
GB 2 006 204 B    1 SPECIFICATION                                    used
as a raw material. One of the other processes for producing azo
Processforthe preparation of azo compounds      compounds is described in
U.S.P. No.2711405, and this process comprises reacting a cyanohydrin of an
5  The present invention relates to an improvement   70 aliphatic ketone
and ammonia to produce an in a process for producing azo compounds of the
aminonitrile, and reacting the aminonitrile with a formula (I)
metal hypochlorite in an aqueous medium, thereby converting the
aminonitrile into the azo compound by oxidative coupling. The process in
U.S.P. No. 10           [err]           [err]   (I)  75
2711405isrelativelyusefulforproducing azobisisobutyronitrile from acetone
cyanohydrin through a - aminoisobutyronitrilo. When this pro- wherein each
of [err]and [err] is a group selected from  cess is, however, applied to
the aminonitrile of a the group consisting of (1) [err] aliphatic hydrocar-
ketone having a larger molecular weight, the yield of 15 bon groups which
may be substituted with a car-    80 the coupling reaction is extremely
poor. U.S.P. No. boxyl group, a hydroxyl group or an alkoxy group of
3783148 discloses an improvement of this process in the formula [err] in
which [err] is a [err] aliphatic hyd-  which methanol or ethanol is used as
a reaction sol- rocarbon group, (2) [err] alicyclic hydrocarbon  vent but
the reaction conditions of this process are groups, (3) [err] aromatic
hydrocarbon groups and  limited very strictly as follows: In order to
minimise 20 (4) C4-C12 alicyclic hydrocarbon groups formed by    85 the
decomposition of hypochlorite and more easily combining [err] and [err]
together with the adjacent car-  control the heat load, the aminonitrile
and hypochlo- bon atom, and Rs is a group selected from the group  rite are
preferably added simultaneously. The molar consisting of a nitrile group;
ester groups of the for-  ratio of hypochlorite to aminonitrile should be
main- mula -COOR4 in which R4 is a C1-C4 aliphatic hyd-  tained in the
range of 1.4 to 1.8 during the entire 25 rocarbon group; carboxylate groups
of the formula  90 course of addition, and the temperature should be [err],
in which M is an alkali metal or alkaline  kept below [err]during the
addition. Moreover, loss earth metal and N is the valency of M; and a
carbox-  in alcohol is caused by side reactions or owing to yamido group,
from an amino compound of the     other reasons. Accordingly, this process
is not useful formula (11),                                   for
commercial production thereof, and it is desired 30
95 to develop a process having no such drawbacks. [err]
U.K. Patent Specification 1,485,932 describes a process for preparing an
aliphatic azodinitrile by [err]              (II)         coupling one or
two aliphatic a - aminonitriles using [err]                        sodium,
'potassium or calcium hypochlorite in a 35
100 reaction medium which is entirely aqueous and. wherein [err], [err] and
[err] are as defined above.     includes a surfactant which may be,
interalla, a tet- The symmetric azo compounds of the above for-
raalkylammonium halide. mula (I) have so far been used widely as useful
foam-  The inventors extensively studied to overcome ing agents or radical
polymerization initiators.  these drawbacks, and as a result it was found
that 40  The oldest process for producing the azo com-  105 the azo
compounds of the formula (I) can be pounds is described in Annalen der
Chemie290,   obtained from the amino compounds of the formula 1-43 (1896),
and this process uses expensive hyd-  (II) in a high yield and under mild
reaction conditions razine as a main raw material. In U.S.P. No. 2515628,
by using as a catalyst at least one member selected there is disclosed a
process which comprises react-  from the group consisting of organic
quaternary 45 ing a ketone, sodium cyanide and hydrazine hyd-    110
ammoniums, organic quatemary phosphoniums rochloride in-an aqueous medium
and oxidizing the  and macrocyclic polyethers in a heterogeneous reac-
resulting hydrazo compounds into the azo com-  tion medium comprising a
water base and an pounds in water or an alcohol. U.S.P. No. 2586995
organic phase. discloses a process which comprises producing a   The
present invention provides a process for pro- 50 ketazine from a ketone and
hydrazine hydrate, con-   115 ducing an azo compound of the formula (I),
verting the ketazine into a hydrazo compound by reaction with liquefied
hydrogen cyanide and oxidiz-          [err] ing the hydrazo compound into
the azo compound.           [err]      [err] The procedures give poor to
moderate yields of azo                       55 compounds. An improvement
in the process with    120 hydrazine is reported in U.S.P. No. 3775395 in
which  wherein [err,[err] and [err] are as defined above, by react- a
hydrazo compound is produced by reacting a    ing an amino compound of the
formula (II), ketone, hydrazine and hydrogen cyanide in an aque- ous medium
in the presence of a surface active 60 agent In this case, the total yield
of the azo com-  125 



pound is good. These processes using hydrazine as               [err]
[err] a main raw material have been improved in many
[err] respects, and at present they are employed as a use- ful industrial
process. But, the largest drawback of  wherein [err], [err] and [err] are
as defined above, with a 65 these processes is that expensive hydrazine
must be  130 metal hypohalite of the formula (111).    2
GB2006204B        2 M(OX)                    (111)    butyronitrile,
dimethyl ether and diethyl ether. These solvents may be used alone or in
combination. Of wherein M is an alkali metal or alkaline earth metal,
these, nitriles such as acetonitrile and esters such as X is chlorine,
bromine or iodine and n is the valency  ethyl acetate are particularly
preferred. Water- 5 of the metal M, or with an alkyl hypohalite of the  70
soluble solvents may also be used in mixtures with formula (IV),
the aforesaid organic solvents  if their amount is such that the water
phase and the organic phase do [err]         [err]        (IV)     not form
a uniform phase underthe reaction condl- tions of the present invention. It
sometimes occurs 10 wherein [err] is a [err], aliphatic hydrocarbon group
75 that addition of a small amount of water-soluble sol- and X is as
defined above, in the presence of an  vent changes the polarity of the
water or organic alkali, the reaction being carried out using at least
phase, thereby improving the yield. As the water- one catalystwhich -is an
organic quaternary      soluble solvent, there may be given alcohols (e.g.
ammonium compound, an organic quatemary           methanol ethanol,
tert-butanol), dimethylfor 15 phosphonium compound or a crown ether in a
80 mamide (referred to as 'DMF" hereinafter), dimethyl heterogeneous medium
comprising water and an     sulfoxide (referred to as "DMSO" hereinafter),
diox- organic solvent.                                  ane, pyridine,
mono- or di-alkyl ethers of ethylene Studies on the use of organic
quaternary        glycol (e.g. ethylene glycol dimethyl ether) and the
ammoniums, organic quaternary phosphoniums        like. 20 and macrocyclic
polyethers as a phase transfer  85   In the process of the present
invention, as catalyst have actively been made in recent years,  described
hereinbefore, it is essential to carry out the and many reports have been
published. There are,  reaction in a heterogenous solvent system compris-
however, no reports in which the oxidative coupling  ing water and an
organic solvent which does not of the amino compounds of the formula (11)
is carried  form a uniform phase together with the water phase 25 out under
the phase transfer systems.        90 under the reaction conditions of the
present inven- In carrying out the process of the present invention. As
described in the comparative examples tion, the reaction is carried out in
a two-phase sys-  which appear hereinafter, the yield is extremely poor
tern comprising a water phase and an organic phase,  when the reaction is
carried out in a completely and in this case, the amounts of water and
organic  aqueous medium alone. 30 solvent are not particularly critical.
But, the amount   95   The process of the present invention can be expre-
of water is property determined of itself, as'    ssed stoichiometrically
by the following chemical described hereinafter, from the concentration of
equation: metal hypohalite in the water phase and the molar ratio of the
metal hypohalite to  the amino compound  35
oftheformula(ll).Asuitableamountoftheorganic   100     [err]+
[err] solvent is 0.1 to 3 times the weight of waterthus      I
I         I determined. Amounts larger than that are not advan-
[err]       [err] tageous from economical viewpoint  The organic solvent
used in the present invention 40 maybe any soivent whichdoes
notreactwiththe   105   [err] metal hypohalites or alkyl
hypohalitesrapidlyand         [err] does not form a uniform phase
togetherwith the water phase under the reaction condtions of the   or
present invention. The organic solvent will fre- 45 quently be one which is
normally substantially  1 10   [err] insoluble in water but this is not an
essential charac-   [err] teristic of the solvent since acetonitrile, one
of the  [err] preferred solvents, is normally regarded as miscible    R3
with water but nevertheless forms a heterogeneous 50 medium with water when
the aqueous phase con-    115             (IV) tains hypohalite. However
solvents having a boiling  -  point higher than [err] are disadvantageous
since      [err] separation of the productfrom the solventafter     [err]  



completion of the reaction is difficult Organic sol-          [err] 55
vents which may be used in the present invention  120 include, benzene,
toluene, xylene, chlorobenzene,            (I) benzonitrile,
nitrobenzenzee, hexane, heptane cyc-  It is believed that this reaction
proceedsthrough lohexane, cyclopentane, petroleum ether, dich-   chloramine
which is an intermediate product. loromethane, chloroform, carbon
tetrachloride, 1,2 -  As examples of[err] and [err] which maybe the same 60
dichlorethane, 1,1,1 -trichloroethanetrich-     125 or different, there may
be given, for example, alipha- loroethylene, perchloroethylene, methyl
formats,  tic hydrocarbon groups such as methyl, ethyl, ethyl formats,
propyl formate, butyl formate, methyl  propyl, isopropyl, n-butyl,
isobutyl, tert-butyl, acetate, ethyl acetate propyl acetate, butyl acetate
neopentyl and n-octyl groups; substituted aliphatic methyl propionate,
ethyl propionate, methyl buty-  hydrocarbon groups such as2 - arboxyethyl,
4- 65 rate, ethyl butyrate, acetonitrile, propionitrile,  130 hydroxybutyl
and 2- methyl -2- methoxypropl     3
GB2006204B        3 groups; alicyclic hydrocarbon groups such as cyc-  No.
2711405, or by reacting a corresponding ketone lopropyl and cyclohexyl
groups; aromatic hydrocar-  with ammonium cyanide. Of the' amino compounds
bon groups such as phenyl, tolyl and benzyl groups;  of the formula (II),
those in which R3 is an ester, car- and alicyclic hydrocarbon groups formed
by combin-  boxylate or carboxyamido group can be produced 5 ing [err] and
[err]togetherwith the adjacent carbon atom   70 by hydrolysis or
esterification of the foregoing such as                            [err]
aminonitriles. [err]      [err]      One of the methods usable for
production of the [err]              [err]           aminonitriles
comprises reacting a corresponding [err] and [err]        ketonewith
hydrogen cyanide in an amountequimo- 10     [err]
75 lar to or a small excess to the ketone in the presence groups. As
specificexamples of R3, there may be  of an alkali catalyst such as
alkylamines or without given a nitrite group; ester groups having as R4
any catalyst, and then reacting the resulting reaction methyl, ethyl,
n-propyl, isopropyl, n-butyl ortert-  product, a ketone cyanohydrin, with
ammonia in an butyl group; carboxylate groups having as M     amount of 0.9
to 10 times the mole of the ketone. 15 sodium, potassium, or calcium; and
carboxyamido    80 Another method comprises reacting a correspond- groups
such as carboxyamido,                    ing ketone with ammonia, followed
by reaction with N-methylcarboxyamido and dimethylcarboxyamido   hydrogen
cyanide. A further method comprises groups.
reacting a corresponding ketone, ammonia and hyd- As the metal hypohalites,
[err], used in the pro-  rogen cyanide at the same time. 20 cess of the
present invention, there may be given  85   The crude aminonitriles thus
obtained generally sodium hypochlorite (NaOCI), potassium hypochlo-
contain unreacted hydrogen cyanide or ketone, or rite (KOCI), calcium
hypochlorite [err], sodium  cyanohydrin in some amounts and large amounts
of hypobromite (NaOBr), potassium hypobromite      ammonia and produced
water. When these crude (KOBr), sodium hypoiodite (NaOI) and the like. Of
aminonitriles containing impurities in large amounts 25 these, sodium
hypochlorite is preferred from  90 are subjected, asthey are, to the
oxidative coupling economical viewpoint                            of the
present invention, undesirable results are As the alkyl hypohalites of the
formula, [err[,  caused in many cases. For example, a large quantity there
may be used those compounds having a      of heat is generated in the
coupling reaction; the methyl, ethyl, propyl, tert-butyl, tert-amyl group
or  yield of the product is lowered on account of side 30 the like as
examples of [err]. The alkyl hypohalites are   95 reactions; and the use of
an excess of metal hypoha- used for the reaction in the presence of an
alkali such  lite or alkyl hypohalite becomes necessary. For the as sodium
hydroxide, potassium hydroxide or cal-  reasons described above, desirable
results are cium hydroxide.                                 obtained when
the impurities-containing crude Metal hypohalites, M(OX), used in the
process of  aminonitriles thus obtained are freed from low- 35 the present
invention may be produced by the well-  100 boiling compounds such as
ammonia by distillation, known methods prior to use for reaction, or in
situ  and then subjected to the present oxidative coupl- while adding
chlorine, bromine or iodine to the reac-  ing. But every aminonitrile is an
unstable compound, tion system in the presence of an alkali such as  and
particularly it becomes very unstable thermally sodium hydroxide or
potassium hydroxide. The alkyl  when it contains impurities such as water,
ammonia 40 hypohalites may also be produced by the well-  105 and hydrogen
cyanide. Decomposition of the known methods prior to use for reaction, or
in situ  aminonitrile is promoted by a long-term heating at a while
contacting alcohols with metal hypohalites in  high temperature. the
reaction system.                              The inventors further found
the followings: In In the process of the present invention, it is desir-
purification of the crude aminorintriles, when low- 45 able to carry out
the reaction while maintaining the    110 boiling compounds containing as
the main compo- 



pH of the water phase at 10 to 13. The reaction pro-  nent ammonia and
further hydrogen cyanide, ceeds even though the pH is outside the above
ketones and the like are removed by distillation at 5 range, but the yield
becomes poor in many cases.  to [err] (the temperature of a heating
portion) under In the process of the present invention,the equi-  pressure
of 400 mmHg or less, aminonitriles having 50 valent ratio of the metal
hypohalite or alkyl hypoha-   115 a satisfactory purity can be obtained in
a high yield. lite to the amino compound of the formula (II) is not  The
characteristic of the present invention consists critical. When the
equalivalent ratio is, however, less  in the discovery that aminonitriles
are hardly decom- than 1.0, the yield is not so desirable. The equivalent
posed irrespective of the presence of water in the ratios of more than 2.5
have no merits. In general,  system when the low-boiling compounds are
distil- 55 the ratio of 1.0 to 2.5 provides a high yield, and the  120 led
out of the system at a low temperature of 50C or ratio of 1.1 to 1.8 is
particularly preferred in terms of  less in a relatively shorttime. In
order to obtain yield and economy.
aminonitriles of satisfactory purity under these condi- The amino compounds
of the formula (11) used as a  tions, it is necessaryto distil off the
low-boiling starting material in the present invention are com-  compounds
at reduced pressure of 400 mmHg or 60 mercially available or may be
produced by the well-  125 less. When a crude aminonitrile is heated at a
high known methods. For example, the amino com-      temperature of 50C or
more, decomposition of the pounds of the formula (II) wherein R3 is a
nitrile  aminonitrile and other side reactions become violent, group, i.e.
aminonitriles, can be produced by a  which results in lowering of yield and
striking colora- method similar to that disclosed in Journal of  tion of
the reaction solution. The low-boiling com- 65 AmericanChemical Society67,
1996(1945) or U.S.P.  130 pounds can be distilled offeven at a temperature
of    4
GB 2 006 204 B     4 [err] or less, but temperatu res of [err] or more are
ammonium organic quatenary phosphoniums advantageous from the economical
standpoint of   and macrocyclic polyethers is added as a catalyst to the
temperature of common cooling media. A practi-    the reaction system. In
the reaction of the present cal optimum temperature is preferably [err] to
[err].  invention, these catalysts may be considered as 5 When removal of
the low-boiling compounds by dis-  70 probably acting as a phase transfer
catalyst or dis- tillation is carried out at a pressure of more than 400
playing some other functions which enable the reac- mmHg, the heating
temperature of the still is raised  tion of the present invention. and the
residence time of aminonitrile in' the portion  As specific examples of the
organic quaternary is prolonged. As a result, decomposition of the
ammoniums, there may be given chlorides, 10 aminonitrile becomes
significant and the yield is  75 bromides, iodides, hydroxides, acetates or
acetox- lowered. The lower limit of the pressure is not par-  ides of
benzyltriethylammoniurn, benzyl- ticularly limited, but pressures of 5 mmHg
or more  trimethylammonium, benzyltripropylammonium, are desirable from the
industrial pointof view, and  phenyltrimethylammonium, phenyltriethylam-
particularly it is desirable to carry out distillation  monium,
tetrabutylammonium, tetrapropylam- 15 within the range of 10 to 150 mmHg.
Thus, more  80 monium, tetraethylammonium, tetramethylam- desirable results
are obtained when the crude    monium, triethylpropylammonium, [err] -
hydroxyethyl aminonitrile is purified by carrying out distillation  -
trimethylammonium, [err] - bromoethyltrimethylam- under the foregoing
conditions, thereby removing  monium,3 - phenoxybenzyltriethylammonium, the
low-boiling compounds so that the content of'  ethyltripropylammonium,
methyltrioctylam-  20 ammonia in the aminonitrile is reduced to 2% by  85
monium, methyltrinonylammonium and the like. Of weight or less, and then
the purified aminonitriles  these, the chlorides, brormides or hydroxides
of ben- are subjected to the oxidative coupling of the pres-
zyltriethylammonium and phenyltriethylammonium ent invention.
are preferred. Of the azo compounds of the formula (I) obtained  As
specific examples of the organic quaternary 25 by the process of the
present invention,those in  go phosphoniumsthere may be given chlorides,
which R3 is-an ester, carboxylate or carboxyamido  bromides, iodides,
hydroxides, alkoxides or acetates group can also be obtained by converting
aminonit-  of triphenylmethy phosphonium, triphenylethyl- riles of the
formula (V)                        phosphonium, phenyltriethylphosphonium,
cetyl- tributylphonsphonium and the like. Of these, a 30
95 chloride or bromide of triphenylmethylphos- [err]
phonium is preferred. [err]                     As specific examples of the
crown ethers, there -           may be given 2,3,11,12 - dibenzo -
1,4,7,10,13,16 - wherein [err] and [err] are as defined above, into
hexaoxacyclooctadecane - 2,11 - diene(dibenzo - 18 - 35 azodinitriles of
the formula (VI),           100 Crown -6),2,3,11;12 - dicyclohexyl
-1,4,710,13,16 - [err]
hexaoxacyclooctadecane(dicyclohexyl - 18 - Crown - [err]
6), 14,7,10,13,16 - hexaoxacyclooctadecane(18 - [err]
Crown-6),1,4,7,10,13 .pentaoxacyclopen- 



[err]                   tadecane(15 -Crown-5),4,7,13,18-tetraoxa-1,10 - 40
105 diazabicyclo(8,5,5)eicosane, 4,7,13,16,21 - pentaoxa - wherein [err]
and [err] are as defined above, according to  1,10 -
diazabicyclo(8,8,5)tricosane,4 7,13,16,21,24 - the process of the present
invention, followed by  hexaoxa -1,10 - diazabicyclo(8.8,8)hexacosane, 5,6
- hydrolysis or esterifcation.                     benzo -4,7,13,16,21,24 -
hexaoxa -1,10-  It is desirable that the metal hypohalites (III) used
diazabicyclo(8,8,8)hexacosane and the like. Of these, 45 in the present
invention are in the form ofan aque-   110 dibenzo -18- Crown- 6 is
preferred. ous solution. Their concentration in the aqueous   These
catalysts may be used alone or in combina- solution is notparticulearly
limited, but generally  tion. concentrations of 5 to 15% by weight are
preferred.  The amount of these catalysts, may be present in a Dilute
aqueous solutions of 5% by weightr less   widerange. Even small amounts of
about 0.1% by 50 may of course be used, but the amount of water  115 weight
based on the weigh of the amino com- used becomes large. As a result,
disadvantages such  pounds.(II) may be used. The upper limit of the as an
increase in the amount of catalyst(i.e organic  amount is not critical, and
amounts up to 10% by quaternary ammoniums, organic quaternary phos-
weight provide commercially satisfactory results. phonium , crown ethers)
are caused. The amount of  Generally, amounts of 0.25 to.5% by weight based
55 the aqueous phase when the alkyl hypohalite (IV) is   120 ontheweight of
the amino compounds (II) are par- used is not particularly limited, and it
may be less   ticularly preferred in terms of reaction efficiency and than
that in case of the metal hypohalite (III).  economy. In a process-wherein
the also compounds of the   In the process of the present invention, a
reaction formula (II) are produce'd by subjecting the amino  temperature of
[err] to [err] is preferred. The reaction 60 compounds of theiie'formula
(ii to oxidativedcoupling   125 temperature;may be outside this desirable
range and using the metal hyhpohalite (III) orthe alkyl hypoha-  a
preferred yield is obtained at -[err] to [err]. When lite (IV), the
reaction proceeds more smoothly and  the reaction is carried out at a low
temperature of the yield of the productincreases more greatly than  -[err]
or less, there occurs a large danger of-the expected when at least one
member selected from    water phase being frozen. In this case, it is
possible 65 the group consisting of organic quaternary          130. to
carry out the process of the present invention       GB2006204B        5
even at -[err] or less without freezing by using an  can be obtained in a
high yield; consequently, a spe- anti-freezing compound, but the reaction
time is pro-  cial purification process for the compounds, for longed. When
the reaction temperature is as high as  example, recrystallization, can be
omitted. [err] or more, it should betaken into account that-  Various
methods may be applied forthe reduction 5 various problems such as side
reactions, decompos-   70 treatment For example, one of the methods com-
ition of the azo compounds (I) and reduction of yield  prises reacting the
amino compound of the formula occur. That is, the process of the present
invention  (II) with the metal hypohalite (Ill according to the can be
carried out at a temperature between the  process of the present invention,
adding at least one freezing point of the reaction mixture and the   of the
foregoing reducing agents to the resulting 10 decomposition point of the
azo compound.      75 reaction mixture comprising a water phase and an The
time required for the reaction to be completed  organic phase, stirring the
mixture for a definite depends upon the reaction temperature and the kind
time, and then diluting the organic phase, as it is or of the amino
compounds of the formula (II). It takes  after removal of the organic
solvent by distillation, 10 minutesto 10 hours forthe reaction atthe desir-
with water, tihereby isolating the objective azo coin- 15 able reaction
temperature of 00to 200C. The reaction   80 pound (I). Another method
comprises subjecting the time is short when the amino compounds (II) of a
amino compound (II) to the oxidative coupling in the relatively low
molecular weight are used as the start-  same manner as above, separating
the water phase ing material, while it tends to become long when the  from
the organic phase afterthe reaction, adding at amino compounds (1I) are of
a relatively high    leastone oftheforegoing reducing agentstothe 20
molecular weight.                             85 organic phase, stirring
the mixture for a definite time The process of the present invention can be
car-  and then isolating the azo compound (I) from the ried out in various
ways in practice. One of the  mixture. A further method comprises
subjecting the common methods is to add a solution containing the  amino
compound (II) to the oxidative coupling, and amino compound of the formula
(II) and the       then diluting the organic phase with a reducing 25
aforesaid catalyst to an aqueous metal hypohalite    90 agent-containing
water, thereby carrying out precipi- solution with stirring. Another method
is to add the  tation of the azo compound (I) and reduction treat- aqueous
metal hypohalite solution and alcohols   ment at the same time. A still
further method com- separatelyto the solution containing the amino   prises
subjecting the amino compound (II) to the compound (II) and the catalyst. A
further method is  oxidative coupling, removing the solvent from the 30 to
add the reaction components separatelyto the  95 organic phase by
distillation and then adding a aqueous catalyst solution. These methods can
be  reducing agent-containing waterto the residue, 



applied in either batchwise or continuous processes.  thereby carrying out
precipitation of the azo corn- By the process as described hereinbefore,
the azo  pound (1) and reduction treatment at the same time. compounds (I)
suitable for most usages are obtained  Other methods than those described
above may be 35 in a high yield, but it sometimes occursthatthe pur-  100
used, but it is desirable to applythe reduction treat- ity of the azo
compounds (I) is not sufficient for some  ment to the organic phase
containing the dissolved polymerization of vinyl chloride. Further, in
synth-  azo compound for a definite time. esis of some low-melting azo
compounds by this     The amount of reducing agent used is about 1.0 to
process, the yield of the azo compounds (I) is some-  3.0 equivalents or
more, preferably 1.3 to 3.0 equi- 40 times lowered forthe reason that
crystallization of    105 valents, per equivalent of oxidative impurities
in the the compounds is inhibited by some oily com-     reaction mixture.
pounds which are considered as unreacted materi-   The amount of oxydative
impurities may be als, intermediates, substances produced by side
determined by adding the sample of reaction mix- reactions or mixtures
thereof.                   ture to be treated to an acidified potassium
iodide 45  In orderto solvethese problems,the following  110 solution and
titrating the solution with preferably 0.1 method is employed: The amino
compound of the    N sodium thiosulfate solution. formula (II) is reacted
with the metal hypohalite (III)  In carrying out the reduction treatment of
the pre- or the alkyl hypohalite (IV) according to the process  sent
invention, the optimum pH depends upon the of the present invention; and
the reaction mixture  kind of reducing agents, but it is not particularly
50 obtained is then treated with at least one reducing  115 limited.
Generally, it is desirable to carry out the agent selected from the group
consisting of nitrites,  treatment under an acidic condition. Particularly
sulfites, bisulfites, pyrosulfites, thiosulfates sulfur  when inorganic
reducing agents are used, the treat- dioxide, oxalic acid, formaldehyde,
hydrazine; hyd-     ent at a pH of 6.5 or less provides more desirable
rogen peroxide and hydroxylamine. Of the reducing  effects in a short
treatingtime. The pH of the reaction 55 agents described above, sodium
sulfite, sodium  120 mixture to be reduced can be adjusted properly, if
bisulfite and sulfur dioxide are particularly preferred.  necessary, with
the ordinary acids such as sulfuric These reducing agents may be used alone
or in    acid or hydrochloric acid. When sulfur dioxide or combination;
Thus, the azo compounds (I) of higher  sodium bisulfite is used as a
reducing agent, the purity are obtained in a high yield.),
compound itself acts also as an acidifying agent. The 60  By applying the
aforesaid reduction treatment,  125 temperature atwhich the reduction
treatment is car- surprisingly, the following merits are obtained:  ried
out is not particularly limited, but generally it is Since the foregoing
oily impurities are decomposed,  0 to [err]. Time required forthe reduction
treatment crystallization of the azo compounds (I), particularly  depends
upon the kind of reducing agents and the low-melting ones, becomes easy and
thus the azo  treating method, and it is not particularly limited. 66
compounds (F) having a high  pityof 98% or more   130 Generally, however,
thetreatment isfinished within    6
GB2006204B        6 2 hours. Under desirable treating conditions, the
under reduced pressure, but an oily substance alon,. treatment is sometimes
finished within several    -    was obtained and crystals could not be
isolated.  -- - - minutes.
Comparative Example 2 As described above, by treating the reaction mix-  To
213 g of a 10% aqueous sodium hypochlorite 5 ture with the reducing agent
after the preparation of  70 solution which had been cooled to [err] was
added 0.5 the azo compounds (I) it is possible to decompose  g of
benzyltriethylammonium chloride. To the result ----- oxidative impurities
and facilitate crystallization of  ing aqueous solution was added 33 g of
the the azo compound (I), thereby improving the  -    90%-pure 2 - amino -
2,4 - dimethylpentanonitrile separating yield and purity of the azo
compounds (I).  obtained by the aminonitrile synthesis in Example 1 10
Accordingtothe present invention, as described    75 over30 minuteswith
stirring. The resultingreaction above, commercial production of various
high-purity  mixture was stirred at [err] to [err] for4 hours, but an---
azo compounds becomes possible, and besides it  oily substance alone was
deposited and crystals can be achieved with ease, in a high yield, under
could not be isolated. mild reaction conditions and yet without using  -
Example 2 15 expensive hydrazine as raw material unlike the con-  80  In
the same manner as in Example 1,2 - amino - ventional processes.
2,4 - dimethylpentanonitrile and sodium hypochlo- The present invention
will be illustrated in more  rite were reacted By iodometry, it was found
that the detail with reference to the following Examples and  total
oxidative compounds in both the water and-  - - - Comparative Examples,
which are not, however, to----    ethyl acetate phases after reaction was
0.05 equival- 20 be -interpreted as limiting the invention thereto.  85
--ent The reaction mixture was adjusted to a pH of 6 In the Examples, all
percentages are by weight  with adilute sulfuric acid, and a solution of
6.5 g unless otherwise stated.                        (0.125 equivalent) of
sodium bisulfite in 30 ml of Example 1                       -- -
water was added thereto. The resulting mixture was -- To a 1 -liter
autoclave were added 7 moles of - -  stirred at [err] for30 minutes to
effect the reduction. 



25 ammonia and then 3.5 moles of 90%-pure 2- hyd-   -90 Thereafter, the
ethyl acetate phase was separated roxy - 2,4- dimethylpentanonitrile, and
the mixture  from the water phase, and the ethyl acetate in the was reacted
at [err] for 10 hours at a rate of 300  organic-phase was removed by
distillation. Water r.p.m. Thus, 2 - amino -2,4 - dimethylpentanonitrile
was added tothe residue and precipitated white - was synthesized. After
reaction, the reaction mixture  crystals were filtered,washed with water
and dried    - -- 30 was taken out of the autoclave, and 44g of the water
95 to obtain 26.0 g of 2,2'- azobis(2,4 - dimethyl- phase was separated.
The residue was lstilled  a   -  valeronitle. Yield was 89 mole %. The
product was wetted wall tower falling film evaporator under the  analyzed
by iodometry, and it was foundthat the following conditions: Heating
temperature [err];  amount of-oxidative impurities was 100 ppm or-less
pressure 30 mmHg; and residence time in the heated  and that the purity of
the product was 99.5%. 35 zone 1 minute or less. Low-boiling compounds were
100 Example3 thusdistilled offandpurified 2-amino-2,4-  -- -   To a 1
-liter autoclave were added 121 g of      -- -- dimethylpentanonitrile was
withdrawn from the bot-    - ammonia and then 434 g of 92.0%-pure acetone
tom. The yield of the purified product was 90.0 mole  cyanohydrin, and the
mixture was reacted at [err] for % based on cyanohydrin. This purified
product con-  4 hours while stirring atarate of 300 r.p.m. Thus,2 - 40
tained 0.5% by weight of ammonia and 0.18% by  105 amino - 2 -
methylpropionitrile was synthesized. The weight of hydrogen cyanide, and
its purity was 90%.  reaction solution was taken out of the autoclave, and
Next,213 g of a 10% aqueous sodium hypochlorite --- distilled in a wetted
wall tower (falling film solution was cooled to [err] and 0.5 g of benzyl -
evaporator) underthe following conditions: Heating triethylammonium
chloride was added thereto. To  temperature [err]; pressure 30 mmHg; and
resi- 45 the resulting aqueous solution was added 200 ml of  110 dence time
of the reaction mixture in the heated - -- an ethyl acetate solution
containing 33 g of the  zone 1 minute or less.-Low-boilingcompounds were
- - resulting 90%-pure 2 -amino - 2,4 - dimethylpen  thus distilled off to
obtain purified 2 - amino - 2 - tanonitrile over 30 minutes with stirring.
This reac-    - methylpropionitrile. The yield of the purified product tion
mixturewasstirredat5to [err] for 3 hours, and  was-93.0 mole % based on
acetone cyanohydrin. The 50 the organic and water phases were separated
from    115 purified 2 -amino -2- methylpropionitrile contained each other.
Ethyl acetate was removed from the  0.40% by weightof ammonia, 0.80% by
weight of organic phase under reduced pressure. The resulting  hydrogen
cyanide and 1.2% by weight of acetone. white crystals were washed with
water and dried to--  Next, 268 g (G.286 mole) of a 8% aqueous sodium  -- -
obtain 24.8 g of 2.2'- azobis - (2,4 - dimethylpen- hypochlorite solution
(pH 12) was cooled to [err], and - - 55 tanonitrile). Yield was 85 mole
120 to the aqueous solution was added 150 m of an Comparative Example 1
-         acetonitrile solution containing 17.7 g (0.2 mole) of To 213 g
(0.286 mole) of a 10% aqueous sodium  the resulting 95% pure 2- amino -2-
methyl-  hypochlorite solution which had been cooled to[err] propionitrile
and 0.6 g of-tetrabutylammonium  -- -- was added 200 ml of an ethyl acetate
solution con-  bromide over 30 minutes with stirring. The resulting 60
taining 33 g (0.236 mole) of the same 90%-pure 2-    125 reaction mixture
was stirred at [err] to [err] for  30 -   amino -2,4 -
dimethylpentanonitrile asin Example 1  minutes to complete the reaction. By
iodometry, it over 30 minutes with stirring. The resulting mixture  was
found that thetotal oxidative compounds in- was stirred at [err] to [err]
for 6 hours, and theorganic  both the water and acetonitrile phases after
reaction and water phases were separated from each other.  was 0.08
equivalent. This reaction mixture was 65 Ethyl acetate was removed from the
organic phase   130 adjusted to a pH of 6 with a dilute hydrochloric acid
7
GB 2 006 204 B     7 and 4.2 g (0.12 equivalent) of sodium nitrite was
Examples 4to 7 added thereto, followed by stirring at 150C for 20  10
Oxidation was carried out in the same manner as minutes. Thereafter, the
reaction mixture was    in Example 3, exceptthatthe equivalent amounts of
diluted with 1050 g of water, and the thus precipi-  various amino
compounds shown in Table 1 were 5 tated white crystals were filtered,
washed with water  used in place of the amino compound. Thus, corres- and
dried to obtain 16 g of 2,2 - azobis(isobutyronit-  ponding azo compounds
were obtained in a high rile). The resulting white crystals had a melting
point  15 yield. The results are shown in Table 1. of 104-105.[err] and a
purity of 99% or more. Table 1 Example     Aminocompound        Azo
compound         Yield (mole %) 4     2-Am ino-4-methoxy-   2,2-Azobis(4
71.0 2,4-dimethyl-        methoxy-2,4-di- pentanonitrile
methylpentano- nitrile) 5     Ethyl 2-amino-2-     Diethyl 2,2-azo-
75.0 methylpropionate     bis(2-methyl- 



propionate) 6     1-Amino-1 -cyano-    1,1-Azobis(cyclo-       78.0
cyclooctane          octanecarbonitrile) 7     2-Amino-2-phenyl-
2,2'-azobis(2-          80.0 propionitrile        phenylpropio- nitrile)
Example 8 Reaction was carried out in the same manner as in Example 1,
exceptthat the equivalent amount of potassium hypobromite was used in place
of the 20 sodium hypochlorite. Thus, 2,2' - azobis(2,4 -
dimethylpentanonitrile) was obtained in yield of 90%. Example 9 A mixture
of 200 g of a 13% aqueous sodium 25 hypochlorite solution and 75 ml of
acetonitrile was cooled to [err] and 0.9 g of phenyltriethylammonium
chloride was added thereto. While stirring the mix- ture at a rate of 400
r.p.m., 75 ml of an acetonitrile solution containing 38.5 g of 2 - amino -4
- methoxy - 30 2,4 - dimethylpentanonitrile (purity 85%; ammonia content
0.2%) was added thereto over 20 minutes. The resulting reaction mixture was
stirred at 50 to 10C for 5 hours, and then 10 g (0.31 equivalent) of sulfur
dioxide gas was added thereto, followed by 35 stirring for 10 minutes. The
acetonitrile phase was separated from the water phase, and the solvent in
the acetonitrile phase was removed under reduced pressure. The thus
precipitated crystals were washed with 200 g of water, filtered and dried.
The 40 resulting 2,2 - azobis(2,4 - dimethyl - 4 - methox- yvaleronitrile)
had a melting point of [err] to [err]. The purity of the product was 99% or
more. Yield was 72 mole %. Examples lO to 15 45   Reaction was carried out
in the same manner as in Example 1, exceptthatthe catalysts and their
amounts shown in Table 2 were used in place of the benzyltriethylammonium
chloride. Thus, 2,2' - azobis(2,4 - dimethylpentanonitrile) was obtained in
50 a high yield. The results are shown in Table 2.    8
GB2006204B        8 Table 2 Amount of catalyst      Yield Example
Catalyst             based on      (mole %) aminonitrile. (weight %) 10
Tetrabutylammonium                3            81.0 bromide 11
Phenyltriethyl ammonium           4            88.0 chloride 12
Methyltricaprylammonium           2            78.0 bromide 13
Cetyltributylphosphonium           1           87.0 bromide 14
Dicyclohexyl-18-                 0.5          92.0 Crown-6 15     50/50 (by
weight                    3           85.0 



Mixture of the catalysts in Examples 10 and 11 Examples 16 to 20
5 azobis(2,4 - dimethylpentanonitrile) was obtained in Reaction was carried
out in the same manner as in  a high purity and in an allowable yield. The
results Example 2, except that the solvents shown in Table 3  are shown in
Table 3. were used in place of the ethyl acetate. Thus, 2,2' - Table 3
Amount of Example      Organic solvent    organic        Yield solvent (ml)
(mole %) 16     Methyl acetate          100           85.0 17     Benzene
150           74.0 18     Methylene chloride      300           75.0 19
Acetonitrile            100           93.0 20     20 1 Mixed
150          71.0 solvent of diethyl ether and DMSO Example 21
phase was separated from the water phase, and the A mixture of 150 g of
ethyl acetate, 23 g of tert-  solvent in the organic phase was removed
under 10 butyl alcohol and 0.5 g of phenyltriethylammonium  reduced
pressure. The resulting crystals were chloride was cooled to [err]. While
rapidly stirring the  washed with water and dried to obtain 2,2' - azobis(4
mixture, 39.2 g of 85%-pure 2 - amino - 4 - methoxy -  25 - methoxy - 2,4 -
dimethylpentanonitrile). Yield was 2,4 - dimethylpentanonitrile and 180 g
of a 12.5%  89 mole %. aqueous sodium hypochlorite solution were added
CLAIMS 15 thereto at separate feed inlets at the same time. The  1. A
process for producing an azo compound of:  rate of addition of both
compounds was controlled  the formula (I), so as to finish in 1 hour. The
reaction mixture was            [err] stirred at [err] to [err] for 30
minutes andthen at 50to         [err] for a further 2 hours.
[err] 20  Afterthe reaction was completed the organic    8
GB 2 006 204B     8 Table 2    _ Amount of catalyst      Yield Example
Catalyst             based on      (mole %) aminonitrile (weight %) 10
Tetrabutylammonium                3            81.0 bromide 11
Phenyltriethyl ammonium           4            88.0 chloride 12
Methyltricaprylammonium            2           78.0 bromide 13
Cetyltributylphosphonium           1           87.0 bromide 14
Dicyclohexyl-18-                 0.5          92.0 Crown-6 15     50/50 (by
weight                   3           85.0 Mixture of the catalysts
inExamples l0 and ll Examples 16 to 20                             5
azobis(2,4 - dimethylpentanonitrile) was obtained in Reaction was carried
out in the same manner as in  a high purity and in an allowable yield. The
results Example 2, except that the solvents shown in Table 3  are shown in
Table 3. were used in place of the ethyl acetate. Thus, 2,2' - Table 3
Amountof Example      Organic solvent    organic        Yield solvent (ml)
(mole %) 16     Methyl acetate          100           85.0 



17     Benzene                 150           74.0 18     Methylene chloride
300           75.0 19     Acetonitrile            100           93.0 20
20:1 Mixed               150          71.0 solvent of diethyl ether and
DMSO Example 21                                      phase was separated
from the water phase, and the A mixture of 150 g of ethyl acetate, 23 g of
tert-  solvent in the organic phase was removed under 10 butyl alcohol and
0.5 g of phenyltriethylammonium  reduced pressure. The resulting crystals
were chloride was cooled to [err]. While rapidly stirring the  washed with
water and dried to obtain 2,2' - azobis(4 mixture, 39.2 g of 85%-pure 2 -
amino - 4 - methoxy -  25 - methoxy - 2,4 - dimethylpentanonitrile). Yield
was 2,4 - dimethylpentanonitrile and 180 g of a 12.5%  89 mole %. aqueous
sodium hypochlorite solution were added  CLAIMS 15 thereto at separate feed
inlets at the same time. The  1. A process for producing an azo compound of
rate of addition of both compounds was controlled  the formula (I), so as
to finish in 1 hour. The reaction mixture was           [err] stirred at
[err] to [err] for 30 minutes and then at [err] to                      -
[err] for a further 2 hours. .                                   2   20
After the reaction was completed, the organic                 [err]
[err]    *  C  L  M  S  * 9
GB2006204B        9 wherein each of [err] and [err] is a group selected
from  monium, ethyltripropylammonium, methyltrioc- the group consisting of
(1)[err] aliphatic hydrocar-  tylammonium or methyltrinonylammonium. bon
groups which may be substituted with a car-   6. A process according to any
of the preceding boxyl group, a hydroxyl group or an alkoxy group of
Claims wherein the organic quaternary phos- 5 the formula -OR, in which
[err] is a [err] aliphatic hyd-  70 phonium compound is a chloride,
bromide, iodide, rocarbon group, (2) [err] alicyclic hydrocarbon
hydroxide, alkoxide or acetate of triphenylmethyl- groups, (3) [err]
aromatic hydrocarbon groups and  phosphonium, triphenylethylphosphonium,
phenyl- (4) C4-C12 alicyclic hydrocarbon groups formed by
triethylphosphonium, or cetyltributylphonium. combining [err] and [err]
together with the adjacent car-  7. A process according to any of the
preceding 10 bon atom, and R3 is a group selected from the group   75
Claims, wherein the crown ether is 2,3,11,12 - consisting of a nitrile
group, ester groups of the for-  dibenzo - 1,4,7,10,13,16 -
hexaoxacyclooctadecane - mula [err] in which [err] is a [err] aliphatic
hyd-  2,11 - diene(dibenzo - 18 - Crown - 6),2,3,11 j12- rocarbon group,
carboxylate groups of the formula  dicyclohexyl - 1,4,7,10,13,16 -
hexaoxacylo - -COOMN% in which M is an alkali metal or alkaline
octadecane(dicyclohexyl -18- Crown -6), 15 earth metal and n isthevalencing
of M, and a car-    80 1,4,7,10,13,16-hexaoxacyclooctadecane (18-Crown
boxyamido group, by reacting an amino compound   - 6), 1,4,7,10,13 -
pentaoxacyclopentadecane (15 of the formula (II),
Crown -4),4,7,13,18 - tetraoxa -1,10- diazabicyclo(8,5,5)eicosane,
4,7,13,16,21 - pentaoxa - [err]                        1, 1) -
diazabicyclo(8,8,5)tricosane, 4,7,13,16,21,24 - 20
[err][err]        (II)    85 hexaoxa - 1,10 - diazabicyclo(8,8,8)hexacosane
or 5,6 - benzo -4,7,13,16,21,24- hexaoxa - 1,10 - [err]
diazabicyclo(8,8,8)hexacosane. wherein [err], [err] and [err] are as
defined above, with a  8. A process according to any of the preceding metal
hypohalite of the formula (III),           Claims wherein the organic
solvent is benzene, 25                                              90
toluene, xylene, chlorobenzene, benzonitrile, nit- robenzene, hexane,
heptane, cyclohexane, cyclopen- [err]            (III)       tane,
petroleum ether, dichloromethane, chloroform, carbon tetrachloride, 1,2-
dichloroethane, 1,1,1-trichloroethane, trich- 30 wherein M is an alkali
metal or alkaline earth metal,  95 loroethylene, perchloroethylene, methyl
formate, X is a chlorine, bromine or iodine atom and n is the  ethyl
formate, propyl formate, butyl formate, methyl valence of the metal M, or
with an ankyl hypohalite  acetate, ethyl acetate, propyl acetate, butyl
acetate, of the formula (IV),                             methyl
propionate, ethyl propionate, methylbuty- rate, ethyl butyrate,
acetonitrile, propionitrile, 35
100 butyronitrile, dimethyl ether or diethyl ether. R5CX              (IV)
9. A process according to any one of the preced- ing Claims catalyst is
used in an amount of 0.1 to 10% by weight based on the weight of the amino 



wherein [err] is a [err] aliphatic hydrocarbon group  compound (II). 40 and
X ia as defined above, in the presence of an  105  10. A process accori
according to any one of the alkali, wherein the reaction is carried out in
the pres-  preceding Claims wherein the metal hypohalite is ence of at
least one catalyst which is an organic  used in the form of an aqueous
solution having a quaternary ammonium compound, an organic
concentration of 5 to 15% by weight. quaternary phosphonium compound or a
crown         11  A process according to any one of the preced- 45 ether in
a heterogeneous medium comprising water  110 ing Claims wherein the organic
solvent is used in an and an organic solvent.
amount of 0.1 to 3 times the weight of water. 2. A process according to
Claim 1, wherein the   12. A process according to any one of the preced-
equivalent ratio of the hypohalite (III) or hypohalite  ing Claims wherein,
afterthe reaction is finished, the (IV) to the amino compound (II) is 1:1
to 2.5:1.  reaction mixture is treated with at least one reducing 50  3. A
process according to Claim 1 or 2 wherein    115 agent selected from
nitrites, sulfites, bisulfites, said metal hypohalite is sodium
hypochlorite.    pyrosulftes, thiosulfates, sulfur dioxide, oxelic acid, 4.
A process according to any one of the preced-  formaldehyde, hydrazine,
hydrogen peroxide and ing Claims, wherein the reaction is carried out at a
hydroxylamine. temperature of 0 to 20C.                         13. A
process according to Claim 12, wherein 55  5. A process according to any of
the preceding    120 said reducing Agent is sodium bisulfite. Claims,
wherein the organic quaternary ammonium   14. A process according to any
one of the preced- compound is a chloride, bromide, iodide, hydroxide,  ing
Claims wherein the amino compound (II) is an alkoxide or acetate of
benzyltriethylammonium,   a-aminonitrile compound. benzyltrimethylammonium,
benzytripropylam-         15. A process according to Claim 14, wherein the
60 monium, phenyltrimethylammonium, phenyl-     125 a-aminonitrile compound
is produced by reacting triethylammonium, tetrabutylammonium, tetrap-
(a) a corresponding ketone and ammonium ropylammonium, tetraethylammonium,
tet-          cyanide, ramethylammonium, triethylopropylammonium, [err]-
(b) a corresponding ketone, ammonia and hyd- hydroxyethyltrimethylammonium,
[err] bromoethyl-  rogen cyanide, or 65 trimethylammonium, 3-
phenoybenzyltriethylam-  130  (c) ammonia and a cyanohydrin obtained by
*   C   L  M  S  *
GB 2 006 204 B         10 reacting a corresponding ketone and hydrogen
-                   cyanide, to obtain a crude aminonitrile and then dis-
tilling the crude aminonitrile at a pressure of 400 mmHg or less and at a
still temperature of [err] to [err], 5  thereby distilling off low-boiling
compounds. 16. AprocessaccordingtoClaim 14 or 15 wherein the a -
aminonitrile is 2 - amino - 2,4- dimethylpentanonitrile or 2 - amino - 2,4
- dimethyl - 4- methoxypentanonitrile. 10    17. A process for producing an
azo compound according to Claim 1 substantially as heretofore described
with reference to any of the Examples. 18. An azo compound produced by a
process according to any one of the preceding Claims. Printed for Her
Majesty's Stationery Office by The Tweeddale Press Ltd, Berwick-upon-Tweed,
1982. Published at The Patent Office, 25 Southampton Buildings, London,
WC2A 1AY, from which copies may be obtained.


