing results:

ilegults of tha chlorine analysis,

Jeicnt of soumple « 2000 «1390
Vol. of.1¥ AZNC» used 15.0 ¢co 14.8 ce¢
Wt. 0of C1 in sample «0LEILD «05254
Percent C¢1 in s:mmple 270 27.7

Iheoreticol Cl in tie dicilor derivitivie-- 28.07.

«

2e By the direct cilorinsiticn of o-benzyl pnenol.
Oortho b:nzyl phenocl waoz prerared by the Claisen
resction uzing 1 mol. ench of roulum, phenol and benzyl

chloride suspanizd Iin toluenz, 73 grans of pure product

-

voo obtalned,

-

The chlorination was carriecd out in ti:e sarme manner
as before uring ths weirht of ¥T'n0, ealculatad to fur-

nish two esulvilisnts of chlerine. The dark colored oil
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portion boiling bee

S rri was purlfied by recrystalli-

J ot

Thie c¢cryatals were iden-

tical with those frenm tlic reaction of 2-34 dichilor phenol
and benzyl chlori 77.5 to 78.L%, his cormpound
wus analyzad for cilorine,
Jeooults el the chilorine anclysis

welght of sarpla e 2010 e 2064
vole 0f o1 A=TU- used 17.0 cc 18.4 c¢¢
Wie 0f C1 in graaple e DULGTO «2GE0
Percent Cl in a-rple SN P 98 Zhe6
Tneoretical in thae aic:loy derivitive-== 25.0,0e

Tha bunzoyl devivative of eccii of the two products
was preparede The reoculiin: coinsunds woras recrystalized
frow alcolicl to whicihh walery Lz Deecn acdded. heedle
shaped ¢ryrtals develcorped in en¢’t cuve, ieDe 66,067,090,

As tlie product of eesch ef these rezctions was the
some, the coaopound must bHe 7=0 ¢dichlor 2 hydroxy diphenyl

retnan=.,.

T.e Attemnt to intrecuce

o=3urzyl phcncl vwas

of chloxineg rnd finally
cuwe2 ol Li.2 Daro compok

-~
(]

inaticn wos obtainad.

n
b

F. Trenoration of 2«4
(o]

o >

-0-C-

three chlorines in o-benzyl phenol.

“

suhjected to three ecuivalents

suner-chlorinetion, but asc in the
n&y, no evidaence of further chlor-

i¢chnlor nnenvl henzyl ether.

H

<>

H
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11.5 ornms of zodium wan zllowed Lo react with 200
cc of methyl nlcchol, B3.5 sroinn of 2-4 Gichler phenol
was added and the nixtura heuted for 20 minutes on the
0il bath., Ta=n 82.3 grans of bLensyl chleride was added
and the whole 1ot giond over night. It vus then heated
for 5 hours znd exuracted =ith potroleun ether. After the
ether was remcved, the resille wes dictilled. A small
anount of Lenryl chicride csor cver betwean 90 and 150°
but the wajor portion of the ¢il Jictilled between 190
and 19:5° £t 15 mr, The airlillate solidified im the

recelver end wins recrystalliz-~ L frow peitroleun ether.

]

z2 pricns having e nelting

+
4
¢t

The mrifiad cry.
voint of 52.9 to 53.59%, Almcst a guantilulive yleld
vas ohtained.

In or e te vﬂfn,i;. tio petreleun ekher extract set
scide from thn prevoration ¢f -0 dicliler 2 hydroxy
dighenyl mothon~, the esidus frow this extraction was
distilled. Icct of the =nterizl cems ovzr between 161
end 1399 at 13 rwa. The ietillaic was purified by ree
crystollizotion end ~ouve thiz =nnz Ddrlosnatic crystals as

; 1. Ce ra g5 _~~n AQ
.Pransred HO0To. LeDe 0048~32,07

RS Sl

SULLALY CF s IliAVTAL WCX
1. The follewing cocmrounds vere prapared, identifled anad
some of their properties detormined: (Cee flow sheet)
J=5 diclhicr 4 hydroxy dirfhenyl melihcone,.

It

]
a4
s
=
©
&
4
@..
I3
=
lalad
[
-
(8]
L[]

5 b)

2«6 c¢ichlor phenyl henz 1l etither.



Se

«28e

3-5 Jiculor S hydroxy divaenyl meinane

-+

Tts versoyl derivacive.

40

J=4 Gichlor phienyl benzyl etner,

No evidaence was obtained of tha substitution dy
direct chnlorinaiion of noere than two chlorines in
either pora or oritiao benzyl phenol.

The AJ.SZ!._.5 concenzaztion cf <« dichlor phenol and
Tenzyl alcol:ol gave Lhe eiher us well as the benzyle
ated phenol, Thic ie the firet time thnat the ether
kas becn idenciiied in any ol ithese AlClz condensa=
tions. It is poceible traet it is formed in 211 of
tilem end tnst 1t was only beceuse of the difficulties
encouniered in the purification of the phenol that
it was identificd in thic cure. It may ve that the
ether is formed in &ll Allls corcencations, and that
thiis is followed by & resriangewent to the phenol,
In the cave of Lhes conucnscvion here repcrted, the
rresence of tiae cunlorine atone strengthene tlie ether
bond and Lthe recirangzient may have veen retarded.

™Y 8

Titdsy of conxrse, will reauire further study.
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