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A STUDY OF THE PREPARATION OF

AÌI'iYLENE

C}UOROH!DRIN

INTRODUCTION

Since the discovery of the addition of hypochiorous acid
to ethylene by Carius in

l63, there has been considerable
(2)

investigation of this type of reaction.

The work has

dealt mainly with the simplest olefins, and the reactions
oí'

ethylene have been the most thoroughly studied to date.

The bromohydrins and iodohydrins, as well as the chiorohydriris,

have been studied, and, as might be expected, their

chemistry has been found to be quite similar.

The following

discussion will be limited to the chiorohydrins because of
their relation to the ensuing experimental work.
It was realized from the first that in any reaction

with hypochlorous acid the equilibrium between the acid
and free chlorine would have to be taken into account.

Gomberg in his work with ethylene studied the reaction quanti-

tatively and found, in brief, for the following schenE

ROH

,L

ci2
I

RC12

Hl

,L

J-Ici

i.

R(cH)Cl

that a is favored over b up to a concentration of a of ap-

proximately 7 -

percent.

It should be noted that in

this reaction chlorine and water were used.

* Chlorohydrins are compounds containing a chlorine and a

hydrol

group on adjacent carbon atoms.

2

There are numerous other methods than that given above for
the preparation of hypochlorous acid.

The majority of these

methods depend upon the conversion of the hypochiorite to the
acid by some means which, at the same time, liberates very little

hydrochloric acid, thereby avoiding dichioride formation.
Carleton
as foijows:
1.

1is lists the principal methods of preparation

(6)

The passage of carbon

diodde into an aqueous solution

of calcium or sothum hypochlorite.
2.

The passage of chlorine into a sodium bicarbonate

solution.
3.

(17)

(20)

The passage of chlorine and alkali into solution

simultaneously.
4.

The introduction of aqueous sodium bicarbonate into

aqueous sodium hypochlorite.
In reality the above methods involving carbon

diodde or bi-

carbonate are all variations of the reaction:

2

NaCC1

H2CO3 ---+

Na2CO3

,1

2HOC1

Method 3 has been developed by Shilov and co-workers
(19)
in their preparation of ethylene chiorohydrin.

The

hypochiorous acid is liberated from the hypochiorite by
excess of chlorine.

The reaction

beten

ari

the chlorine and

water produces enough hydrochloric acid to convert the sodium

3

hypochiorite to hypochiorous acid and sodium chloride.

NaOH

ci2

lt

2

Ci2

7L

NaOC1

----

H20

NaOC1

-

/

NaC1

2 HOC1

/

t

HO
NaC1

Many variations in these general methods have been used
by different workers.
5

percent nitric acid

Mellor mentions the reaction between
arid

bleaching powder and also the use

of boric acid as a liberating agent.

(14)

The method of preparation of hypochiorous acid is im-

portant because of its effect upon the ratio of chiorohydrin

formation to dichioride formation.

Other methods of preparation

ili be discussed in connection with the formation of chiorohydrins of higher carbon content.
Chiorohydrin preparation has, for the large part, been
of the simplest homologue, ethylene.

Other higher members in

the series have been prepared, but a survey of the literature

indicates that there has been little quantitative work done on
the problem of anrlene

chiorohydrin formation.

Most of the

work that has been done has been limited to the pure pentene
isomers,

*

imr1ene is a mixture of the isomneric

entenes.

4
DISCUSSION OF AIAYLENE C}UJOROHYDRIN SYNTHESES

Th11e the work with ethylene has been quite extensive, and

its reaction with hypochlorous acid is fairly well understood,

new problems are encountered in carrying out similar syntheses
with aiirlene.

Lidov summarizes these problems as follows:

(8)

1.

The reaction of hypochlorous acid with an olefiri depends, among other things, on the solubility of the
olefin in the aqueous solution which is the carrier
In the case of anrlene the solubility
for the acid.
is substantially reduced as comthe
hydrocarbon
of
pared with ethylene. Offsetting this, to some extent, is the fact that the material is available
in liquid form, which means that its initial concentration in the 'pure' state is many tinìes greater
than is obtained even with pure ethylene gas. However, even this is not sufficient to compensate
of
completely for the
in water.

2.

In aqueous halide solution containing HX, and possibly containing simple ionizable halide, the ratio
of halohydrin formation to dihalide formation is less
favorable than is found with ethylene. There is some
evidence to indicate that even when a source of hypehaJ.ous acid, free of halide ion, except for the amount
provided by the decomposition of the hypohalous acid,
is used, an appreciable formation of the dihalide is

obtained.
3.

The anrlene glycols, the oxides, and the halohydrins
all tend to rearrange. to ketones and aldehydes in
acid aqueous medium and under sorne conditions in
neutral and even basic solutions. In general the
higher the temperature and the lower the pH of the
solution the greater the tendency for these matenais to rearrange. Consequently, great care
will be necessary in establishing and maintaining
conditions which avoid loss of th9 esired products

through rearrangement reactions.

'4)

Another phenomenon not encountered in the study of ethylene

is the isoiaerisni of the pentenes.
Structural Isomers. There are five possible structural isomers
of pentene depending upon the position of the double bond.

The

following constants are taken from Egloff. (5)

Structure

Nai

Point

Boi
oc

Pentene-I

(n-propy]. ethylene)

Pentene-2

(cis, trans)

C- C-C-C-C

30.1

C-CC-C-C

37.0 35.35

C-C-C-C

38.6

(sym. methylethyl

ethylene)

2

Methylbutene-2

(trimethyl ethylene)

C

2

Methylbutene-1

(unsym. methylethrl

ethylene)

3

CC-C-C

31.0

C

Methylhutene-I
(isoprol ethylene)

C-C-C=C

20.1

C

CIa-Trans Isomers.

In the case of pentene-2 there are two

possible spacial arrangements due to the double bond which in-

hibits free rotation:

ßoI1g

Name

HH

OC

Cis-Pentene--2

C-C=C-C-C

37

Traris-Pentene-2

CJi-C-C

3535

Point

Optical Isomers.

A no1ecule which contains a carbon atom

joined to four different groups is said to be asynetric.

Such

a molecule is capable of having two spacial arrangements which

bear the relationship of mirror images.

These two resulting

compounds differ from each other only in the direction in

thich

they rotate the plane of polarized light and are designated
d(extro) and l(evo) isomers.
"If, however, a compound contains two

asyetric

carbon

atoms, there arise two sets of d-1 isomers represented by I,
II,

III, and IV below.

I arid II are

d-1 isomers; III and IV

are d-1 isomers; I and II are the diastereoisomers of III and
IV.

Diastereoisomers differ from each other in such physical

properties as their optical rotation, their melting and boiling
points, and their solubilities.

reaction rates.

They differ, too, in their

Their configurational names

and threo)

are derived from the names given the diastereoisomeric C

sugars

by early workers in the field."
I

II

CH3
FICH

HCOH
HCC1
CH3

III

CH
HCW'
HOCH

C1CH
CH3
Erythro

IV

CH3
FICH

HOCH
HCC1
CH3

CH
HCH
HCOH
C1CH
CH3
Threo
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As the physical properties of the isomeric pentene chioro-

hydrins are quite similar, separation of the isomers has not been

Rather a reaction has been em-

attempted in this investigation.

The chioro-

ployed which is considered general for most olefins.

hydrins which were formed were dealt with as a mixture of isomers.

Other workers have used

General Methods of ñeparation.

five general methods in preparation of pentene chiorohydrins.

These methods are briefly discussed in what foflows:

1

2a.

R-C=C-R

,

"

,L

HOd

---.

R-COH-CC1-R

NH2-C(NHC1)O -.

--

,L

R-COH-CC1-R

,L

OC(NH2)2
2b.

"

,L

CH3-C(NHX)O -.

R-COH-CX-R

,L

CH3_C (NH2 )o

EtOC1

3.

4.
5.

R-COH-CC1-R

NaC1

"

CH3C1

---.

,L

,

--

CH3MgC1
,L

CH3MgC1

C1CHC(CH3)OMgC1CHCH3

Z

Hc

-'

/

C1CH2C(CH3)OHCH2CH3 / 1/2MgAc2
1.

EtOH

R-COH-CC1-R

Mg ---*

C1CH2C(:O)CH2CJ-j3

,L

C1CH2C(CH3)OMgC1CH2CH3

HOH

----.

1/2 MgC12

,

HOH

This is the normal reaction with aqueous hrpochlorous

acid and it is this reaction that has been utilized in the work
that is to follow.

In this method it is essential that hydro-

chioric acid be eliminated.

2a and b.

The positive halogen in N substituted acid amides

upon hydrolysis gives the hypohalous acid.
similar reactions,

Although a and b are

the literature reports the use of the brom

compound only in the case of b.
Sorne

work has been done by R. E. Lidov of the Portland Gas

and Coke Company, using chioro urea.

He explains an unsatis-

factory yield of the chlorohydrin of pentene-2 by pointing
out the high chloride and hydrogen ion concentration of the

solution.

This condition would cause the h,rpochlorous acid

equilibrium to shift toward free chlorine formation and thereby
proMote the dichioride reaction.
3.

This reaction takes place in

dilute alcoholic solution

which would promote solution of the hydrocarbon.

The lower

primary alkyl hypochlorites are unstable and special precautions

must be taken in their handling.
4.

The patent literature

records methods of preparation

of the chiorohydrins by the electrolysis of sodium chloride.

Very little is indicated concerning methods. (13)
5.

An alpha chioro ketone when reacted with a Grignard

reagent produces a chiorohydrin.

This is a desirable method

for the formation of the pure chiorohydrins of the pentene

isomers. (u)

THE PURPOSE OF THE STUDY

It

has been mentioned that the above reactions have been

studied almost exclusively with respect to pure pentene isomers.
A

mixture of pentenes might be expected to react

Actuafly the pentenes do occur as a mixture.
monly known as a.rrlene,

carbon

olefins.

differently.

This mixture, com-

constitutes the principal source of five

Lioreover

it is

to separate this mixture into

highly impractical, at present,

its

component isomers.

The

usual

is the corresponding arl alcohol.
large supply of axrlene is available from the petroleum

source of each of these isomers
A

industry and from the coke oven light oil produced in the manu-

facture of gas.

The problem

facing the chemist is to find uses

for this ailene.
The

value.

glycol has been suggested as a possible derivative of
The

Portland Gas and

Coke Company has done

investigation along this line. In their

considerable

work they have followed

the scheme:
axirjlene

--* arlene

chlorohydrin ---p anrlene o,d.de -.---,

anrlene glycol
The

weakest link in

this series of reactions has

be the formation of the chiorohydrin.

Until

been found to

some method

for

increasing the yield has been found, the preparation of the glycol
by this route will not be feasible.

lo
Pinylene chiorohydrin, if available in large enough quantity,

might find other uses as an intermediate in other processes, or

through its own properties.
It is the purpose

of this investigation to make a quanti-

tative study of the yields of chiorohydrin obtained from

technical amylene

arid

to try in as far as possible to find an

explanation for any differences in reaction between anlene and
the pure pentene isomers which have been previously stuftied.
It must be realized at the out-set that the true composition

of any mixed antriene is very difficult if not impossible to

ascertain because of the very similar physical properties of the
isomers.

It should be possible, however, to analyze the derivative

of such a mixture if it can be assumed that the reaction was

general for all of the possible isomers involved.

u

LuW'1W
METHOD OF PREPARATION

ppratus

and Procedure.

chiorohydrin ws possible,
method

for the

in

it was

necessary to decide upon a

eparation of hypochlorous acid.

chosen has already been
was

Before any preparation of aiirlene

briefly described;

The method

sodium hypochiorite

prepared, and the hypochiorous acid was liberated by bubbling
carbon

diodde:
Cl2

j

2}aOH

----+

H2CO3 i 2NaOC1

NaOC1 .. NaC1

--+

vantages to recommend

it; first,

2HOC1

Na2CO

This method was believed to have at

h20

least

two

distinct ad-

the method has been used to

little

prepare compounds of a similar nature; second, very

HC1

should be produced because the carbonic acid, while strong enough

to liberate
A

110Cl,

is too

weak to

liberate

HC1.

disadvantage to be reckoned with was the basicity of the

resulting solution. Anhydrolysis effect of such

a

solution would

have to be deterniined.
In any

preparation of hypochiorous acid

it is

necessary to

carry out the reaction at a low temperature and to maintain an
excess of

alkali.

These conditionìs prevent the spontaneous

conversion of the hypochiorite to the chlorate. (15)
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The sodium hypochiorite in the following runs was prepared at
50
a temperature of 00 to
c.

The chiorohydrin reaction was highly exothernüc

arid

it was

necessary to control the rate of conversion of the hypochiorite
to the acid by varying the flow of carbon dioxide

After the

introduction of the anrlene, the temperature was never allowed
to rise above 10° C.

The apparatus used was simple in design.

A three liter

three-neck flask served as the reaction vessel.

This was

imnersed in an ice-salt bath to a depth below that of the
solution level.

One side-neck held the glass delivery tube

used successively for chlorine and carbon dioxide, as well as
the thermometer.

The other side-neck was fitted with a long

Liebig condenser to prevent excessive loss of aLrflene vapor.
The center neck was reserved for the stirrer which was made of
8 nnn.

glass rod with a spiral twist.

The rotating device was

a constant speed A. C. motor capable of turning the stirrer at

high speed.

The saine vigorous stirring was used in all of the

experimental runs.

The source of chlorine was a cylinder, and

a Kipp generator was used for the carbon dioxide.

The first step in each run was the preparation of the

hypochiorous acid.

As it was necessary to know the amount of

available acid, an iodometric method of analysis was used.
The calculated amount of 5O

sodium hydroxide was diluted

13
to two liters and poured into the flask.

Chlorine was bubbled in

and one milliliter aliquots were taken at intervals, acidified,

potassium iodide added, and titrated with standard thiosulfate.
In this way the preparation could be followed and the addition of

chlorine stopped when the desired concentration of h3rpochlorite
was reached.
The analysis depends upon the following reactions:

NaOC1

t

211Cl

12

4

21Cl

..

-

12

2Na2g203

Na S O

22

'

-

t

2KC1

Na2S06

NaC1

..

t

t

2NaI

NaOC1

3-.-

Simplifying the equation:
(cc. thio.)

(Normality thio.)

(g._NaOC1JJio.iv.j(lOOO)
(molec. wt. NaOC1)

and converting the one milliliter aliquot to one liter this
becomes

M =

(cc. thio.

(norma1iiy thio.)
2

in which M is the molarity of the hy-pochiorite.

The following data, taken from run number one, is an example
of the procedure followed:

Desired molarity of NaOC1 approcimately 1M.
Calculated number of cubic centimeters of thiosulfate necessary when this concentration has been reached.

cc. x 0.099g =
2
cc. - 20.0

180 grams (4.5 moles) of sodium hydroxide was diluted to
a

volume of two liters, chlorine was bubbled in and the following

determinations made at intervals, using for each titration an excess of potassium iodide and HC1:

No. of 1 mi. aiquot

cc. of thiosulfate

i

6.60

2

12.20

3

16.00

4

22.40

The above procedure is a determination of the chlorine

present as hypochiorite plus any free chlorine.

The amount

of free chlorine was determined by inriediately following

titration number four with another titration in which an
excess of potassium iodide was used, but in which the acid was
omitted.
e ini.

aliquot for free chlorine 0.50 cc. thiosulfate.

The actual molarity of the hypochiorite was then calculated:

15

M

al.0

x 0.0999
2

1.09
The number of moles of hypochlorite, which was also equa].
to the number of moles of available hypochiorous acid, was then
four

to be 2.18 moles for two liters of solution.

Grade of

technica

nrlene Used:

Six runs were made using Eastman's

grade amylene, which was found to have a boiling range

of 31-38.5° C.

The exact composition of the material was not

known other than the fact that it contained a mixture of pentene

isomers.
The

number

determined and

calculated iodine number for

alene

179.6.

is 181.1.

On this basis the

material contained 99.2% pentene isomers.
Preparation and Fractionation of Run Number One.

In run

number one, 2.18 moles of sodium hypochiorite was prepared and
4.00 moles of anrlene introduced.

Carbon dioxide was bubbled into

the rapidly stirred solution for two hours.

At the end of this

time the oil layer was separated and dried over anhydrous sodium

sulfate.

The volume was 420 cc. and weight 341 grams.

Three hundred and fifty cubic centimeters of this product

was distilled in a Whitmore column having a total condensation
variable take-off type of still head.

The efficiency of the

coluimi was known to be fifteen theoretical plates for a benzene-

carbon tetrachloride mixture.

The fractions were taken at a

16

reflux ratio of approcLmately eight to one.
Table I gives the temperature range for each fraction,
its volume, and the percent chlorine as determined by the

micro-Parr bomb.

The method of analysis will be described in

the part following.

Table I

Partial Fractionation at Atmospheric Pressure
Fraction

Temperature Range 0C

Vo1uncc

% Chlorine

1

23 - 42

145

2

42-70

12

3.].

3

73-74

13

2.5

4

74-81

13

8.0

Fractionation of Residue at 33
Fraction

Temperature Range °C

min.

0.0 to 0.5

Pressure

Volume cc

Chlorine

5

44-53

6

53-61

7

61-68

47

29.2

8

68-75

44

28.8

26

43.3
37.2

17
METHODS OF ANALYSIS FOR CHLORINE

Jnalysis

Micro Bomb.

The chlorine in the foregoing

fractions were determined by fusion with sodium peroxide in a

micro Parr bomb.

The iithod

ws

a modification of the gravi-

metric procedure described by Niederl and Niederl. (16)
fusion was carried out

iii

The

the usual way but the ionizable chloride

was determined by means of a inicro-Volhard titration.

The solutions

of silver nitrate and potassium thiocyanate were .05 normal.

The

precipitated silver chloride was removed by filtration before
back titrating with the thiocyanate.
The accuracy of the method depends upon the percent chlorine

in the sample and the size of the sample.

It was fourxì that the

method had an approximate accuracy of 3% for a 10 mg. sample

containing 5% chlorine.

For a chlorine content above 20% the

accuracy was within 2%.
Although admittedly not as accurate as the gravimetric
method, the accuracy as shown by the following data was quite
high.

Known dichioroethane calculated for chlorine
Micro bomb - gravimetric
71 . 2

:

71.7%

Micro bomb -vo1uiitric
71.1%
70.5%

All of the chlorine determinations were made in duplicate

and the checks obtained for Table I

re given below.

18

Fraction

% Sample I

Sample II

1

0.0

0.5

2

3.1

3.].

3

2.6

2.4

4

7.9

8.1

5

43.5

43.1

6

37.0

36.7

7

29.1

29.4

8

28.9

28.7

ina1ys

Ryth'olysis.

To facilitate future chioro-

hydrin preparations a method was desired for the determination
of the chiorohydrin in the presence of other side products,

notably the dichiorides.

Such a method was developed in the

foflovdng manner.
By referring to Table

I

it will he seen that the chlorine

content of fractions 7 and 8 check quite closely with the 29%

calculated for an1ene chiorohydrin.

It was found that the

chlorine in fraction 8 was completely hydrolyzed by reflincing

with 5% potassium carbonate for ten minutes.

A comparison is

made below of the percent chlorine determined by the micro

bomb with the percent chlorine found by hydrolysis.

19
Fraction

lo Min. Hydrolysis
in 5% K2c03

Micro Bomb (average

7

29.2%

2'7.7%

8

28.8%

28.7%

Fraction 8 was collected between 68 and 75 degrees at 30 mm.
pressure.

2-chlora-3 nentanol has been found to distil between

(12)
64 and 71 degrees at 30 mm. pressure.

From the above data fraction

8

was chosen as pure chiorohydrin

for the following determinations.
A sample of

arlene dichioride was obtained by distilling the

Eastman technical product in a anali Widmer coiuimi and collecting
the fraction boiling at l38-140°.

for 2, 3 dichioropentane.

This corresponds to 138-139°

Chlorine was determined with the micro

bomb:

Sample I

49.7

% Chlorine Sample II

49.9

% Chlorine Average

49.3

% Chlorine

% Chlorine Caic. for

C5H10C12

50.3

Known mixtures of chlorohydrin and dichioride were then made
up and the percent chlorine determined by refluxing in 5% potas-

slum carbonate for varying time intervals.

The percent chioro-

hydrin in the mixture was determined from these values and checked

20

against the actual composition.

The findings are shown in Table II.

Table II

Hydrolysis of

Known

Chiorohydrin

- Dichioride

Mixture

in

5%

K2CO3

0.2 g Sample Macro Titration

Time in Min.

Chlorine
Hydrolyzed

%

Chiorohydrin
Found

%

Chiorohydrin

Actual

1

6.9

24.1

42.0

5

8.2

28.8

40.6

10

12.4

43.2

42.9

10

12.8

14.6

44.1

15

11.9

41.4

36.6

Very good agreement was found for the l0-ndnute samples.
Incomplete hydrolysis of the chiorohydrin
5

minutes

thile

sorne

is

shown at 1 and

of the alkyl chlorides were evidently

hydrolyzed in addition to the chiorohydrin at 15 minutes.

Indirect

ethod of Anaysis.

An indirect approach to

the problem was made by Lidov for fractions which were be-

lieved to contain only chiorohydrin and dichloride.

(lo)

If the total chlorine content of the fraction was known,

the

percent chiorohydrin and the percent dichloride in the sample

could be

calculated.

21

Fraction 6 Table I would be expected to consist of dichiorides
and chiorohydrins because the boiling range of the dichiorides is

slightly lower than that of the chlorohy-drins; also the total
chlorine content is well above that for the chlorohydrin.
The calculation for percent chiorohydrin in fraction 6 would

then be made as follows:

Total chlorine in fraction 6

36.8%

Ùuylene chiorohydrin caic. for Cl

29

Anr1ene dichioride calc

50 %

Let x
(1-x)

for Cl

%

% chiorohydrin
% dichioride

29x i 50(1-x)

36.8

x

13.2
21

x = .629 = 62.9% chiorohydrin
(l-x)

.371 = 37.1% dichioride

n attempt was made to check the above calculation by the
hydrolysis method:

Sample I

46.4% chlorohydrin

Sample II

46.5

chiorohydrin

It can be seen that there is no agreement between the two

methods.

When .465 is substituted for x in the equation, the
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percent chlorine in the dichioride portion cf the mixture can be
found.

If this is done, 43.6

chlorine is found, which is

siderably less than that calculated for anrylene dichioride.

con-

This

seems to indicate that the dichioride is contaminated with products
of lower chlorine content.
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FCENT

YIELD OF CHLOROHYDRIN

Four more runs were made using anjlene as in run number one.
A.fter

separating the oil layer, the unreacted anrlene was removed

by distillation up to 450 in the small Widnier coluxmi.

The remain-

ing crude chiorohydrin was analyzed for chlorine by the hydrolysis

method just described and the percent yield based on uniecovered

airlene was calculated.

Table III suinarizes the findings in

all l'ive runs.

Table III

Concentration in Moles

Numberof rim

1

2

3

4

5

Available HOC1

2.18

1.04

l.12

1.00

1.26

Anrlene introduced

4.00

2.14

1.20

1.00

2.40

Antylene recovered

1.35

1.24

.26

.12

1.01

Miylene converted
to chiorohydrin

.74

.19

.23

.24

.52

1.91

.71

.71

.64

.87

prlene unaccounted

Percent yield

22.0

21.1

24.5

27.3

37.4

The ratio of anrj-lene to hypochiorous acid in runs 1, 2,
and

5

was approximately two to one while the ratio in runs 3

and 4 was one to one.

The difference in ratio seemed to have

little effect on the yield of chiorohydrin.

The chiorohydrin
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from the runs in which an excess of arlene was used were more
easily separated than in the two equi-molar runs due to the extracting effect of the low density aiaylene.
The reactants in the first four runs were in the reaction

flask for a period of two hours before the chiorohydrin layer
was separated.

The course of reaction number five was followed

by titrating aliquots of unreacted hypochlorite until the titration

values showed that the available hy-pochlorous acid had been used.
It was found for number five that the reaction was complete at

the end of 50

'inutes.

The chiorohydrin layer was immediately

separated and analyzed.
After the above data had been obtained using arlene, a

run was made using a fraction cut from a sample of coke oven
light oil.

Seven hundred cc. of coke oven light oil obtained

from the Portland Gas and Coke Company was distilled in the
IThitmore column and gave 202 cc. of distillate with a boiling

range corresponding to airrlene (l-38.5°).
The following data was based upon the assumption that the

olefins in the fraction used were mainly pentene isomers.

The

calculation of percent yield was based upon the molecular weight
of aixrlene and because of this is to be considered merely an

approximation.
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Chiorohydrin of Light Oil

Available HOC1

.99 moles

Light oil introduced

2.12 moles

Light oil recovered

1.00 moles

Light oil converted to
chiorohydrin

.37 moles

Light oil unaccounted

.75 moles

Percent yield

33.0
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RATES OF HYDROLYSIS OF CHLOROHYDF.INS

It

:as

been noted that the chlorohydriri layer

in

run

nwuber five was separated as soon as the reaction was complete.

While the reaction time for this particular run was

fouri to be 50 minutes, it was found that the reaction time

varied considerably with the rate of evolution of carbon
dioxide into the hypochlorite solution.

assu,

It was reasonable to

however, under the fairly uniform condit,ions imposed

that the reactions in the various runs were completed within
one hour.

Although all of the yields were low, number five

was noticably higher than the others.

This in itself seemed

to indic ate that hydrolysis of the chiorohydrin might be taking
place almost as fast as it was formed.

Data was established for three curves showing the rates
of hydrolysis of the chiorohydrins of 2-methylbutene-2,

pentene-2, and mixed airlene.

These curves are valid only under

the conditions of the hydrolysis determinations and are of

worth in a merely qualitative way to show that some of the
pentene isomers, as well as mixed anlene are highly sus-

ceptible to hydrolysis even at low temperatures in a basic
solution.
/in

attempt was made graphically to determine the order of

the reaction for each curve but met little success.
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The two isomers 2-methylbutene-2 and pentene-2 were pre-

pared according to the method of Norris and Joubert by heating
respectively tertiary and secondary amyl alcohols with sulfuric
acid.

(18)

The chiorohydrin of each isomer was prepared according to
the procedure described and a weighed sample added to 500 cc.
of vigorously stirred 5

sodium carbonate solution in a one-

liter three-neck flask.

The temperature was maintained at

3 to

40

C.

Five cc. aliquots were removed at fifteen-minute

intervals and titrated for chloride by the micro-Voihard
method.

The percent chiorohydrin hydrolyzed was calculated

from the percent chlorine found.
Table IV.

The data Is recorded in

Table IV
A.

2.021

g

2-znethylbutene-2 chiorohydrin per 500 cc

B.

1.617

g

pentene-2 chiorohydrin per

C.

2.052

g mixed

anjylene chiorohydrins per

Temperature
Tinie

500 cc

%A

4°

3

5

5%

5%

Na2CO3

NaCO3

)0 cc

5%

Na2CO3

C

1ttn.

}rdro1yzed

}drolyzed

o

o

o

15

57.9

24.6

19.9

30

73.7

32.9

31.7

45

79.5

39.3

37.8

60

84.6

44.3

42.5

75

S3.6

49.8

45.1

90

39.4

53.1

47.7

105

91.1

56.5

50.6

120

92.4

o

52.5

135

61.6

150

63.1

165

64.6

180

}dro1yzed

56.1

93.7

195
210

94.7

225
240

95.0

75.9

63.6

'o

O
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DISCUSSION OF RESULTS

The yield of airlene chiorohydrin has been found to be con-

sistently low when prepared in a solution of sodium hy-pochlorite.

Frdrolysis of the chiorohydrin to the glycol which is soluble in
the water layer seems to be a partial explanation.

In addition

to this is the fact that side reactions other than dichioride

formation use up some of the antylene.

Another factor which may enter in is the

own instability of

sodium hypochlorite when the excess alkali is neutralized.

(a-)

It has been determined, however, that the major part of the anrlene

reacts in some manner because of the large amount of anrlene which
is unaccounted for by the products isolated.
It has been foun. that the chlorohydrins prepared by this

method can be separated from the dichiorides and other by-products
to yield a fairly pure mixture of anrlene chiorohydrins.
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SUMMARY

1.

A mixture of pentene chlorohydrins has been prepared from

mixed aixr1ene and hypochiorous acid.
2.

A method of analysis has been developed to determine the

concentration of chiorohydrin in the presence of other

chlorinated products.
3.

The yields for five preparations have been found to

average 27.6% based on unrecovered anr1ene.
4.

An attempt ha

been made to partially explain the low

yields through data shovdng the ease by which the arlene
chlorohydrins are hydrolyzed.
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