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ous phase in the presence of carrier catalysts contain-
ing copper(ll) salts, cobalt salts or mixtures of both
salts, by additionally passing hydrogen halide, water or
oxygen or oxygen containing gases, in admixture or as
single components, over the catalyst either simulta-
neously with the reactants or alternately one after the
other.
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PROCESS FOR THE PREPARATION OF
UNSATURATED NITRILES

This application is a continuation application of
pending application Ser. No. 218,507, filed Jan. 17,
1972, now abandoned.

The present invention provides a continuous process
for the preparation of olefin nitriles by gas phase reac-
tion of hydrocyanic acid with esters of unsaturated al-
cohols and carboxylic acids having from 1 to 10 carbon
atoms, in the presence of metal salt containing catalysts
on carrier materials.

The preparation of olefin nitriles is already known: it
is carried out by reaction of the corresponding unsatu-
rated halides with metal cyanides in a similar manner
as a cyanide alkylation according to Kolbe, where the
olefin halides react either with alkali cyanides or with
heavy metal cyanides. The analogous reaction of or-
ganic halides with basic ion exchangers in the form of
cyanide gives only poor yields despite relatively long
reaction times. :

For the preparation of unsaturated nitriles, also the
reaction in the liquid phase of the corresponding alco-
hols or alcohol/ester mixtures with metal cyanides in
the presence of free mineral acid is described.

Besides poor yields, the former processes have the
disadvantage of a relatively lengthy and uneconomic
technique. As cyanide source, mostly metal cyanide is
employed; thus necessarily large amounts, i.e., stoi-
chiometric amounts, of the corresponding metal ha-
lides are formed. This does not only cause losses of
valuable starting product, i.e., halogen, but also consid-
erable problems arise regarding the removal or use of
the metal salts which are formed.

Moreover, when heavy metal cyanides are employed
as cyanide source, large amounts of isonitrile and other
undesired by-products are always formed.

Also different gas phase reactions are known for the
preparation of unsaturated nitriles, for example the re-
action of allyl chloride with hydrocyanic acid in the
presence of a copper/aluminum oxide catalyst. This
process, however, gives only poor yields of olefin ni-
trile, and simultaneously, a great number of undesired
by-products are formed.

Recently, two further processes for the preparation
of especially 3,4-unsaturated nitriles by reaction, in the
gaseous and in the liquid phase, of corresponding un-
saturated carboxylic acid esters with hydrocyanic acid
in the presence of copper (1) halide catalysts have been
described. Of these two processes, the liquid phase
method furnishes good yields, but its disadvantage re-
sides in the fact that the catalyst mixtures dissolved in
the liquid reaction mixture for their work-up must be
separated in complicated operations and then prepared
anew, thus rendering this method uneconomic, espe-
cially in a continuous process.

Moreover, the normally insoluble copper(l) halide,
which has to be present at least in a molar concentra-
tion, must be dissolved and kept in solution in a compli-
cated operation by adding special solutes in order to
ensure the activity of the catalyst. Thus, especially in a
continuous process, also by-products are retained in
undesired amounts which concentrate in the reaction
sump during the work-up.

Furthermore, in both processes the copper catalyst
must be present in its monovalent form and kept in this
state, which requires complicated uneconomic opera-
tions under a protecting nitrogen atmosphere and

20

25

35

40

55

60

65

2

under reducing conditions which have to be strictly ob-
served.

For applying the copper(l) chloride to the carriers
employed in the cited gas phase process and for attain-
ing the necessary catalytic activity, also special nitro-
gen containing solvents are required, the use of which
unnecessarily increases the costs of the process and,
moreover, causes only a relatively poor space-time
yield of the catalysts employed.

A process for the preparation of unsaturated nitriles
from hydrocyanic acid and esters of unsaturated alco-
hols and carboxylic acids in the gaseous phase has now
been found wherein the reactants are passed over car-
rier catalysts impregnated with compounds selected
from the group consisting of a copper(Il) salt, a cobalt
salt and a mixture of both salts, preferably with addi-
tion of a Lewis acid.

The carboxylic acids simultaneously formed in this
process are recovered in practically quantitative
amounts and may thus be used again, according to
known methods, for the preparation of the starting ma-
terials, thus establishing a closed recycling system for
the carboxylic acid component without any of the
wastes problems of the former processes.

The starting materials employed in the process of the
invention, i.e., esters and hydrocyanic acid, may be re-
acted in an equimolar as well as in a non-stoichiometric
mixture. The reactants may be added separately, the
hydrocyanic acid advantageously being passed over the
catalyst directly in its gaseous form; but they may also
be fed in together, a solution of liquid hydrocyanic acid
being vaporized in the ester employed, and the vapor
mixture being passed over the catalyst. After having
passed the reaction zone, the reactant being possibly in
excess may be easily separated, fractionated and recy-
cled without any alteration together with the carboxylic
acid which has formed. Many variations of the process
thus are made possible, as well as an easy handling from
a technical viewpoint.

The starting materials are hydrocyanic acid on the
one hand, on the other unsaturated esters of an olefin
alcohol and a carboxylic acid having from 1 to 10 car-
bon atoms. Examples of these acids are formic, acetic,
propionic, butyric, valeric, caproic, enanthic, caprylic,
pelargonic or capric acid, furthermore cyclic, unsatu-
rated or dicarboxylic acids.

As unsaturated alcohols, compounds having from 2
to 8 carbon atoms may be employed, for example allyl
or methallyl alcohol, butenol, pentenol, but also olefin
alcohols having more than one double bond in the mol-
ecule, for example pentadienol, and unsaturated bi-
functional alcohols, for example butenediol; the use of
which results in the obtention of unsaturated dinitriles.

Reaction products of the process of the invention
nearly exclusively are the olefin nitriles desired in each
case and the carboxylic acids corresponding to the es-
ters employed. By-products are present only in insignif-
icant amounts. Secondary reactions can be nearly com-
pletely avoided, since the product mixture is cooled
and condensed immediately after having left the hot re-
action zone.

The reaction mixture generally is worked up by frac-
tional distillation. It might be necessary to employ an
auxiliary agent in the case where substances of similar
boiling points are to be separated. When for example
an olefin nitrile such as allyl cyanide is distilled, it is ad-
vantageous to separate it from the acetic acid which
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has formed by adding an amount of water which is
forming an azeotropic mixture. Thus, the acetic acid
can be recovered in a completely pure form being free
from allyl cyanide, although the boiling points of the
pure components are differing by only 0.1°C. The pure
carboxylic acid so obtained may be reused without fur-
ther work-up for a new preparation process of ester
(for example allyi acetate) according to known meth-

ods.
The reaction temperatures of the process of the in-

vention are in the range of from 50° to 350°C, prefera-
bly from 100° to 250°C, especially above 150°C.

The reaction may be carried out under a pressure the
range of which may be widely varied. Advantageous
are pressures of from 0.5 to 50 absolute atmospheres;
especially from 1 to 5 absolute atmospheres.

The addition of volatile inert substances, for example
nitrogen, does not adversely affect the reaction; on the
contrary, this is very advantageous in the case where
relatively high boiling esters are used, since the forma-
tion of liquid precipitates on the catalysts is avoided
and thus their longtime performance is improved.

As catalyst, there are used copper(ll) salts or cobalt
salts, or a mixture of both salts, preferably as a mixture
with Lewis acids, which are applied to suitable carriers.
Copper or cobalt halides are preferred as salts. The
total amount of the catalyst mixture applied to the car-
rier material may be very widely varied; generally, it is
from 5 to 40 percent by weight, preferably from 10 to
30 percent by weight, especially about 25 percent by
weight of the total mass of the catalyst.

It is a rather surprising fact that, in the process of the
invention, not the copper(l) compounds described in
the former processes, but copper(ll) salts and, further-
more, also salts of cobalt alone may be used as catalyti-
cally active components for the formation of the ni-
triles.

The mixing ratio of copper salt and/or cobalt salt,
preferably copper halide and/or cobalt halide to Lewis
acid may be deliberately chosen. Generally, good re-
sults are obtained using catalyst mixtures the compo-
nents of which are present in about equal amounts.

As Lewis acids, for the process of the invention there
may be used for example chromium(lil) chloride, man-
ganese(ll) chloride, zinc chloride, nickel(I) chloride,
aluminum chloride, titanium(Ill) chloride, beryllium
chloride, zirconium(IV) chloride, antimony(IlI) chlo-
ride, bismuth(llI) chloride, ferric chloride, tin(IV)
chioride, molybdenum(llI) chloride, cadmium(Il)
chloride, boron(lll) chloride, gallium(IIT) chloride, in-
dium(1I) chloride, thallium(Ill) chloride, cerium(IV)
chloride, or vanadium(lII) chloride. It is also possible
to use the analogous bromides, for example molyb-
denum(1ll) bromide, aluminum bromide or zinc bro-
mide. Preferably, sinc chloride or nickel chloride, in
admixtures as well as alone, are employed as Lewis
acids.

As copper and/or cobalt salts, especially copper ha-
lides and/or cobalt halides may be employed. Suitable
copper salts for the process of the invention are salts of
bivalent copper, suitable cobalt salts are those of biva-
lent cobalt. Apart from the chlorides, also bromides,
nitrates, cyanides, sulfates and acetates may be used as
salts; the chlorides generally being preferred.

The activity of these salts, especially of the chlorides,
is surprisingly superior to that of the salts cited for the
former processes. For example, space-time yields of
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much more than 300 g/L.h may be attained using the
catalyst mixtures composed according to the present
invention. However, the catalytic activity of the cata-
lyst mixtures is not attained by simply summing up the
activity of each component, which effect previously
could not be expected.

Since the process does not require anhydrous opera-
tion, it is possible to impregnate the catalysts with the
catalytically active substances in an aqueous solution
and subsequently to simply dry the catalyst material in
known manner.

When the catalyst mixtures in accordance with the
invention are used, the hydrocyanic acid is able to lib-
erate the less volatile, higher boiling and more acidic
carboxylic acids from their compounds also in the gase-
ous phase.

Thus, the hydrocyanic acid is a cheap and technically
easily obtainable cyanide source.

As carrier material for the catalysts, suitable com-
pounds for the process of the invention are silicium di-
oxide, aluminum oxides, active charcoal, zirconium ox-
ide, aluminum silicates or molecular sieves. But also
other carriers may be used.

The gas phase reaction in accordance with the pres-
ent invention may be carried out as a fluid or fixed bed
process. Of the different operation modes, the follow-
ing method is advantageous for the continuous prepa-
ration of olefin nitriles: Hydrocyanic acid and olefin
ester are mixed in the desired ratio, the reactants gen-
erally being in equimolar amounts. It is preferable to
mix the liquid hydrocyanic acid directly with the olefin
ester and to introduce this mixture into a vaporizer ap-
paratus. The vaporization temperature depends on the
reaction mixture used in each case and generally is
above 100°C. The amount added within the unit of time
may be chosen as desired and depends only on the di-
mensioning of the catalyst system connected to the va-
porizer. After the vaporization, the now gaseous reac-
tion mixture is passed over the catalyst; a simultaneous
addition of nitrogen or another inert gas or steam being
favorable sometimes but not necessary.

By a corresponding control, the catalyst temperature
is maintained at the desired level. After having left the
reaction oven, the reaction mixture being in gaseous or
vapor state is immediately cooled and fractionated. Re-
actants which have not been converted and carboxylic
acid which has formed are reemployed correspondingly
after their purification.

The process according to the invention so described
has the advantage of yielding relatively very pure olefin
nitriles in a technically simple and profitable manner
with excellent long duration results, which olefins oth-
erwise can only be obtained with simultaneous forma-
tion of large amounts of wastes and by-products and
with rapidly decreasing catalyst yields.

The olefin nitriles obtained in the process of the in-
vention are valuable organic intermediate products for
example for the preparation of epoxy nitriles and unsat-
urated carboxylic acids.

It has now been found that the above described con-
tinuous process for the preparation of olefin nitriles--;
especially with respect to the industrial long time use
of the described catalysts can still be improved by tak-
ing certain additional steps.

The improvement comprises passing over the
catalyst--; either simultaneously with the reactants or
alternately therewith, hydrogen halide, especially hy-
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drogen chloride, and/or water and/or oxygen or oxygen
containing gases, in admixture or as single components.

The process of the invention especially allows an eco-
nomic manufacture of the desired olefin nitriles during
sufficiently long periods in constant yields and with ex-
cellent space-time results.

The necessary operations therefore comprise, be-
sides the use of the active catalyst components copper-
(II) salt or cobalt salt or a mixture of both salts, prefer-
ably with addition of a Lewis acid, a simultaneous or
interval activation of the total catalyst or single compo-
nents thereof with hydrogen halide, especially hydro-
gen chloride, and/or water and/or oxygen or oxygen
containing gases.

This additional activation according to the present
invention results in better yields of olefin nitrile and a
substantially increased life of the catalysts by using the
necessary small amounts of hydrogen halide, especially
hydrogen chloride and/or water, and/or oxygen or 0xy-
gen containing gases which are added alternately or si-
multaneously without provoking an increased forma-
tion of undesired oxygen or halide containing by-
products.

By the alternate or simultaneous treatment of the cat-
alysts with hydrogen halide and/or water and/or oxygen
or oxygen containing gases in accordance with the in-
vention as described, a substantial increase of the yield
and life of the catalyst is attained, thus only ensuring
the profitability of the olefin nitrile synthesis of the in-
vention.

The amounts of hydrogen halides, especially hydro-
gen chloride, and/or water and/or oxygen or oxygen
containing gases used may be widely varied. Advanta-
geously, from 0.01 to 0.1 mol, preferably about 0.05
mol per mol of olefin ester of hydrogen halide is em-
ployed, water is used in an amount of from 0.5 t0 0.05
mol, especially of about 0.1 mol per mol of olefin ester,
and oxygen in an amount of from 0.01 to 2.0 mols,
preferably from 0.05 to 1.0 mol, especially of 0.1 mol
per mol of olefin ester.

The catalyst solutions used are extremely resistant
catalysts which excellently withstand repeated switch-
ing-on and -off and extreme variations of the tempera-
ture in a range of from 20°C to 600°C, as this partially
occurs during the auxiliary operations of the process of
the invention as described, as well as, quite generally,
they withstand hard continuous operation conditions,
thus contributing also to the profitability of the process.

The steps taken result in a new process which is far
superior to the older processes and which allows to
achieve space-time yields of up to 400 g/Lh in continu-
ous runs. This total yield of the new process, however,
is not attained by simply summing up the single steps
taken, i.e., choice of the catalyst mixture, addition of
hydrogen chloride, water and oxygen, but only the
combination of all these factors brings about this con-
stant high yield, which effect previously could not be
expected.

The process according to the invention so described
has the advantage of yielding relatively very pure olefin
nitriles in a technically simple and profitable manner
with excellent long duration results, which olefins oth-
erwise can only be obtained with simultaneous forma-
tion of large amounts of wastes and by-products and
with rapidly decreasing catalyst yields.

The following Examples illustrate the invention.
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EXAMPLE 1

A mixture of 100 g of allyl acetate and 27 g of hydro-
cyanic acid is introduced, within 1 hour, into a vapor-
izer flask heated to 200°C-250°C. The vapor mixture
is blown into the reaction tube heated to 200°C to-
gether with 22.4 1/h of nitrogen.

In the reaction tube, 100 mi of catalyst are present;
the catalyst being an aluminum oxide carrier which has
been impregnated with copper(ll) chloride in aqueous
solution. In the receiver at the end of the reaction oven,
122 g of condensate containing 35 g of allyl cyanide are
obtained, which corresponds to a space-time yield of
350 g/Lh.

After 1 hour, the reaction tube is replaced by a new
one. Hydrogen chloride gas (2 I/h) and subsequently
air (22.4 1/h) are then passed over the used catalyst for
30 minutes each. The catalyst is then again connected
with the vaporizer flask and the above operation is re-
peated.

By this method, allyl cyanide having practically con-
stant space-time yields of from 320 to 360 g/L.h is ob-
tained within a period of 5 days.

EXAMPLE 2

The test is run according to Example 1, but simulta-
neously with the mixture of allyl acetate and hydrocy-
anic acid, 1 I/h of hydrogen chloride gas is added. After
1 hour, the reactants are switched over to a second re-
action tube, while the used one is treated with 22.4 I/h
of air.

By this method, within a total of 35 hours, an average
space-time yield of 320 g/Lh of allyl cyanide is ob-
tained.

EXAMPLE 3

The method is as described in Example 1. Instead of
AlLLQ;, SiO; is used as carrier for the copper(ll) chlo-
ride catalyst. Together with the mixture of 1 mol each
of allyl cyanide and hydrocyanic acid as described in
Example 1, simultaneously 1 I/h of a mixture of air and
hydrogen chloride gas is passed through the reaction
tube. The addition of nitrogen is reduced to 0.5 mol/h.
Thus, a space-time yield of 285 g/L.h of allyl cyanide
and some allyl chloride (1 mol percent, relative to allyl
cyanide) is obtained. In this run, the reaction tube is
not replaced.

EXAMPLE 4

The method is as described in Example 1, but as cata-
lyst, an aluminum oxide carrier impregnated with a
mixture of equal amounts of copper(1l) chloride and
cobalt(IT) chloride is used.

After 1 hour, the vaporizer is switched over to the
second reaction tube, and the first one is treated for 30
minutes each with at first a mixture of 9 g/h of H,0 and
6 1/h of hydrogen chloride gas and subsequently with
22.4 I/h of air, and then connected anew to the vapor-
izer flask.

Thus, a constant space-time yield of 395 g/Lh of allyl
cyanide is obtained.

EXAMPLE 5

1 mol each of methallyl acetate and hydrocyanic acid
are vaporized, and the vapor mixture is passed within
60 minutes over 100 ml of aluminum oxide impreg-
nated with copper(ll) chloride. Within the same time,
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11.2 1 of nitrogen and 1 1 of hydrogen chloride are
passed over the catalyst. After each hour of test time,
the whole is switched over to a second reaction tube,
and 11 | of air are blown over the first catalyst within
1 hour.

By this method, methallyl cyanide having a boiling
point of 137°C can be synthetized during long periods
in a space-time yield of 338 g/Lh.

We claim:

1. A gas phase process for the preparation of olefinic
nitriles having 3 to 6 carbon atoms selected from the
group consisting of allyl cyanide, methallyl cyanide, bu-
tenyl cyanide and pentenyl cyanide, from hydrocyanic
acid and esters of unsaturated alcohols having 2 to 5
carbon atoms, said unsaturated alcohols being selected
from the group consisting of allyl alcohol, methally] al-
cohol, butenol, pentenol, butenediol and pentadienol
and carboxylic acids having 1 to 10 carbon atoms se-
lected from the group consisting formic, acetic, propi-
onic, butyric, valeric, caproic, enanthic, caprylic, pe-
largonic and capric acid, wherein the reactants are
passed at a temperature from 50° to 350°C and under
a pressure of from 0.5 to 50 atmospheres absolute, over
a supported catalyst consisting essentially of from 5 to
40 percent by weight of total catalyst, of a compound
selected from the group consisting of the chlorides,
bromides, nitrates, cyanides, sulfates and acetates of
bivalent copper or bivalent cobalt or mixtures thereof
and wherein an auxiliary agent selected from the group
consisting of hydrogen chloride, water, molecular oxy-
gen, gases containing molecular oxygen and mixtures
thereof, are passed either simultaneously with the reac-
tants or alternatively therewith over the said catalyst.

2. A process as claimed in claim 1, wherein the auxili-
ary agents are passed over the catalyst simultaneously
with the reactants.

3. A process as claimed in claim 1, wherein the auxili-
ary agents and the reactants are alternately added to
the catalyst.

4. A process as claimed in claim 1, wherein from 0.05
to 0.5 mol of water per mol of olefin ester is used.

5. A process as claimed in claim 1, wherein 0.1 mol
of water per mol of olefin ester is used. _

6. A process as claimed in claim 1, wherein from 0.01
to 2.0 mol of molecular oxygen or molecular oxygen
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containing gas per mol of olefin ester, relative to oxy-
gen, is used. :

7. A process as claimed in claim 1, wherein from 0.05
to 1.0 mol of molecular oxygen or molecular oxygen
containing gas per mol of olefin ester, relative to oxy-
gen, is used.

8. A process as claimed in claim 1, wherein 0.1 mol
of molecular oxygen or molecular oxygen containing
gas per mol of olefin ester, relative molecular oxygen,
is used.

9, A gas phase process for the preparation of olefinic
nitriles having 3 to 6 carbon atoms selected from the
group consisting of allyl cyanide, methallyl cyanide, bu-
tenyl cyanide and pentenyl cyanide, from hydrocyanic
acid and esters of unsaturated alcohols having 2 to 5
carbon atoms, said unsaturated alcohols being selected
from the group consisting of allyl alcohol, methally! al-
cohol, butenol, pentenol, butenediol and pentadienol
and carboxylic acids having 1 to 10 carbon atoms se-
lected from the group consisting formic, acetic, propi-
onic, butyric, valeric, caproic, enanthic, caprylic, pe-
largonic and capric acid, wherein the reactants are
passed at a temperature from 50° to 350°C and under
a pressure of from 0.5 to 50 atmospheres absolute, over
a supported catalyst consisting essentially of from 5 to
40 percent by weight of total catalyst, of a compound
selected from the group consisting of the chlorides,
bromides, nitrates, cyanides, sulfates and acetates of
bivalent copper or bivalent cobalt or mixtures thereof
together with a Lewis acid selected from the group con-
sisting of the chlorides or bromides of chromium (III)
manganese (II), zinc, nickel (II), aluminum, titanium
(111), beryllium, zirconium (IV), antimony (III), bis-
muth (II1), iron (11I), tin (IV), molybdenum (I11), cad-
mium (11), boron (I1I), gallium (HI), indium (III), thal-
lium (I11), cerium (IV), and vanadium (III), said Lewis
acid being present in an amount approximately equal
to that of the bivalent copper compound or bivalent co-
balt compound or mixture thereof, and wherein an aux-
iliary agent selected from the group consisting of water,
molecular oxygen, gases containing molecular oxygen
and mixtures thereof, are passed either simultaneously
with the reactants or alternatively therewith over the

said catalyst.
* * * * *
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