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A STUDY OF' THE BROMINATION OF PARA-CRESOL
IN WATER SOLUTION AND IN HYDCROCHLORIC ACIT.
ALSO DISCUSSION O THE BROMINATION OF
FHIENOL IN WATER SOLUTION. et

References: No references were avallable on the

bromination of phenol and cresol in

water solution. Any credit fof the

&onception of this prccess, and its

future value must go Lo Mr, H.‘J.:

Lucag, of the Califarnia Institute

of Technology. The design of ths

apperatus, and the méthods used in

overcoming dirficulties, are products

of thig laboratory.

STATEMENT OF THE PROELEM

On the theory of electron diéplacement,
and the effect of side groups on the bromination of the
benzene ring, it was proposed to study the bromination
of para-cresol in neutrel, and in &cid solution. Pre-
1iminary work was first done on the bromination of phenol
in water solution, mainly to master.the technic and over-
come difficulties encountered. The first consideration of

"interest was to determine whether the presence of a large

‘concentration of HY affected the introduction of Brz.
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THE PROBLEM
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In benzene, 06H6’ we have
thirty electrons which have'to be
arranged in octets around the six

carbon atoms. The simplest arrange-

ment seems to be a ring with the

six carbon atoms in contact with e
triple electron contact betwaan each
two. This arrangement seems to
iﬁtroduce the least strain in the
molecule, and gives a symmetrical
placement of the electrons. Kekules'
conception of the moleéule congiste of
three sets of pairs of carbon atonrs,
the cells in each pair héving four-
fold contact with each other, but
only double contact with the neigh-
boring pairs.

The rate of substitution, ranging
from strongly (+) to strongly (-) is:

OH, NH2, ¢i, I, Br, CHS; COEH, S0 H,

3

NO2 with some question whether I should

. In neutralssolution, and because of

3 and the OH, when

para-cresol is brominated with only the reguired amount of

‘bromine for one substitution in the ring, it is found that
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practically all of the replacement is in the 3- position.

In other words,:the combined effect of the OH in tttraction,
and the CH3 in repulsion, causes the RR to substitute for

H in the 3- position.

Due to the tendency of the

. . «; phsnols to form salts_inrstfong acid
H.E'H | : solution by adding H* to the OH,
. g‘.. it was thought possible.thét a
HIC6  2CiH bromination carried on in 12 N. HC1

¢ o » Pr—

would give different results than

HICH 3C1H
. - a bromination in neutral solution.
| g ) With additional HY add=d on the OH
ey . its effect of attraction should be
ﬁ lessened, and more Rr would go to the

2- position. The regulics will be dis-
para-cresol -
cussed later.
After the technlc was nastered

and an apparatus designed tbat would make COntlnuous extraction
with a solvernt possible, four brominations were carried out.

In each case 50 grams of para-cresol was used. Two of the
brominations wers cerried out in neutral solution of weter;

the other two were done in 12 N. hydrochloric acid. In each
, the

case ef golution of the brominsted pr*ﬂucts in ether wsre
dried over anhydrous sodium sulfate and distilled in vacuo.
The amounts of materisls used, time, temperaturse, length of

extraction, and the ressults of the dlotnilatlon are given

at~thé back part of this paper.



Page FPFour

RESULTS ANT RECOMMNENDATIOQUS

2

No definite results can be deduced from this
ekperiment. " In the first place considerable difficulty
Was eXbérienced in getting good seperations. With the
bulk of the brominated product distilling at 104° at 20
mm, and with only a small fraction present at athe higher
boiling points, it.WOuld be unwise to draw conclusions
on the brominétion in the 2- position which is rspressnted
by the higher Boiling products, from the date at hand.
Many more brominetions will have ito be carried on before
a conclusion can Ee drawn.
Also, until a method of analysis‘of the brom-
cresol compounds is found, no accurate data.can be bbtained.
Also, until a preceedure is found by which the
brom-crescl compounds can be changed into other derivatives,
such as the acetate, benzoate, stc., with boiling points
or other physical properties that Will permitveasy
seperstion it will be difficult to draw conclusions from
tﬁe Pesulﬁs of the bromination.
I cannot suggest any modification in the appar-
atus. It worked well for ths purpose desired. Detalls of

its construction are found in this.paper.
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The preparstion of brom-para-cresol in water
solution. - Description of a run, and method
used for extraction.

Fifty grams of para;cresol were dissolved in
4 liters of water in the 12 liter Pyrex flask. Twenty-
three cc's of bromine, dissolved in 6 liters of wétér,
was slowly introduced through the sepgratory funnel; the
complete introduction @imed to about one and énthalf
hours. The solution of para-cresol was vigqroﬁély stirred
thruout the reaction to &inimize the formation -of di- and
tri—brom_compoﬁnds dus to a local excess of’bromine. A
flocculent precipitate of brom-para-cresol is immediately
forred in the water solution. When all the bromine is intro-
duced into the reaction flask and the reaction ig completed,
salt is added to exéess to lower the solubility of ether in
the solution.

| After the addition of the salt one liter of ether

.is added, and the mixture stirred. A total of three liters
bf ether is added, about two of them in the extraction
flask, and th= other in the 3 liter Pyrex receiving flask.
Enough ice cold water is added through the coil condenser
‘trap to bring the layer of thé solution in the extraction
flask up to the overflow into the recesiving flask. The
stkrrers must be adjusted so that whgn they are running’
about three inches of ether layer remains in the upper part
“of the extraction flask. THIS IS IMPORTANT; OTHERYISE

WATER WILL BE CARRIED OVER INTO THE RECEIVING FLASK.
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The hot water heater must be adjusted for
electricity and water flow at a.temperature of 50-55°C.
The cold water 6Qndensers must have a good flow of water,
for the ether vapor comes over at a rapid rate, and must
be condensed.

With the hot water at the proper temperature,
about Zo»ccfsvofxgthér should be distilled over psr minute.
The solution in the extraction flask gradually changes
color due to the introduction of fresh ether, and the
collection of the brom-compounds in the raceiviﬁg flask.

The extraction should continue for at least £4 hours.

At the end of the extraction the stirrers are
stopped, and cold water is introduced into the éxtraction
flask (slowly!} until all the ether layer has flowed into
the receiving flask. The stop-cock of the separétory funnel
is then closed, and the "T" connection from the water con-
denser 1O the sepearatory funnel_can ba connecteé éiractly to
a 3 liter bollle for the recepticn 5? the excess ether now
.present in the raceiving flask. This excess ether is bolled
off until only 400-500 cc's are 1aft in the receiving flask.
The brom-para-cresol compounds are soiuble in this amount.

The brom—para—dresol compounds in'ether are
cooled, and dried for several weeks over énhydrous sodium
sulfate.

To stop the extraction at any time all that is
'necessary is to stop the motor, o3 stop the water heater,
‘Which/automatically surrounds the ether in the receiving flask

with cold water and the whole process coasss.
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When the para-crecsol was brominated in 12 N.
E-hydrochloric acid the fcllowing modificaﬁions of the pro-
ceedure in water solution wére‘necessary:

| Ether iIs soluble in concentrated hydroghloric
acid solution, due to the formation of salt compoﬁnds,-and
-therefore the_acid had to be neutralized, or nearly 80,
before'the'ether Wasrinﬂroduced. NaHCO3 was used, and was
slowly (CAUTION!) added to the acid immediately after the
cresol was brominated. A sludge of bicarbonate ard water
was used. Consideréble diffulty was enountsred to prevant
foéming, and conseqguent loss of gome df the products of the
reaction. ”

Because of thes formstion cof NaCl by the reaction
of the bi-carbonate and the acid, no additional salt was
needed. The salt erystzls formed in a very fins state
thruout the solution, almost liks a finerprecipitste, but

upon stending they were transformed into large crystals.

L andn oLt
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VACUUM DISTILLATION AFPARATUS
B2 I
The'vacuum distillation apparatus was a regular
set-up, consisting of Claysen flask, condenser, receiving

flask with five containers, which permitted fractionation4

‘without stopping distillation, drying tube c¢ontaining CaClz,

mercury.manqmeten, water trap,vthree—way stop-cock, and
water wacuum pump; A vacuum as low as 16 mm was obtained.
A ceresin bath was used to razise the temperatﬁre'up to
150°C, and for higher temperatures the direct Bunsen flame
wes used. A small coil of glass tubing was used with the
Claysen flask,“and acted as é fractionating column.

Some of the minor points of the problem which
deserve mention are:

The ether had a bad effect on all rubber parts;
the alternate swelling and drying caused the rubber to
crack badly, and it was soon rehderéd worthless. ﬁo remedy
'Was‘found.

The ether recovery was only about 50 per cent,
due no doubt to the low temperature at which it boils, and
the consequent diffulty of working with it at room temper-
ature.

The .sodium sulfate used for drying must be
finely divided. About 200 grams was used to dry 500 cc of
the ether solution ¢of the trom compounds.

The extraction apparatus was simple to operate,

and should be of value in any process where Jong eztraction

is desired without much hand labor.
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RESULT OF TIME RUN FOR BR™ WHEN ORTHO-
BROM-PHENOL WAS KTPT IN THE FRESFNCE
OT WATER. % - x

When work on the bromination of phenol and
cresol in water solution was first proposed it was
“thought possiblelto remove the water that was used for
thebsolvent by boiling; or at least by/raising the water
to the point whefevit would steam. It was even‘proposed
to work in vacuo. As is shown in the_detaiied‘values of
the results obtained this m=thod of removing the sxcess
weter was not a success. |

It was thought that the continued presenée of
water or water vapor at room témperature would sgeriously
affect the stability of the brom-phenol molecule, causing
part of the product to break down, giving Br*.i To provs
whether there was this breakingrup'of the mo1ecu1e$tw0
solﬁtions‘of ortho-brom-phenol in water, oﬁe .1N acid and
the other neutral, were tested for several dajs for the
presence of Br~ by the standard voluﬁetric‘analysis of
AgNO; and NH,SCN, using ferric alum as an indicator. After
seversl day's tests, it was concluded that there wés no inéi-
cation of the decomposition of ths brom-phenolbcompound.

It was found, though, thatAwhen a water solution
of ortho-bromphenol contained as liitle as ¢.05 grams of
Nazcos to every .163 grams of brém—phenol-and was heated
to 60°C for 1% hours, enough AgBr wes precipiteted on the

addition of AgNO3 to be visiblse.
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DETAILED DATA ON BROM-PHENOL and BROM-PARA-
CRESOL MADE IN WATER SOLUTION and in 12 N.
HYDROCHLORIC ACID SOLUTION.

#38 HH%

10 grams phenol Te 22°C

300 cc water time: < hour
3 cc bromine Solvent.: CCl4

500 cc water

Yield very imperfect - not separated. Tri-brom
phenol re-dissolved in water. Tried boiling
excess water off &rd extracting with CCl, - but
lost much product in escaping steam. No% a
praciical method of removing water. .

50 grams phenol To 22°C
1500 cc water ~time: 1 hour
28 cc bropine solvent: 0014

2500 cc water

Gross yield of o, p, di-, tri-brom-phenol was

34 gramgs. Not a good seperation of organic pro-
ducts from the water solution. Trisbrom-phenol (?)
formed brown o0il mass in water. :

50 grams phernol Te 23°C
2800 cec water time: 1 hour
28 cc bromine solvent: CC1

BEOOQ cc¢ water 4

Lese s0lid przacipitate due to larger amount of water
present. It was found that CCl, was not a sultable
solvent, and after this experimént ether was sub-
stituted.

50 grams phenol To 220(
2500 ce water time: 1 hour
28 cc bromine solvent: sther-

5000 cc water

Continuous extraction apparatus (1922~23 model) used.
Extraction time approximately one 8ay (24 hours).
Salt added to water solution before ether was added
to lower solubility of ether in water.

Duplicate of D.

D and E were mixed, and then distilled in vacuo, and
products cataloged under Key Number I. :
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Distillation Record D and E

A 84.5°

B 90° -%93° ~ 96°
c  124°
126°

- 86.00

-%124.8°

71% extraction

50 grams phenol
2500 cc water
28 cc bromine
500C cc water

21 mm 65 grams
" 6 "
20 ‘mm €0 "
Te 20°C
time: 1 hour

solvent: ether
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Successful run with newly designéd apparatus (1923-

24) - &

Distillation Record

A 79° - B2°

B 92° -~ 120°

c 120° -%122° -
124°

D 124° up

53% extraction

-

50 grams para-cresol
4000 c¢cc water
23 cc¢ bromine
6000 cc water

Successful run of 1922-23.

Distillation Record

A 101° - 101.5°
B 104° -#119.4
120 .5°

c 130° -%165°

49% extraction

16 mm 25 grams
17 mm 7 "
1] 3 5 134
- 4 " precovered
from flask
T° 20°C _
time: 1% hours
solvent: ether
18 mm 42 grams
28 mm 6 "
30 mm v oo
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v 50 grams para-cresol Te 20°C
o 4000 cc 12 N HC1l, com. time: 1% hours
23 cc bromine solvent: ether
3000 cc 12 N HCl, com. extraction time: 24 hours

1923-24 improved apparatus as shown in drawing.

Distillation Record

A 104° - 105° 20 mm 51 grams

B~ 108° -x110°- 20 mm 5 "
120°

¢ 120° - 140° 20 mm 2 "

D | 140° - presidue 20 mm 16 "

decomposition was rapid at this temperature.

85% extraction.

VI Duplicate of V
Distillation Record

a 40° - 100° 19 mm 3 grams
A 101° -x104° 20 mr 46 "
B 106° -x112° -
T 120° 20 m - 7 "
c 120° -%138° - 20 mm 9 "
= 1400
D 140° residue 20 pm 17 "
same decomposition noticed . at this T°.
97 % extraction.
VI 50 grams para-cresol Te 20°C
, 4000 cc water time: 1} hours
23 cc bromine , solvent: ether
80C0 cc water extraction timre: 24 hours

% indicates T° where bulk of distiilate came over.



;fVIi, continued

Distillatibn record

A 101° - 102.5° -
*10 4°

B 106° -%112° -
120

c 152° - 157°

D residue

70 % extraction

VIII Duplicate of VII

Distillation record

A 101° —%104°‘

B 120° -%148° -
#1562

[9 residue

60 % extraction
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19-20 mm 38 grams
19-2C mm 8 "
20 mm 16 "
i 3 n

20-21 mm 80 grams'
17 mm 11 "
8 L]

IX Number VIII refractionated.

Distillation record

a 80° -87.5°
A 96.5° - 98°
B 135° ~ 150°

26~27 mm 8 grams
22-23 mm 42 "

6-7 cm 11 "

gas, vapor, much bubbling in flask; dscom-

position (%?).

The peculiar results of this

fractionation have not been explained.
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" Phenol distills at 84°C, at 20 mm.

v Bara~brom—phenol distills at 124.5°- 125° at 20 mm.

-

2Brom~para-cresol (Pomeroy) distills at 1385° at 20 mm.

' 2Brom-para-cresol (Scudder) distills at 136.5 - 138.5°
: at 21 mm.

Para-cresol distills at 99° a2t 19 mm.

3Brom-papa-cresol (Hough) distills at 103 -~ 105.5° at
19-20 mmé# . Number X.

3, 5 di-brom-para-cresol made in C8,. solution from

bromine and para-cresol.

50 grams cresol Te 20°C

200 cc CS time: 1 hour
46 cc bromine

100 cc Csz

SAraanaril R

Distillation record.

XI1I A 105° - 120° 22 mm
B 120° - 130° 22 mm
c 130° -x1340 -

*¥138° - 140° 22 mn
140° - 150° 22 mm

Ea, Eb, Ec, 1500 -
#15%7° -%186B8.5° 22 mm

e



1. 12 1, round hotiomed Pyrex flask

2. gravity flow tuke with traypy {rom extractlon flask to
ether recovery flask. FFlasks arrangasd ¢ ey would
flow by gravity. Trap introduced of
ether from returning to extractlon

3. 3 1.

round vottomed Pyrex flask where ether ig bhoiled
off, but whsrs extrsctsd products zre recovered. Kept
at BO°C by walter heater (4). '

4, Coil of nichrome wire in water condenser jacket, regulatsd
- by rheostat below (3), and which kept water at EQ°C.

on
-

Water condenser fed vy (4) which served to keap ether
vepors hot untll they reached condenser ().

6. Water coll condenser which acted ag a irap for ethsr
vapors, and also Tegdlahﬁﬂ the osressure of apparatug by
its connection with air. - '

7. ‘1 1. separatory funnsl used to irtroduce and regulate
brorine solution, and zlso collected ether alter ex-
traction was finisghed. .

8. Tater condeuser to condense sther vapors.. Conrniected
with (8; in series with city wafer mains.

9. Double acltion stirrsr not visible in flask, but run fror
motor and syste: of pulleys. Thorough stirring is
necessary to break up ether strsen and laysr.
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Detailed drawing of
extraction flask
stirrer and other parts
attached to cork.

Stirrsr is arraneged to

revolve in opposite
directions.

\ 7/




Physical Constants

2 Brom-para-cresol

3 Brom-para-cresol

Phernol

Para-brom-phenol

FPara-cresol

3, 5 di-brom-para-
cresol v

AFPPENTIX
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55° - E6°
245° - 246° at 760 mm
136.5° - 138.5° at 21 mm

17° - 18¢°
£13° - 214° at 700 mm
103° - 10E5.5% at 19-20 mnm

42 E?
183° at 760 mum
842 at 20 mm

63° - 840
238° at 760 mm .
124.5° - 128° at 20 mm

36° v
201.8° at 760 mm
99° at 19 mm

157° - 158.5° at 22 mm

he
o
o,



