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INTRODUCTION

The purpoée of this work’haé 5een to determine
Whéther or not the formation of an oxonium compound of a
cresol woulé chenge the directing influence of -the
hydroxyl group.

On the theory of electron disPlaeement1 in
derivétives of benzene,Hart2 has studied the bromination of
para cresol in the presence of strong acids; Under the

3

conditions employed by Hart,Kendall and Carpenter” have
shown that two addition products between para'cresol and
1004 HgS0, could be isolated. These two compounds have the
formulae (CoH,OH) H S04, m.p. 11.0 C. and CoH7OH(H, S0, ) ¢
m.p. 93.5 C., The sharpness of the maximum of the ffeezing
point curve in addition to its high melting point
indicates thet the latter compound is quite stable. On the
basis of the electron displacement theory it would be
peedicted that the formation of an addition product
between para cresol and 100%H_.S0, would change the ortho
and para‘directing hydroxyl (OH) group to a mets directing
oxonium (OH(HESO*)E) group. Due to unexpected sulphonation
Hart was unable to draw any conclusion from his results
as to whether or not the presence of the strong acld had
any influence on the directing power of the hydroxyl group.
J.Lucas, 7.Am.Chem.Soc. 48,1827(1926)

1. H.
2, E.V.Hart,C.TI.T. Thesis (1924)
3. Kendall and Carpenter,J.AM.Chem.Coc. 36,2498(1914)
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Hart carried out the bromination in the absence of a
carrier. Prof.lucas sﬁggested on the basis of considerations
takén up in the next section that the‘presence of a carrier
would sﬁeed up the bromination and perhaps avoid sulphonation.
This work has to do in particular with the carrying out of
this suggestion.



SURVEY OF REACTIONS AND
NECESEARY CONDITIONS

The following equations represent the most probable
reactions that may occur in the bromination of para |

cresol in the presence of 1007 H,S0,.
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Equations A and B represent the desired reaction. It is
evident that if the concentration of the free cresol be
made small compared to the concentration of the addition
product,the desired reaction (B) will be favored,while the
undesired reactions (C and E) will be retarded.

The ratio of the concentration of the addition
product to ihe concentration of the para cresol may be
made larce by employing an excess of 1007 H_B80, in order
to shift the equilibrium of the reaction to the right.

Sulphonation(C) may he retarded by keeping the reacting
materials cooldbelow 10C)(see also Kendall and Carpenter)
However,due to the the large free energy dscrease attend=-
ing this reactlion,if 1t once starts it is very liable to
go to completion. Therefgre ag a further aid to retarding
this reaction 1t is desirable to have a slight excess of
free 80, (2%) to combine with any water formed;

From the above consgiderstions it is apparent that if
the reaction (B) may be speeded up by a catalysist such as
anhydrous aluminum bromife,and reactiong (C¢) and (E)
retarded,by reducing the’concentration of the paracresol
and by cooling the reaeting>materiais,the desired end may
be attazined; |

| It is to be pointed out here that the conditions
favoring the desired reactlon are not as clear cut as

might'be supposed from the above congiderations,for
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although sulvhonation may be retarded by low temperatures,
the desired reaction (B) is also retarded,and further
the presence of bromine is thought to catalysis the

sulphonation,



QUTLINE OF WORK

The resulte and conclusions derived from a series
of qualitative and quantitative experiments will be glven
in this section,while ihe details of the quantitative
experiments will be reserved for a later section.
| The addition product may be prepared by adding cold
1007H, 80, to p-cresol. There ig a slight heat of solution.
A light yellow ligquid resgults which upon standing solidifies
to a white mass,This white solid 1s not soluble in most
organic solvents as is to be expected,however,the above
mentioned liouid is completely soluble in water. The
expected hydrolysié of the addition product to form the
insoluble p-cresol apparently requlres some time,for upon
standing seversl hours a white flocculent percipitate
comes déwn; However,this point was not carefuly investigated
for 1t &aé assumed that the percipitate was the expected
p-cresol derived from hydrolysis of the addition product
which as a matter of fact probably woulld come down ag a
ligquid due to lowering of the melting point of the cresol
by ébsorbed water.

P-éresol wae brominated in the cold {the reaction flask
was constantly in an ice water bath) dissclved in just
enough POOTH,. S0, to form the addition product,that is & mol.
ratic of Y to ?. in the absence.and in the presence of

anhydrous aluminum bromide. It was found that the bromination



proceeded as rapidly a2s the bromine was added in ether case,

although it did appear to go more smoothly in the presence
of the carrier.Before the theoretical amount of bromine
had been added{80%) the reacting meterials solidified.
After; the excess bromine had vapofized,the materizl was
bhrOWn upon crushed 1ce;yie1ding an oll which solidified
upon étanding. This water insoluble materizl when
crystalized from petroleun efher was found 1o ha#e a
melting point of 4f-9 C which corresponds to 3,5 di brom
o3 cresol.Appareﬁtlyfdue to the relatively 1ow concentration
of free crescl‘and the high excess of brominé;the di brom
is the main product; This would seem ﬁo confirm the concl-
usions drawn in the previous: section. |

An attempt was made to brominate p cresol in the cold
when dissolved in an excess of 1007 HESO; both in the
presence and in the absence of a carries. The ratio 6f the
cresol to the acid was ' to 5., In the absence of a carriep
no reaction was observed,ie no evolution of HBP.»Af%er the
reactiﬁg materisls had stood 72 hours the solution had
gradualy darkened to a deep greén,there'was a pronounced
odor of 80, indicating oxidation. What the actuél reactions
were,was not investigated,however bromination was not one
of tnem. In the presence of the anhydrous aluminum bromide,
the bbominatign appeared to proceed,but very slowly. After

standing 24 hours the materiszl
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yielded a smallvamount of a water insoluble product which
was later identified as tetra-brom-g-cressl.

The preceeding experiments have been of a qualitative
nature,a quantitative experiment was now carriéd out. P=
cresol was dlssolved with constant stirring in the cold in
162% H.80,. The mol. rathos belng ! to 5 as before. When
the cresol had completely dissolved bromine which.
contained 17 by weight of alumirum bromide was slowly
added. It required three hours to addeg the theoretical
amount of bromine,during this time the reaction was
observed to proceed slowly,however the concentration of
the bromine was slowly bulilding up as evident from the
dark red color of the solution. The reacting material was
allowed to stand 2? hours at the end of this time crystals
were observed in the solution. Stirring was continued for
another three hoursa at the end of this time the material
was thrown upon crughédiice. A small quantity of water
insoluble materiazl was obtaiﬁed;which when crystalized
from alcohol melted at 196=-197 C. This compound was
later fdund to be tetra brom p cresocl. The agueocus
gsolution Waé not worked up. A second quantitative
experiment was carried out as the proceeding experiment
with the difference that it was carried out in one day.
The:;;gauct‘resulted,but a much poorer yield was obtained
in this case. The agueous phase of this experiment was

partialy workesd up but nothing definite was learned,

T



It.was not considered worth while tc »nay a great deal of
atteﬁtion to the materisl that was cdmpletely soluble
in water,for the rezson that sulphonation hasg occured .
forming the soluble sulphonic acid,which for the object
1ﬁ vien Hart has shwon leads to indeterminate results.
From the above described experimente no definite
conclusion can be drawn as to whether or not the presence
of the strong acid has any influence pon the directing
power of the hydroxyl group. However,it would appear
from these results that the addition product is a meta
directing group becausge of the slowness of the bromination.
Due to the large excess bromine present at any time any
free cresol was completely brominated to the tetra bronm
cresol. It hashbeen suggested by Prof.Lucas that nitration
might be employed instead of bromination with better
sucess. This suggestion was partialy carried out. P cresol
was easlly nitrated in the cold when dissolved in an excess
of 1027H_80, a mol ratio of 1 t9 5 being used. One half
hour was required for the nétration,at the end of this
time the material was thrown upon crushed ice yielding
a water soluble materisl. The nitro cresols are fairly
goluble in Water,so that after partial neutralization of
the acid the solution was extracted with ether.No ether
goluble material was obtained,which'should have been the
case if any nitro or free cresol had been present. The
aqueous phase yield a precipitate upon heating to 100 C
and standing for several hours. What this solid was,was

not determined,but the phase smelled strongly of the
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characteristic nitro compound odor.

During the course of the preceeding experiments
it became desirsble to run = quantitative bromine analysis
u?on brom cresol and tetr: brom crescl. The method of
Robertson4 which has been mo@iified by Buxton® was
employed. The exact details of the modification emnloyed
by Buxton were n t given in hig thes's,they have heen

worked out and will be given in & lsater section.

4 ,Rcbertson,d.Chem Soc,107,902{1¢15)
5,BUXTON,C.I.T. Thesis [1976)
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DETATLS OF EXPERIMENTS

The anparatus employed to carry out the reactions
in was similiar to that used by Hart. That is,the reaction
was carried out in a one liter ﬁ&ree necked fiask. A mercury
seal stirrer was introduced in the central opening,while the

acid was introduced by means of senaratory funnel through

-l

one side apening,the HBr vapor was conducted out of the
reaction f{laekx through the other slide opening. The bromine
was introduced in the same way as the sulphuric acid,

The 102% H_SO, was prepared by adding the calculated
quantities of 957 acid and fuming sulphuric.(i@ﬁ g. 987
acid to 99.2 g of 249 fuming acid.) The final acid

concentration was checked by titration with a standard

hases.,

First Experiment
Wt of p-cresol C7H70H 25 grams = .231 mols ratio 1
Wt of 1024 H,_S0, 113 grams =1.160 mols 5
Wt of bromine 40 granms = 250 nols !
Tt of aluminum .37 grams

The acid wae run through a separatory funnel into
the flasgk containing the cresol with constant stirrin.,
The reaction flask was immersged in an ice and water bath,
the acid had just previously been kept in an ice water
bhath. To the theoretical amount of bromine required to
oroduce the mono brom cresol 1% by weight of aluminum
plus the amount of bromine required tc combine with the

aluminum was added. The bromine plus aluminum bromlde



wae 8lowly added with censtant stirring to the contents
of the flask. The additior of the bromine reaquired about
three hours,during this time & slow evolution of HBr was
ohserved, During the addition of the bromine the color of
the solution gradualy changed from a light amber to a
deep cherry red indlcating o building up of the concentration
of bromine. The contente of the flask was allowed to stand
over night at the end of this time crystale had separated
out,however ithe solution was still a deep red color.
Stirring wag started again and contlinued for three hours,
at the end of this time,the still deep red solution, waz
poured upon crushed ice.The Iinal volume »f the solution
being 250 cc. The above mentioned crystals were insoluble
along with a white perqipitate obtaiﬁed on dilution with
water

The solid was washed with water and dried (weight €.2g)
when crystalized from alcohol it melted at 195-€. ‘he fact
that this compound was tetra brom cresol was not recognized
at first,because it was found to be insgoluble in 6 n NaldH
which would indicate that the OH group had been absent.
However,it was later found to be soluble In dllute NalH.

No sttemptwas made to work un the solution for the

reason already given.



Second Experiment

wt.of p-cresol C7H»OH 25 grams =.2%1 mols
4 of 1027 H, 80, 113 grans =1.14 mols
Wt of bromine 40 grams - = .23% mols

Tt of a2aluminum 37 grams

The aclid was prepared and run into the reaction
flaek as before. Before the bromine was added what appeared
to be the addition product began to percipitate,however,
the bromine was slowly'added requlring about two hours.
During the course of the experiment the solid that first
geparated out dissolved. When approximately 9¢% of the
bromine had been added { aluminum had been previously
added to thie bromine and had reacted to form aluminunm
bromide zs in the preceeding experiment) a solid began
to separate out. The solution gradualy became a cherry
red asc before. The contents of the reaction flask was
poured on 240 grams of ice,a white p@%cipitate resul ted.
Thisg pércipitate when washed =nd dried weighed.(3.6gr)
Thig solid when crystalized from alcohol melted at 195-6
corresponding as before to tetra brom creéol. An attempt
was made to work up the above filtrate but nothing of
interest was learned.

The very low yields,based upon the cresol(6.3% in
the first experiment and 3.79 in the second case) of the
water insoluble tetra brom crescl would indicate that

despite percautions a greatl deal of sulphohation had
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occured. As mentioned before,bromination of the addition
product appears to take nlace very clowly 1f at all,and
due %o the high excess of bromine present as indicated |
by the cherry red solution any free crescl 1s completely
brominated to the tetra brom compound. As the bromlination
of the crescl occurs the equllibrium of the reaction

(A) evidently shifts to the left since the amount of the
tetra dbrom product 1s vroportional to the duration of the
experiment. The above mentioned fact in connectlon wlth
the previously mentioned clow rate of hydrolysis of the
addition product would seem to indicate that the equil-

ibrium of renction [A) may he shifted only very slowly.



DETAILES OF HALOGEN ANALYSBIS
PROCEDURE
The method of halepen annlysis proposed by

Robertaon4

congists in brief of decomposing the halogen
by means of concentrated sulphuric acié and chromic
ahhydride. The libersted halogen and halogen acid are
absorbed in sodium hydroxide and hydrogen peroxlde. The
amount of halogen absorbed 1s determined by the Volhard
method. Robertson mentions in his work the fact that due
to the presence of the H,0, the red color of the Fel{SCN),
of the end point disappears rather rapldly. At the
suggestion of Prof.Lucas,BuxtonSfound that by boiling
the absorptiﬁn solution with ferric hydroxide winich
catalysis ﬁhe decomposition of H 0, a much better end
‘point in the Volhard determination could be obtained.
Buxton did not give the complete detalls of his modification.
Since this halogen analysis procedure is more or less
routine work the complete detalls are here give.

The apparatus is that employed by Buxton,in assembling
the apparatus 1t is advissble to connect the parts by
- thick walled rubber tubing,both the ground glass stoppers
and the tubing should be lubricated with syrupy phosphoric
acid in Qrder facilitate removal and to prevent the halogen

from reacting with the rubber.

The reagents employed should be free from halogen,
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The XSCN solution should be standardized against the
standard silver solution by carrying through a complete
blank run., This will teke care of any trace of halogen
in the reagents. |
Sufficient sample to give the equivalent of 9 cc
df .1 N AgNO, 1s welghed into the reac;ion flask,30 cc
of . cold concentrated acid is then added to the reaction
flasgk by means of a funnel., It is advisable to immerce
the reaction flasgk in an ice water bath in order to
control the reaction,further it 1s important that the
substance should be completely dissolved in the acid
before the chromic anhydride 1s added,this prevents loss
of sample by volitization., After 40 cc of W NaoH and 20
cc of 37H_,0, have been placed in the =bsorption flask,.
the apparatus is assembled. Ten grams of chromic anhydride
may then be added to the cold solution of the sample
dissolved in the acid. The contente of the flask should
be very gently heated at first,taking care that the
reaction does not proceed to rapidly. “fter 3/4 hour of
heating the reaction is usually comnlete and in order to
completely remove any halogen vapor & slow stream of air
ghould be passed through the apparatus. To do this it is
advisable to employ & manometer on the air supply in
order to estimate the required pressure and also to prevent
the contents of the flask from backing up.

4, Robertson,J.Chem.Soc. 107,902(1915)
5. Buxton C.I.T. Thesig (1928)
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It was found that the total quantity of H 0, contained
in the absorption apparatus may be decomposed by boiling
the alkaline solution for ten minutes in the presence of
Fe{OH}a. One cc of N Fe{NO4), added to the absorption:
solution has Dbeen found to be sufficient,if more 1s used
itais=very difficult to change the collodial Fe(OH), to
the nitrate.upon acidification.

After boiling the absorption solution with the
ferric hydroxide ,the solution should be cooled in an
ice water bath and then acidified with 20 cc of 6 N
HNO4.. The excess acid 1s employed_to prevent the hydrolysis
of the ferric nitrate. After acldification 9 cc more of
N Fe(NOg4)a is added to the solution. It is important that
exactly the same total quantity of ferric nitrate be added
in each case,the above amount has been found to gilve a
sharp end point.
| The above solution may now be titrated by the regular '
Volhard method for determining halogen. It may be bointed
out here that in the determination of bromine it is not
necesgary to filter out the precipitated silver bronmide
but it is advieable because the silver bromide having a
slight yellow color maker it difficult to recognize the
first trace of red Fe(SCN),.. To give an ideaof the
reliability of the above procedure 2nd the accuracy of the

of the end point the following resultis are given,.



Four different runs were made on a falrly pure
sample of tetra brom para crescl obtained from exper-

iments one and two with the following results,

Run No. Percent bromine
Found Calcenlated
I 73.95 75450
11 73.29
111 : 7§.§£
v 74,57

The following .resulis were obtained using a very
pure sample of brom cresol.

Percent bronine
Run No Found Calculated

I 42.2% 42,7
IT 42 1%



SUMMARY

1) A presentation of the most probable reactions
that occur in the bromination of para cresol in the
presence of strong acids (1007 H_80,) is given,in
addition to a discussion of the most likely conditions
to achieve the desired recsult.

{2) The bromination of para cresol has been shown
t6 procedd quite easily with or without a carrier in the
presence of'just sufficient 1007 H.S0, to form the addition
product. The chief product insoluble in water being 3,5
@i brom cresol.

{2) In an attempt to brominate p cresol without the
aid of a carrier in the presence of an excess of 100%
H,80, sulphonation and oxidation occured.

{4} In brominating p cresol in the presence of
anhydrous aluminum bromide the chief water insoluble
product has been shown to be tetra brom p cresol. The
formation of the compound has been explained to be due
to the apparently slow speed of the bromination of the 7
addition product,with the result that any free cresol is
completely brominated by the large excess of bromine
present.

{5) Details of the procedure for halogen analysis
of organic compounds have been given.

In conclusion,I wish to take this opportunity to

thank Prof. H.J. Lucag for his kindly advice and



help extended to me throughout the past two years,both

in the laboratory and in the classroon.

DATA
2 brom p cresol m.p.55=-56°9C
3 brom p cresol m.p.17-18°¢
2,5 d1 brom p cresol m.p.48-49°C
2,6 di brom p cresol m.p.27°C
2,3,5 tri brom p cresol m.p.102°¢

tetra brom p cresol m,p. 196-?9?06
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