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Thi's application clainms the benefit of U 'S Provisional Application No. 10
60/ 003, 270, filed August 29,1995 by the sanme inventor. FIELD OF THE

| NVENTI ON The-present invention relates to- nulticonponent azodinitrile

m xtures 15 which are liquid below 25[err]C for use as free radi cal

pol ymeri zation initiators in various merization reacti ons. BACKGROUND
OF THE | NVENTI ON. 20 Azodinitril e conpounds represent an inportant
class gf free-rygaT.COMPONENTI] WAGDINIE s riety of

I ndustrial applicattons. anpl es of such applrcattons 1 nctude: vinyl

pol yneri zations, graft poly ' m i ons, and bl owi ng agents.
Wth respect to peroxide baggg—k—‘ﬁﬁ , mi triles display consistent
deconposition 25 behavior, less color formation, and a hi gher degree of
saf ety. Azodi nithis applcatimudaims the benefitiof &7.S sBrovitional A pplicatiomMet r i cal
about 1ghe5@?093,270;&11&1&)gﬁ@ﬁ?)%@zmeigmémﬁmpf commerci al interest
are generally solid and have low to nmedium solubility in organic sol vents.
30 Asymmetrical azo initiators, by contrast, are often |ow nelting solids
wi th higher. solubilities inIBEENIE KEEJONMENIKIN npr manuf acturers have

| ong sought liquid azodinitrile initi-ators to elimnate the probl ens

associated w thpy, present invention relates td""iri'ultico'mponent azodinitrile mixtures
15  which are liquid below 25°C for use as free radical polymerization initiators
' invarious polymerization reactions.

BACKGROUND OF THE INVENTION .

20 Azodinitrile compounds represent an important class of free-radical
initiating agents which are used in a variety of industrial applications.
Examples of such applications include: vinyl polymerizations, graft
polymerizations, halogenations, and blowing agents. With respect to
peroxide based initiators, azodinitriles display consistent decomposition

25 behavior, less color formation, and a higher degree of safety.

Azodinitrile compounds can be either symmetrical or asymmetrical
about the azo linkage. Symmetrical azo initiators of commercial interest are
generally solid and have low to medium solubility in organic solvents.

30 Asymmetrical azo initiators, by contrast, are often low melting solids with
higher solubilities in organic solvents. Polymer manufacturers have long
sought liquid azodinitrile initiators to eliminate the problems associated with
the commercially available, solid azodinitriles such as dusting, ergonomics,

. and inability to add via screw feeders. A liquid azodinitrile compound or

35  mixture of compounds with a melting point of 0°C or lower, preferably -15°C, -
would be ideal for many commercial applications. In addition, a liquid azo
mixture which facilitates polymerizations using little or no solvent for low
volatile organic compound coatings is desirable.
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for preparation of azodinitriles via reaction of a ketone with a hydrazine

compound to generate a hydrazo conpound which is then oxidized to
azodinitrile. A Maonsymthptioacites arcknown for preparation of azodinitriles via

reaction of a ketone with a hydrazine compound to generate a hydrazo
. compound which is then oxidized to azodinitrile. A second approach reacts a

15 cyanohydrin of a ketone with ammonia to form an aminonitrile and
oxidatively coupling the aminonitrile to form an azodinitrile. Aliphatic
azodinitriles can be prepared by reacting a metal hypochlorite with an
aminonitrile in water containing a surfactant. These syntheses do not

-specifically address how to obtain mixtures prepared from more than two

20  aminonitriles which are liquid at low temperatures. Such mixtures are

desirable for use as free-radical initiating agents in industrial applications.

SUMMARY OF THE INVENTION
The present invention comprises an azodinitrile composition and a
25 process for the preparation comprising a mixture of at least six different

azodinitriles of formula I
R1 R3
. l )
30 Ry-C-N=N-C-R4 I
| I
CN CN
wherein .
35 R1, Ry, R3, and Ry are each independently selected from the group

consisting of acyclic aliphatic hydrocarbon radicals of 1 - 9 carbon atoms,
preferably 4 - 9 carbon atoms, said mixture having a freezing point of a



15 cyanohydrin of a ketone with amonia to forman am nonit[l

‘oxi dat i veWRP HE8H?i ng the aminonitrile to forman azodinitri Cé‘l’i’%‘ﬁgﬁét i c

azodinitriles can be prepared by reacting a netal hypochl orite with an
amnotrile_in water ni.n ur f act ant. Thes ese do not

- speC|f|caI1T‘§" %a#ﬁfﬁ%%’gf ‘?ﬁ%ﬁ?‘?} 0B AFe, ? ‘ée?han two 20

am noni tr |mmMeezmglpomaf0§Cﬁceﬁﬁﬁ(érrperat ures Such mixtures are

desirable for W 3L

appl i cati ons b BrthR fripaiats 3R 0 BFPaRIOR <o an

azodi ni tria @@dﬂp@ﬂm@mgﬁmmemmdﬁemton conprising a

mxturg ofalﬁhdrgg.ﬁgsgf rﬁ{uﬁgerent azodinitriles of formula | Rerr]
R[err] Rlerr]-CN=eNC-Rerr] CN CN wherein 35 Rerr],

Rerr], R[err], and R[err] are each independently selected fromthe group
_consi sti ng of acyclgqe aliphatic hydrocarbon radicals of 1 - 9 carbon atons,
preferably 4 - 9 ca‘r on atons, said mxture having a freezing point of a 2
WO 97/ 08137 PCT/ US96/ 13876

Ry -C-NHj
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wherein
R1 and Ry are each independently selected from the group consisting
15  of acyclic aliphatic hydrocarbon radicals of 1 - 9 carbon atoms,
with 5% to 15% by weight based on the reaction mixture of a metal
hypochlorite, M(OCl)x, wherein M is selected from the group consistiﬁg of
sodium, potassium, or calcium, and x is the valence of M,
in an aqueous medium in the presence of 0.25 to 10% by weight based
"20  on the weight of aminonitrile of a surface active compound or mixtures
thereof having a hydrophilic-lipophilic balance of 8 to 35 at a temperature of
-10°Ct0 30 °C,
said metal hypochlorite and alpha-aminonitrile being present in an
equivalent ratio of from 1:1 to 2:1 of hypochlorite to aminonitrile and
25 recovering from the reaction product a mixture of aliphatic azodinitrile
compounds of the formula

Ri R3
! l

30 Rp-C-N=N-C-Rg 1
| |

'CN CN

wherein Ry Ro'R3 and Ry are each independently selected from the group
35 consisting of acyclic aliphatic hydrocarbon radicals of 1-9 carbon atoms.

BRIEF DESCRIPTION OF THE DRAWING

3
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aminonitrile reactants which yield liquid mixtures of azodinitriles at 20°C for
the same product mixture as defined for Figure 1.

Figure 3 depicts a phase diagram showing the concentrahon ranges of
aminonitrile reactants as detailed in Example 2 which yield liquid mixtures at

15  -15°C for a mixture of
Butanenitrile, 2,2'-azobis(2-methyl-
Pentanenitrile, 2,2'-azobis(2-methyl-
Octanenitrile, 2,2'-azobis(2-methyl-
Octanenitrile, 2-[(1-cyano-1-methylpropyl)azo}-2-methyl-
20  Octanenitrile, 2-[(1-cyano-1-methylbutyl)azo]-2-methyl-
Pentanenitrile, 2-[(1-cyano-1-methylpropyl)azo]-2-methy}-

Pigure 4 depicts a phase diagram showing the concentration

ranges of aminonitrile reactants as detailed in Example 3 which yield
25 liquid mixtures at 7°C for a mixture of

Butanenitrile, 2,2'-azobis(2-methyl-

Heptanenitrile, 2,2'-azobis(2-methyl-

Octanenitrile, 2,2'-azobis(2-methyl-

Octanenitrile, 2-[(1-cyano-1-methylpropyl)azo}-2-methyl-
30 Octanenitrile, 2-[(1-cyano-1-methylhexyl)azo}-2-methyi-

Heptanenitrile, 2-[(1-cyano-1-methylpropyl)azo]-2-methyl-

DETAILED DESCRIPTION OF THE INVENTION

The present invention comprises a mixture of azodinitrile compounds
such that liquid behavior is obtained at temperatures at or below 25°C.
Preferably the mixtures have a maximum freezing point of 0°C, and more
preferably -15°C. The compositions contain both symmetrical and

40 asymmetrical azodinitrile compounds.
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10
wherein Ry, Ry, R3, Ry, R5, and Rg are each independently selected from the
group consisting of acyclic aliphatic hydrocarbon radicals of 1 - 9 carbon
atoms results in an azodinitrile mixture comprising symmetric products such
as
15 _
Ry Ry Rg R3 Rs R5
| | | l I |
R2-C-N=N-C-Rp R4-C-N=N-C-Rg or Rg - C-N=N-C-R¢g

| | | | | |
20 CN CN CN CN CN CN

and asymmetric products such as

R1 R3 R1 R5 R3 Rs
2 l | | I l |
Rp-C-N=N-C-Rg Rp-C-N=N-C-Rg or Rg-C-N=N-CRg
o l | | | B
CN CN CN CN 'CN N
30 It can easily be determined that when startiﬁg with three different

aminonitriles that there will be three different symmetric azodinitriles, and
three different asymmetrical azodinitriles. When starting with four different
aminonitriles there will be four different symmetric azodinitriles, and six
different asymmetrical azodinitriles. In the general case when starting with n
35 different aminonitriles there will be n different symmetric azodinitriles, and
n!/2(n-2)! different asymmetrical azodinitriles in the resulting product.



the sane prodyshs x%1,xture as defined for Figure 1.” Figure 3 dﬁgj-,gbg@,ﬁgﬁla'se
-di agram show ng the concentration ranges of amnonitrile reactants as

detailed in Exanple 2 WhICh y| el d I|qU|d mxtures at 15 -15[err]Cfor a
mxture of But angm&mé |Rj,|113e

I e e e

22 [ (I

2- [ (I - cyanondethgloctarin, ethy ’dnoxmmﬂlymhmyamme&ylbutyl and

2-1((- cyano-cta-ﬂm ? azo] 2-methyl - Figure 4 depicts a phase di agram
show ng éhe oncentra I on ranges of am nonltrtll[ee reg;t ant sm?s deltlgl Ided I n

Exanpl e Wmch dmpmhmmpwmo present inventior avdf liqui

But aneni {1 heand ve R i the pHBRISC bhil ifictudetniddAPh %2 M= Y1
Cctanenitri azobi s t aneni tr|

2-[(1-cyano qﬂMhyl propyl)azo]-2-methyl- 30 Cct aneni tril e,
[ (I -cyano- I rret hyI hexyl )azo] - 2-net hyl - Heptanenitrile,

2-
i2~[(| - cyano- . rﬁ]e)%‘%m%@m%ﬂ DETAI LED DESCRI PTI ON OF THE

NVENTI 3 Theﬁg{\ sen Ses a m xture of azodinitrile .

I 0
conpoun such t &sﬁ) 3¥'ai ned at tenperatures at or bel ow
25[err] C utanemtrﬂe,22'-azobls(2-e yl-

Pentanenitrile, 2-{(1-cyano-1-methylpropyl)azo}-2-methyl-
Pentanenitrile, 2-[(1-cyano-1-ethylpropyl)azo]-2-methyl-
Butanenitrile, 2-[(1-cyano-1-methylpropyl)azo]-2-ethyl-

15
Also preferred is the following mixture B of the present invention
having a maximum freezing point of 7°C.

B. Butanenitrile, 2,2'-azobis(2-methyl-
20 - Heptanenitrile, 2,2'-azobis(2-methyl-
Octanenitrile, 2,2'-azobis(2-methyl-
Octanenitrile, 2-[(1-cyano-1-methylpropyl)azo}-2-methyl-
Octanenitrile, 2-[(1-cyano-1-methylhexyl)azo]-2-methyl-
Heptanenitrile, 2-[(1-cyano-1-methylpropyl)azo]-2-methyl-
25

More preferred azodinitrile compositions of the present invention are
liquid at and have a maximum freezing point of 0°C and include mixtures C
and D as follows:

30 C. . Pentanenitrile, 2,2'-azobis(2-methyl-
Butanenitrile, 2,2'-azobis(2-ethyl-
Heptanenitrile, 2,2'-azobis(2-methyl-
Heptanenitrile, 2-[(1-cyano-1-methylbutyl)azo]-2-methyl-
L _ Heptanenitrile, 2-{(1-cyano-1-ethylpropyl)azo]-2-methyl-
35 Pentanenitrile, 2-[(1-cyano-1-ethylpropyi)azo}-2-methyl-

D.  Butanenitrile, 2,2-azobis(2-methyl-
Pentanenitrile, 2,2'-azobis(2-methyl-

- Pentanenitrile, 2,2'-azobis(2 4-dimethyl-

40 ~ Heptanenitrile, 2,2'-azobis(2-methyl-

Heptanenitrile, 2-[(1-cyano-1-methylpropyl)azo]-2-methyl-
Heptanenitrile, 2-[(1-cyano-1-methylbutyl)azo]-2-methyl-
Heptanenitrile, 2-[(1-cyano-1,3-dimethylbutyl)azo]-2-methyl-
Pentanenitrile, 2-[{1-cyano-1-methylbutyljazo}-2 4-dimethyl-

6
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.10 whePei Aiqid af and fyavieq maximawm £ ql@g,ﬂomq:g[fe-ﬂﬁc er‘]heare each
[ ndepende%nyweémegﬁpmahh@group consi sting of acyclic aliphatic
hydr ocarbon radicals of 1 - 9 carbon atons results in an azodinitrile
Jmxture conprising symetric products such as 15 Rerr] Rerr]
‘Rerr] E. B tanemtnle,2,2(‘:-azo 2amethyl- Rlerr] Rlerr]-GN=NCR[err],
R[ er r ] - G- N=N- C-Reindaménitrile, 2,2'-azobis(2-methyl- R{err]-C- N=N-C- R err]

10 Heptanenitrile, 2,2"-azobis(2-methyl-

Heptanenitrile, 2-[(1-cyano—1—methy1propyl)azo]-2-methy1- .
Heptanenitrile, 2-{(1-cyano-1-methylbutyl)azo}-2-methyl-
Pentanenitrile, 2-{(1-cyano-1-methylpropyljazo]-2-methyl-

15 F Butanenitrile, 2,2'-azobis(2-methyl-
Pentanenitrile, 2,2"-azobis(2-methyl-
Octanenitrile, 2,2'-azobis(2-methyl-
Octanenitrile, 2—[(1-cyano-1-methy1propyl)azo]-z-methyl-
Octanenitrile, 2-[(1-cyano-1-methylbutyl)azo}-2-methyl-
20 Pentanenitrile, 2-[(1-cyano-1-methylpropyl)azo]-2-methyl-

G.  Butanenitrile, 2,2'-azobis(2-methyl-
- Pentanenitrile, 2,2'-azobis(2-methyl-

Butanenitrile, 2,2'-azobis(2-ethyl-

25 Heptanenitrile, 2,2'-azobis(2-methyl-
Heptanenitrile, 2-[(1-cyano-1-methylpropyl)azo}-2-methyl-
Heptanenitrile, 2-[(1-cyano-1-methylbutyljazo}-2-methyl-
Heptanenitrile, 2-[(1-cyano-1-ethylpropyl)azo]-2-methyl-
Pentanenitrile, 2-{(1-cyano-1-methylpropyljazo]-2-methyl-

30 Pentanenitrile, 2-[(1-cyano-1-ethylpropyl)azo}-2-methyl-
Butanenitrile, 2-[(1-cyano-1-methylpropyl)azo}-2-ethyl-

The ratio of starting aminonitriles can affect the physical phase of the
resulting product mixture. Figure 1 depicts a phase diagram at -15°C for the
above particularly preferred composition E. As detailed in Example 1, this

35  composition is prepared from 2-amino-2methylbutyronitrile (Component A),
2-amino-2methylpentanonitrile (Component B) and 2-amino-
Zmeﬂlylheptanomtrﬂe (Component C). The phase diagram of Figure 1 shows
the percentages of each starting aminonitrile, which when reacted, results in a
product composition which is liquid at -15°C. The liquid compositions

40 roughly correspond to the lined area. This corresponds to 30-50% by weight

7
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met hyl pent a¥esnovalofgrhdst ssigh as dilragonawould respl hyl propyl ,

cyanonqmylm?bsm@ﬁd cyanod| met hyI butyl . 5 Pr ef erred azodinitrile
conpositions of the present invention are liquid

Figure 3 depicts a phase diagram at ~15°C for the above defined
composition F. As detailed in Example 2 this composition is prepared from 2-
amino-2-methylbutyronitrile (Component A), 2-amino-2- .

15  methylpentanonitrile (Component B), and 2-amino-2-methyloctanonitrile
{Component D). The phase diagram of Figure 3 shows the percentages of
each starting aminonitrile, which when reacted, resuits in a product
composition which is 100% liquid, or about 50% liquid, or solid at -15°C. The
circles represent 100% liquid, circles with a line through them represent about

20  50% liquid, and the solid black circles represent 100% solid.

- Figure 4 depicts a phase diagram at 7°C for the above defined
composition B as detailed in Example 3. This composition is prepared from 2-
amino-2-methylbutyronitrile (Component A), 2-amino-2-

25 methylheptanonitrile (Component E) and 2-amino-2-methyloctanonitrile
(Component D). This phase diagram shows the percentages of each starting
aminonitrile, which when reacted, results in a product composition which is
100% liquid (circles), about 50% hquxd (czrcles with lines through them) and

_ solid (black circles). ' .

30 The liguid azodinitrile mixtures of this invention are useful in
producing ethylene copolymers. High pressure copolymerizations of
ethylene and vinyl acetate, methyl methacrylate, ethyl acrylate, acyclic and
methacrylic acids and salts, vinyl chloride, acrylonitrile, olefins such as
propylene, butene-1 and butadiene, dibutyl maleate, carbon monoxide and

35 the like can be carried out easily and efficiently using the azodinitrile
mixtures of this invention as polymerization initiators.
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,conpositions of the present I nvention are |IC]UI d at and have a maxi num
‘freezing point of O0C and jnclude mni xtures nd D as follows; 30 C
Pent aneni tril eI W@aﬁﬁﬁﬁﬂlﬁ(‘@%%ﬂm@}? ex thanethylepe andobi s( 2- et hy! -

ethylene-comonomers are vinyl chloride, vinylidene chloride, vinyl acetate,

10  vinyl pyridine, vinyl pyrrolidone, vinyl carbazole, butadiene, isoprene, -
acrylonitrile, acyclic acid, acyclic acid esters, methacrylic acid, methacrylic
acid esters, styrene, chlorostyrene and miethy] styrenes.

The liquid azodinitrile mixtures of this invention are concentrated

15 fluids and are useful full strength where desirable, convenient or necessry.
Any organic solvent which is liquid under reaction conditions and inert with
respect to the azodinitriles of this invention may be used as a diluent for the
azodinitrile mixtures described herein. Some such suitable solvents include,
for example, appropriate alcohols, aliphatic hydrocarbons, esters, glycol

20 ethers, ketones, aliphatic petroleum naphthas, aromatic hydrocarbons,
chlorinated aliphatic hydrocarbons, chlorinated aromatic hydrocarbons,
amides, nitriles, or mixtures thereof.

The azodinitriles of the present invention are synthesized according to
25  the procedure in U.S. Patent 4,028,345, the teachings of which are hereby
incorporated by reference. At least three aminonitriles are reacted with
sodium hypochlorite solution and quaternary amine salts. The excess
hypochlorite is neutralized with sodium bisulfite and the resulting liquid azo
mixture is separated from the aqueous phase, washed with bicarbonate, and
30 dried under vacuum.
In the process of the present invention, three molecules of an amino
compoun& selected from the group consisting of

Ry R3 | Rs5
35 l l |
(@ Rp-C-NHy; ()Rg-C-NHpy () Rg-C-NHp
| { l
CN CN CN



aneni t iwb9708432 - azobi s(2-net hyl - Heptanenitrile, PCT/US96/13876
1- cyano- 1- net hyl butyl )azo] - 2- net hyl - Heptanenitrile,
cyano- 1- et hyl propyl ) azo] - 2- net hyl - 35 Pentanenitrile,
cyano- 1- et hyl propyl )azo] - 2- net hyl - D. But anenitrile,

bi s( 2- t itrile,
ngb: :Ez E1n9d| met %nglg ﬁ?em%cﬁ(lﬁdggéga QP%Q - et [1Iylfa

t
(
(1-
(I -
i-anenl t r Aliphatic hy Q‘-‘?ﬁ'?@?aqﬂ?ﬁlfﬁfl tﬂéﬁwﬁ@ﬁi trile,
| -
| -

He
2-
2-
2-
2

Cyanoako@iﬁfﬂé oY thd prssent ﬁw@ﬁhbﬁ. ThHQ:Eﬁ@itﬁﬂistarcbé lished in an

t
(
(1 Cybmosusess “bﬂé‘ﬁ%ﬁ' st hpAEhie repreygigs Ry formula
ECI{ U§9ﬁ/ %3811@82)2 Whei‘dlﬁMEs]a_sel&tédHr@mm bﬁ&i@m@ H)c&l’c@n]mwlt?)aﬁ&i‘khw -
pgr t ?cﬁl :atr Ir ; %‘re BEMQ%W%‘H% ?‘f“gg‘{eo#%’ CPP&% ?ebﬁgtﬁ?lé"g{‘lethﬁw d at
and have a I stm ofign pniontic, chtiofis) Ronjofic anphusterid antdaixed | owi ng
X2 bk A L ks Pt
10  aminonitrile is not cnhcal. However, at equivalent ratios below 1:1 of
hypochlorite to aminonitrile the yield is less desirable. At equivalent ratios
above 2:1 there is no advantage. Generally, the equivalent ratio of 1:1 to 2:1
will give high yields although the ratio of 1.2:1 to 1.8:1 is preferred because of
the especially high yields that result. The equivalent ratio referred to herein is
15  defined as the equivalent of metal hypochlorite per mole of aminonitrile. An
equivalent of metal hypochlorite is a mole of the hypochlorite divided by the
valence of the metal. An equivalent of aminonitrile is the same as the molar
amount of aminonitrile.

P
[
[
[
, 2!
2,2
Hep
2-[
2-[
2-[

20 The amino compounds used as starting materials may be selected from
the formulas given above denoted (a) (b) and (c) or combinations thereof. The
amino compounds can be prepared by methods well known in the art, for
example, by the method described by Anderson in U.S. Patent 2,711,405. A
procedure that can be used to obtain the amino compounds involves charging

25 anappropriate ketone to a platinum-lined pressure vessel and cooling this to
dry ice-acetone temperature and then adding 5-10 grams of ammonia.
Hydrogen cyanide is then introduced in portions in an amount equimolar to
that of the ketone. The reaction vessel is warmed to room temperature and
pressurized to 50 psig (34.5 x 104 Paywith ammonia, heated to 40°C and held

30 at40°C and 50 psig (34.5 x 102 Pa) for 8 hours and finally cooled and the
product is discharged from the vessel. |

The hydrochlorite used in the present invention is a metal
hydrochlorite represented by the formula M(OC1)y where M is selected from
35 sodium, potassium and calcitm and x is the valance of M. For reasons of
convenience and economy, sodium hypochlorite is the preferred
hypochlorite. Sodium hypochlorite can be prepared by passing chlorine gas

10



o

Heptanenitrile, 2,2'-azobis(2-methyl- Heptanenit r| | e
( 1- cywooiesazt hyl propyl ) 4zo] - 2- met hyl - Heptanenitril e, 1US96/13876
(1-cyano- | - met hyl but yl )azo] 2-met hyl - Pentanenitrile,
(

1- cyano- 1- net hyl azo]-2-nmethyl- 1 But anenitri |
angmsqrzamm% goqgg%t ]xg ¢$ ut‘?“?“i?ﬁb?%‘(: QP@#‘&H@% trile,
- azobg ?98&16#:&@5 can be prepared analo. ously

(1-cyano-1-neth Ipropyl azo] met hyl -~ QCt aneni tri _

(1-cyano- 1- net hyl butyl ) azo] - 2- nethyl - 20 Pent aneni tril e,

(1- cyano- | - TheButfare pytivecrhpaundds hyed irtth inventien are

- [
- [
- [
2'
, 2
- [
|
2. 2 B oppierned B iy conTMIE e of ccmpPRRAL e SlERETY 1111 ©
p
- [
- [
- [
- (
- [

NI\)I\)I\JNI\)I\)I\)NI\)H

t aner i terision whegumn@ﬁamhm aydps npyadmeﬂyaﬁegm@mm—pm}manst rile,
(1-cyapq feagf‘s:] éfip iSO Bhire thfermediate or
(1- cyano- - et ropy zo| - ent aneni tri
; -

1- cyafior thshpr VEI‘—H%BK)H"E ingjusion of a W?ﬂmthﬁl e,
cyan éce§§ Bf’ 1' lahsnehitZlestolpive aRdzofstdleiwith h ?rpochlonte
(1-cyanho-4- .0 azo-2 e1 yl- The ratiq, of starting
_am noHi t rfﬂl‘%é E’t%?{? P SHIC %%‘ée%srf‘ﬁ&%sul ting product
m xture. Figure 1 dep| cts a phase diagramat -15[err]C for the above
particularly Pl @rl e FYPRA5AIhY drduiiiohs AR RldcRibed by BAPE& by 1 M S
| "*Emulsions, Theory and Practice" ACS Monograph No. 162, 1965. On pages
232-255. Becher discusses the importance of the Hydrophilic-Lipophilic
15 Balance of a surfactant (HLB) on its ability to serve as an emulsifying agent in
a particular application. The HLB numbers which have been assigned to
many surfactants indicate balance in their affinity for water (hydrophilic) or
non-polar organic liquids (lipophilics). A high HLB number indicates high
water solubility and low organic solubility, a low number indicates a high
20 organic solubility and lJow water solubility.

I\)I\JNI\)I\)EE

pi

The azodinitriles of the present invention can generally be produced '
with surfactants or mixtures thereof within the range of about 8.0 to about
35.0 HLB range. The surfactants or surface active agents useful in the present
25 invention may be a mixture of said surfactants or surface active agents, Thus,
in surfactant mixtures, one component of the mixture may have a HLB
number outside the range described herein as long as the HLB of the mixture
is within said range.

30 The atomospheric pressure system is entirely aqueous, requiring no
organic solvent to be present as a promoter or co-solvent with water. The
surfactant is mixed with the water as is the sodium hypochlorite or other
metal hypochlorite and the aminonitrile is added with sufficient cooling to
handle the heat load.

During the reaction period, it is necessary to add an agent to destroy
residual sodium hypochlorite, chloramines and other oxidizing impurities
and thereby give a cleaner product. Sodium bisulfite serves this purpose, as

11



35 corrpos%g p,m'ﬁg prepared from 2-ani no- 2net hyl butyronltrl Ipcf,ﬁgmwt
2-am no- t Tpent anonitrile (Conponent B) and 2-am no-

2rret hyl hept anonitril e (Conmponent C). The phase di agram of Figure 1 shows
the per Centm@gas@aﬁbosh tid 80 2 M didButh bb ydrbitibrivbe Bulfaretisd, results

In a produc n ?H! ﬁ ]‘1n5‘! 1 d
corrpomhoné‘% oug1 yg\ggﬁ’gs%%%éc}b & I ne gtﬁégmwgkﬁ%&ponds to-
30- 50% by v@isgﬂﬁte?by convertingdbirggart or Whole tosu}fur dioxide, a powerful

PCT/ US96/ 13 r@aigr% a%@c/ o&ggponent B, and 30-55%
by wei ght o] corrp%ngqi 0@ depi c ef?gée l'agram at 20[err] C for
these sade conponents 5 A, B and C. The I|qU| d corrp03|t|ons roughly

Component A, 5. 30R%,EketaRo %%@%%‘Wﬁ%&%ﬁg VB e

conponent. Cusﬂdrslvlfsa'r ia preferede Withdessdhan 5%, [yields tcteaértay parti al
} ; ﬁ;ﬂr gt f’gﬂa‘%{’, oﬂF%%eéf ca&maqg?mﬁ@wh gfav%ﬂhbﬂ%saswd% aSHWY

et . o piaietal, 5 e 5 tbin e b ioret el 3ot FORER B 1 o
As det ai®d edhy Po&bﬂ@mé soltitions of c:lwahsvet coritentrafivARanedsd bepreferred.
am no- 2-net hyl butyronitrile (Conponent A), 2-am no-2-
The time required to complete the reaction is dependent on

temperature. A typical temperature for the reaction is -10°C to 30°C. Atthe

. preferred temperature range of 5°-15°C, the reaction takes from about 10
15 minutes to 30 minutes. Ata temperature of

- 5°C, the reaction will take well over 1 hour. At 30°C, the reaction can be

complete in 5 minutes. The time required for the reaction for a specific

product at a specific temperature and batch size can readily be determined. -

20 Azodinitriles compositions which exist in solid and liquid phases
simultaneously at a particular temperature can be filtered to remove the
solids. The resulting filtrate would be suitable for use as a polymerization
initiator in the same marmer as the compositions of the present invention.

25 The present invention is further illustrated by the examples below.

EXAMPLES
For all examples the percent solids were determined as follows.
Samples were placed in glass ampotiles and stored at the recorded
30  temperatures for at least 72 hours. Solids were visually estimated relative to
the entire amount of sample present in the ampoule (i.e. and layer of solid
occupying one tenth of the ampoule was designated 10% solids).
' EXAMPLE 1
To a 1.0-liter beaker equipped with a motor-driven Teflon-coated
35  stirrer, thermocouple, 100-ml addition funnel, and situated in a dry ice-
acetone cooling bath, 286.7 g (0.5665 moles) of 14.71% sodium hypochlorite
were added along with 1.54 g of dioctyldimethyl ammonium chloride. The
temperature was lowered to 7 °C and a mixture of aminonitriles consisting of

12



15 nmethyl pentanonitrile (Conponent B), and 2-am no-2-nethyl octanonitrile
“(-ConponenwO¥T08BTe phase diagram of Figure 3 shows the per F&HEREA3H6 each
starting anminonitrile, which when reacted results in a product conposition

which is 100%|i quid, or about 50% | i or solid at -15 err]C The
circles regBe0689 puoles mwgmeﬂég f‘éﬂ'ﬂﬁﬂgﬂﬁf (& i98) esent

Ebout 22 d%ﬁﬁ%d—z@ﬂé& 1 d dilﬁn&‘l@ h}"}? % ﬂ?%ﬁﬂg aind Jﬁf Qﬁﬁ’ﬁasol id.

i gure C a m or ecabove defin

co?rp03| ti o‘ﬁ‘@g‘ éﬁeﬁfggg ig&e ‘?4@%%‘ é%‘ﬂ ‘8 E%a#oéd from
ﬁe t ﬁrr} no- t20nnahdmt ok 85/ Y@ nwerei ddeded@rrqranBthminitte Period nAftértHéadmttornl,l :
~(Componont DEyeiipsratise SAEHRRERL 7 o 930%?%%0#0? Wi REnaRtadd of |

am oni tri Iegcesshjtpmbﬂenterwabt Ofsmhumbls mhﬂmmepﬁwwl t | on which is

100% | 99 | th

*and so: ?3'%@%&@%&% éﬁ%&#ﬁféﬁ?&l@ﬂ%m T It&&fbe mx res g?
this i nverliq@id opganisdayen was thenosaparateddr ﬁzlﬁ mﬁﬁryﬁmqyeouﬁghapa essur e
copol yrrerlgxﬁim abnfly WAsh@&v?i@HS% éde%‘EBic&Hﬁ‘ondi@tMerﬁPédlﬁﬁBMte et hyl

acryl cI | nd rret hacr .acj ds and s n chlo
cacryl | t rWF separaiens eiotze ﬁé”afsﬁt@ﬁ H;/ séhFéeadl but yl
mal eat e, cm&mvamm(ﬂhrmm 33. &*lmzﬂdﬂéoﬁﬁhohm cﬁn&l pikrity b yeg@ ly and

ef £ ci ent | % 45k e aga@%%@awgraﬁhw 9! Bl 1. LA 85

pol ymeri za |on I Ni
The product mixture contained:

-~ Butanenitrile, 2,2-azobis(2-methyl-
15 Pentanenitrile, 2,2'-azobis(2-methyl-
Heptanenitrile, 2,2'-azobis(2-methyl-
Heptanenitrile, 2-[(1-cyano-1-methylpropyl)azo]-2-methyl-
Heptanenitrile, 2-[(1-cyano-1-methylbutyl)azo]-2-methyl-
Pentanenitrile, 2-[(1-cyano-1-methylpropyl)azo}-2-methyl-

V-l

20
Reactants, %

MEK 70 65 55 54 50 45 40 40 37 35 33 25 25 15
MPK 15 10 20 12 12510 40 20 13 5 33 25 20 20
25 MAK 15 -25 25 34 37545 20 40 50 60 33 50 55 65

%Yield 82 76 82 90 89 91 87 91 93 91 90 87 88 93
%Purity 94 97 97 98 93 95 96 9 91 90 9% 95 94 88
Foom S S 8 § L L S L L S S S S8 8

30 This data is represented on Figure 1. S indicates solid, L indicates
‘liquid, and 50% L indicates 50% liquid.

The following examples were completed following the procedure
given in Example 1, using the aminonitriles indicated on a percentage by
35 weightbasis. The form is indicated using the above defined abbreviations.

EXAMPLE 2

Reactant, %

40  2-Amino-2-methylbutyronitrile 33 40 20 40 50 25 25
2-Amino-2-methylpentanonitrile 33 20 40 40 25 50 25
2-Amino-2-methyloctanonitrile 33 40 40 20 25 25 50

13



WO 97/ 0813 %0 97/08137 POICT/BS9 13815/ 6
‘These new conpositions are initiators for the polynerization or

copol ynmeri zati on of other unsaturated nonomers such as al kenes, vinyl
hal i des, vinyl esters, vinylidene halides, vinyl cyanides and al kenyl

aromatic as wel | opgidtgri ng agents f ogg ol §t erggiesi BP8 | nlygl at Hep | og7f ree
radical initiat e%ﬁ .chem cal reactl ﬁ ge z) fo 3%#
i di“Z¥'thg gé nts. at P9€

f oamed pol yner a tics and sele
pol ymeri zabl e m)pgfmrs ot her than ettsll ersoeand g hyl ese corsgmmers ars

vi nyl oride, i |dene chl ori de acet at e, vi nyl pyridine,
Vi nyl p;@?rol | don & hk}'ygg%% | soprene acrylonitrile,
acyclic acid, acycllc aC|d esters, nethacryllc acid, nethacrylic acid

esters, stygen ot I‘t arostyrene and met hyl styrenes. The liquid azodinitrile

m xt ures of (o] trated 15 fluids and are useful full
strength vih Brtaneadtrile d, 2~ a@@rﬁ? @ﬁl’f‘or necessry. Any organi ¢ sol vent which
is liquid uRdntanenﬂrﬂe,d’Fﬁ'-@zabIs(Z-ma‘khﬂﬁd inert with respect to the
azodinii1Q@i l@@t@{enﬁ@ﬂe,zﬂ nhethy. be used as a diluent for the

azodlrltrll cBnenit-fe, 2 84 1 eg&s}j,able sol vent.s
I ncl ude, gcﬁ;ﬁ-?e%lr% ﬁi{)ﬂ Hﬁﬂ?j f%z g%- hydr ocar bons, esters,
gl ycol 20 ers 2 E}W &Eﬁ 5; aromatic .
hydr ocar bon '&Y?‘b‘h e }&‘Wé’ Bhs: gé‘y rinated aromatic
hydr ocar bons am des nitriles, or mxtures thereof.
15 EXAMPLE 3
Reactants, %
2-Amino-2-methylbutyronitrile 33 20 40 40 50 25 25
2-Amino-2-methytheptanonitrile 33 40 20 40 25 50 25
2-Amino-2-methyloctanonitrile 33 40 40 20 25 25 50

-

20
% Yield 79 628 873 897 825 540 909
% Purity 948 9813 894 999 999 981 983"
Form L L L - 50%L 50%LS .S
This data is represented in Figure 4
25

Product Mixture:
Butanenitrile, 2,2'-azobis(2-methyl-
Heptanenitrile, 2,2'-azobis(2-methyl-
Octanenitrile, 2,2'-azobis(2-methyl-
30 Octanenitrile, 2—[(1—cyano—l-methylpropyl)azo]—2~methy1—-
. Octanenitrile, 2-[(1-cyano-1-methylhéxyl)azo]-2-methyl-
Heptanenitrile, 2-{(1-cyano-1-methylpropyl)azo]-2-methyl-

EXAMPLE 4
35  Reactants: :
2-Amino-2-methylbutyronitrile 33%
2-Amino-2-methylpentanonitrile ' 33%
2-Amino-2-ethylbutyronitrile , 33%
40 Yield =88.3%

Purity = 93.1%
| ‘ 14



The azodinitriles of the present invention are synthe5|ze ' to 25
“the proceW%@MRB7U. S, Patent 4,028,345, the teachings of zl?ggg)égﬁgreby

i ncorporated by reference. At |east three amnonitriles are reacted with
sodi um hypochl ori t%?/p%éﬁ guaternary am ne salts. The excess
hypochlorite is ned 'zed W th sodiumbisulfite and the resulting liquid
azo mixture i s sepdPBlesplid @l tGe aqueous phase, washed with bicarbonate,
and 30 dried under vacuum 1In the process of the present invention, three
nol ecul es of _an ani no conpound sel ected fromthe group consisting of Rerr]
Rlerr] 35 Brayduct Mixture: C - NH[err] (b)Rlerr] - C- NHerr] (c) Rerr]

.- C - BH Suthnéitrile, 2,2'-azobis(2-bkith CN 9 WO 97/ 06137
PCT/ US96/ I&&M&n&;mﬁém&(z-xﬁéﬂf 4 Rlerr], Rerr], Rerr] and Rerr]
are each ifdspRaaasR aI | phatlc hydr ocarbon radical of 1-9

.carbon at r Niqtd 1] t he present
i nventi on(isa'ﬁ%ﬂ,iII af' QﬁJ §Z?ﬁl ﬂ%l ﬁious rrgdi umwith a
met al hyp(;:'CS’I"T‘WX‘F*QM1 gs"é’ﬁi“@ S’EIH?HY ‘)x wherein Mis
sel eclBd Butanewitrilen?-[pocyana-trimethylprepyl) m

EXAMPLE 5
Reactants: # :
2-Amino-2-methylbutyronitrile 21%
15  2-Amino-2,4-dimethylpentanonitrile 26%
2-Amino-2-methylpentanonitrile . 24%
2-Amino-2-methylheptanonitrile 29%

Yield 95%,
20 Purity 93%,
Liquid at 0 °C
100% solids at -15°C

Product Mixture:
25 Butanenitrile, 2,2'-azobis(2-methyl-

Pentanenitrile, 2,2'-azobis(2-methyl-

Pentanenitrile, 2,2-azobis(2,4-dimethyl-

Heptanenitrile, 2,2'-azobis(2-methyl-

Heptanenitrile, 2-[(1-cyano-1-methylpropyl)azo]-2-methyl-
30 Heptanenitrile, 2-[(1-cyano-1-methylbutyl)azo}-2-methyl-
Heptanenitrile, 2-[(1-cyano-1,3-dimethylbutyl)azo}-2-methyl-
Pentanenitrile, 2-[(1-cyano-1-methylbutyl)azo}-2 4-dimethyl-
Pentanenitrile, 2-[(1-cyano-1-methylpropyl)azo}-2-methyl-
Pentanenitrile, 2-[(1-cyano-1-methylpropyl)azo]-2 4-dimethyl-

35
EXAMPLE 6
Reactants: .
2-Amino-2-methylpentanonitrile 33%
2-Amino-2-methylheptanonitrile 33%
40 2-Amino-2-methyloctanonitrile 33%

Yield =99%

1%



is the val ggg97p1sbhe Mion, and a surface active conpound Sﬂbﬁ,@gﬁﬁmﬁﬂpm
the group consisting of an anionic, cationic, nordonic, anphoteric and

.m xed surface active agents or surfactants. The equi valent ratio of
hypochlorite to 10 Purdyif8%ile is not critical. However, at equival ent
ratios below 1:1 of Lixpyyidct25?Cte to anonitrile the yield is |ess desirabl e.
At equi val ent rati o30gR®elidatbeChere is no advantage. Generally, the
equivalent ratio of 1:1 to 2:1 will give high yields although the ratio of
1.2:1 to 1.8:1 is preferred because of the especially high yields that

resul t. The al ,atio referred to herein is 15 defined as the .
equi val Eﬂ% 3 I ori).t& Ber;I |l e of amnonitrile. An equival ent of
met al hybochPERREBIHLS, R{)pochl orite divided by the val ence of
the netal . Heptapsnitrilen?,2cazobis(ZenethylH e is the sane as the nolar anount of .
am noni tri Ié)cta&ﬁ:mtrxle,Z,Z‘:Iﬁmbm(ﬂmthyhpounds used as. starting materials may

be sel ect edQctpenitef B EQWQL ﬁ)&g!l.gtﬁgﬂ{ (b) and (c) or

mbi nat BF) db t hod |
nown 1, ¢ nOcEiEile 2 SRR 2 ReBNEN by Avder son in U.S

known in the ar or e
Pat ent 10 71@%@@?&@@%@9@%@@1 2empethydai n t he ani no
conpounds invol ves charging 25 an appropriate ketone to a platinumlined
pressure vessel and cooling this to Sii !ﬁg-gcetone tenperature and then
addi ng 5-10 granms of ammoni a. Hydro e is then introduced in
portions in an armunt equi nolar to that of the ketone. The reaction vessel

s warmed te. eoressurlzggto 50 psig (34.5 x 104 Pa)
With arqq)n:ﬁ)Ax?&q&g d{l 5, and held 3% 40[err]C and 50 psig (34.5
x 10[erT or g ho T and T Iy cool e nd t he |
Anuno-—Z—methylheptanomtrﬂe
Yield =85%
Purity =97%
20 Liquid at 25°C

Liquid at -15°C

Product Mixture:
Butanenitrile, 2,2'-azobis(2-methyl-
Pentanenitrile, 2,2"-azobis(2-methyi-
25 Butanenitrile, 2,2"-azobis(2-ethyl-
Heptanenitrile, 2,2-azobis(2-methyl-
Heptanenitrile, 2-[(1-cyano-1-methylpropyl)azo}-2-methyl-
Heptanenitrile, 2-{(1-cyano-1-methylbutyl)azo}-2-methyl-
Heptanenitrile, 2-[(1-cyano-1-ethylpropyl)azo}-2-methyl-
30 Pentanenitrile, 2-{(1-cyano-1-methylpropyl)azo]-2-methyl-
Pentanenitrile, 2-{(1-cyano-1-ethylpropyl)azo]-2-methyl-
Butanenitrile, 2-f(1-cyano-1-methylpropyl)azo}-2-ethyl-

COMPARATIVE EXAMPLE A

Reactants: '

35 2-Amino-2-methylbutyronitrile _ 25%
2-Amino-2-methylpropanonitrile . 25%
2-Amino-2-methylpentanonitrile . 25%
2-Amino-2-methylheptanonitrile 25%

16



product is discharged fromthe vessel. The hydrochlorite used in the
present i WOATOBYT is a netal hydrochiorite represented by tHE¥HA874

M CC1) x where Mis selected from 35 sodium potassiumand calciumand X is
t he val ance of Mﬁlfg ?éfeasons of conveni ence and econony, sodium

hypochl orite is q‘iﬁ erred hypochlorite. Sodi um hypochlorite can be
prepared by pasBirity G6%r10% sghids at 2WAC97/ 08137

PCT/ US96/ 13876 in an aq | ydr oxi de sol ution at about 9[err]C or
it can be purchased conzgr%é?oéﬁ#dd.tnger hypochl orites can be prepared

anal ogously. The surfacéoﬁ%tﬂolbéatnﬁ)ﬁﬁds used in the present invention are
5 defished as any conpound or m xture of conpounds that affects the surface
tensi on when mxed with water and is not adversely affected inits

proper t i esPraduct Mixfuxes with the hypochlorite, aminonitrile, chloranine

i nt er nedi aPpanehitnide¢, 22 'atobis(Bneathgl-pr esent i nvention. The inclusion of a

surfact antgﬁm@hm,mobfs(zmypg am’ nonitriles to give an azodinitrile

v&éruhypg%(a&;!%‘gﬁt 2@-%?&%@-n action to proceed in strictly aqueous
" Emul goon e?wgi ‘Fafg)?%((%

| sions are di scussed by Paul Becher in
232-255. BPeRtnegiti yRRO1L

*

‘Mynqgr aph No. 162, 1965. On pages
ﬂﬁl\@}%’q%@fﬂmiophi i c-Li poB-higI ic 15
Bal ance of Hegptanenitrile,2-[(11qyBnodnmethylppopybazal2-methd- as an enul si fyi ng
agent in Heptanenitrile, 2-[(1-cyano-1-methylbutyl)azo}-2-methyl-
' Pentanenitrile, 2-[(1-cyano-1-methylethyl)azo]-2-methyl-
15 Pentanenitrile, 2-[(1-cyano-1-methylpropyl)azo}-2-methyl-
Butanenitrile, 2-[(1-cyano-1-methylethyl)azo]-2-methyl-

COMPARATIVE EXAMPLE B
20  Reactants:
2-Amino-2-methylbutyronitrile 33%
1-Amino cyclohexano carbonitrile 33%
2-Amino-2-methylheptanonitrile 33%

25 Yield 80%,
Purity 96%, 20% solids at 25 °C
60% solids at -15°C

Product Mixture:
30  Butanenitrile, 2,2'-azobis(2-methyl-
Cyclohexanecarbonitrile, 1,1'-azobis-
Heptanenitrile, 2,2'-azobis(2-methyl-
Heptanenitrile, 2-[(cyanocyclohexane)azo]-2-methyl-
Heptanenitrile, 2-[(1-cyano-1-methylpropyl)azo}-2-methy}-
35 Cyclohexanecarbonitrile, 2-[(1-cyano-1-methylpropyl)azo]-

COMPARATIVE EXAMPLE C
Reactants:
2-Amino-2-methylbutyronitrile 33%
40  1-Amino cyclohexano carbonitrile 33%
2-Amino-2-methylpentanonitrile 33%

17



a particul a&ogcpf_gﬁsqati on. The HLB nunbers whi ch hHave been asptg,ﬂgg?}sgmrm'ny

surfactants 1 ndicate balance in their affinity for water (hydrophilic) or
non- pol ar organic liquids (lipophilics). A high HLB nunber indicates high
wat er solubility and | ow organic solubility, a | ow nunber indicates a high
20 " organic sol uﬁ)i!%f;%yo nd | ow water solubility. The azodinitriles of the
present inventio nerally be produced with surfactants or m xtures

t hereof within t Rurit4s%,30%solids 8t 25 YG about 35.0 HLB range. The
surfactants or .surface actlbg%s@,gag%_}gaef ul in the present 25 invention
may be a_m xture of said surfactants or surface active agents. Thus, in
surfacta®dt mxtures, one conponent of the m xture may have a HLB nunber
out si de the prgags: i.oed herein as long as the HLB of the m xture is

within said y ,_%D -Eg‘%{‘ rospheric pressure systemis entirely
aqueous, re ' 'a%;i gﬁ; %‘g&gto be present as a pronoter or .
co-sol vent $ictPREEBEC %Bﬂ > dcPEAPIST s nixed with the water as is the
sodi um hypo®@entarienitrie, 22'ezobisi2-methybochl orite and the amonitrile is

added wi6h S€lyfclolmixanecarbohitrile, 2(heyaiielihethybnio ]J-35 During the

reaction Pe@y&hé&nb&rBSﬁﬂﬁ&éQ}{%eyﬁ%h&ﬁg \azgfEst roy residual sodium-
hypochl ori t %%%%’3}%&%‘8}1 %t}%éggéléﬂ oz_gtrg rj.tkes and thereby give a

cl eaner product. ite ser pesd,” as

18



WO 97/ 08137 76 wel |
as gaseouWO¥81¥ui d SO[err]” Acid such as hydrochl ori'¢ o%ﬁé}ﬂ}i

i ntroduced during the produ nce the activity of sodi um

bi sulfite(gé‘@%gvertl ng it imm E mﬂs @o sul fur di oxi de, a powerful
reduci ng a O her inorg c s:«rrasy enpl oyed. 5 Any concentration
of sodi um hypochlorite |ess than about 16% can be used, but 5-15%is
preferred %Fb gﬁﬁ %n 5% vyields of product tend to drop off. However,
cal ci um hypoc orl ich is available as a 100% active material, is

diluted to attain the preferred 5-15%range. Potassium 10 hypochl orite
.solutigns of the a%%zé&ﬁﬁ&ﬂé%@ﬁiﬂhﬁ‘cﬂf‘cﬁhpﬁsﬁ%Qﬁﬁi&ft&%@a‘:i@%@t&k”ﬁ
required t&é | et %Sgl&rpeﬂ%% dependeént tenperature. A typical
t enper at ur err]C to 30[err]C. At the preferred
denmperature range of 5[err]- 15[err]C the reaction takes from about 10 15
m nutes to 30 m nut,es. At tenperature of - 5[err]C, the reaction wll
take well over 1 h . At g%?err]c the reaction can be conplete in 5
m nutes. The tinme rgquired for the reaction for a specific product at a
specrfroc terrper%l#rp ltqn.d ﬁ{ézl ze can readllé be determ ned. 20
Azodinitriles 0sitions V\/m exi st -in-sol rd -and -Ii qui d-phases- .
si mul t aneously at partlcu ar tenperature can be filtered t.o renove the
solids. The resultiqmy filtr@gNe woul d Be=suit-able for.use as a
pol ynerization initiator in the sane manner as the conpositions of the
present invention.

wherein

15 R1, R, R3, and Ry are each independently selected from the group |
consisting of acyclic aliphatic hydrocarbon radicals of 1 - 9 carbon atoms, said
mixture having a freezing point of a maximum of 25°C.

2. The composition of Claim 1 havmg a freezmg point of a
20 maximum of 0 °C. -

3. The composition of Claim 1 having a freezing point of a
maximum of -15 °C.

25 4. The composition of Claim 1 wherein Ry, Ry, R3, and Ry are each
independently selected from the group consisting of methylbutyro,
methylpentano, methylheptano, methyloctano, ethylbutano,
‘cyanomethylpropyl, cyanomethylbutyl, and cyanodimethylbutyl.

30 5. The composition of Claim 1 selected from the group consisﬁng of

mixtures A and B:
- Al Butanenitrile, 2,2"-azobis(2-methyl-
Pentanenitrile, 2,2'-azobis(2-methyl-
35 Butanenitrile, 2,2'-azobis(2-ethyl-

Pentanenitrile, 2-[(1-cyano-1-methylpropyl)azo}-2-methyl-
Pentanenitrile, 2-[(1-cyano-1-ethylpropyl)azo]-2-methyl-
Butanenitrile, 2-[(1-cyano-1-methylpropyl)azo}-2-ethyl-

40 B. Butanenitrile, 2,2-azobis(2-methyl- o

N e




-

£ ot e RN 2 o, e

bel ow. EXAMPLES For all exarrphes ct er cents solids were determ ned as
foll ows. Sanples | aced..i | as s and stored at the recorded
30 tenperatures ff)\?%i‘beé’é %% E’ﬁ@%ﬁm ?were vi sual |y estimated
relative to the ent i n’ -azg “"e“ﬁﬁqé' nt |r1the anpaul e (i.e. and
layer of solid occuPytangni wysnolraethyiprerylaze ted 10%
solids). EXAMPLE 1 CDctalemtDlld:,|Z-£(1-Cyendl-drmethylhﬁqd)amﬂ-ﬁ-meﬂlyﬂor driven

Tefl on-@oat ed 35 stHeptineritiite, PH2uhRo-1 ﬁwﬁlge@gylymg-ztﬂmga, and

situated in a dry ice- acetone cooling bath, 2 5665 "nol es) of
14. 71% sodi um-hypochl orite vvere added along with 1. 54 g of dioctyl di net hyl

amoni um chl ori d e tenpe tur l.owered,to 7 err C and,a m xture
of ami nonitril esg'con "’s?‘?’ﬁﬁ &g%b@%f@% om p consisting o

PCT/ US96/ 13hituz@oC(ehd?D389 rml es) 2- ami no- 2- et hyl but anonitrile MEK), | Qg
(0.0891 nol es) ami no-2- et hyl pent anonitrile (MPK), and 20g (0.1429 nol es)

2- am no- 2- t hyl hept anoni tr ( MAK). whi c ad been sparged of excess
anmoni a forEgne hou]9 tﬁi ?r@r hia 50 minute period. After the

additico® 5 the teBp mw@e\za%-aa@bﬁ(%eﬂwlc for 30 minutes followed by
neutralization of Heptanenitrile, 2,2'-azobis(2-methyl-

Heptanenitrile, 2-[(1-cyano-1-methylbutyl)azo]-2-methyl-
Heptanenitrile, 2-[(1-cyano-1-ethylpropyl)azo]-2-methyl-
Pentanenitrile, 2—[(1—cyano-1-ethylpropyl)azo]»Z—meﬂlyl-

15
D. . Butanenitrile, 2,2'-azobis(2-methyl-

Pentanenitrile, 2,2"-azobis(2-methyl-
Pentanenitrile, 2,2-azobis(2 4-dimethyl-
Heptanenitrile, 2,2"-azobis(2-methyl-

20 Heptanenitrile, 2-f(1-cyano-1-methylpropyl)azo]-2-methyl-
Heptanenitrile, 2-{(1-cyano-1-methylbutyl)azo}]-2-methyl-
Heptanenitrile, 2-[(1-cyano-1,3-dimethylbutyl)azo}-2-methyl-
Pentanenitrile, 2-[(1-cyano-1-methylbutyl}azo]-2,4-dimethyl-
Pentanenitrile, 2-[(1-cyano-1-methylpropyl)azo}-2-methyl-

25 Pentanenitrile, 2-{(1-cyano-~I1-methylpropyl)azo]-2 A-dimethyl-

7.  The composition of Claim 3 selected from the group consisting of
mixtures E,FandG.

30 E Butanenitrile, 2,2'-azobis(2-methyl-
. Pentanenitrile, 2,2'-azobis(2-methyl-
.. .— Heptanenitrile, 2,2'-azobis(2-methyl-
Heptanenitrile, 2-[(1—cyanm1—methylpmpyl)azo]-z-methyl-
Heptanenitrile, 2-[(1-cyano-1-methylbutyl)azo]-2-methyl-
35 Pentanenitrile, 2-[(1-cyano-1-methylpropyl)azo}-2-methyl-

F Butanenitrile, 2,2"-azobis(2-methyl-
Pentanenitrile, 2,2'-azobis(2-methyl-
Octanenitrile, 2,2'-azobis(2-methyl-
Octanenitrile, 2-[(1-cyano-1-methylpropyljazo]-2-methyl-
40 Octanenitrile, 2-[(1-cyano-1-methylbutyl)azo]-2-methyl-
Pentanenitrile, 2-[(1-cyano-1-methylpropyl)azo]-2-methyl-

20



hypochlorite wt isulfite while the pH was
'ﬁéfﬁts; né@)aﬂ@lé’} 9 vmwlt hhltlmlg f“ﬂatmjm“g 1g of 1ON sodiu P The
liquid organic | ayer was hen separ at ed fromthe nore dense agueous phase
and subseguent |y mimj % rbonate. After 2-additional 10
washes an?separ a%\w kL .aoz?ﬁ e( rﬂlg[\g;l t he crude product was dried
under vacuum (10 "hours. Final purity by gas
evol ution and gasB@FﬁQﬁ%ﬁ -ethylal yield 91 % Liquid at -15C
The product mi xt uH;Eptmm medﬂrmeﬂbé- 2,2' -azobi s(2-methyl - 15
Pentargnitrile, I-Bepmaﬁtlﬂéﬁ-[(&t- Hméthylapmp l)hm].znie‘jgr_obl s(2- et hyl -
2H

,Heptanenitrile, elg ptanenitrile,
2-[ (1-cyano- 1- net hﬁ N
2-[(1-cyano- 1- rretggi 'é 2- § K 70 65 55 54
.50 45 40 40 37 35 Pa?? aho mei PE?PY "220 20 20 13 5
33 25 20 20 25Pentmgenitrile; 2541-cyanodsethyipropyh) &metbul- 60 33 50 55
65 %ikld 82 76Bummﬁrﬂe,%[(lgyaaa-bmethﬂprepyl)m]-zémy&e 93 %Purl ty 94
97 97 98 93 95 96 96 91 90 96 95 94 88 Form S S S L

L S L L S S_. S30 This data is represented on F| gure
1. S indicates 85@95, prpcess faithe preparation of azodinitrile mixtures comprising - - :

reacting three or more different aminonitriles of formula

15 Ry
l
Ry -C-NHj
|
CN
20
wherem

R1 and Ry are each mdepemdently selected from the group consisting
of acyclic aliphatic hydrocarbon radicals of 1 - 9 carbon atoms,
with 5% to 15% by weight based on the reaction mixture of a metal
25 hypochlorite, M(OCl)x, wherein M is selected from the group consisting of
sodium, potassium, or calcium, and x is the valence of M,

" in an aqueous medium in the presence of 0.25 to 10% by weight based
on the weight of aminonitrile of a surface active compound or mixtures
thereof having a hydrophilic-lipophilic balance of 8 to 35 at a temperature of

30 -10°Cto30°C,
said metal hypochlorite and alpha-aminonitrile being present in an
equivalent ratio of from 1:1 to 2:1 of hypochlorite to aminonitrile and
recovering from the reaction prod{xct a mixture of aliphatic azodinitrile

compounds of the formula
35 :
Ry R3
! l
Rp-C-N=N-C-Rg 1
l l
40 CN CN

This Sheet Has Been Rep

21 [TILE



liquid, andyppheksdzndi cates 5$m! Hum UE!wl | oW ng ekanpl g ]

conpl eted follow ng the proce l Il “ r nple 1, using tET)fﬁ%ws
amonitriles indicated on a percent age y 35 ‘wei ght basis.- The formis

i ndi cated using the above defined abbreviations. EXAMPLE 2 Reactant, % 40

- At no- 5. P HSseRY RD B G R Sre edch indeffindentlf seleddd 135 th group
2- Ai no- 2- MECRES aeg&iﬁ afy«licaliphagig hydsocarbongadicalsof 1-9 earbon2fonis0 13 WO

97/ 08137 PCT/ US96/ 13876 % Yi el d
94.5 87.5 86.9 87.8 73 86.8 87 %Purity 96.3 96.0
99.6 92.0 97.3 96.9 99.2 Form S 50 L S
50 S S5 This data is represented on Figure 3. Product

M xture: Butanenitrile, 2,2 -azobi s(2-methyl - Pentanenitrile,
2,2' -azobis(2-methyl - 10 Octanenitrile, 2,2'-azobis(2-nethyl-
Cctanenitrile, 2-](1-cyano-1-nethyl propyl )azo] - 2- et hyl -

22



Cctanenitrile, 2-[(1l-cyano-1-nethyl butyl)azo]-2-nethyl- Pentanenitrile
2-[(T- cydﬂbﬂmﬁéﬁhyl pr%pyl)azo] 2-met hyl - 15 PCEishsn3sTs
EAMPLE 3 Reactants, % 2- Am no-2-nmethyl butyronitrile 33 20 40 40 50
25 25 2- Amino-2-net hyl heptanonitrile 331/440 20 40 25 50 25
2- Am no- 2- et hyl octanonitrile 33 40 40 20 25 25 50 20 %
Yield 79 62.8 87.3 89.7 82.5 54.0 90.9 %Purity

94.8 98.13 89.4 99.9 99.9 98.1 98.3 Form L L L
50%. 50%4. S .S This data is represented in Figure 4 25 Product M xture:
Butanenitrile, 2,2'-azobis(2-nmethyl- Heptanenitrile, 2,2'-azobis(2-nethyl-
.Cctanenitrile, 2,2-azobis(2-methyl- 30 OCctanenitrile,

2-[ (1-cyano- 1- net hyl propyl ) azo] - 2-net hyl - COctanenitrile,
2-[(1-cyano- 1- net hyl hexyl )azo] - 2-net hyl - Heptanernitrile,
.2-[ (I -cyano-1- et hyl propyl ) azol - 2-neth EXAMPLE 4 35 Reactants:
2- Ami no- 2-net hyl butyronitrile ".XIG%

/< -
25 75

PERCENTAGE C PERCENTAGE A

100

0 25 50 75 100

PERCENTAGE B



2- Ami no- 2- b BybQspt anonitrile 33% 2- Ani no- 2-et hyl Tad i | €
33% 40 ﬁg@l eld = 88.3% Purity = 93.1% 1 4 WO 97/%&%}]%

PCT/ US96/ 13876 33% solid at 25[err]C 100% solid at O [err] C Product
Mxture: 5 Butanenitrile, 2,2'-azobis(2- nﬂ/“yl - Pentanenitrile,

2,2' -azobis(2-methyl - Butanenitrile, 2,2'-azobis(2-ethyl- Pentanenitrile,
2-[(1-cyano-| -net hyl propyl )azo] - 2-net hyl - Pentanenitrile,
2-[(1-cyano-1|-ethyl propyl)azo]-2-nethyl- .10 Butanenitrile,

2-[ (1-cyano- 1- net hyl propyl ) azo] - 2- et hyl - EXAMPLE 5 Reactants:

- 2- Am no- 2-net hyl butyronitrile 21% 15
2* Am no- 2, 4-di net hyl pentanonitrile 26%

2- Am no- 2- et hyl pentanonitrile 24%

FIG.2

. A
' 25 7

PERCENTAGE €

4

50  PERCENTAGE A

100 @

100

PERCENTAGE B



2- Am no- 2- met hyl heptanonitrile 29% Yi el d 95%

93% “Li qlWO9aID8137[ err] 'C 100% sol i ds at - 15[ err] C Product M‘gﬁlﬁgﬂﬂz?
But anenitrile, 2,2 -azobis(2-nethyl- Pentanenitrile, 2,2'-azobis(2-nethyl-
Pentanenitrile, 2,2'-azobis(2,4-dinethyl 3/ﬂlept anenitri I e,
2,2-azobis(2-methyl - Heptanenitrile,

rity

2-[ (1-cyano- | -net hyl propyl )azo] -2-nethyl- 30 Heptaneritrile,
2-[ (I -cyano- 1- net hyl butyl )azo] -2-nmet hyl - Heptanenitrile,
2-[ (1-cyano- 1, 3-di net hyl butyl )azo] - 2-net hyl - Pentanenitrile,
2-[ (I -cyano- - rret hyl butyl ) azo] - 2, 4-di net hyl - Pentanenitrile,
2-[ (I -cyano- 1-net hyl propyl )azo] - 2-net hyl - Pentanenitrile,
“2-[ (I - cyano- 1- net hyl propyl)azo] - 2, 4-di net hyl - 35 EXAMPLE 6 Reactants:
2- Am no- 2- et hyl pentanonitrile 33%
«2- Am no- 2- met hyl heptanonitrile 33% 40
2- Am no- 2- net hyl octanonitrile FIG 333%Yi eld = 99%

25 75

PERCENTAGE D PERCENTAGE A

100

0 25 . 50 75 100

PERCENTAGE B



-

15 VO 9 i T "
PCT/ US96/ 1?9%;0%‘% ty = 93%liquid at 25[err] C 100% Sol i d a!t,cgflggrr 3%376
Product M xture: 5 Pentanenitrile, 2,2'-azobis(2-nmethyl- Heptanenitrile,
2,2' -azobi s(2-methyl - Cctanenitrile, 2,2 4ffbbis(2-nmethyl- Cctanenitrile,
2-[ (I -cyano-1- net hyl butyl )azo] -2-nmet hyl - Cctanenitrile,

2-[ (I -cyano- 1- net hyl hexyl )azo] -2-nmethyl - 10 Heptanenitrile,

2-[ (1-cyano- 1- net hyl butyl ) azo] - 2- met hyl - EXAMPLE 7

2- Am no- 2- met hyl but anonitrile 25% 15 2- Am no- 2- et hyl butanonitrile
25% 2- Ami no- 2- net hyl pentanonitrile 25% 2- Ami no- 2- net hyl heptanonitrile
25% Yield = 85% Purity = 97% 20 Liquid at 25[err]C

FIG.4

0 g 100

25 75

PERCENTAGE D 50 PERCENTAGE A

100 ¢ : : .
0 25 56 75 100

PER&ENTAGE E



Q020745
Liquid at -15[err]C Product M xture: Butanenitrile, Z,2'-azobi s(2-metfpg-
Pentanenitrile, 2,2'-azobis(2-nmethyl- 25 Butanenitrile,
272" -azobi s(2-ethyl - Hept dRATENTICOOPERAPIBNSTREATYYI -
2-[(!l-cyano- | -net hyl propyl ) azo] - 2- rreIt_I(hi/I - Heptanenitrile,

tanenitiile,

2-[ (1-cyano- 1- net hyl butyl ) azo] - 2- met ptanenitrile, y
2-[ (1-cyano-| -et hyl propyl ) azo] - 2- net hyl - Pent aneni tri lWIPO e
2-[ (1-cyano- 1- net hyl propyl ) azo] - 2-nmet hyl - Pentanenitrile, _ P
2-[ (1- cyano- 1- et hyl pr biINTERNATIONATER REILEMIBARYNEXANVINAEION REPORT . .. ' |
2-[ (I -cyano- | - net hyl propyl ) azo] - 2- etPh I -,dchPdARATI VE EXAMPLE A React ants:
35 2- Amino-2-nethyl butyronitrile (FCTArtce36 nd Bysgf)
2- Am no- 2- et hyl propanonitile 25% 2- Ami no- 2- net hyl pentanonitrile
25% 2- Arsaos 2ttt he e ntamon e 25%16 YW—97+08137

{Dnlidantsor hgerts'fid referthte™ i . :

tal of [ nal

PCT/ U9 Dcéz?’sggg FOR FURTHER ACTION i&i‘iﬁﬁ?‘&‘ﬁ&iﬁ nlg:porg (F%?;nggrﬁpwms)

International application No. International filing date (day/month/year) Priority date (dayfmonith/year)

PCT/US 96/ 13876 29/08/1996 29/08/1995 4
——~ - .| International Patent Classification {[PC) or national classification and IPC -
C07C255/65
Applicant - F

E. I. DU PONT DE NEMOURS AND COMPANY

1. This international preliminary examination report has been prepared by this International Preliminary Examining
Authority and is transmitted to the applicant according to Article 36.

2. This REPORT consists of a total of 2 sheets, including this cover sheet.

g This report is also accompanied by ANNEXES, i.e., sheets of the description, claims andfor drawings which have
been amended and are the basis for this report andjor sheets containing rectifications made before this Authority
{see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT).

These annexes consists of a total of Q‘ sheets,

3. This report contains indications and corresponding pages relating to the following items:
I Basis of the report
it [ ] Priority
II1 D Non-establishment of opinion with regard to noveity, inventive step and industrial applicability
tv [ ] Lack of unity of invention
v E Reasoned statement under Article 35{2) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement
Vi [___] Certain documents cited
VIt [] Certain defects in the international application

VIl E Certain observations on the international application

Date of submission of the demand Date of completion of this report

24/02/1997 220897

2

Name and mailing address of the TPEA/ Authorized officer

European Patent Office
D-80298 Munich
. 0 'll_-_‘el. (+499-89) 2399-0, Tx: 523656 epmu d
+4
ol Fax: { -89) 2399-4465 Telephone No.
Form PCT 'TPEA 'a09 {cover sheet) fJanuary 1994) {18/03/199




Yield 56% Purity 96% 10%olidsat25C 75% solids at 0 C 100% solids at-15 C
5 Product MXture:” Propanenitrile, 2,2 azobis(2-nmethyl- Butanenitrile,
2,2' -azobis(2-nethyl - Pentanenitrile, 2,2'-azobis(2- nmetinpm. appbication ¥o.
Hep PTONALZ PRETAREINAH HRMINATIRO AR T i | €, PCT/US96,13876.
2-[ (1-cyano- 1- net hyl et hyl )azo] - 2-met hyl - Heptanenitrile,

(r=Tyano- I-met hyT propyl ) azo] - Z- met hyl - Heptanenitrile,

) Basig oo dhelrepart hyl but yl ) azo] - 2- net hyl - Pentanenitril e,
(1-cyano-1-nethylethyl)azo]l-2-nethyl- 15 Pentanenitrile

2.
2.
2
2

1
—r—r——r

-[(1-cyano-1-neth ropyl )azo] 2 met hyI But anenitrile
o 1 L1 et bR AR B S S5 - ROLASSRERE DRIk ropibon Fimehap essesying
React grpfics in Zbspdnseto-a invitattiyn dnder yrt@m L4 ark eeferred to in this r&et sk -"suiginalychiteiind xeeno

Dol 1 o 0 M s 2 1T 53025

{ ] the international application as originally filed.

. [x] the description, pages 1-18 . as originally filed,
| pages , filed with the demand,
pages F= © |, filed with the letter of ,
pages _ , filed with the letter of '
: [x] the claiss, Nos. 6,7 (part),8(part) , as originally filed,
Nos. ; as amended under Article 19,
Nos. , filed with the demand, .
Nos. 1-4,5(part},7{part),8(part) , filed with the letter of 22/07/97,
Nos. , filed with the letter of P
[x] the drawings, sheets/fig 1/4-4/4 | , as originally filed,
sheets/fig ' , filed with the demand,
sheets/fig , filed with the letter of ;
sheets/fig — ; filed with the letter of

2. The amendments have resulted in the cancellation of:
[ ] the description, pages
[ ] the claiss, Nos. .
[ ] the drawings, sheets/fig

3. [ ] This report has been established as if {some of) the amendments had not been made, since they have been
considered to go beyond the disclosure as filed (Rule 70.2{c}):

4. Additional observations, if necessary:

‘v -

Form PCT/IPEA/409 (shest 1) (January 199¢)



60% solids at -15[err]C Product M xture: 30 Butanenitrile,
2, 2" -azobi s(2-nethyl - Cycl ohexanecarbonitrile, 1,1'-azobis- Heptanenitrile,
2,2' -azobi s(2-methyl - Heptanenitrile, 2-[(cyanocycl ohéntemejpplicatior ¥svet hyl -

He L - - 2- et
oycl'o ex%%%g&o%#%?[ m&gﬁg& ?ﬁprrle&t%?ﬁ ng opy In;aa? g:??U%g&,&WIGVE
1- Adedlhed MGteRdi wdEYOArtiaYelD6(2) With kregard to novelty, iBidlitive step and industrial applicability;

2- Ani.np- 2- |REP; i Il 33% 17 WD 97/ 08137
PCT/cﬁﬁng'}sfg‘g%y e d&%%&qﬁﬁérh%ﬁye'ﬁ%% 30% solids at25 [err] C 100% sol i ds at

- I5terr€-5Product—MxtUure:

1. STATEMENT
Novelty () Clains 1~8 YES
' Clains N0
Inventive Step (IS) - - Claims __ . ¥ES
Claims 1-8___ - W0
Industrial Applicability (IA) Claims 1-8 YES
Clains _ X0

2, CITATIONS AND EXPLANATIONS

1).

The closest prior art is considered to be US-A-3 987 025
(D3). This document is concerned with the production of
liquid azonitrile mixtures. The mixtures specifically
exemplified are obtained through the reaction of two

different dinitriles.

1). The following documents have been considered for the
purposes of this report:

D1 = US-A-3 783 148
D2 US~-A-4 028 345
D3 = US-A-3 987 025

2). The definition of the compositions given in claims 1-4
is not clear (see also section 8 of this written opin- -
ion). -Because of this lack of clarity claim 1 is consid--
ered as not fulfilling the requirements of Art. 33(2)
PCT for the following reasons. Document D3 discloses, in
mixture A., a composition containing 2,2’-azobis-

Form PCI/IPEA/409 (sheet 2) (January 1994)



But anenitrile, 2,2'-azobis(2-nmethyl- Cyl ohexanecarbonitrile, 1,1'-azobis-
Pentanenitrile, 2,2'-azobis(2-methyl- 10 Cycl ohexanecarbonitril e,
2-[ (I -cyano-| - et hyl propyl ) azo] - Cycl ohexanecar boni t r ilitern. application No.
2+ TIvPERN, ohaﬂebhkhhﬂtﬁhhﬁzEkauiﬁﬂ&%&ﬁ“h&ﬁkﬁgg CT/US96 /13 .
2-[(I-cy§%§-l-nethylpropyl)azo];z-nethyl- 2533 6%a(qﬁs FaF%EH Is: 1.
AnTazodinitriTe conpositron conprising a mxture of at feast sSix 5
azodi ni tri | e¢2emethiibyegrohdtmille)l, B, erFhzobis(2-Rethyll- o N
Rlerr]-CN= < 1. - - - -
wher ei n R[er? ,QL é?rf}lﬁfe?Pfhzaﬁélngﬁpf %Pgtggé%rpﬁgéag%ggntly sel ected
fromthe grodpPebhR¥lBexagoBitaeLeri Eaghi phathesey eoppeupds cam bave of 1 -
9 carbon atothe &bnfoymatirenbyEpoepg| abeytnenet Ry ub_yabléngond. As f
cyanodi et hy y i g0l e L@ fra mt of a maxi mum o
25C. 2. The %gﬁ%ongggnﬂ% é%g%nfgﬂﬁéggqgl% f?ég??ﬁgg oi nt of a maxi numo
O[err]C. azq—compounds. On top of this the carbon atoms connected '

to the azo group contains four different substituents

and is therefore chiral (there are therefore also in-

this respect "different" compounds).This argument ap-

plies to all other compositions disclosed in D3..

3). The problem to be solved by the present application is
to provide azodinitrile compositions, for use as
free-radical initiating agents, which are liquid below
25°C (more preferred is below 0°C or even more preferred
below -15°C).

The solution is to provide a mixture of six or more dif-
ferent azodinitriles.

4). Dl discloses the production of symmetrical azodinitriles
by reacting an alpha-aminonitril in the presence of
metal hypochlorite.

5). D2 discloses the production of aliphatic azodinitriles
by reacting two different alpha-aminonitrile in the
presence of metalhypochlorite and a surface active agent
at a temperature from -10 to 30°cC.

6). D3 discloses liquid mixture of symmetrical and asym-
metrical azonitriles which have a maximum freezing point
of 25°C. Such a mixture can be prepared by reacting two
different alpha-aminonitrile in the presence of
hypochlorite (see example 1). This document mentions
that- these compounds "are generally liquid at from 25 to -
-30°C, the preferred mixtures being liquid at 0°C. With
the most preferred being liquid at -20°C" (col.4, lines
32-35). This document further mentions that "it is also

Fore PCT/IPEA/409 (sheet 3) (January 1994)



3. The conposition of aim1 having a freezing point of

of -15[err] C. 4. The conposition of Claim1l wherein Rerr],

a 20 nmaxi nmum

R err], Rerrj;

and Rl err] are each independently selected fromthe gsteyn. agplisitivhiNeg of

P&hﬁ Y”E?ﬁﬁh“?&& REPORY octy! I
oyaﬁ%#gph #propy cyanonet hyl butyl'; and cyanod|nethylbuzqéygﬁégggs The

compusTtiomof—Crairm I Sel ected fTom e group consisSting

of—mxtures—7A—and

B: A Bubeﬁbuettblpre@a%e—aiqbu&(Ezﬁahh&hlePﬁﬂm&m&@dﬂwﬂeh more

2,2 -azob! o( £nlR W aRYHBATRLLTE! a3 aRS0AE! Alle

Pentanenltrlle

”
u%er?t anenitrile,

2-[ (1- cyano- (QoébﬁyléﬁﬁsﬁlﬂazéFJz Wbﬁh?pc @mmmhamyo:g-§@§te@yano-

1- et hyl pr opyhh#z®hs? +t8khyunbBr of amiBohikedille istartd
REPLACENMENT SHEET 22JUL lggﬁ AVENDED SHEET . MD 97/081 7

2, 2- azobi s( 23iRetRFFS2EEanSRPER 18, S, M¥meRiond Frk;

- matehiix(& et hyl -
H%%t anenitril e,

number of symmetrical azonitriles .. and an exponentlal

increase in the number of un-symmetrical azonitriles"

(col.8, lines 21-25). The document then continues to-
mention that "with the increase in the number of com-
pounds ..... it is evident that liquid azonitrile mix-
tures will be highly favouréd as the number of

aminonitriles is increased above two" (col.8,
25-30).

7). The closest prior art is considered to be D3.
document discloses mixtures containing three
azodinitriles. The mixtures disclosed having
points of 25°C to -25°C.

llnes

This
different -
freezing

8). The only difference between claim 1 and D3 is that there’

are now six or more compounds in the mixture.

9), It is well known that mixtures of compounds have lower
freezing points that pure compounds. There is further-
more a clear pointer in D3 that such mixtures are envis-
aged as being desirable (see paragraph 5 above).

The applicant himself has acknowledged on page 3 of his

reply dated 22/07/97 that not all mixtures obtained from
the reaction of 3-dinitriles produce a mixture possess-
ing the desired property as claimed in claim 1 (see com-
parative example C on P17-18 of the description), He
further goes on to say that the ratio of the three com-
ponents is important and that only specific rangés pro-.
vidé-the desired mixtures. It is considered obvious for
a man skilled in the art that a number of compositions
obtained from three dinitriles would have been liquid
(see D3 as cited above). The present application is

Form PCT/IPEA/409 (sheet 4) (January 1994)



Cctanenitrile, 2-[(1-cyano-I|-nethyl propyl)azo]-2-nethyl- Octanenitrile,
2-[(1-cyano- 1- net hyl hexyl )azo] -2-nmethyl- 5 Hept anenitril e,
2-[(1-cyano- 1- net hyl propyl )azo] - 2-net hyl - 6. The conaggint h@ﬁcaion(ﬂ,al m 2

Eiﬁ%@?ﬁz%w Rttt Yatdir © 750, Benuges aasze

cyano- %Hgi‘éﬁd Tddr)s’ﬁﬁré& '?ﬁithbﬂd dﬂiﬁ:‘ r\iﬂé iditerion set

cyano- -et I .pr - 2- anenl trl l.e,

cyano- 4 % )sg(?ﬂj) %drﬁiq%’l ']% Jeqtrmakhat 9f e,
azobi s( Z}Lm.uﬂsylla-’?Peluefmmtt dinveolvad 2n daokerd(Brersttep -(RR&e anenitril e,
zobi s( 2,¢%; (q r'(ezt)h\gc.r)Hept anenitrile, 2,2'-azobis(2-nmethyl- 20
nenitrile, 3 [ (1 - cyano- | - met hyl propyl )azo] 2-nmet hyl - Heptanenitrile,
1- cyano- 1- net hyl butyl ) azo] - 2- net hyl - Heptanenitrile,
1- cyana- The q!:nmiels,sl loft Wledm|s Zmeinallogdeenttandilid ipdomess known

| - | | Reans |
ya%agomst hy pr Qp zqi - %‘ msi‘:hhaqjl chat rgI%trrr% afeneear#\t%eﬁ e,
1- cyano- P’hﬁé’F‘h °éﬁ fenprior arfhe IHpdsohersfaie o aim

1-
| -
I
-a
a

(‘D/-\OAI—\/-\FF

satisfying Art 33(3) PCT when the compound claims 1-7 S—

satisfy this criterion.

Forn PCT/IPEA/409 {sheet 5) {January 1994)
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m xtures E, F and G 30 E. But anenitrile, 2,2-azobis(2-nethyl-
Pentanenitrile, 2,2'-azobis(2-nmethyl- Heptanenitrle, Zygé-azobts(z-nethyl-

Heptanenitrile, 2-[(1-cyano-1-nmethyl propyl)azo]-2- met Wy pplisetioplor tri|l e,
2 - INTEFNAY XONAT P L INE WAR Y ZERANENAT TON - REPORT pPcPeusaeg03876l €,

2-[ (1-cyano-1- net hyl propyl )azol - 2- net hyl - F. But anenitril e,
2,2"-azobis(2-nethyl- Pentanenitrile, 2,2'-azobis(2-nethyl- Cctanenitrile,
2 VEII. gertalsi ebgexvationsnap) the izternational tapplication
2-[(d-cyano-l-nethylpropyl)azol-2-pgethyl- 40 (ctanenitrile.

2- -cvang- 1- net hyl butyl,) azql - 2-nmet hyl = .Pentanenitril e .

o oo LG oot 1O RS R S ghrfoeto s ok oF e qptigp o e

2 chinscare Bilky( sapporsednby| the feseriphiomndre midke, 2, 2' - azobi s(2-nmet hyl - Butanenitrile,
2,2' -azobis(2-ethyl - Heptanenitrile, 2,2'-azobis(2-nethyl- Heptanenitrile,
1T B 400 Al R Bt BBLES8 ibdbinan v

azodinitriles of different formula I". This does not ex-
clude E- and Z-isomers since these can also be consid-

. ered "different". The same applies to the carbon atoms
to which R1-R4 are attached since these can be
stereoisomeric. These stergcisomers are also _
*different". Claim 1 is therefore considered not to ful-
fil the requirements of Art. 6 PCT.

2). Claims 1-3 furthermore do not meet the requirements of
Article 6 PCT because the matter for which protection is
sought is defined is in terms of the result to be
achieved [using the feature "having a freezing point of
a maximum of 25°C" (0°C or -15°C) respectively]. To ob-
tain such mixtures would require extensive experimenta-
tion (see also the examples in the description of which
only a few of the examples produce mixtures fulfilling
these criteria). In the present instance, therefore,
such a formulation is not allowable because it seens
possible to define the subject-matter in more concrete
terms, viz. in terms of how the result is to be
achieved.
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Heptanenitril - et hyl propyl Yazo] - 2-net hyl - Pentanenitrile,
2-1 (" <¢yano- im‘iﬁijmﬂm{ﬁﬂgﬂ ﬂ"zo] - 2-metRyl -. Pentanenitrile, ,2-[(1 *, *°;
*cyano- 1- et hyl azo] -£2-mwethyl- 1077 * - But anenti teile, . ~,.2 ,°
2-[ (1-cyano-1- net hyl propyl )azo] -2-ethyl - 8. A process for'.the preparati gn
pf azodi nitm*]_?sg"?nxtures conprising reacting an effective ratio of three or
nore diffe “am nonitriles of formula 15 Rerr] Rerr] - C- NHerr] CN
20 wherein R err] and R err] are each independently selected fromthe group

consi sting 3| d phatic hydrocarbon radicals of 1 - 9 carbon atons,
wth 5%to%%qg¥ﬂmdélﬁgﬁ%' based on the reaction mxture of a netal 25

hypochl ori te, OCl)x, wherein Mis selected fromthe group consjsting of
sodi um pot assi dm O aZedmilyie composition qomPRsing AaiGEret at feashsixqueous

medi um4 n i RsdiRTtERRRIiferddt Z8nhfla 10% by wei ght based on the wei ght of
amnonitrile of a surface active conpound or m xtures thereof having a

hydrophilic-lipophingic bal agge of-8 to 35 at a tenperature of 30 -10[err]C
to 30[err]C, said lal hypBdhl orite and al pha-anminonitrile being present
in an equivalent rafio of ffom1:1 to 2:1 of hypochlorite to am ponitrile

and  Ry-C-N=N-C-Rq | I

| | -
10 CN CN o

wherein
R1, Rp, R3, and R4 are each independently selected from the group
consistinig of acyclic aliphatic hydrocarbon radicals of 1 - 9 carbon atoms,
15 cyanomethylpropyl, cyanomethylbutyl and cyanodimethylbutyl, said mixture -
' having a freezing point of a maximum of 25°C.

2. The composition of Claim 1 having a freezing point of a
maximum of 0°C.

3. The composition of Claim 1 having a freezing point of a
20 maximum of -15°C.

4. The composition of Claim 1 wherein R1, Ry, R3, and R4 are each
independently selected from the group consisting of methylbutyl, methylpentyl,
methylheptyl, methyloctyl, ethylbutyl, cyanomethylpropyl, cyanomethylbutyl,

" and cyanodimethylbutyl. h

25 5. The composition of Claim 1 selected from the group consisting of
mixtures A and B:

A. Butanenitrile, 2,2"-azobis(2-methyl-
Pentanenitrile, 2,2'-azobis(2-methyl-
-- ‘Butanenitrile, 2,2'-azobis(2-ethyl-
30 Pentanenitrile, 2-[(1-cyano-1-methylpropyl)azo]-2-methyl-
Pentanenitrile, 2-{(1-cyano-1-ethylpropyl)azo}-2-methyl-
Butanenitrile, 2-[(1-cyano- I-methylpropyl)azo]-2-ethyl-

B. Butanenitrile, 2,2-azobis(2-methyl- | REPLACEMENT SHEET
22 JUL 1997
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(54 Title: MULTI-COMPONENT LIQUID AZODINITRILE MIXTURES
{57) Abstract

An azodinitrile composition
comprising a mixture of at least
six different azodinitriles of for- . R1 R3
mula {I), wherein R, Rz, Rs, and
R4 are each independently acyclic l l
aliphatic hydrocarbon radicals of
12 carbon atoms, said minng Rp-C-N=N-C-Ry ®
having a freezing point of a max- . ‘ ,
imum of 25 °C and a process for
its preparation are disclosed. CN CN




