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The invention relates to a process for effecting
the halogenation, via substitution, of unsaturated
organic compounds. -

More particularly, the invention relates to a
practical and economical process for halogenat-
ing, by allylic halo-substitution, an unsaturated
organic compound of the class consisting of the
unsaturated hydrocarbons and the halo-substi-
tuted unsaturated hydrocarbons which contain an
olefinic linkage between two non-tertiary carbon
atoms of aliphatic character at least one of which
is of secondary character. ]

The process is essentially one of halo-substitu-
tion at elevated temperatures; it is executed by
subjecting an unsaturated organic compound of
the above-defined and hereinafter described class
to a halogenation reaction, in the presence or in
the absence of a halogenation catalyst, at an ele-
vated temperature at which allylic halogen-sub-
stitution takes place but below .the temperature
at which substantial degradation such as crack-
ing, splitting out of a hydrogen halide, polymeri-
zation, etc., of the organic reactant and/or prod-
uct occurs.

The halo-substitution of unsaturated organic
compounds of primary character, such as ethyl-
ene, and of tertiary character, such as the tertiary
olefines, are not within the scope of the present
invention. Since ethylene contains only two car-
bon atoms, it cannot be halo-substituted to form
an allyl type halide, and in this respect is distin-
guished from the secondary olefines. In accord-
ance with the process of the invention, the sec-~
ondary olefines are halo-substituted predominant-

3 ly to the readily hydrolyzable and reactive allyl

type halides. If ethylene isreacted with a halogen
at a sufficiently high temperature, halo-substitu-
tion can be made to occur to the substantial ex-
clusion of the halogen-addition reaction to result
in almost quantitative yields of the correspond-
ing vinyl halide. This process for the production
of vinyl halides is described and claimed in a
copending application.

The halo-substitution of the tertiary olefines

3 and halo-substitution products thereof is not

within the scope of this invention. Althotigh the
principles of the invention may be applied to the
halo-substitution of the tertiary olefine, such pro-

cedure may be of little adva.:tage .due tc the nor--

mal tendency of these olefines to undergo halo-
substitution, to the exclusion of the halogen addi-
tion reaction, at ordinary and reduced tempera-
tures. In the case of the unsaturated compounds

" of primary and secondary character, the reaction
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of halo-substitution does not occur at all at
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ordinary and reduced temperatures. At ordinary
temperatures and even at considerably elevated
temperatures, the normal halogenation resction
is that of halogen addition, that is, halogen adds
to the olefinic linkage to saturate the same and
vield a saturated polyhalide. The only halogen
substitution reaction which takes place is the
so-called “induced substitution”, which is nothing
more than halo-substitution of the saturated di-
halide previously formed by the halogen addition
reaction. _

‘We have found that the high temperature halo-
substitution reaction which takes place in the
execution of the process of the present invention.
is totally unrelated to the so-called “induced sub-
stitution” reaction observed in.the halogenation
of ethylene and the secondary olefines at low tem-
peratures. In accordance with the high tempera-
ture halo-substitution reaction of the invention,
the halogen reacts with the secondary olefine, via
halo-substitution, to result in an unsaturated
halide of the allyl type. The “induced substitu-
tion” reaction which invariably accompanies the
halogen addition reaction when an olefine is re-
acted with a halogen at low temperatures is the

reaction of free halogen with the saturated prod-'

uct of the halogen addition reaction to form a
more highly halogenated saturated product. The
mechanism of this “induced substitution” reaction
has been conclusively established by experimental
evidence. Chlorine has been reacted with ethyl-
ene at temperatures as high at 200° C. and under
conditions at which the art teaches that the “in-
duced substitution” reaction occurs to a great ex-
tent, in fact, to such a great extent that it is im-
practicable to halogenate olefines by addition
under such conditions. In no case could vinyl
chloride be detected in the reaction: products,
showing that no high temperature halo-substitu-
tion occurred. However, at the low temperature
the only substitution reaction which occurred was
the so-called “induced substitution,” that is, re-
action of chlorine with ethylene dichloride to form
higher chlorinated products, mostly trichlor-
ethane.

Representative unsaturated compounds of the
class which may be halo-substituted to valuable
allyl type halides in accordance with the process
of the invention are the secondary olefines such
as propylene, the normal butylene (butene-1 and
buten®-2), the normal amylenes, secondary iso-
amylene (isopropyl ethylene), the normal hex-
enes, the iso-hexenes of secondary charsacter, the
normal heptenes, the iso-heptenes of secondary
character, and the straight and branched chain
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secondary octylenes, nonylenes and the like; the
halo-substituted normal and branched chain
secondary olefines such as 1l-chloropropene-1,
1-bromopropene-1, 2-chloropropene-1, 2-bromo-
propene-1, 1l-chlorobutene-1, 1-bromobutene-1,
2-chlorobutene-1, 1,2-dichlorobutene-1, 1i-chloro-
butene-2, 2-chlorobutene-2, 1,2-dichlorobutene-2,
4-chlorobutene-1, 1,4-dichlorobutene-1, 1-chioro-
pentene-1, 1-chloropentene-2, 1-chloro 3-methyl
butene-1, 1-chloro 3-methyl butene-2, 2-chloro
3-methyl butene-2 and the like and their homo-
logues and analogues. The halo-substitution of
cyclic olefinic compounds of secondary character
and halo-substitution . products thereof is also
within the scope of the inventoin. Suitable re-
actants of this type are cyclobutene, cyclopen-
tene, cyclohexene, tetrahydrobenzene, the cyclo-
heptenes, cycioheptadiene, the cyclooctenes and
the like as well as the halo-substituted cyclic
olefines. The secondary olefines, the cyclic
olefines of secondary character and the halo-
substitution products of such compounds of ali-
phatic character may be linked to one or more
cycloalkyl and/or aromatic radicals. For ex-
ample, compounds such as 1-phenyl propene-2,
1-phenyl 2-chloropropene-2, l-phenyl butene-2
and the like may be halogenated by allylic halo-
gen substitution in accordance with the process
of the invention. The treated unsaturated com-
pound may contain one or a plurality of olefinic

linkages; it is only essential that at least one’

olefinic linkage between two secondary carbon
atoms or between a secondary carbon atom and a
primary carbon atom be in the allyl position to
at least one carbon atom possessing a replaceable
hydrogen atom. Thus, diolefinic compounds
such as pentadiene-1,4, hexadiene-1,5, 2-methyl
hexadiene-1,5 .and the like may be advan-
tageously halo-substituted to the corresponding
allyl type halides.

The process of the invention is of particular
commercial value as applied to the halogenation
of the secondary olefines as propylene, the nor-
mal butylenes and the like to the corresponding
allyl type halides. For example, propylene may
be chlorinated, on a technical scale with perfect
safety: and at low cost, to the commercially
valuable allyl chloride, the allyl chloride being
obtained in excellent yield. The allyl type halides
obtained as products in the execution of the
process of the invention are of particular value
because of their great reactivity. They are start-
ing materials in the production of a wide variety
of organic products such as unsaturated alcohols,
unsaturated ethers, saturated polyhydric alco-
hols, aldehydes, cellulose ethers, resin base ma-
In some cases, par-
ticularly at the higher temperatures, small
amounts of vinylic type halides may be formed,
but in all cases operation under optimum halo-
substitution conditions results in a product ma-
terially predominating in an allyl type halide.
In some cases, subjecting the higher olefinic com-
pounds. to the halo-substitution reaction results
in a shifting of the double bond. This change
of position of the double bond is not, in the cases
observed, quantitative; part of the product has
the double bond in the same position as in the
treated unsaturated compound, while another part
may have the double bond in a different position.

‘When the process is applied to the halo-substi-
tuticn of secondary olefines, the source of the
stock material is immaterial. The olefines may
be obtained by the cracking of petroleum and
petroleum products, by the catalytic dehydroge-
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nation of parafiin hydrocarbons, by the dehydra-
tion of non-tertiary alcohols, etc. ‘The second-
ary olefines may be treated individually or in ad-
mixture with each other and/or other olefines.
Hydrocarbon mixtures containing one or more
secondary olefines may be treated. Paraffin-
olefine mixtures containing a substantial amount
of one or more secondary olefines, and wherein
the parafins and olefines have the same or &
different carbon content, are suitable starting
materials.. Technical hydrocarbon fractions, the
secondary olefine content of which is convenient-
ly halo-substituted in accordance with the proc-
ess, are the propane-propene fraction, the
butane-butene fraction, the pentane-pentene
fraction, ete. If desired, the tertiary olefine
content of any such hydrocarbon fraction may
be preliminarily, selectively and substantially
removed therefrom by any of the known methods.
When saturated organic compounds, such as the
paraffin hydrocarbons, are present in the re-
action mixture during the execution of the halo-
substitution -reaction, they may also be halo-
substituted, and the product will contain un-
saturated as well as saturated halo-substitution
products. In some cases, it may be desirable to
form such saturated halo-substitution products
as by-products of the halo-substitution process
of the invention. Small amounts of water,
oxygen, sulphur dioxide and hydrogen sulphide
were found to exert no appreciable effect on the
halo-substitution reaction of the process. From
the standpoint of economics, it is desirable to
execute the reaction in the substantial absence
of water. Hydrogen formed due to the eccur-
rence of the water-gas reaction may react with
the free halogen present and reduce the yield of
useful products from the applied halogen. The
process may, if desired, be effected in the pres-
ence of an inert diluent, such as nitrogen.

The process of the invention is based on our
discovery that, contrary to all expectations, an
unsaturated hydrocarbon or halo-substituted
unsaturated hydrocarbon of secondary character
can be reacted with a free halogen, or a reactant
which yields a free halogen under the conditions
of operation, at an elevated temperature at which
the hitherto unknown high temperature allylic
halo-substitution reaction occurs together with
or to the substantial exclusion of the well-known
halogen addition reaction.

In the great majority of cases, the hale-sub-
stitution reaction does not occur to any sub-
stantial extent at temperatures below 160° C.
The predominant reaction at temperatures be-
low 100° C. is halogen addition. The process is
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preferably executed at temperatures at least

equal to 200° C., but, in some cases, as when it is
desired that the halogen addition reaction cccur
to a substantial and perhaps predominating ex-
tent, temperatures below 200° C. may be em-
ployed. The upper limit of the preferred operat-
ing temperature range is determined by the sta-
bility of the organic reactants and products un-
der the existing conditions. For example, when
optimum practical yields are desired the operat-
ing temperature should be below those tempera-
tures, under the prevailing conditions of contact
time, pressure, degree of dilution, etc., at which
degradation reactions such as cracking, poly-
merization, splitting out of a hydrogen halide,
and the like, are favored. In the majority of
cases, operating temperatures of from about 200°
C. to about 700° C. are suitable, and temperatures
of from 200° C. to 500 C. may be used. The
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optimum operating temperature in each par-
ticular case will depend upon the other operat-
ing conditions such as space velocity, pressure,
the presence of catalysts, etc., as well as upon
the particular unsaturated compound reacted
and upon the particular halogen reacted there-
with. Brom-substitution of a particular com-
pound, other conditions being the same, can us-

ually be effected at a lower temperature than

chlor-substitution. The chlor-substitution of
propylene requires a higher temperature than
the chlor-substitution of the normal butylenes,
and, in general, the chlor-substitution of the
normal butylenes may require a higher tempera-
ture than the chlor-substitution of the secondary
amylenes. The approximate observed tempera-
ture ranges within which the chlorination of var-

‘ious secondary olefines appears to change from

chlorine addition to chlor-substitution are:
propylene (200° C. to 350° C.); beta-butylene
(150° C. to 2256 C.) and pentene-2 (125° C. to
200° C.) When a chlorinated product materially
predominating in allyl chloride is desired, we

preferably effect the chlor-substitution reaction at .

a temperature in the range of from 350° .C. to
675° C. When operating in this temperature
range, the chlorine addition reaction is sup-
pressed to such an extent that only very small
amounts (less than 0.5%) of dischlorpropane are
obtained. Lower operating temperatures may
be employed when it is desired to obtain a prod-
uct containing a substantial amount of dichlor-
propane as well as allyl chloride.. A preferred
emperature range for the allylic halo-substitution
of the normal butylenes is from about 200° C. to
400° C. In general, after the critical tempera-
ture is reached, the amount of halogen addition
decreases and the amount of halo-substitution

increases as the temperature is raised. By op--

erating at a sufficiently high temperature, the
halogen addition reaction may be almost com-
pletely suppressed.

Since the halogens and the olefinic compounds
of the character herein described will react rap-
idly via halogen addition when brought info
contact at room temperature, it is necessary, if
halo-substitution to the substantial exclusion of
halogen addition is desired, that the reactants be

brought together at an elevated temperature so .

high that substantially no halogen addition can
occur. Mixing the reactants at about room tem-
perature and passing the mixture into a heated
reaction zone may not suffice because the halogen
addition reaction may take place fo a substantial
extent before temperatures at which the halo--
substitution reaction occurs and the halogen ad-
dition reaction is suppressed are reached. The
reactants may be brought into contact at tem-
peratures sufficiently high to substantially ob-
viate occurrence of the halogen addition reac-
tion in a variety of suitable manners. The ole-
finic -compound may be preheated and the un-
heated halogen added thereto at such a rate
that the temperature of the mixture is main-
tained sufficiently high to obviate halogen ad-
dition, or the halogen may be preheated and
brought into contact with the unheated olefinic
compound 50:as to maintain a sufficiently high
temperature at the point of mixing and in the
mixture, or the halogen and olefinic compound
may both be preheated separately and premixed
or separately introduced into the reaction zone
at a temperature sufficiently high to substan-
tially obviate halogen addition. In a preferred
procedure for:the chlor-substitution of propylene

3

to allyl chloride, the propylene and chlorine are
preheated separately and passed into an un-
heated reaction chamber wherein the exothermic
chlor-substitution reaction takes place. It isnot
essential to the successful execution of the proc-
ess that either of the reactants be preheated.
In some cases, good results may be obtained by
mixing the cold -reactants and rapidly raising
the temperature of the mixture t{o the desired
reaction temperature.

‘When preheating of the reactants is resorted to,
the preheating temperature or temperatures
eraployed are usually dependent upon the reac-
tion temperature to be used in the particular
operation. One or both of the reactants is raised
to such a temperature that the resultant mixture
will have a temperature sufficiently high to sub-
stantially obviate the occurrence of the halogen
addition reaction. In some cases,itis advantage-
ous that the mixing temperature be substantially

the same as the reaction temperature. In the

chlor-substitution of propylene, preheating of
the propylene alone may be resorted.to, in which
case, because of the much lower specific heat of
chlorine it is merely necessary to preheat to a
slightly higher temperature than would be neces-
sary if both reactants were preheated. The upper
limit pf the preheating temperature is to a certain
extent fixed by the temperature at which excessive
cracking of the olefinic compound occurs. Exces-
sive carbon formation in the preheater may be in-
hibited by maintaining a small amount of hydro-
gen sulphide in the olefinic material treated, thus
permitting the use of higher preheating tempera-
tures than would be practicable without the em-~
ployment of such an agent.

When preheating of the reactants is resorted
to, and there is danger of explosion and/or flam-
ing at the mixing temperature, these difficulties
may be overcome by regulating the relative veloc-
itles of the gaseous reactants. For example,
when the halogen is introduced into a stream of
the preheated olefinic compound, flaming may
be avoided by injecting the halogen vapors into
the vapors of the olefinic compound at a velocity
exceeding that of flame propagation at the mix-
ing temperature. ‘The halogen may be intro-
duced at a plurality of separate points along the

‘-reaction tube while the material undergoing

halo-substitution is maintained within the de-
sired reaction temperature range, and any de-
sired degree of halo-substitution effected with
safety in a single operation. In certain cases, it
is desirable to make use of a high space velocity
and turbulent flow of the reaction mixture
through the reaction chamber to prevent the oc-
currence of flame and its concomitant produc-
tion of free carbon, and to permit the use of
higher reaction temperatures. The high velocity
enables the gases to enter the reaction zone at
a velocity in excess of that of flame propagation,
and the turbulent flow causes intimate mixing
which enables the reactants to become uniformly
dispersed in each other before any substantial
amount of halogenation takes place. The halo-
substitution reaction is exothermic, and consid~
erable heat is liberated during its occurrence.
Overheating of the reaction chamber may be
avoided by the use of conventional internal
and/or external cooling means, by the use of
normally gaseous diluents, or by the evaporation
of an internal cooling agent so that there is sub-
stantially instantaneous dissipation of heat uni-
formly throughout the reaction mixture. Tem-
perature control may be aided by employing a
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relatively large excess of the olefinic compound
over the halogen, such excess functioning as s
diluent. )

The reaction may be effected with either the
halogen or the olefinic compound in excess, or
with the reactants in equimolecular amounts.
We, in general, prefer to employ an excess of the
olefinic compound becailse, in such cases, the
vield of the desired product based on the ap-
pled halogen is usually better and temperature
control is facilitated. Olefinic compound to
halogen mol. ratios of from 2:1 to 7:1 and
higher have been successfully employed. When
an excess of the halogen is employed, there is a
greater tendency fo form polyhalogenated un-
saturated compounds.

The reaction tube or reaction chamber may be
of any suitable material. Good results have been
obtained with carbon, Hastelloy A, Hastelloy C,
KA: steel, nickel, quartz and Monel metal reac-
tion tubes. The formation of carbon, which is
catalyzed by the metal surface of the reaction
chamber or the chamber wherein the preheating
of the olefinic compound is effected, may be in-
hibited by adding a small amount of hydrogen
sulphide or an equivalent inhibiting agent to the
treated olefinic compound, or by pretreating such
metallic surfaces.

The space velocity or rate of passage of the
reactants through the reaction zone will depend
upon the design of the reaction chamber (amount
of surface available), upon the temperature em-
ployed, and upon the mol. ratio of the olefinic
compound to the halogen in the mixture reacted.
In general, good results are obtained by employ-
ing the maximum flows that can be reacted in
a given reactor. Thus, the rate of production
with the given equipment, is at a maximum and
the time during which the reaction products are
maintained at the reaction temperature is re-
duced to a minimum.

The reaction may be effected in the vapor or
in the liquid phase at any suitable pressure. Lig-
uid phase operation is particularly well suited
for the halo-substitution of high molecular weight
secondary olefines such as are obtained by the
cracking of wax.

If desired, the rate of the halo-substitution re-
action may be accelerated by the use of light
and/or by the use of halogenation catalysts.
When photochemical accelerating means are
used, suitable light-giving devices, such as in-
candescent bulbs, ultra-violet ray lamps, ete.,
may be provided around the reaction chamber
which is constructed of some material, such as
glass or quartz, which permits passage through
its walls of the reaction-accelerating light. Suit-
able caialysts which may be employed are, among
others, carbon, the antimony halides, the tin
halides and other known halogenation catalysts.
Other conditions being the same, the use of halo-
genation accelerating agencies such as light
and/or catalysts may permit execution of the
halo-substitution reaction at lower temperatures.

To avoid the occurrence of secondary reactions,
such as reaction of the unsaturated reactants
and/or reaction products with the hydrogen

halide formed during the occurrence of the pri-

mary halo-substitution reaction, it is desirable
to cool the reacted mixture and separate the
hydrogen halide and unreacted halogen, if any
is present, from the reaction product substan-
tially as soon as it leaves the reaction zone. This
may be achieved in a variety of suitable manners.
The reacted mixture, substantially as soon as it

2,130,084

leaves the reaction zone, may be contacted with
a suitable selective solvent for the hydrogen
halide, such as water, in a conventional scrubber
and the hydrogen halide absorbed and separated
from the reaction product. Alternatively, the
reacted mixture may be subjected to rectification
immediately after it leaves the reaction zone with
or without a previous neutralization treatment
with a suitable base. The unreacted unsaturated
compound applied may be recycled to the reactor
or otherwise reutilized. ’

The invention is illustrated by the following
examples which are presented for the purpose
of showinig various modes of executing the process
and the results obtainable, and are not to be con-
sidered as limitative in any sense,

Ezxample I

Chlorine and liquid B-butylene were introduced
through a mixing nozzle downward into a vertical
glass reaction tube of 2’* diameter and about 2’
long, the lower end of which widened to a 10 liter
bulb which accommodated a water spray. The
apparatus was not provided with any means of
heating so the temperature was dependent upon
the ratio of reaction heat to heat capacity of the
reaction participants, i. e., the temperature could
be controlled by varying the excess of hydrocarbon
over the chlorine. . The following table shows the
influence of temperature on the composition of
the product. ’

Reaction Percent un- | Percent Percent Percent
temperature | _Saturated | saturated. | saturated | saturated
monochloride| dichloride | trichloride chlorhydrin
Degrees
60__ 16.7 73.4 5.6 5.3
21 63.1 7.1 7.8
41. 4 45.8 8.7 4.1

The temperatures in these experiments were
measured at the walls of the reaction tube, thus
the true reaction temperatures may have been
higher than those recorded. The chlorhydrin
formed is due to the presence of water vapor or
spray toward the end of the reaction zone. It is
desirable that moisture be absent in the reaction
system, i. e, it is preferable to operate with sub-
stantially anhydrous reactants since the presence
of water vapor not only causes the formation of
some chlorhydrin but catalyzes to some extent,
the addition reaction of hydrochloric acid to ole-
fines, especially at elevated temperatures and/or
superatmospheric pressures. Operating with dry
reactants also avoids or minimizes corrosion
losses.
Example IT

A similar apparatus as the one described in the
foregoing example was used. A longer reaction
tube of 3’ was used and a thermocouple well was
inserted into the reaction zone. Both butylene
and chlorine were introduced as gases. The re-
sults in this apparatus were similar to those ob-
tained in Example I, but there was practically no
chlorhydrin and, as expected, higher tempera-
tures were indicated for similar products than
with the previous arrangement. '

Percent un-
saturated
meonochloride

Temperature, ° C.

140
170.
208
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Ezample ITT

The chlorination was carried out in an appa-
ratus which allowed the chlorine and the g-butyl-
ene to be preheated before mixing. The reaction

. zone was in a glass tube inserted in an aluminum
block for heat control.

Temperatmes, °C. Percent unsat-
urated mono-
" Rati ch!or(iide én
Reaction ios produe
Preheater Block zone ClyHC
365° 300° 450° 1:1 68

The unsaturated chloride formed was found to
contain about 60% of a monochloride boiling
around 85° C., and 40% of a monochloride boiling
at 65° C. The compound boiling at 85° C. is a
primary chloride as it can be hydrolyzed to a
“primary unsaturated alcohol, while the lower boil-
ing one is of the secondary type.

When a mixture of « and g butylenes, contain-
ing about 20% pg-butylene, was used instead of
pure g-butylene, the composition of the product
was practically the same as that obtained with
pure g-butylene.

' " Example IV

Propylene was chlorinated at a reaction zone
temperature of 390° C. with a chlorine to hydro-
carbon ratio of 0.9:1. A yield of 60% allyl chlo-
ride was obtained.

Example V

2-chlorbutene-2 was chlorinated at a tempera-
ture of 350° C. with a ratio of chlorine to chlor-
butene of 0.75:1. Analysis of the product showed
it to contain about 50% of an unsaturated dichlo-
ride, probabiy 1,2 and 2,4 dichlorbutene-2.

Example VI
Cyclohexene was chlorinated at 420° C. with 0.8

5

amounts of allyl chloride and dichlorpropane
formed.

Unsaturated | Saturated | Yioid
Space f N allyl
Mol. monochle- | dichloride, 4
'{‘&ﬁ';pf é" ratio i‘treloc-r ride, percent { percent "hl?;g‘é'
s~ U CiHe/Ch se%o%ed chlorine chlorine | BSFCERt
: reacted reacted basis
1.76 0.94 28.5 15.8 " 5l.4
1.89 1.08 20.8 10.6 57.8
1.87 1.22 20.7 9.7 57.7
2,10 1.34 30.6 5.9 59.8
1.98 1.80 33.4 7.5 64.8
2.07 2.84 33.4 5.9 64.7
R 2.01 3.26 30.6 3.4 59.8
N

In the above tabulated runs, the amount of the
saturated dichloride found is abnormally high.
This is because the reactants were mixed at room
temperature and then passed into the reactor.
Considerable chlorine addition to form the sat-
urated dichloride had taken place before the re-
actants were brought to the high chlor-substitu-
tion temperature. 'The results show that, due to
side reactions, there is no increase in allyl chloride
yield after a temperature of about 700° C. has
been reached, and that the amount of the sat-
urated dichloride formed decreases to a minimum
as the temperature is raised.

Example VIII

In the experiments, the data of which are tab-
ulated below, both the olefinic compound and the
chlorine were preheated. The preheated react-
ants were mixed by means of a suitable mixing
jet and the hot mixture immediately passed into
the reaction tube wherein the exothermic chlor-
substitution reaction took place. The reaction

. tube and the preheaters were provided with

means for accurately controlling their tempera-
tures substantially constant at the desired value.
The reaction temperature was measured by
means of a jacketed thermocouple introduced
into the reaction space.

Reaction tube |- :
size (inches) ol Chlorine balance . Unsat%atgg
ol. mono-chloride
Olefin ratio l\tggng Bt:;(i'tlon actually recov-
° | okfine | TP | P~ | Unsaturat-| goprateq | Unsatu- | ered (ool por-
i . . ed mono- | 3 s Ia i- cent of chlo-
Dism, |Length | chiorine chioride, dlg]rlg;&e! chloride, | rine applied)*
percent percent
% 14 2.05 400 595 34.2 L9 5.8 68.5
% 14 2.00 460 6685 34.9 L8 5.6 69:8
% 14 6. 60 600 600 39.3 0.3 3.2 78.8
2/4 14 6.30 500 500 37.3 L3 4.0 74.6
14 3.60 560 582 36.9 0.3 3.7 73.8
é 24| 6.40 400 436 27.6 49 3.0 852
27 2.40 298 445 30.9 6.1 6L9
mol. of chlorine per mol. of hydrocarbon. The *The actual yield of the unsaturated monohalide was

product contained 63% unsaturated monochlo-
ride.
Example VII

Gaseous propylene was reacted with gaseous
chlorine in a carbon reaction tube (20’ x 1"').
The reaction tube was surrounded by an alumi-
num block to which heat was supplied by means
of a gas furnace. The gases, at about room tem-
perature, were passed through a suitable mixing
jet and the mixture passed immediately into the
reaction tube maintained at the desired reaction
temperature. The reaction temperature was
measured by means of a thermocouple inserted in
the aluminum block. The tabulated data show
the influence of the temperature on the relative

considerably higher than these figures indicate. Due 'to
use of an inetlicient recovery system, not all of the for-
mal product was recovered. The figures of line 3 of
the tabple show that under the specified conditions the
recovered unsaturated monohalide was 78.6%. \‘When
this run was duplicated using a more eflicient recovery
system, this figure was raised to 85.5% indicating a
yield of at least 85.5%.

It is seen from the tabulated data that the
chlorine addition reaction is suppressed as the re-
action temperature is increased. When the pre-
heated reactants were mixed at 600° C. and the
reaction executed at the same temperaiure (600°
C.), only 0.3% of the chlorine addition product
(dichlorpropane) was formed. When the reac-
tion was effected ‘at 665° C., more of the chlorine
addition product (1.8%) was formed, but this
was due to the fact that in this case the mixing
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temperature was lower (460° C.), permitting the
addition reaction to occur to a small extent be-
fore the mixture entered the reaction zone.

Ezxample IX

Allyl bromide was prepared by the high tem-
perature brom-substitution of propylene. Both
the propylene and the bromine were preheated,
mixed while hot, and the mixture immediately
passed into the reaction tube. The allyl bromide
was obtained in o yield of 71.2% based on bro-
mine applied. The data of the experiment are
tabulated below:

2,180,084

stitution predominantly takes place, and recover-
ing the unsaturated allyl type chloride.

4. The process of predominantly chlorinating
by allylic substitution an unsaturated organic
compound of the class consisting of unsaturated
hydrocarbons and halo-substituted unsaturated
hydrocarbons containing an olefinic linkage be-
tween two mnon-tertiary carbon atoms of ali-
phatic character at least one of which is sec-
ondary which comprises subjecting said unsat-
urated organic compound to a chlorination resc-
tion with gaseous chlorine at an elevated tem-
perature at which allylic chlorine-substitution

Reaction tube "
(inches) Mol.ratio | pr.yro | Reaction | Unsaturated Saturated nglzﬂg eang})]_
propylene temp., ° C. | temp., ° C mogl;;gn‘x;xde, dxll));?mu,i;a, percent of bro-
e . ° C. ., ° C. o o y b
Diam. | Lengtn | Plorine |- - mine applied
Cay 22 4.02 300 3% 36.7 <2.5 712
Ezample X bredominantly takes place but below the tem-

2 - chlorbutene -2 (CH3:—CCI=CH—CH3) was
reacted with chlorine in a mol. ratio of about
2 to 1. The preheated reactants were mixed at
about 100° C. and the mixture passed into a car-
bon reaction tube maintained at a temperature
of about 500° C. 'The condensed reaction prod-
uct was washed with water, dried and fraction-
ated. The main reaction products were 1,2-di-
chlorbutene-2 (B. P. 110° C. to 112° C.) and chlo-
roprene (B. P. 60° C.).

The application is a continuation-in-part of
our copending application, Serial No. 37,184, filed
August 21, 1935.

We claim as our invention:

1. The process of predominantly halogenating
by allylic substitution an unsaturated organic
compound of the class consisting of unsaturated
hydrocarbons and halo-substituted unsaturated
hydrocarbons containing an olefinic linkage be-
tween two non-tertiary carbon atoms of aliphatic
character at least one of which is secondary
which comprises subjecting said unsaturated or-
ganic compound to a halogenation reaction at an
elevated temperature at which allylic halogen-
substitution predominantly takes place but be-
low the temperature at which substantial degra-
dation is favored, and recovering the unsaturated
allyl type halide.

2. The process of predominantly chlorinating
by allylic substitution an unsaturated organic
compound of the class consisting of unsaturated
hydrocarbons and halo-substituted unsaturated

hydrocarbons containing an olefinic linkage be- -

tween two non-tertiary carbon atoms of aliphatic
character at least one of which is secondary
which comprises subjecting said unsaturated or-
ganic compound to a chlorination reaction at
an elevated temperature at which aliylic chlo-
rine-substitution predominantly takes place but
below the temperature at which substantial deg-~
radation is favored, and recovering the unsatu-
rated allyl type chloride.

3. The process of Predominantly chlorinating
by allylic substitution an unsaturated organic
compound of the class consisting of unsaturated
hydrocarbons and halo-substituted unsaturated
hydrocarbons containing an olefinic linkage be-
tween two non-tertiary carbon atoms of aliphatic
character at least one of which is secondary
which comprises subjecting said unsaturated or-
ganic compound to a chlorination reaction at a
temperature between about 200° C. and 500° C.,
in which temperature range allylic chlorine-sub-

perature at which substantial degradation is
favored, and recovering the unsaturated allyl
type chloride.

5. The process of predominantly chlorinating
by allylic substitution an unsaturated organic
compound of the class consisting of unsaturated
hydrocarbons and halo-substituted unsaturated
hydrocarbons containing an olefinic linkage be-
tween two non-tertiary carbon atoms of aliphatic
character at least one of which is secondary
which comprises separately preheating said un-
saturated organic compound to a temperature
at which it is in the vaporous state, mixing it in
that heated condition with chlorine, rapidly exe-
cuting the chlorination reaction at an elevated
temperature at which allylic chlorine-substitu-
tion predominantly takes place but below the
temperature at which substantial degradation is
favored, and recovering the unsaturated allyl
type chloride. ' .

6. The process of predominantly chlorinating
by allylic substitution an unsaturated organic
compound of the class consisting of unsaturated
hydrocarbons and halo-substituted unsaturated
hydrocarbons containing an olefinic linkage be-
tween two non-tertiary carbon atoms of ali-
phatiec character at least one of which is sec-
ondary which comprises separately preheating
said unsaturated organic compound and chlo-
rine to a temperature above 200° C., mixing them
in that heated condition, rapidly executing the
chlorination reaction at above 200° C., but below
the temperature at which substantial degradation
is favored, in which temperature range allylic
chlorine-substitution predominantly takes place,
and recovering the unsaturated allyl type chlo-
ride.

7. The process of predominantly chlorinating
by allylic substitution an unsaturated organic
compound of the class consisting of unsaturated
hydrocarbons and halo-substituted unsaturated
hydrocarbons containing an olefinic linkage be-
tween two non-tertiary ecarbon atoms of ali-
bhatic character at least one of which is second-
ary’which comprises subjecting said unsaturated
orgénic compound in the vapor phase to reaction
with gaseous chlorine at above 200° C. but below
the temperature at which substantial degrada~
tion is favored, in which temperature range al-
Iylic chlorine-substitution predominantly takes
place, and recovering the unsaturated allyl type
chloride.

8. The process of predominantly chlorinating

by allylic substitution an unsaturated organic
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compouhd of the class consisting of unsaturated
hydrocarbons and halo-substituted unsaturated
hydrocarbons containing an olefinic linkage be-

tween two non-tertiary carbon atoms of ali-

phatic character at least one of which is -sec-
ondary which comprises separately preheating
sald unsaturated organic compound and chio-
rine to a2 predetermined reaction temperature
materially above the bolling temperature of the
unsaturated organic compound and at which al-
lylic chlorine-substitution predominantly takes
place, and then mixing the heated material to be
chlorinated with the heated chlorine at a ve-
locity in excess of that of flame propagation un-
der the conditions existing to effect the chlo-
rine-substitution. -

9. The process of predominantly chilorinating
by allylic substitution an unsaturated organic

_compound of the class consisting of unsaturated

20

30

hydrocarbons and halo-substituted unsaturated
hydrocarbons eontaining an olefinic linkage be-
tween two non-tertiary carbon atoms of ali-
phatic character at least one of which is second-
ary which comprises preheating the unsaturated
organic compound to & predetermined reaction
temperature at which it is in the vapor phase
and then promptly injecting chlorine into said
heated material at a velocity in excess of that
of flame propagation under the conditions ex-
isting to effect the allylic chlorine-substitution,

" the reaction temperature being so high that al-

lylic chlorine-substitution predominantly  takes
place but below the temperature at which sub-
stantial degradation is favored. '

10. The process of predominantly chlorinating
by allylic substitution an unsaturated organic
compound. of the class consisting of unsaturated
hydrocarbons and halo-substituted unsaturated
hydrocarbons containing an olefinic linkage be-
tween two non-tertiary carbon atoms of ali-
phatic character at least one of which is sec-

" ondary which comprises producing a  substitu-

55

tion reaction between said unsaturated organic
compound and chlorine at a temperature above
200° C. and for a period of time which does not fa~
vor degradation of the unsaturated organic com-

"pound, the reaction temperature being so high

that allylic chlorine-substitution predominantly
takes place. = -

| 11, The process of predominantly chlorinating
by allylic substitution an unsaturated organic
compound of the class consisting of unsaturated
hydrocarbons and halo-substituted unsaturated
hydrocarbons containing an olefinic linkage he-
tween two non-tertiary carhbon atoms of aliphatic
character at least one of which is secondary which
comprises injecting chlorine at a speed exceed-

- ing that of flame propagation of the reaction into

60

a stream of the unsaturated organic compound
while executing the reaction between about 200°
C. and 500° C., in which temperature range allylic
chlorine-substitution predominantly takes place.

12. The process of predominantly chlorinating

- by allylic substitution an unsaturated organic

a5

70

75

compound of the class consisting of unsaturated
hydrocarbons and halo-substituted unsaturated
hydrocarbons contzining an olefini¢c linkage be-
tween two non-tertiary carbon atoms of aliphatic
character at least one of which is secondary which
comprises injecting chlorine at a speed exceed-
ing that of flame propagation of the reaction into
the unsaturated organic compound while exe-
cuting the reaction between about 200° C. and
500° C., in which temperature range allylic chlo-
rine-substitution predominantly takes place.

§

rd

13. The process of predominantly chlorinat-
ing by allylic substitution a secondary olefine
which comprises subjecting it to a chlorination
reaction at an elevated temperature at which
allylic chlorine-substitution predoniinantly takes
place but below the temperature at which sub-
stantial degradation is favored, and recovering
the unsaturated allyl type chloride. o

14¢. The process of predominantly chlorinat-
ing by allylic substitution propylene which com-

-prises subjecting it to a chlorination reaction at

above 200° C., at which temperature allylic chlo-
rine-substitution predominantly takes place, for
& period of time which does not favor substantial
degradation of the propylene,

15. The process of predominantly chlorinat-
ing by allylic substitution a secondary butylene
which comprises subjecting it to a chlorination
reaction at above 200° C., at which tempera-
ture allylic chlorine-substitution predominantly
takes place, for a period of time which does not
favor substantial degradation of the secondary
butylene.

16. The process of predominantly chlorinat-
Ing by allylic substitution a secondary amylene
which comprisés subjecting it to a chlorination
reaction at above 200° C., at which temperature
allylic chlorine-substitution predominantly takes
place, for a period of time which does not favor
substantial degradation of the-secondary am-
yiene.

-17. The process of halogenating by allylic sub-
stitution an unsaturated organic compound of
the class consisting of unsaturated hydrocarbons
and "halo-substituted unsaturated hydrocarbons
containing an olefinic linkage between two non-
tertiary carbon atoms of aliphatic character at
least one of which is secondary which comprises
subjecting sald unsaturated organic compound
to a halogenation reaction at any elevated tem-
perature at which allylic halogen-substitution
takes place but below the temperature at which
substantial degradation is favored, and recov-
ering the unsaturated allyl type halide.

18. The process of halogenating by allylic sub-
stitution an unsaturated organic compound of

the class consisting of unsaturated hydrocarbons .

and halo-substituted unsaturated hydrocarbons
containing an olefinic linkage between two non-
tertiary carbon atoms of aliphatic character at
least one of which is secondary which comprises
subjecting said unsaturated organic compound
to a halogenation reaction at a temperature at
least equal to about 200° C. but below the tem-
perature at which substantial degradstion is fav-
ored whereby allylic halogen-substitution takes
place to form an unsaturated allyl type halide,
and recovering the unsaturated allyl type halide.

19. The process of halogenating a secondary
butylene by allylic substitution which comprises
reacting a secondary butylene with a halogen
at a temperature in the range of from above
200° C. to about 400° C. whereby allylic halogen-
substitution takes place to form an unsaturated
allyl type halide.

20. The process of chlorinating propylene by
allylic substitution which comprises reacting
propylene with chlorine at-a temperature in the
range of from 350° C. to 675° C., whereby allylic
chlorine-substifution takes place to form allyl
chloride, : ’ - '

HERBERT P. A. GROIL.
GEORGE HEARNE.
JAMES BURGIN.
DONALD 8. LA FRANCE.
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