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BISTORICAL DATA.



PREPARATIONS OF OeZi0..0PHLN0Le

Many instances of the preparation of o-bromophencl appear
in the literature. The following is a bdrief resume of the
mstheds that have been reported.

The earliest recorded work em the preparation eof o-dromo-
phenel is that of Hubmer and 3renkem in 1873, (3er. 6, 171).
They repext having obtained the compound, along with p-drome-
phsmel, by the direct dromination of phenol dissolved im
glacial acetie acid.

The results of Hubner and 3renken, hewever, were demied
by Gerdon, (Prec. 1891, 64), who repeated their werk and were
led te the conclusiom that "the preduct of this method is
almest entirely p-dremephenocl®.

This method was further investigated by Meldola and
Streatfield, (J. Chem, Soe. Londom 73, 681. 1893), whe verie
fied the results of Hubmer and Brenkenm.

In 1884, Lellmann and Grothmanm, (Ber. 17, 2726), pre-
pared the eempound freom 2-bromo, 3-oxy benszoiec acid, They
heated the ascid fer five te six heurs at 180°C., Garbon
diexide splitting eff from the earbexyl group and yielding
e-bremephsnel. They reperted satisfastory ylelds by the use
of this method. '

Fittig and lager, (3er. 8, 362), and also Kermer, (Gass.
chim. Ital. 4, 388), reperted the preparation from O-brome-
aniline by diazotization and subsequent decomposition of the
diasenium salt with water.

In 1893, E. Xerck, (3er. 27, RK957), prepared o-bromo-
phenel by the direet dromination of phenol at high temperature.



He rToported an alnmost quantitative yleld. This method will
be disoussed in more detail later.

In 1898, lieldola and Streatfield made the compound frem
o-aninephencl, by replacing the amino group with bromine by
diasetization ascording te the Sandmeyer reaction, (J. Chem.
See. Lomdon 73, 685). | |

In 1909, Obermiller, (3exr. 42, 4381}, sbtained o-bromoe
phsnol along with other prbducto. by bromination of sulfenie
and cardoxylie acids of phenocl with a mixture of sodium
bromide and sodium hypobromite. He believed this to be a
suitable broninating agent einmce it liberated bromine slewly
allowing slow bromimation of the phenol, the tendenecy being
teo maintain a sonstant supply ef the active bromine.

In 1910, Holleman, (K. Akad. Wettenschappem 18, 476-8),
ebtainmed pure o-dromophenel by the diastillation of the dry
plerate. This methed was alse ussd by Rinkers im 1911, (Eee.
Trav, Chim, 30, 43-100).

In 1912, Dinwiddie end Xastle, (C. A. 6o 482)¢ dromimated
phsnel by adding an excess of bromine to phenol dissolved in
varieus sclvents sush as chlereform, earbom tetrashlorids and
earbon disulfide. They odtained mixtures of mone- and dibromo-
phenols. .

In 1922, H. 3daimes, (J. Chem. Sos. 121, 2810-2813; C.A.
17, 995), oarried eut the direot bromination of phenol im
earbem tetrashloride and studied the effeet of adding water
te the reaction mixture. He found that the 4ry reagents
gave ortho, para, or 2,4-dibromophencl, vhereas the addition
of water seemed to favor the formation of the tribdromoe



dexrivative. The theory involved in thuies meihod will bde
diseussed to some extent later.

In 1025, Takagi and Kutani, (J. Pharm. Soc. Japan 517,
247-2523 Co A. 20, 2669), prepared o-chloroe and e-bromeo-
phemel by adding the halogen slowly, at room temperature, to
8 selution of pheneldisulfonie acid. They riport wveory good
Yields in the ease of the ehlorine derivative. Apparently
the yleld was eonsiderable lower when dromine was used. This
methed will be givem in more detail later.

Is 1927, gkraup and 3eifuss, (sul. Soe. Chim, 48, 809),
imvestigated the direot brohinstion of phenol dissolved in
pyridine. They reported 54<643% yields of the ertho compound
by this methed.

The meost recent report of the investigation of the
dremination of phenol is that of M. V. Likhosherstov in 1929,
{J. Russ. Phys. Chem. See. 61, 1019-10233 C. A. 24, 836).
The method is a unique ene and uses as the drominating agent,
s mixture of potassium bromide and dichloreurea. lionodrome-
derivatives were obtained in almest quantitative yields by
using melar quantities eof phenol and potassiun bromide te
half molar quantities of dichlorourea. This is possidle,
sines one equivalent of dighlorourea ressts with twe equiva-
lents of petassium bronide, liderating twe equivalents eof
bremine. The produst of this process is s mixture ef erthe-
and para-bromephenol which are separated by frastional
distillation.



CONIENSATIOLS OF PHENOLIC CCX GUNIS.

8inees E. Paternmo, (Gass. Chim. Ital. 1, 166. 1872),
first prepared benzyl phenol, there have been innumerable
investigations concerning this and similar types of comdene
sations of phenols and rehtod compounds. Yhile it would de
imprastieal to give a complete resumec! these investigatiens,
the fellowing is designed to present a brief ocutline ef the
development of proceedures and theories that ippe&r te have
a distinet bearing on the problem covered in this thesis.

Paterno brought sbout the eondensation of phencl and
benzyl ehleride through the agency of sine chloride. Frem
the produet ef this reaction he isolated a compourd existing
as white needles and melting at 84°%, which he assumed te be
benszyl phenol. He alse prepared varicus derivatives of this
compound with a view to estadlishing ite constitutien.

In 18744 Paterne and M. Fileti, (Gass. Chim. Ital. 3,
121-189; 251-254), repoxted the preparation ef ether deri-
vatives of benzyl phenol as further atitermpts at ifdentifi-
satien.

In 1875, these seare workers prepared the same benxyl
phenel in & slightly different way, using benzyl alechel in-
stead of demzyl chloride, and dringing about condensatiom by
the elimination ef wster. They used a mixture of sulfurie
selid and acetie asid as a dehydrating sgent. In additien G
the ssmpeund previcusly obtained, there resulted from this
methed an 0i)l which they sssumed to be an isomerie densyl
phenel.

In 1879, Paterno and Massarre, (Gass. Chim. Ital, 8,

303+305) , breught about the eon ation using zine turnings.



In 1880y Perkins and Hedglinsen, (J. Chen, Sec. 724),
prepared denszyl phenol by the condensation of denzyl chlo-
ride and phenyl acetate in alkaline solution. Their com-
pound melted st 50%-81% and was believed to de the para
sompound,

In 1882, Rennies (J. Chem. Soc. 41, 220), carried out
& series of investigations in vhioh he 1dentified the ery-
stalline compound melting at 84° as the para isomer and the
eil as the ertho isomer.

In the saxe year, Leidmann, (3er. 15, 152), accemplished
the same eondensation in the presence of gine ehlorids.

In 1833, kazzarrop, (Gazse Chim. Ital. 12, 503-511),
brought adout the condensation by the use of magnesium
ehloride.

In the several years following these inveztigations,
there were reported many cases of condensations which are se
tcnotoly related to the present prodlem as not to require
discussion.

Prebably tne nost satisfactory and most widely used
method of eondensation of phenolie¢ coxpounds with alkyl
halides ewes its uvel,opn-ent to the work ef Claisen. Because
of its importance, it is given here semevhat in detail.

The fellowing is a summary of his mnthod as reported
in 1823, (L. Amgew. Chem, 36, 4783-479). The phenol, dissolved
in a mon-dissociating medium such as toluene, was first cone
verted te the godiunm salt by heating with metallie sodium.
After this reaction was eompleted, an alkyl or substituted
alkyl halide was introduced and the heating continued, The



preduct of this reaction was fourd to contain not only
alkylated phenol but also alkyl phenyl ether in varying
smounts. Claisen separated these dy first treating the mix-
ture with alcoholiec potash solution which dissolved the
alkylated phenols. The alkyl phenyl ether was then extracted
with petroleum ether. The residue from tiis was them treated
with hydrochloric acid which again liberated the phemols
present. These were then extrscted with ethyl ether,

Claisen nlsoc corried out other important condensations,
(Anm, 442, 210-245). The work of Claisen will be discussed
in more deteil later.

In 1927, Zsch and Knoll, (2Jer. 6C3, 2343-2357),
reported wotk onm the alkyl cordensation of sudstituted
phenols in which they indicate thet tre presence of elec-
tro-negntive ¢roups on the nucleus of the phenol favors
the formation ¢f slkyl phenyl ebher, while the presence ef
electro-positive grcups favers the formation of the alky-
lated phenol.

Another type of cordensstion whigh 16 of grezt impor-
tance, especially sines it has “cen sxployed to a consi-
derable extent in this lahoratory, is that brought about by
the catalytic aetion of asluminum chloride. Sinee, however,
the work outlined in this thesis has not beon particularly
eoncerned with the aluzminum chlorids condensation, &t will
not be discussed 1n great detail. Following is a brief
agssount of its development. ‘

Kuhlman first enployed the method, (Anm. 33-34, 97-204.
1840), in the preparation of ethers froa alcohols.



In 1877, Friedel and Craft, to whom has been given
mest of the credit for the development of the m thod, re-~
ported a great deal of work, (3ul. Soc. Chem. 27, 483
Cempt. Rend. 84, 1392-1395), particularly em the application
of this proeess to the condensation eof aliphatic compeunds,

In 1881, Mers and Weith, (3er. 17 187), applied the
msthed to aromatic condsugations.

In 1916, Huston and Friedemun, (J. Amer. Chem. Soe. 38,
2527), used aluminum ghloride to bdring abo;xt the sondensa-
tiem of bLenzene and benzyl alcohol to diphenylmethane.

In 1918, the same men, (J. Amer. Chem. S50e. 40, 785«
793) s eaxried out condensations using secondary alcohels.

In 1924, Huston, (J. Amer Chem. Soc. 46, 2775-2779),
reported ths condensation of phenol and benzyl alecohol te
pedengyl phenol through the use of aluminum ghlorids.

During the last few years a great deal of work has been
dene in this laborateory om the aluminum chloride sondensation
as well as the Claisen condensatien eof denzyl shleride and
its halogen derivatives with phenol and related pheneclie
sempounds. Sincs it would be useless to attexpt a eemplete
summary of this wezrk, it is thought most advisadle to limit
the scope of this paper te data directly bearing on the
predlem at hand.
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T dROLISATION OF PHANCL.

Considorgdle tine was spent in the developmsnt of the
msthoed for preparing oevromcphencly not besause msthods of
preparation wore lacking, but Deeauss none of tue methods
already avallable gave satisfaciory results for preparatienm
on & amall scals in a student ladorautorye. It wus desired to
provide a siuple, dependable, fairly efficient metnod for
preparing o-vrowopsenol from easily edbitainasle waterials.

¥ith the exception of thec wethod of lierck and that of
Takagli and Kntani, the methods of preparation elready in
use involve the use of axpensivé usterisls and &re therefore
ungatisfactorye. The method of kerck and that of Takegi and
Kutcni will be discussed in some detail later.

The method with which this paper is chiefly concernsd was
first carried out by R. Dosser im 1931 in thia luboratory.
" It was sdapted from the preparstion of 2,6edidremophenol,
{Fo Heo daxfieldy 1930)y waich, in turn was sdspied from the
prepuration of 2,6edigchiorophencl, {(#. Tancka end K. Kutani,
Ce A+ 21, 2255).

| It is & well kmown principle of Organic Chenistry that
the hydroxyl grouy on s benzene nucleus tends to direct the
substitution ol ‘oromhh to the orilio and yura positions.
The mechanism of the reaction involved in t!iis preparation
is baised on the blokking ef the rara position by a sodium
sulfonate groups (-t050Ha), thus leaving only the crthe
position to be filled.

Tae preparation as eriginally carried out by Dosser im
this laboratory is represented by the following schemes



OH 4134
80, heat to 100° + HOH
t H2%0, Tor 30 ninuces”
S05,0H
Qi Cila
+ 2 XaoOH (502 HaOH) > ¢ 2 HOH
S0,0H S0,0Na

Q¥a
37 N
§0,0%a S0, 0Na
OHa 3
Br Br
+ HoH (80;3 Hn,sot ) ‘ + Xa280,
steam
50,0Xa

Very good yiolds were reported for this method, On
repitition of trhe worke, however, an inmumersble number of
triels failed to duplicate the resulis ef Mr Losser, the
yield of the orthe compound being, in fact, very low. The
precess invariadly resultsd in the formaticn of higher
bromne derivatives slong with 3 tarry residue. To sxplain
this discrepancy 1t was assumed that soxe important
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condition of the process as rreviously czrried out had not
been notliced ox reccrded.

The negatlye roesulis led 40 o garies of modifiestions
¢f the process cnd the davelopnent of a :etliod whish has
iven gatisfactory resulta that may be rzndilry dunlicated.

Attention is called to the fict thrt in phenol there
are trree positions, (3, 4, and €), in which hromine may
ho quite readily substituted. In the aheve process, onmly
oney tho para or 4 poeition, is »looird leaving the two
exrtho posltlons opan. Thsoreticnlly it may de nopaible to
~stop the reaction at such a polint that orly cne of thess
open pogitiong 1s filled with dbronine, hut this would neg~
ceguserlly he diffioult aud independablee. Thidas 18 believed
to account for tihe formucion of ths higher dromine deriva-
tivess It seems more recasonahle to assutie, rs dld Takagl
end Kutuni, (page 3), thet if tve positionz, the para and
one ortho, wore Wlocked, the cuaices for obtaining the o
Yrouophencl weuld he considersdhly incrcaged. Thusg it geemed
zore advisable to first forx the 2,4edisulfonic rather tham
the 4-monosulfonic acid.

It e further dbelleved thnt the tairty ninutes heating
#3 used In tlo nbove process is not gufficient for the sul-
fonation of the phenol. This 1d.a is supported by Tanaka
and Duteand; whe oricinally vorled on the prohlen. They heated
the reasction pixtwwre for three hours to complerte the sul-
foration.

The literaturo ssems to indicrte & numbar of confliete

ing opinions in regard to halcgenction. Takagl and Kutani
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elaim to have obdtdimed satisfactory results by brominating
the phemeldisulfonic asid directly. Ascording te Datta and
Bhoumik, (J. Amexr. Chem. Ses. 43, 303. 1921), chlerime,
bromine and in sowe cases iodine, has been dexonstrated to
replace the sulfenie acid group, (-SO20H), with the pre-
duction of aromatie halogen derivatives. They feund that
frequently halogens not only replaced the sulfoniec acid
gxoups, but that usually more halogens enbered the ring
with the formation ef higher halogem derivatives. This they
believed to be a good general method for the preparatiom
of balogen derivatives of phenoclis eompounds since they
found that replasement of sulfonie ascid groups by dromine
takes place readily at ordinary temperatures in the case
of eempounds having ene or more hydroxyl groups attached
to the nucleus.

If the interpretations of Datta and Shoumik are eor-
recty it seems that Takagi and Kutani have defeated their
own purpese im attempting te bleek the 2 and 4 positiens
of phenol with sulfonic acid groups.

The statement of Datta and Zhoumik that ®"when bronmine
is used in small quantities, only a partial detachment of
the sulfonie group occurs and a dromosulfonie acid is pro-
duoed® and that ®replacement of the sulfoniec group dy halo-
gens takes place more easily in the sase of mone~ tham with
di- or trisulfonie acid derivatives", leaves some possidie
1ity of the truth of the assumptions of Takagl and Kutani,

ﬁo writer agrees inm part with bdoth of these views bdut
mot in entirety with either, It is believed that the
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evidenes indicated in the experimentel part of this paper
will presemt mors or less definite views in regard to this dis-
agreement,

Datta and Bhoumik also state that "instead of free bdre-
mime, it has been found that a mixture of alksli dromide and
bromate®, provides a better brominating sgent. This 1s in
agreement with Obermiller, (paze 2), who used a mixture eof
sodium dromide and sodium hypodromite. The theory inveolved
im this proceedure was satisfactorily explained by H. Baines,
(psge 2), who studied the effect of the addition of water
te the bromination mixture. His explanation assumes that the
slow reaction detween dry phenol and dry bromine is ems of
direet substitution only, vhile in the presence of water it
is one of addition, The bromine reaects with the water present
forming HOBr, which, he believed, rgutc in the follewing

ways
oM OH OoH
G B
4+ H0Br — >

L4 P ~H

Addition ef a molecule of HOBr is followed by the splitting
off of a molecule of water leaving the brominated product.
This view was confirmed by the direct sction of HO3r o=
phenol and further supperted by the fast that brominatiem
is retarded by conditions that tend to hinder the formation
ef HOBr,

In the method used by Dosser, the temperature of the
reaction mixture during hydrelysis of the sulfonic acid to

. @=bromophencl, was maintained at 175°. Acgcording to
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Tamaks and Kutani, (J. Pharm. Soc. Japamr 541, 196, 1927),
whe first used this proceedure, the yield is much better if
the temperature of the reaction at this point is raised to
200% 210°, The effect of thi‘- change will be discussed in
the experimental part of this paper.
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THDOQLIES IXVOLVAD IN Till CLAISEYN COUIXNSATION.
The condensation of phenol and benxyl chlorids aceoord-
ing to the method of Claisen may berepresented by the fele
lewing schene:

-f”d —_— +

Obvicmsly, the simplest eourse of the reactiom would
Tesult im the formation of A, phemyl denzyl ether. This
product was expected by Claisen and was found te be prae-
tieally the only product when the reagtion was carried out
in a dissociating medium such as methyl alcohol. Them the

reaotion was osrried out in mom-dissociating medium,
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however, it was found that along with the sther was od~
tained a consideradle amount of o-denzyl phenol. The above
sshems aocounts for this dy assuming that the densyl ehlee
ride adds on to the phenol in ths manner shown, sedium
.ehlexide then splits off, leaving a compound of gquinonie
struocture which enclimes, forming the ortho substituted
phensl. Claisern dased this theory of the mechanism of this
reastion on the theory proposed dy Aicheal, (J. Pr. 37,
4863 46, 189), regarding the reaction detween silwer oyanide
and methyl fedide, which he believed preceeded aceording to
the following equation:

“'g,*.cﬂsl-w i v ¢

—_ |
x > ¥ -Gl ¥ - CHg

Claisen maintained that unsaturated groups substitute
in the ring more rTeadily than saturated greups and alse
that the tendensy toward ring alkylatiem inereased with the
substitution of alkyl groups on the ring.

Claisen did not indicate the fermation ef a p-bemayl
derivative in his preparatioen, hewever, some recent werkers
have reported evidences ef para substitution. It is diffi-
eult to explain para substitution on the dasis of ths adeve
theery. ’

In 1926, K. voumro. (Chem. Zentr, 1, 2347-2348),
attempted to cxplain the ring alkylation moted in connection
with the Claisen reaction, He suggested the following three
possidilities,

le The fermation of addition products and the sudse-
quent splitting off of salt as indicated dy Claisen.
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2. Oxygen alkylation, followed by rearrangement of
the molesule.

3. The separation of the metal and halogen as a metal-
1ie halide, leaving a free alkyl radical and a free enol

Mm.< b 0’
D’

.0
p— | H -
— '

The two radicals then combine to form the alkylated phenol.

H

v

The first hypothesis is the one most generally aceep-
ted. It is rather diffiecult to postulate rearrangemsnt im
one medium and not 1# enother, which would make the second
theory seem doudtful, Ths third thecry is fairly reasonadle
but seems less probable than the theory as first advanced
by Claisen.

The present prodlem involves the bdensylation of e-bromo-
phenol ascording to the method ef Claisen. From the fimd-
ings of Busch snd Xnell, (page 6), it was suspected that the
pressnce of dromine attached to the nucleus would faver the
torlctioa of the phenyl benszyl ether,
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STATELLYT OF T PLO3LEX
The probdlem outlined in this thesis may be considered
as oconsisting of ths following four parts:
1. The developnent of a satisfactory msthod of preparation
of e-dromophenocl from easily obtainable materials.
2. The benizylation of the e-bromophenol according to the
method of Claisen.
S. The preparation of various dsrivatives from the bene
sylated o-dromophenol,
4o The analysis of the dsrivatives prepared for ths pure
pose of identifiocation,



SZPERIMENTAL DATA



THE PLEPARATICHN OF O«BROKOPHENOL

The preparation of e-bromophenol according to the mese
thod of Dosser was first sarried out using one fcurth melar
quantities of resgents. 24 grams of phenol and 30 gramse(a
slight excess over theoretical), of sulfuric asid were
heated on the steam bath for thirty minutes to form p-phenel-
sulfenic ascid., The mixture was then cocled and made alka-
lime with 504 sodiwm hydroxide solution, cooling. T8 the
¢ooled mixture was then added slowly, 40.5 gramus of bromine
while shaking. After dromination, the mixture wag transferred
te a flask arranged for steam distillation. The mixture was
then steam distilled to remove any tribromophemol that had
been formed in the reaction. During the steam distillation,
the flask ocontaining the reaction mixture was heated im an
eil bath at a temperature ef 125%-150°.

When all the tribromophenol had heen removed, the mix-
ture was cooled and acidified with concentrated sulfurie
asid, Enougch acid was added to make the solution abouy 80%
aelid, Steam distillation was arain carried out while heating
the reaction mixture at 160%-175°% As the sulfonic aeid
hydrolysed, the drominated phemol was liderated and passed
ever with the stean,

When no more oil distilled over the distillation was
stopped. The o0il in the distillste was then exiracted with
ethyl ether, the ether evaporated off and the residue
distilled, The following fractions wers odtaineds

180® « 194® = « = « 10 grans.

194° « 200° ¢ = =« « 2 grams.
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200® o 215% « « = « 5 graas.

215% « 235% « « « = 8 grams.

235% « 255% « - -« -« 10 granms.

Pure o-bromophenol boils at 195° at gmosplheric pres-
sure. The fraction boiliug at 194%-200° was assumsd to de
mostly the desired sompound. Throughout the sudsequent ex-
perimsnts this saue fraction was saved and weighsd, thus
furnishing s means of comparing the yields as obtained im
the various trials. As may be seen from the adave figures,
there was practieally no yleld of the o-bromopuensl, The
rather large fraction rream 180%-194° was undoubtedly um-
shanged phenol. The large higher boiling fractions were
1ikely higher brcxine derivatives.

The preparation was repeated many tixzes using the same
amounts of materials and following the directiona as Blesely
as pessible, It has not deen sonsidered neeccessary to tadu-
lste the results from all of these trisla, bdut sirply to
State that, in general, they were im clese agreememt with
these odtained in the firet run, snd in no ease was there
enough of the desired ecompound to be salled a yield, It
zather represented -‘.rely the passing from ocne fraction to
ths next.

After consistent failures to odtaim o-dromophenol dy
this preceedure, it decams svident that the method was at
fault., Undoubtedly, some important condition for carrying
eut the reaction had not been observed nor regorded when
the method was first darried out.

As & result of this conelusion, the method was carefully



studied with & view to locste possible diffigulties. The
sorrection of these difficulties reguired a long series

of triesls of modifications of the metbod. During the deve-
lopment of the warious modifications, the same general |
rrocecdure was felloved, attempting to study and draw the
preper somclusions eencerning each of the modifications
carried out. |

The first difficulty observed was concerned with the
sodiun galt of the phemolsulfonic acid. To do this, 50%
sodium hydroxide colution had deen used. This made a solu~
tion so concentrated that during dromination the reasction
mixture golidified and thus prevented thoreugh mixing, It
seemed reuonablé that this should have some effect en the
Tesults.

The precsedure was then carried eut in the same way
as before but using 40% sodium hydroxide solution. 3inee
the reaction mixturse still solidified during dromination,
“this run was not duplicated. The final distillstion of the
product seemed to show no chenge.

354 sodium hydroxide wes used next. Again, since ths
mixture solidified during drominstion, this was not éu-
plicated, Agrin, ths final results showed little change.

30 sodium hydroxide solution wes mext used. This time
the mixture did net 80lidify during droainstice and the
material was mixed thoroughlye. On dietilletion of the fimal
predugt, the following fractions were otteincds

180° « 194® « « - - 11 grams.

194° = 200® « - - = 5 grams,
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200° « 215° -« - - - § granma.
215% @ 235% « = - « 7 grars.

235% < 255% « = - - 12 grams.

A duplicate trial gzve the follewing results vhich

check fairly well;

180° - 194°
194 < 200°
200° - 215°
215° - 235°
235® - 255®

*

As may de seen,

- e 10 grams.
- =« 6 grams.
- « € grans.
- = 6 granms.
- = 11 grams.

the results of this change show an

increese fn the fraction representing o-brorophencl.

The prepsration was carried ocut using 207 and 10% solu-

tions of sodium hydroxide, respectively, with the following
rosults in the finzl

20f%a0H
180°® « 194°
194° < 200
200° - 215°
215%- 235®
235® - 255°
105 NacH
180° - 194°
104® <~ 207°
200° - 215°
215° « 235°
235% « 255°

cistillations

~ « 10 grams.

- - ‘ pwao

- e 8 grems.

- « 10 grams.

oram .

cratis.

'
'
-

CrouiB.

- = 14 grais.
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When using the 107 solution the yield dropped so low
that it was pot eongidered necessary te run a duplicate on
it. A duplicate was zun with the 207 solution with results
practically identical with those shown above,

7he résultis shown from changing the concentration of
the sodium hydroxide Justify rather definite esshelusions.
Appsrently an ingrease in the amount of water present during
the reaction tends to eut down the yield of e-bromophemnol,
increasing the amount of higher bdromine derivatives. This
is in accord with the views of H Baines, (page 2)¢. The
advantage, however, in being ajjle to thoroughly mix the
reagents during bromination, a_ccount. for the higher yield
of e-bromophenol when using the 307 sodium hydrexide.

On the baais of the above conelusions, 307 sodium hy-
drexids sclution was used in all subsequent runs. Frem this
point on, a mechanical stirrer was used during the addition
of the sedium i:ydraxido and bronine.

As was stated in the discussione (pege 10)s it seemed
legiesl to expect a greater yleld of e-dromophenel if two
rather than only one of the three open positions ef phemeol
were blesked. The amount eof sulfurie asid used in the pre-
paration mp to this point was only slightly more than the
thesretieal amount required for a monosulfonie acid. With
the idea in mind ef bdlecking two of the positions, the para
and ene erthe, by forming 2,4-phsnoldisulfonic acid, a series
of trials of the preparation were carried out, increasing
the quentity of sulfuric acid by marying amounts.

The preparatien was carried out using 24 grams of



phenol together with 50 gremsg, 99 grams and 120 grams of
sulfuric scid respectively. In other reespects the gonditiond
of the preceedure were kept the game zs befors, usirg, of
sourge, 30%Z sodium hydroxide for ihe formetion of the sul-
fonate. Iuplicates were run on each of theee‘triala. The
following reprceents tha results from finsl distillation eof

productss

€0 grexzs of H,50, Fl. #2.
1809 - 194% - - - 8 grome 8 grams.
194® - 200° « - - 8 grams 7 grams.
200° - 215%® -« - - 6 grems 5 grems.
215' 2252 c - = 5 grers 5 grarae
235% « 255% = = = 7 grans & graus.

90 grams of sto‘
180® - 194°% - - ~ 7 grams 7 grans.
194% « 200% = ~ - 9 grams 9 grams.
2002 - 21%5® - - - 5 grams 3 grars.
2150 - 235% « =« =« 3 grars 3 grans.
235% « 255® < - - 7 gravs 8 grams.

120 grams of HRSO‘
180° ~ 194% « - - 7 gfams
194° - 200° = - <« 7 grans

7
6

200% - 215” « - « 5 grans 5 groms.
215% « 2359 - < « 8 grams 6
3

235% - 2552 - - - 3 &Tars grase.

Prom the aYore figures it :ay Y@ seen thit an increase
in the yleld of o-%ro=ophenol reszlted from increasing the
amsunt of sulfuric scid used, up %o a certain point, {90



grans of 1,504 to 24 grums ofphenul), wiich doudtless
repreaented tha blooking ef tao rositions. Xore than that
amount of sulfuric acid probebly resulted in the formation
of a trisulfonic acid and the dlocking of all three posi-
tionse which would not permit any bromination. Thig is ine
dicated by the fall in yleld obaerved when 120 grems of
sulfuric acid were used. The large excess of sulfurie asid,
(three ani cne half moles of Ha3Cq to one mole of phenol),
waieh secwed to give the baect recults waa somevhat surprise
ing. It is agsumed that this much exceass is neceasary ia
ordsr to maintain the proper equilibrium between the sule
furlc aclid end pliencl and the plenocldigulfonic acide In the
trials which followed, phenol andé sulfurie acid were used
in the rutio of 24 grams of phenol to 90 grams ef Haso‘.

The nsxt modilication hzd to do with the time required
for formation of tle sulfonic acld. As was stated in the
discussion, Tanaka and Kutanuil hected for three kours at 100°
It appeered that tidrty winutes Leating waz ingugfieient
and lelt a tathéx laxge ancuut of unchanged phenol,

in order to deterwine the optizum length of time ferxr
producing the suifonie acid, a series of trials were earried
out using tue same anocunts of materisls &s in ihe preeeading
rung but heating Sor varying lengths cf time. Your duplieate
trials were run, leating for oune, two, three anc four hours
respectively, on the gtean bathe The follovwing is a tadue
lation of the resuits of distiilction of the firal preoduct

in eaeh cases



One hour heating Fle #2¢
280° « 194° « « « = 7 grams 7 grams.
194 © 200% « - = « 9 graxs 10 grams.
200° « 2)086° « « « « 5 grams 4 grams.
815° © 236 - = e« 4 grams & grams.
235° <« 255" e « = « 7 grams B grams.

180° « 194® « = < - 6 grams 6 grams.
194° « 200° « « = « 11 grams 11 gravs.
200° « 215" « - = « 4 grams 3 grams.
215® « 235 < -~ « « 4 grans 4 grams.
235% ¢ 255% < c = « 6 grams 6 grams.

180° « 194°% = = =« « 6 grams ¢ grame.
194% « 200° « « = = 13 grame 12 grams.
200° = 215% - « < « 3 grams 4 grams.
215° « 235° -« « <« = 3 grams 4 grame.
2359 « 255° « « =« « 6 grans € grams.

180° « 194° « c « « 8 grams 6 grame.
1942 < 200 < - « < 13 grame 13 grams.
200° « 2156% © = = « 3 grams 3 grams.
218° = 238° « - - - 6 grams 6 granms.

Observation of the above figures indicntes an inoreace
in the yield of the desired product as the time of heating
is imereased up te three hovrs. Feating for a longer period
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of tims did not secewm Lo affect the yield. On the sssumptien
that the disulfonie avia gives the best yield of o-brome-
phemel, it appsars that ebout three hours heating at 100°
is moat effective in converting the phencl and sulfuxie
acld to the phenocldisulfonie acid. In the following trials,
three hour periecds were wsed for the formetion ef the sule
fonie aeid,

In eaeh preparation up to this point there had deen
obtained, in the first steam distillation, consideradle
quantities of trioromophencl. It was believed that if seme-
thing eould be done to prevent tias formation of tridreme-
phenol, the yisld of the owthe sempound might be sorres~
poudingly inereasesd. The following reasoning was applied
to ths problem.

During browinatieon by sudbstitution, ene mole ef bremine
produces, 2long with the brominated producte one mole ef
hydrobromie macid. The hydrobromic acid liverated during the
bromimation of phenol should be expectad to react with the
sulfonates present in the resction mixture, convertimg the
sodium sulfonate group to the sulfonie acid group. Aecerding
to Datta ard Bhoumik, (page 11}, the sulfonie acid group 1is
zeadily replaced by halcgensg while it is believed that the
sedium sulfonate greup is not so repleaced., If, then, the
already breminated phenol{nu one or boih of its sedium sule
fonate groups converted te sulfonic acid groupsy, and these
are readily reylaced by bromine, it is easy to acceunt for
the formation of higher bdromine derivatives. In ether werds,
4if the monebrome compound is desired, and if the sulfemio
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aeid group is easily replaced by bremine while the sodium
sulfonate group is not, them the simple neutralization of
the reaction mixture before bromination is insufficient,
In order to maintain the blocking effect of the sodium sul-
fonate group, there must be sdded to the phenoldisulfonie
asid encugh sodium hydraxide to convert all the sulfenic
ssid groups te sulfonate groups, all the excess sulfuriec
acid to sedium sulfate, all the phenclic groups to phemolate
groups amd all the hydrogem bromide liderated during the
reaction te sodium bromide. This excess alkali should net
interfere in any way with the bromination since alkaline
hypobromite selution is rcoognii.d te be a good bromimating
ageat, |

The amount of sodium hydrexide to be added to the
reaction mixture was salsulated in the following way. On
the basis of molar quantities, ome mole o?ﬂhonl. when
sulfonated with three and one half moles of sulfuric acid,
(the amount previcusly determined by experiment te be most
satisfactory), should yield one mole of phemeldisulfoniec
ssid and leave an excess of ene and one half moles of sul-
furie acid, Also, during bromination, ene mole of hydrogen
bromide is liberated. Three moles of sodium hydroxide are
required to replace the three ionisable hydrogens of the
phenoldisulfonic acid, three to nesutralisze the excess sul-
furiec acid, and one to meutralisze the hydroges bromide,
This makes a total of seven moles of sodium hydroxide per
mole of phenol, or, one and three fourths moles for a mme

feurth melar run,



On ths basis of this reasoning, the preparation was
earried out using the same quantities ef phenol and sulfuriec
asid and ferming the sulfonic acid as before. This mixture
was then made alkaline with 75 grams of sodium hydroxide,

(a slight excess ever ome and three fourths moles, to allow
for insomplete formation ef the disulfonic acid), dissolvsd
in 178 ¢o. of water. Bromination was carried out as before.
When the mixture was steamdistilled to remove tribromophenol,
it was noted that not any appeared, wvhereas it had appeared
ia varying amocunts during previous runs. Final distillation
ef the product gave the following fractions:

180° « 194° - - = = 4 grams.

194® - 200°® - - - - 15 grams.

200° - 215° - - - - 2 grams.

215° - 235° - - - - 2 grams.

238°% < 255° « - = - 6 grams.

These results were very satisfactory and appeared te
bear out the reasoning., The writer censiders this as pessidly
the mest significant point in regard to the various mbdifi-
esations of the prescesdure, It not enly strengthened the
belief in the blocking pewer of the sedium sulfomate greup,
but raised moidoruui;\ﬁt to the advisadbility ef bremimating
the sulfonic acid directly, (Takagli and Kutani), er ef
Teplacing sulfonie acid groups with an alkaline drominating
agent, (Datta and Shoumik).

A very interesting phencmenenm in gomnection with this
pressedure was the evidence of a color reaction during the

additien of the sodium hydroxide. As the excess alkali was
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added, there daveloped a pink color in the solution which
disappeared abdruptly, almost simultaneous with the addition
of the last few go. of the ecalculated amount of base. No
attexpt was made to explain this, and though it seemad to
have no further significance, it furnished an almost infal-
1lible meansg of determining the right excess of base without
ealeulation.

A nuxber of trials were made of this proceedure in
ordexr to verify the results obtained in the first runm,
Though it seems unnecessary to record here all the figures
obtained, it may be stated while in one or two cases the
Yield of o-bromophenol was a little low, in general, it was
in close agreement with that shown above.

The next modification of the proceedure had to do with
the temperature of the reaction mixture during the hydroe
lysis of the -ulfon4o acid to bromophenol., The change was
made after a review of the work of Tanaki and Kuteni, (page
13)s who carried out the process at 175° but stated that
the yleld could be increased if the temperature of the
reaction mixture was ralsed to 200°:210°. On the Basis of
this information, a trial was run, using the methed pre-
viously described only earrying out the hydrelysis of the
sulfonic acid at 200°-310°, The following tabulation of the
Tesults of this trial show an increase in the total bro-
minated product and a corresponding alight increase in the
fraction taken as e-bronophencls

180° < 194° - - - - 5 graums,

194° - 200° « - - - 16 graas.



200° - 218° « - - - 5 grams.

215' - 235‘ - = = = 4 grans.

235° - 265° = = « « 8 grams.

Several repétitions cf.this proceedure verified the
abeve results. Apparently this modification did net ime
erease the relative amount of o-bromophenocl in the reaction
mixture dut drought about the increase in the final yield
by allowing a more perfect hydrolysis Qt the brominated
phemolsulfonie acid, This modification was carried out in
all subsequent preoceedures.

Throughout the work thus far described the thought was
held that anything that might be done to make more efficient
the cenversion of phenol to phenoldisulfonic acid would
eerrespondingly inerease the yleld of o-dremophemel., ¥ith
this in mind it was believed that estirring during the heate
ing of the sulfurie acid and phencl might result in mere
somplete sulfonation, or at least cut down the time neces-
sary for the maximum reaction,

To astudy the effect of this proceesdure, a seried of
duplicate runs of the preparation were carried out, stir-
ring while heating the reaction mixture on a boiling water
bath for ome, two, three and four hour periods respectively.
In other respects the method was carried out as previously
found to be most satisfactory. Following is a tabulation eof
the results of final distillation of the various productss
One hour heating . #2.

180° - 194% - - - - 8 grams 8 grams.

194° < 200® « « = = 10 grams 10 granms.



200° - 215° « - -

S grams 4 grams.
818'-235°---- 6 grams 4 granms.
235% « 255° « - - « 11 grams 12 grans.

Twe hours heating.
180° - 319¢° - - - - 4 grams 4 granms.
194° - 200° - - - = 18 grams 16 grams.
200% « 215 - - - = 4 grams 3 grams.
218° - 235%° - o - = 5 grams ¢ grams.
235° < 265%° - - - - 6 grams 6 grame.

180° - 194® - = - - 3 grams 4 grems.
194® « 200° ¢ - - - 19 grams 19grans.
200° - 215% - - < - 3 grams 3 grams.
218° - 235° - - - - 3 grams 4 grams.
238° - 255° « - = = 8 grams 6 grams.

Four heurs heating
180° - 194% « - =« - 4 grams 4 grams.
194° - 200® « - - - 19 grans 18 grans.
200° ¢ 215" - - - = 2 grams 2 granms.
215° - 235° ¢ =« = = 4 grams 5 grams.
235° « 255° < = =« = 5 grams 6 grams.

The above figures satisfactorily bear out the reasom-
ing. It was shown that stirring and heating for two hours
produced practically the same yloid as heating alone for
three hours. It was alsoe shown, however, that stisring and
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heating for three hours resulted in an increase im yield.
The same proeeedure oarfied out for a period longer thas
three hours seemed to bé of mo advantage. '

Up to this point nd mention has been made concerning
the temperature during bromination. It seemed possidle that
this might have some dearing em the results ef the prepa-
ration, Ordinarily the bromination was earried out em the
cooled mixture dut no attempt was made to maintain a defi-
nite texmperature, During this proceedure the temperature
usually rose to about 45°=50®, To determine the effect of
temperature on the dromination a series of duplicate trials
were run., By stirring with the flask containing the reactioa
mixture iuiorsed in & water bath, the temperatures in three
different cases were iaintainod at 20'-26‘. 40°-45° and
60%-65° roipectivcly. The fellowing results were obtaimed
on distillation of ths final product:

20°-25° #. #24
100°® « 1904% - « =« =« 5 grams 5 grams.
194° « 200° « « =~ < 16 grams 17 grams.
200 « 218° - < o « 3 grams 3 grams.
218° < 235° « = <« - 3 grams 4 grams.
235° ¢ 255° « = « =« 6 grams 6 grams.

180° « 19¢®° e - c = 3 grams 3 grams,

194° - 200° « -« « - 18 grams 19 grazs.

200° =« 215% =« - =« - 2 grams 3 grams.
218° - 235° - = - - 4 grams 4 grans.



235 e 255% « = = = 6 grams 6 grams.

60%-65°
180% - 194°
194 - - - « 4 grams 4 grams.
194°® « 200% « - - = 15 grams 14 grams.
200° « 215% =« = - = 3 grems 4 grows.
215° « 235%° = = = =« 5 grams 4 grams.

235% - 255® = - = « 7 grams 8 graus.

As moy be seen from the figures the temperature was not
very oritical, however, there appeared to be a sl ight de-
orease in the yield at the higher and at the lower tempera-
tures., It was difficult to explain this. Possibly at the
lewer temperature broninatiom proceeds more slowly and was
not given time to reach completion. At the higher tempera-
ture, possidly the tendency of the bromine to vaporize and
pass off without reacting is greater tham the increased
tendeney toward reaction. These are admitted teo be not very
satisfactory explanations, At any rate, since it was indi-
eated that the temperature for brominatiom was mot extremely
eritical, and since the tempersture usually takem by the
bromination mixture seemed to give maximum ylelds of the
desired product, mo shange was made concerning this part
ef the proceecure.

Only ome other slight change was made. This was made,
however, for the purpose of saving materials rather than
for increasing the yleld. It was found that if, after the
first steam distillation, the open flask containing the



reasction mixture 7as heated for a while on the eil bath
and the mixture evaporated mearly to dryness, less sulfurie
aeid wzs required to make the mixture 807 acid, the right
coneentration for hydrelysis of the sulfonio acid, the mext
" step im the proceedure.

Successive runs ef the procesdure were then madee
inscorporating all of the various modifications and veing
Ralf molar quantitiesy (doudle the amounts previously used).
It is not balisved neeessary to record here all the figures
ebtained from these runs. The following tabulation ie
typieal;

180°-_-194°----?¢rm.

194°® < 200° -« « - 38 grans.
200® - 215° = = « « 7 grams.
215° « 235° « = « - 8 grame.

238° = 255° « = -« 185 granms.

The yield of 38 grams of o-bromophenocl repressmts a
Yield of 44.4% which appears to be very satisfactory. The
rather high fraction boiling at 235% 253° ig believed te
be mestly 2,8~dibromephensl.

Following are the eomplete directions for the prepa-
ration ef e-bromephencl inecorporation all ef tho modifie
eations previously mentioned. The materials are takem om the
basis of melar quantities.
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TilE MODIFIED AKLTiHOD FOR FRZFARING QeBK0LOPHLYOL.

One mole, (94 grams), of phenol and three and one half
moles, (350 grams), of eoncentrated sulfurio acid in a two
liter, threee-necked flask are heated on a boiling water bath
for three hours, stirring constantly with a mechanical stir-
rers At the end of this time the reaction mixture is eooled
by réplacing the bolling water bath with a cold water dath.
The mixture is then made alkaline by adding a solutiom eof
sevem moles, (280 grams), of sodium hydroxide dissolved im
700 ec. of water, This must be done very slowly on account
of the heat evolved dy neutralization of the acid.

The alkaline solution is then gooled to room teupirap
ture and brominated dy addirg slowly one mole, (160 grams),
of bromine, etill stirring constently., During this operationm
the temperature of the reaction mixture is allowed te rise
to 40.-60.. Stirring is continued for about hsalf an hour
after all the bromine has been added. The mixture should
still be elkaline. ‘

The reaction mixture is then transferred to a three
liter flask set for steam distillation. During the steam
distilla tion the reaction mixture is heated on an oil dath
to about 150°% This romoves any tridbromophencl which should
not appear as more than a trace,

As soon as no pore tribromophenol is noticed im the dise
tillate, the steam distillation is stopped and the reaction
mixture, still on the o0il bath is evaporated to a thiek
pesty gray mass. This is gllowed to cool and then acidified
with about 880 ce. of songentrated sulfuriec acid, This must



36

be done slowly on account of the rapid evolution ef hydro-
gen dbromide,

The umixture is agaim steam distilled, this tixme from
en oil bath heated to 200°-210°, The sulfonie seid is hye
drolyzed by this proceedure and the dbrominated phencls
distill over as a heavy colorless or pale yellow oil,

then no more oil appears in the distillate, steam
distillation is stopped. The brominated phpnolo asre then
extracted with ethyl ether, the ether evaperated off and
the residue distilled under ordinary pressure. The frastion
boiling foom 194. to 200° represents practically pure o-bromo-
phenol, The yield should be 70-75 grams. O-bromophenol is &
eolorless oil with a very eharacteristiec odor. It is rather
unstable and deeomposss on standing, besoming a brown or
red liquid.
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THs K.THOD OF E. MulCK,

The preparation ¢f e-dromophenol according to the
method of E. Merck was carried out for the purpose of forme
ing a suitable basis of comparison of the method just de-
seribed. This method was referred to in the historical part
of this paper and consists of the direst dromination ef
phenol at high temperature.

Heaction; o-H o-H
B~
— + HB/r

<+ B”l

‘ The reaction was carried out in a ens liter three mecked
flask fitted with a mechanicsl stirrer, reflux condenser,
and a glass tube of rather large dbdere for imtrodusing the
bromine vapors. One mole of phenol, (94 grams)s was plasced
im the flask and heated om an oil bath te 160°-180°. Ome
mole of bromins, (160 grams), were placed in a sxmall flask
senmeoted with the glass tudbe from the reaction flask. The
- bzomine was vaporized by warming om a water dath, the wapers
passing over and dudbling up threugh the heated phenol.
Daring this operatiom the mixture was stirred vigorously.
Hydrogen bromide was liberated as bromination proceeded and
passed out through the reflux condenser, the preparatiom
being sarried out im the heod. Stirring was eontimued for
half an hour after all the Lromine had been introduced.

The brominated phenol was thea ceocled, washed with 507
sodium hydrexide solution, with water and them distilled.
The following is a tabulatienm of the results of this



distillation.

180° « 194° -
194% 200° -
200° - 215° -
218° - 238° -

238° « 258° -

- 15 grame.
- 41 gramas.
- 17 grams.
- 43 grams.
« 36 grams.

The yield of o-bromophencl, 41 grams boilimg at 194%
200° represented a yield of 23.2%. Aceording to the litera-
ture the yield should have beem much higher.

This method of preparation involves ome difficulty
which makes it undesirable without special equipment. The
et hydrogem bromide liderated in the reaction attacked
eoTk and ruddber gomnections se vigorously that it was im-
possible to kesp the system from leaking. This alse resulted
in the formation of a consideradle amount of tar,



THS MiTHOD OF TAXAGI ATD EKUTANI.

This method was alsc run for coxparison with the pre-
viously Gesoribed method and also to check the theory of
blocking with sulfonie acid groups. This has already beem
zeferred to a numder of times. Accerding to the report of
this method:*800 graxe of melted phenol is placed im a five
liter flask, 2800 grams of sulfurie acid is added and heated
at 90°100° for thres hours. The disulfonic aeid derivative
is formed. The mixture is cooled te room temperature, diluted
with 750 co. of water, and the thseretical amount ef bromime
added, stirring. The drominated phencl is odtuined by steam
distillation, extraction of the distillates, them distillation
of the fimal product®,

This method was carried out in duplicate using ons
2alf mole of phencl, (47 grams)e Te the phenol was added
178 grams of sulfurie acid and the mixture heated em a bell-
ing water bath for three hours, stirring. It is interesting
that the method up to this point is practically identiecal
with that found previously to be most effective, This i
assumed to result in the formatiom ef phenoldisulfenie acid.

The mixture was them cooled and ons half moles (80
grams)e of bromine added slowly. Wheam bromimation was eom-
plete, the mixture was steam distilled. The following re-

sults were odtained:
fle £2e

180° « 194° = - = « 19 grams 20 grams.
1“‘-800'----17;1'& 19 grams.
200° « 215% « - = = 4 grams 3 grams.
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215'-235.--'-' 2 graxs 3 grams.

235° = 255% « = e o 11 grang 1l gramse

A rather large residus was lsft in each case. These
were rather poer ylelds of o-brozophemel. The highest, (17
gxams), was caloulated to be only 19,75 of the theoretical.

Besldes indieating the superiority of the previocusly
desoribed method for preparing o-bromophemocl, thess results
had an izportant significance. The bdeliefs of Datts and
Shoumik ef the replacement of the sulfomie ascid group by
& halegen was strengthened while the sedium sulfomats greup
was indicated to bo a more effective blocking sgent tham
the sulfoni¢ acid group.



41

THE BENZYLATION OF OeBiiOiOPHXNQL.

The second par:t of the prodlem was the condensation
of e-bromophencl with benzyl ehloride acecording to the
method of Claisen. This method hos already been driefly
referred to and is given in detail im Annalen der Chemie
442, 224,

The first Claisem reaction run was on half molar basis
and was earried out in the following way., 300 ec. ef tol-
uene were placed in a tg:ee liter three necked flask fitted
with a mercury u'alod mechanical stirrer and a reflux eon-
denser, To thig was thea added one half mole, (13.5 grans),
of clean gsodium. The flask was then heated on an oil bdath
until the sodium melted, stirred vigorously and allowed to
eool., On cooling, the .codiu- solidified in very fine gle-
bules which presentel great reaoting surface. While the
reaction mixture was still at about 70°-80% one half mole,
@6 grn& of o=bromophenol was slowly added. This resulted

in the formation of the gsodium phenolate:
- M o-/Vt

B:Nq > B"-f (H)

when the o-dromophenol had all been added the mixture
was heated to 140%-150® and allowed te reflux for abeut twe

hours. As the reaction proceeded, the dark colored sodium
disappeared and the sodium phenolate appeared as a thick,
vhite, pasty mass.

After the e-bromophenol had been completely converted
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'te the corresponding phenolate, the mixture was sgainm ale
lowed to cool somewhat and one hslf mole, (63 grams), of
benzyl chloride was added. The mixture was egaim heated and
allowsd to reflux at 150'.155' for eight hours. It was then
let stand over night. During this time it was agsumed that
the ordinary Claisen reaction took place as previously
discussed, the denzyl group sudbstituting on the ring te

form 2-brome,6<benzyl phenols
o-H
(PO
and on the oxygen of the phenol to form 2ebromophenyleben-

gyl ether; W
D
U

B~

On the following day the reaction mixture was placed in
& separatory funnel and washed thoroughly teo remove the se~
dium chleride that had been formed during the resoction, It
was then transferred to a distilling flask and the tolueme
distilled off. The residue was heated to 125° te remove all
traces of toluene.

The residue was then treated with an excess, (300 oe.),
of Claisen's alcobholie potash solution., This converted the
pPhenolic sudbstances preseat to alkali salts which were in-
soluble in petrolic ether, which was then used to extract
the bensyl ether. The mixture was extracted three times
with 200 ee. portions of petrolic ether.
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The residue from this extraction, contzining the al-
kali salts of the phenolic substances, wes roidified with
HCl, eeoling, wvhigch liberated the phencls. These were then
extracted three times, using 200 se. portions of ethyl ether,

Tha petroleum ether extract, which was suspected teo
eontain the sudstituted phenylbenzyl ether, was transferred
te a Claisen flask and the petroleum ith‘r evaporated off.
All traces of petroleum ether and water were removed by
heating up to 125° under 15 mm. pressure. The residue was
ther distilled at 3 mm. pressure, ylelding the following
fractionss

Up to 135° ¢ « - « 3 grama.
135° - 140° « = « = 3 grans.
140% « 145% = = = =20 grans.
2145° = 150" « = « « 9 grams.
150% « 155 e« « = = 2 grams.
155°% « 209" « = « @ 2 grams.

gince it was believed that the large fractions between
140° and 150°% represented the desired product, these twe
fraotions were goubined and refractionated at 2 mm. pressure
with the following results:

Up to 140°

340° « 142° « « - « 2 grams.

142° « 144° « = - « 21 grams.

144® « 146° < - -

146° « 160° « = - = 2 grams.

3 grams.

2 granmsa.
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The frastion boiling at 142%144° was assumed to bde the
2=-dromophenyl-henzyl ether. Analysis for halegen gontent,
{(page 53) oonfirzsd this.

The ethyl ether extract, which was suspected to con-
tain the 2-broxo,6-%enzyl phenol, was then trangferred to
& Claiesen flask and the ether e.vaporatad off. As defore, all
the ether and water were removed dy hsating to 125° at 13 mm.
pressure. The Yesidue was then distilled at 2 . pressure

with the following resultss

Up to 135% - < = = 5 graza.
135° « 150% = « = = 8 graze.
150° » 155° = = « « 19 groms.
1552 « 165% « = = « 5 grans.
165° « 200% « = = = 3 grazs.

The large fraction boiling at 150%155° geemed to im-
dicate the desired product and was therefore refractionated
with the following resultes

Up to 150‘----25:&::.
150° « 153° « « - = 14 grazs.
15"-@ o o= ] gran.

the fraoction boiling at 150%°-153° was assumed to be
the 2-breme,S-benzyl phenocl. This was aleoc confirmed dy
amalysis for halogem eemtent, (page 53).

The yields in the above reaction were ealculated to bde
15.9% of the ether and 10.67 of the phemol.

Twe more Claisen eondensations were rum using the same
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proceedure with molar quantities of the resgents. This was
for the purpoia oi obtaining ernough of the phenol for
analysis ind the preparcticn of derivetives.

Eefractionation, es described in cormection with the
firset run, ¢avo.'for these two moler runs, the following
Tesultas |
2ebromophenylebengyl ether, 2 mm,

#l. 2

Up to 140° o e o « 3 grams 4 grams.

140° < 142° e e = = 8 grams 8 grams.

142° « 144° - - = « 40 grans 38 grams.

144° - 146° - = = = 2 grans 2 grams.

146° *up ==~ 2 groms 2 grans.

3<dromo,6-denzyl phenol, 2 un,
Up t0 150%° « v = « 3 grams 3 grams.
150° « 153° = - = = 35 grans 33 grams.
153° cup < = = « B grams 5 grams.

" The ylelds of the ether in these two runs were, re-
spectively, 15.2% ard 14.4%.

The yields of the phenol were 13.3% and 12.6%.

In order to further identify the coxpound assumed to
be 2-bromophenyl-benzyl ether, a Claisen condensation wsas
zun in methyl alcohol, As was poimted out in the previous
discuszionr, the condensation earried out in a dissocieating
medium such as nethyl alocohol, yields only the oxygen
alkylated sompourd. One fourth moler quantities of reagents
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were used. The firxst pert of the proceecdure was identical
with that used in the previous runs. After the reaction
mixture had been heated and the resction had gons to gom=
pletion, the alcohol was evaporated off, water added to
dissolva the galt that had been formed in the vrocecsy, and
the 2-broﬁopheny1-benzy1 ether was extracied three tines
with 109 ec. portiong of petroleum ether., It was not meces=
sary to use Clalgen'’s alcoholic potash in this csase since
this proceedure does not yicid bengylated phenols. The
petrolsum ether extract was then transferréd te = Claisen
flask, the petroleum ether evaporated off, and traces of
the solvent and water removed as before by heating ts 125°
at 15 mm. pressure, The residue was then distilled at 2 mm,
pressure giving the following fraotionss h

Up‘to 135°
156% - 140° - - - = 2 grams.

2 granse.

140° « 145% - « = < 11 grams.
145° « 150° = = = « 8 grans.

150° « 155° - = « = 2 grams.

155° « 200° = -« « « 3 gravs.

A® before, the fractioms bolling at 140°-150° were
combined and refractionated at 2 rm. pressure with the
following results:

Up to 140. - e =« 2 oremse.
140% = 112%° - c = = 1 gram .
142' - 14¢° v =« =« « 15 grans.
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144° « 246° - - - - 1 gram.
“‘.-.’ > ® o v oo oe

The large fractiom is again assumed to represemt the
2-bromophenyl-benzyl ether. Its bolling point, 142°-144° at
2 mm, pressure checks with that as found from the ether
ooudomti&u. This is believed to definitely establish
the fdentity of the sompound in gquestion as 2-bromophenyle
bensyl ether,

0

S
T=-N-T

Sr



VARIOUS ILRIVATIVES OF 2¢3ROK098«BENZYL PHLNOL.

The purpose of this part eof the probiu was not enly
te prepare warious new compounds dbut te mse thea as a fur-
ther means of 1dentifying the 2-bromo,8-bentyl phenel,

The first derivative prepared was 2,4-didbromo,6-denzyl
phenol. This was done by ths direct bromination of the
bensYylated phenol according to ths following equations

H Lot

+ P~y + HBr

A oonsideradle amount ef this derivative was made in
order that it might be used ia the preparation of other
derivatives.

13.1 gramsy (.05 moles), of 2-bromo,6-benzyl phenel
wvas dissolved in chloreform and te it was adddd 8,8 grams,
(+05 moles plus a 104 excess), of bdromine also dissolved im
ehleroform. The reastion mixture was cooled with iee. When
brominstion was eomplete, evidenced by the disappearance ef
the bromine eoloxry the shlereform was evaporated off, leav-
ing a white solid, This compound, after being reerystal-
lised from petroleum ether five times, gave a constant
melting peint of 00.8.. identical with the melting point as
dstermined for 2,4-dibdromo,6-benzyl phenel by F. H. Maxfield,
{Mastert's thesis, 1930), Thus, the identity of this and the
monobromodbensyl phenol frem which it was prepared were es-
tabdlighed.

¥ext were prcmed the bensoyl and toluemesulfenyl
esters of ths mone and didromodenszyl phenols, This was done
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by the method descrided by Porter, Stewart and Branch, The
phenol was dissolved l*yridnc and to it was added a 10%
excess of the acyl ehleride. After standing ever might an
equal volume of water was added to this reastion mixture te
mt with the excess aayl chlorido. The mixture was them
aeidified with sulfurie acid to form s water soluble salt
of the pyridine and the ester was extracted with ethyl
ether. Evaporation of the ether solution then gave the free
ester.

The first ester proparid was the benzoyl ester of
»2-brou.6.-bonm phenol, 8 grams of the phenol were dis-
solved in 20 grams of pyridine and te this was added 4.6
gramgy (a calculated 10£ excess), ef benzeyl chlerides. The
Pprecesdure was foumd as ducrﬁod and the ester formed

asceording to the oquauom \c C
A-¢e=0
! AT e
,;D —> N + /&

Evaporation of the ether extract gave a white solid which
after being recrystallized from ethyl alechel five times,
showed a constant melting point of 89.5°-90°,

The p-telusmesulfonyl ester ef 2-bromo,6-bensyl phenol
was prepared in the same way from 8 grams of the phenol and
6.6 grams of p-teluenesulfonyl chlori:k. acsording to the

equatiems







Reorystallization of this compound five times from
ethyl alcoho; gave a white erystalline compound having a
constant melting peint ef 85%.85,8°,

The bensoyl ester of 2,4-dibrome,6-benzyl phenol was
prepared in the oani way uasing 4 grams ef the phenol and
2 grans densoyl chloride, accoerding to the following equation;

O
_c—.'o : :
!/\ “, !—c{\)
2 U=y

\

-.-;..n-': =

Five recrystallizations of this coxpound from ethyl
alcohol gave a white or,stalline eoxmpound with a constant
melting point eof 162°,

The petoluenssulfonyl ester of 2,4-didromogé-densyl
phenol was prepared from 4 grams of the phenol and 2.9
grams of )-tolnonnlnlfonyl chleride. 0

C/ " !“iQ +HE
!

cu>
This compound, when purified by successive recrystal-

1izations frem alcohol gave a white crystalline compound
having a constant meltirg peint of 119°,

The methyl and ethyl ethers of 2-bromo,6-denzyl phenol
were next prepared in the following ways The phenol was dis-
solved in the eorresponding aleochol and the theoretical
amount of sodium added te form the sodium phenolate. When



this reaction was ecmplete the theoretical amount of the
alkyl iodide was uddn@. ths mixture refluxed for five hours
and allowed te stand evernight. The alcohol was them evae
porated off and ths residus washed with water to remove the
sodium 1odide formed in the reaction. The ether was exe
tracted with ethyl ether and was obtained by evaperating
off the solvent.

By this method the methyl ether was prepared, using
20 grams of 2-bromo,6-dbenzyl phenol, 1,78 grans of sodium,
10,8 grams of methyl fodide and 25 eo. of methyl aleohel.

The reactions are represented by the following equatienmss
‘ N

U1 : o B ?
o -4 C ar \.‘"}-
" + Na —> '! i - + (?{)
/e"’
("

This ether was then purified by fractional distillatiem
at reduced pressure. It was feund to bdoil at 139°-141° at
2 mm, pressure,

The ethyl ether was prepared in the same way, using
20 gramg of the 3<bromo,6<benzyl phenoly 1,73 grams ef
sodium, 11,5 grams of ethyl iodide and 25 ec., of ethyl
alechol, The following reastions were invelved:
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This ether wag also purified by fractional distillation
at reduced pressure. It was found to boll at 141'-143‘ at

2 mm. pressure.



ANALYSIS OF THE VALIOUS FREPARATIONS.

The final part ef this problem consisted of the analysis
of each of the warious compounds prepared frem o-dremophemol
for the purpese of determining their constitution and thus
verifying their identity. The anclysis was made for halegen
esntent, This was done by the Farr Bomb methed as deserided
Yy Jo Lemp and H. Brodersomy (J. Amer. Chem. Soe, 39, 2069.
1917). Duplicate samples were rum em sll dut two of the
sompounds, the denzoyl and teluemesulfenyl esters of
2,4-41dromo,6-Densyl phenel, There was only a smmll amcumt
of these two compounds on hand and since in sach case the
first anzlysis gave results that checked very satisfase
terily with the theoretical wvalues, it was not considsred
Becessary te run duplicates. Fellowing is a tadulatiem of

the results of the various analysess

e Ly

2ebronophenyl benzyl ether. B

|

‘wt. of saxzple wt. of bromine ¥ of bromine % of bromine
determined by analysis calculated

7l. «2021 06085 30.11% 30.38%
#2. «2110 06381 30.24%

2=-bromo,6-benzyl phenol.

wt. of sarmple wt of bromine % of bromine % of dromine
determined by analysis c¢alculated

#le « 2013 «06079 30208 30,384
9. _.1062 _06%0%4 0,260



2,4-didremo,6-benzyl phenol,

wt. of sample wt of bromine % of dbromine % of bromine

dstermined by analysis calculated
#le «2082 «09687 46.54% 46,752

#2. +3131 «09933 46.62%

Benszoyl ester of 2-brome,6-benzyl phensl Q
\Y

I'd

ot‘.
i
1

wi. of saxple wt. of droxzine £ ef bromire < of dremine

determined by analysis calsulated
N.  .1986 <04169 21.49% 21.77%
#2. .204 .04403 21.57%

PeToluenssulfonyl ester of 2<bromo,6-bensyl phenol
e
o

y P
6 4 ~.. .
?Q\\
] B
Ve

wi. of sample wt. of bromine < of bromine % of Drexinme

determined by analysis ealemlated
#le 02092 «03991 19.09% 19.16%
#2. +2083 03988 19.13%

(0]
Bengoyl ester of 2,4-dibromo,6-denzyl phenocl. ;%

QC

wt. of sample wt. of dromine X of bromine % of dromine
determined by analysis caleculated

#1. + 2043 .07279 35.64% 35.84%
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p-tolucnosulfouyl ester of 2,4-dlibromo .G-benzyl phenol

G 'C
wt, of saxple wt. of bromine 3 of bromine 0% of bromine

by analysis c¢alculated
determined
#. 02042 «06556 32.11% 32.22%

x

ljethyl ether of 2-bromo,6ebenzyl phenol.

‘CC
Iy
L}

wt, of sample wt. of bromine % of bromine % of bromine

determined by analysis caleulated
#l. «1931 «05541 28.40% 28,.85%
#2, «2013 «05729 28,46
Ethyl ether ef 2-brome,6-denzyl phenol. F5

wt, of pample wt of bromine % of bromine % of bromine
determined by analysis ec¢alculated

#Fl. 01903 «08197 27.31% 27.46%
£2. 1937 «05448 27.28%

In each sase, the structure that had been assigned to
the compound, was verified by analysis.



SUlLRY,

The results of the work outlined in this theais may
be summarized in thae following ways

A satisfactory method waa developed for the preperation
of o=-bromophenol,

3y compoxison with oliier siiple methods of preparation
this mothod wea shown to be sperior.

The views of Datta and Shoumlk, that the sulfonie acid
gXoup may be readlly replaced by halogens, was supported.

Ths sodlum nlromgtro;{:u shown to be sultsble for
blocking the m_nbatitution of halogens.
Tas oexygen and carbom denzylatiom products of o-bromophenol
were prepared and identified im various ways.

The following new compounds were prepareds

The benzoyl ester of 2-drowmo,G-benzyl phenol.

The p~toluenesulfenyl ester of 2-bromo,6-benzyl phenol,

The benzoyl ester of 2,4-dibromo,6-benzyl phenol,

The p-toluenesulfonyl ester of 2,4-dibromo,6-benzyl phenol,

The methyl sther ef 3-browe,6-bengyl phenol.

The ethyl ether of 2-browmo,6-bensyl phenol.

2¢4-413r0m0,6-Denzyl phenol was previocusly prepared and
idcntified by ¥. H. Maxfield.

2-bromophengl-benzyl ether and 2,bremo,b-benzyl phenel
were prepared by R. Dosser but were not identified by
analyeis at that tixze,
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