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THE REACTION OF METALLIC HYDROXIDES
ON SECOKDARY BUTYL BROMIDE
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INTRODUCTION

The alkyl halides are among the most important of
the synthetle reagents of organic chemistry, due to the
ease with which they enter into chemical reaction with

many other substances. The chemical properties of this

group of compounds have therefore been extensively
studied. liost of this work has been qualitative in nat-
ure, though in recent years conaiderable attention has
been given to quantitative measurements of their re-
activity. Conant, Kirner, and Bulaoyl studied a variety
of halogen compounds, measuring the rates of replacement
of certaln halogens by iodine, using potassium iodide or
sodium iodide in acetone solution. Toward this reagent,
the primary halide proved to be the most reactive, and
the tertiary the least reactive. This particular re-
action was selected because it gave the same type of
product with a large variety of halogen compounds and was
relatively free from side reactions. Slntor2 measured
the rate of reaction between organic halides and sodium

thiosulphate in water and in mixtures of alcohol and

l. J. Amer. Chem. Soc., 47, p. 488 (1925).

20 Jo Ch(’m. SOC-, 105. po 1689 (1913)0




water, and obtained results which compared favorably with

those of Conant. Nicolet and Stevens® carried out the
hydrolysis of various alkyl halides in neutral alcohol
solution and found that secondary halides showed a more
rapid reaction than the corresponding primary halides.
Noller and Dinamoro‘ studied the reactions of alkyl bro-
mides with pyridine and reported that tho. removal of
hydrogen bromide and quaternary salt formation were two
simultaneous independent reactions.

This study is part of a comprehensive investiga-
tion of the hydrolysis of various types of alkyl halogen
compounds. The action of the hydrolytic agents on alkyl
halides generally results in the simultaneous formation
of two different types of products, alcohols and olefine
hydrocarbons. The alcohols are formed by hydrolysis and
are usually the chief products, while the olefines are
obtained through the elimination of halogen acid and
generally represent side reactions. The equations rep-

resenting these reactions are as follows:

N i H OH NaOH
(1) ananlx ¢ NaQOH w=p Cn s 4

X ¢ NaQOH === C H ¢ NaCH ¢« H O
n 2n

(2) an o

2nel

3. J. Amer. Chem. Soc., 50, p. 135 (1928).
4. Ibld., 54, p. 1025 (1e32).
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The purpose of this investigation was to find the
relative amounts of alcohol and olefine hydrocarbon pro-

duced on the hydrolysis of secondary butyl bromide using
different hydrolytic agents under varying conditions of

temperature and of concentration of the hydrolytic

agents.




and barium. Aqueous Mﬂm onld-. and
barium hydroxides were used, so that the solutions were
saturated at all times with the reagents. In most of the
reactions 500 ce. of aqueous solution or suspemsion were
used with about 12 grams of the secondary butyl bromide.
With 258 potassium hydroxide only 200 cc. of the solu-
tion were used. Il. all reactions the hydroxide was used

in excess.

The reactions were carried out in a liter pyrex
round bottom flask provided with a tight rubber stopper
fitted with a reflux condenser, a mercury seal motor
stirrer, and a short plece of glass tubing closed at the
outer end by means of a short rubber tudbe and a screw
clamp. The butyl bromide was introduced into the re-
action flask through this tube. The condenser served to
condense the secondary butyl bromide which may have vola-
tilized during the reaction, and return it to the re-
action flask. The end of the condenser was provided un}
& trap, and a delivery tube which led to a three liter
flask where the gaseous olefine hydrocarbons were
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the same temperature. The secondary butyl bromide was
then pipetted into the resetion flask Shrough the glass
tube mentioned above. At the end of the resstion the
residue of olefine was forced into the reseiver by rill-
ing the reaction flask with water through the trap at the
top of the condenser. The olefine remaining 1n the con-
denser and in the m tube was then anpt out by
passing air inte ﬁm through the same tube by which
the secondary hll,‘ m was introduced.

The nm u- of the reaction was estimated
by the period through shich the olefine hydrocarbon was

produced. This time does not have any great significance

because the force of agitation, which could neither be
measured nor kept constant, was one of the factors which
affected the speed of the reaction, as well as 4id the
reagent and the temperature. In all cases the heating
and stirring were continued for an hour or more after the
formation of the olefine hydrocarbon had ceased. Contine-
uing the hydrolysis for a period of ten to fifteen times
that of the period of olefine formation did not bring

the reaction to completion.




mixing of the ressting substances. In one resstion with
silver hydroxide at 60° the bromide was introduced &1-
rectly into the flask 8o as to eliminate the possidility
ormoratrwomhmlbu~”hom
which it had previously been introdused into the reaction
mixture. About every thirty minutes throughout the re-
action, 20-25 cc. of water heated to 60° were introduced
through the trap in the top of the condenser into the re-
action mixture. This was done to remove any bromide
which may have condensed and carry it back into the re-
action mixture. At the end of fourteen hours the re-
action rlask was full, so that there was no need of add-
ing any more water through the condenser in order to
force out the remaining olefine. The entire contents of
the flask then had been in contact with the silver hydrox-|
1de and there was no way for any of the butyl bromide to
be present except in contact with the silver hydroxide
solution. The reaction was run for a total of fifteen
hours, while the time of olefine formation was only KN'O.J!
fourths hours.

The reaction temperatures with silver hydroxide
were 30°, 50°, and 60°. The temperatures used with




potassium hydroxide were 50° and 60°, end with sodiwm,
caleium, and barium hydroxides the temperature was 60°.
At any lower temperatures these last three suuu re-
acted so slowly as to be unsatisfastory.

The alcohol was recovered by the distillation of
the reaction mixtures after they had been made neutral to
phenolphthalein using nitric acid. A graph had been made
previously in which concentrations of aqueous solutions
of secondary butyl alcohol were plotted against refrac-
tive index. These aqueous solutions of the secondary
butyl alcohol were made up by weighing alcohol and then
water into a tared flask. The refractive index was de-
termined by means of an Abbe refractometer that read ac-
curately to the fourth decimal place. The results are
given in Table I. This graph was to be used in deter-
mining the weights of the recovered alcohol from the
various reactions. In no case, however, did complete re-
action occur, so that the alcohol was always contaminated
with small amounts of the secondary butyl bromide which
made it impossible to use this method of analysis. The
general plan followed was to determine the amount of
olefine and the total weight of metal bromide. The me-
tallic bromide equivalent to the olefine, when subtracted

from the total amount of bromide formed, gave the weight




astual weight of aleohol could be eale

The olefine was MW mixture of
air and olefine through f!ll.l:lllllllllﬁllllb the loss
representing the volume of olefine. m analysis
an Orsat gas analysis apparsatus was used.

The analysis for the metallic bromides (except in
the cases in which silver hydroxide was used) were car-
ried out by diluting the resction mixtures to a known
volume and titrating aliquot portions with standard sil-
ver nitrate solution. The silver bromide was determined
by dissolving the excess silver oxide in boiling nitrie
acid and weighing the washed silver bromide in a Gooch
crucible.

The time of the resstions varied from three-
fourths hours with silver hydroxide at 60° to fifteen
hours with sodium and potassium hydroxide at 50° . In
all reactions a measurable amount of olefine was formed
and in no case did the reaction go to completion. In an
investigation of the hydrolysis of tertiary butyl bro-
mide, loShan5 reports that tertiary butyl bromide was
hydrolized completely by silver hydroxide at 60° in one

5. McShan, Thesis, University of Missouri, 1933.




hour, and by potassium hydroxide at
He reported tint silver hydroxide at
hydrolytic agent which did not pr uce 8o
With secondary butyl bromide the te
a marked effect upon the rate of ¢! ) hydro.
sis going to apparent completion ‘*M
in three-fourths hours at 60°, one and one-half hours at
50°, and six hours at 30°, while with potassium hydroxide
the reaction went to m in seven and
one-half hours at 60° and fifteen hours at 50°, The time
of reaction follows the law that the speed of reaction
approximately doubles with each increase in temperature
or 10°,

—— e Y



Preparation of the Secondary Butyl Bromide
The secondary butyl bromide used in these re-

actions was synthesised by the action of gaseous hydro-
gen bromide on secondary butyl aleohol. The aloohol was
the best grade obtdn.blol’mﬁmmm
and was redistilled through a §0 em. fractionating column.
It bolled at 98.9°. The hydrogen bromide generator con-
sisted of a 250 cc. filter flask fitted with o mercury
seal motor stirrer and a separatory funnel. About twenty
grams of red phosphorus were placed in the flask and
covered with 30 cc. of water. Bromine was added at the
rate of about twenty drops each minute through the sep-
aratory funnel. The hydrogen bromide gas generated was
passed through the side arm of the flask and through an
inclined condenser which served to condense any water
vapor. From the condenser the gas was purified by a
train of tubes. The first of these tubes contained moist
red phosphorus and fine asbestos which reacted with any
bromine which came from the generator. The second tube
contained anthracene and asbestos; this also served to
remove any free bromine. The third tube contained anhy-
drous sodium sulphate which served to free the hydrogen




bromide of moisture. The gas was then passed through a
trap, which was provided in MWMMM
back, and then through a delivery tube into s flask con-
taining 200 ce. of the secondary butyl aleohol. The ale
cohol was cooled with a salt-ice mixture. At the comple-
tion of the reaction the secondary butyl bromide and the
aqueous hydrogen bromide separated into two layers. It
required twenty-two hours for this reaction. Tbo bromide
layer was then separated and again saturated with hydro-
gen bromide. The secondary butyl bromide was washed with
water, dilute sodium carbonate solution, and then with
water until the washings gave a neutral test with litmus.
It was then dried twenty-four hours over calcium chlo-
ride. After decanting from the calecium chloride, the
bromide was fractionally distilled and the fraction boil-
ing at 90.5¢.2° at 740 mm. was collected for use in the
reactions. The refractive index of the purified bromide
was 1.4343 at 20°, compared to 1.4344 given in the 1it-

ontma for secondary butyl bromide.

The silver hydroxide used in the reactions was
prepared by the action of silver nitrate and potassium
hydroxide. A slight excess of silver nitrate was used

6. Int. Crit. ‘!'tb., l. Pe. 277.




80 that no potassium hydroxide would remain in solution
and then the silver hydroxide was washed free of the
silver nitrate. Silver hydroxide is only slightly solw-
ble in water and exists ummm-
Agz0 (s0114) 8%~ AgoH (solutton).
Eydrolysis with Silver Eydroxide

Reactions with silver hydroxide were carried out
at temperatures of 80°. 50.. and 60°, The approximate

time of the olefine formation was three-fourths hours
at 60°. one and one-half hours at 5°°. and six hours at

30°. The alcohol was mot resovered.
The results for these tables are given in Table
I1I.

Hydrolysis with Potassium Hydroxide

Reactions with potassium hydroxide were carried
out at temperatures of 50° and 60°. The concentrations
of potassium hydroxide were 2%, 5.6% (1.069 N.), and
25%. The approximate time of olefine formation for the
2% and the 5.6% was seven and one-half hours at 60° and
fifteen hours at 50°, while that of the 26% solution was
eleven hours at 60°. The reaction mixtures were worked
up as follows. A small amount of solid phenolphthalein
was added to each reaction mixture. The mixture was




then neutralised, using dilute nitric aeid. About 100 ce
of the neutral mixture were then distilled off. The
dlstillation was carried out using a 90 x 2 eme pyrex
fractionating column containing 76 omes of cut pyrex

glass rings. The column was sealed directly to a spiral
condensing system which was immersed in a water-ice
mixture. The rate of distillation was about sixty drops
per minute. The distillate was collected in a small
flask surrounded by ice. :

In order to determine if any hydrolysis took
place on distillation of the neutral mixture, 12 grams

of the secondary butyl bromide were placed in 1000 ce.
of halogen free water and about 100 cc. of the mixture
were distilled. Neither the distillate nor the residue
in the distillation flask gave a test for halide with
silver nitrate solution, indicating that no hydrolysis
had taken place,

The olefine was measured with a gas analysis ap-
paratus, the olefine hydrocarbon being removed from the
olefine-air mixture with fuming sulphuric acid and the
volume of olefine determined by the loss of volume of
the sample.

The results of the reactions are given in Table




same as that of the potassium hydroxide reactions at 60°.
The 4.1% solution had the l. nommality as that of the
5.6% potassium hydroxide m that of 1.069 N. The
purpose of this was to W & relationship between
their respective aom ~ the same number of mole-
cules of the hydrolytie agent were present. The average
mole retic of olefine to aleohol produced by the 1.069 N.
potassium hydroxide was +64086, while that of the 1.069 X
sodium hydroxide was .53463. The alcohol was recovered
as described above.

The results of these reactions with sodium hydrox-
ide are given in Table 1IV.
Hydrolysis with Calcium Hydroxide

These reactions were carried out using an aqueous
suspension of the reagent, so that the solutions wepre
saturated at all times. The approximate reaction time
Wwas seven and one-half hours at 60°, Before distillation
of the alcohol the solution was made acid with nitprie




acid so as to dissolve all the excess caleium hydroxide

and then brought back to neutrality wﬁ%i&
droxide solution. A4

The results otth.nmt“ﬂ“h k.
Table V. .

Eydrolysis with Barium Hydroxide

The reactions were conducted in the same manner
as those of the calcium hydroxide. Aqueous suspensions
of the reagent were used at “. e The time of olefine
formation was again about seven hours. Before distilla-
tion of the alcohol it was again necessary to make the
reaction mixture acid with dilute nitric acid and then
come back to neutrality with potassium hydroxide.

The results of these reactions are shown in Table
VI.

A summary of all the reactions are given in Table
ViI.
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Table I
Data for the Refractive Index - Concentration Graph

per cent alcohol refractive index

1.56 1.3340

3.67 1.,3368

5.04 1.3376

5.83 1.3387

9.92 1.3431

9.98 1.3430
12.49 1.3460
14,97 1.3480
65.29 1,38156
67.01 1.3823
71.01 1.3842
71.07 1.3833»
73.96 1.3858
75.84 1.3865
77.88 1.3877
79.90 1.3883
82.20 1.3893
85.72 1.3206
90.27 1.3922
94.41 1.3936
96.19 1.3940
100.00 : 1.3950

# Irregularity probably due to experimental
error.
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Table II

Volume olefine

Weight olefine

Total weight silver
bromide

Weight silver bromide
oquivalent to olefine

Weight silver bromide
equivalent to aleohol

Weight sec-butyl alecohol

Moles olefine

Moles sec-butyl alecohol

Moles olefine/moles alcohol

Volume olefine

Weight olefine

Total weight silver
bromide

Weight silver bromide
oquivalent to olefine

Weight silver bromide

'.oqulvnloat coIQi;oh;:I
ight sec-bduty co

Moles olefine

Moles sec- 1 aleohol

Noles olefine/moles alecohol

I 60°

424.3
1.0607

11.8784
3.5532

8.32562

3.2839
.01892
+04433
.42682

v 50°

407.3
1.0182

11.4662
3.4110

8.0652

3.1778
«018163
«042892
+42346

1T 60°

405.8
1.0145

11.5700
3.3988

8.1712
3.2833

=

vi 30°

423.3
1.0582

11.6126
3.5455

8.0670

3.1985
.018880
- 042066
« 43952

Hydrolysis with Silver Hydroxide

IIT 60°

428.1
1.0703

11.4609
3.5857

7.8752

3.1085
«019093
«041934
+48530

vir so°
278.4

5.9078

2.4487
012414
. 30464

Note: 4ll volumes are in cubic centimeters, all weights in grams.

403.6
1.0090

11.3375
3.3801
7.9674
S.1389

+ 017999




Table III

Hydrolysis with Potassium Hydroxide
I2%60° 1T 2%50° 1IT 25% 60° 1v 25% 60°

Volume olefine 386.2 209.2 590.3 531.3
Weight olefine 0.9671 0.7480 1.4758 1.3258
Total weight

potassium bromide 8.5002 7.3405 6.5645 5.9866
Weight potassium bromide

equivalent to olefine 2.0631 1.6161 3.1330 2.8196
Welght potassium bromide

equivalent to alcohol 6.4561 5.7244
Weight sec-butyl alcohol 4.0187 3.5631
Moles olefine .017252 «013343
Moles sec-butyl alcohol 0654248 .
Moles olefine/moles aleohol 31802 .

5.6% 60° VI 5.6% 60° vII 5.6% 50° VIII §.6% 50°

Volume olefine 654.9 656.7 564.6 545.8
Welght olefine 1.6372 1.6418 1.4115 1.3644
Total weight
potassium bromide 8.7260 9.0236 7.7120
Weight potassium bromide
equivalent to olefine 3.4757 3.4856 2.9965
Welight potassium bromide
oquivalent to alecohol 5.25603 5.5379 4.71586
Welight sec-butyl alcohol 3.2681 3.4471 2.0352
Moles olefine « 0292086 .029288 025178
¥oles sec-butyl alecohol «044116 «046533 . 039622
Moles olefine/moles alecohol +66199 +62940 .63546

NKote: All volumes are in cubic centimeters, welights in grams.




Table 1V

Hydrolysis with Sodium Hydroxide

Volume olefine

Welght olefine

Total welght sodium
bromide

Weight sodium bromide
oquivalent to olefine

Welight sodium bro
equivalent to alcohol

Welght sec-butyl aleohol

Moles olefine A 2

Moles sec-butyl alcoho

Moles olefine/moles aleohol

Volume olefine
Welght olefine
Total welght sodium
bromide
Weight sodium
equival
Weight um bromide
equivalent to alecohol
Yelght Sec-butyl alecohol
Moles olefine
Moles sec-butyl alcohol
loles olefine/moles alecohol

Note:
welghts in grams,

I 428
16238
8.0283
2.8071
5.218g
‘:7"Q g

- 060706
+53795

III 6%

665.5
1.6637

8.3165
3.0642

5.2613
3.7873
- 029677
«051124
«58051

577.6
1.4440

7.6396
2.6507
4.9889
3.5911

« 025756

+048478
«53131

IV 6%

656.7
l.6418

8.0582
3.0139

5.0443
3.6311
- 029287
- 0490859
«59747

All volumes are in cubie oontilotor'. all




Table V

Hydrolysis with Caloium Hydroxide
: I

Volume olefine 245.8
Weight olefine 0.6130
Total weight calcium

bromide 7.9088
Weight calcium bromide

equivalent to olefine 1.0928
Weight calcium bromide

equivalent to alecohol 6.8100
Weight sec-butyl aleochol 5.0474
Moles olefine «010934
Moles sec-butyl alcohol 068134
Moles olefine/moles aleohol «16047

Table VI
Hydrolysis with Barium Hydroxide
I I1

Volume olefine 359.5 390.9
Weight olefine 0.9267 0.9772
Total weight barium

bromide 9.6239 9.9642
Weight barium bromide

equivalent to olefine 2.3823 2.5907
Weight barium bromide

equivalent to alecohol 7.1671 7.3736
Welght alcohol 3.5730 3.8757
Moles olefine «016533 « 017434
Moles sec-butyl alecohol 048231 . 048920
Moles olefine/moles alecohol « 34269 « 35136

Note: All volumes are in cubic centimeters, all
welghts in grams.




Hydrolytic
agent

AgOH
AgOH
AgOH

AgOH
AgOH

AgOH
AgOH

KOH 2%
KOH 2%

KOH 5.6%
KOH 5.58%
KOK 5.6%
KOH 5.6%

KOH 25%
KOH 25%

NaOH 6%
NeaOH 6%

NaOH 4.1%
NeOE 4.1%

Cl(OH)2
CQ(OH)z

BI(OH)z

Temper-
ature

2
6
60-0

50°
50°
300

300

60°

50°

60°
60°
s50°
50°
60°

60°

60°
60°
eog
60

60°
60°

60°
60°

Olefine
Formation

8/2 hours

ge.

o

:44 :ﬂ O e
o 8

15

1/2
1/2

Table VII
Summary of the Reactions

Time of Time reac-
tion was

2 hours

-
O O® &b OO

e
OO®O®

-
15

®® O® O o®

1/2

1/2
1/2

1/2
1/2




passing gaseous hydrogen bromide hlo M butyl
alcohol.

2. The reactions between secondary butyl bromide
and the hydroxides of silver, potassium, sodium, calcium,
and barium were investigated. In all cases, hydrolysis
was accompanied by olefine formation.

S. The formation of olefine seems to be related
to the concentration of the hydrolytic agent, while the
temperature has little effect, except on the speed of

reaction.
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