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compound. For example, JP-B-39-24965 discloses a process in

which a nitrile is reacted with a diamine in the presence of
sulfur for the production of a 2-imidazoline compound. This
process has a problem because the process requires the removal
10 of harmful hydrogen sulfide. JP-A-55-83753 suggests a vapor
phase reaction of a nitrile with a diamine. This process has a
( problem that specifically limited conditions and apparatuses
are required and the yield of the amidine product is low.
JP-A-59- 84873 discloses a process in which a nitrile is
15 reacted with a diamine in the presence of copper acetate
monohydrate. _ This process has a prdblem because by-products
are formed in a large amount. JP-A-3-163064 proposes the
reaction of a nitrile or a carboxylic acid with a diamine in
the presence of gamma-alumina or silica. This process requires
20 a reaction temperature of as high as 300°C so that a specific
reactor is required. Further, a large amount of by-products is-
unavoidably yielded. DE-A- 2154948 discloses the reaction of
oxazoline with ethylehe diamine or 1,3-propanediamine for the
production of an imidazoline or pyrimidine compound. The use
25 of oxazoline as a raw material is, however, disadvantageous
from the standpoint of economy. This process also has a

problem because the yield is low.

Summary of the Iﬁvention

30 It is, therefore, the prime object of the present
invention to provide an economical process which can produce a
cyclic amidine with a high yield.

Another object of the present invention is to provide a
process for the production of a cyclic amidine, such as a 2-

35 imidazoline derivative or a pyrimidine derivative, which

permits the use of a relatively low reaction temperature of

not higher than 250° ¢ and which does not require a specific,



the pfesence of gamma-alunmina or silica. This process requires 20 a
reéaction tenperature of as high as 300 [err] so that a specific reactor is
required. Further, a |large anount of by-products is unavoi dably vyi el ded.
DE- A- 2154948 di scl oses the reaction of -oxazoline with ethyl ene diam ne or
1, 3- propanedi am ne for the production of an im dazoline or pyrimdine
conpound. The use 25 of oxazoline as a raw material is, however,

disadvantageggﬁpﬁﬁggkggfgggg dpoi nt of econony. This process also has a
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5 attributed to impurities.

In accordance with one aspect of the present invention
there is provided a process for the production of a cyclic
amidine, wherein a nitrile is reacted with a polyamine in a
liquid phase, said process being characterized in that the

10 reaction is performed in the presence of a mixture of water
with a titanium compound as a catalyst.

In another aspect, the present invention provides a
process for the production of a cyclic amidine expressed by the

following general formula (I):

15 N - CH,
1 .7 i
RY-C X (I)
- ~ | .
N - CH
1 I

™~ A B

' wherein Rl stands for an aliphatic group, an alicyclic group,

20 an aromatic group or a heterocyclic group, X stands for a
direct bond or a divalent organic radical and A and B stand,
independently from each other, for hydrogen or an organic
group, comprising a step of reacting a nitrile having the
following general formula (II):

25 ~ rlew (II)
wherein Rl has the same meaning as above, with a polyamine
having the following general formula (III):

' H2N—cnz-x—$n-§n (III)
B A

30 wherein X, A and B have the same meaning as above, at a
temperature of 130-250°C in the presence of a mixture of water
with a catalytically effective amount of a titanium compound.

Other objects, features and advantages of the present
invention will become apparent from the detailed description of

35 the preferred embodiment to follow.
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[@rr]?mherein [err] stands for an aliphatic group, an alicyclic 15 group,
anaromatic group or a heterocyclic group, X stands for a direct bond or a
di val ent organic radical and A and B stand, independently from each ot her,
for hydrogen or an organi c group, conpri-sidhg-the step of reacting a nitrile
having the follow ng general formula 20 (11): [err]

(I'l") wherein R1 has the sane neani ng as above, with a polyam ne having the

fol  owi ng ger@n#hrf rmihe (lilke hdt¥r¥datom. when the(éf#énf@ %P@ﬁﬁiﬂsxanA
and B have th ,sgﬁe,neanlng as above, at a tenperature of 130-250[err] in

the presence23fPRAHLG GROUS RS PIMIFS Rekergat T i ySUFh 6% Q8YIRBunt of
a titanium 3piegdgewn@nd sulfur, may be present in the skeletal chain

thereof.

5 When X of the formula (IIX) is a direct bond, namely when
the polyamine is a 1,2-diamino compound, the cyclic amidine
produced is a 2-imidazoline compound. Such a polyamine may be
a compound expressed by the following formula (IV) ox (V):

HyN-CH,~CH-NH - (IV)
10 B A
H,N-(CH,-CH,-NH) H (V)

wherein A and B have the same meaning as above and n is an
integer of 2~-5. Illustrative of suitable compounds of the
formula (IV) are 1,2-diaminoethane, 1,2-diaminopropane, 1,2-

15 diamino-n-butane, 1,2-diamino-n-pentane, 1,2-diamino-n-hexane,
1,2—diamino-n4heptane, 1,2-diamino-n-octane, 1,2-diamino-n-
nonane, N-beﬁzylethylene-diamine, N-phenylethyelenediamine, N-

N methylethyelenediamine, N-ethylethylenediamine, 2-(2-
aminoethylaminé)ethanol, N-(B-aminoethyl)-}f-aminopropyl-

20 (dimethoxy)methylsilane, and N-(B-aminoethyl)-y-aminopropyltri-
methoxysilane. Examples of the compounds of the formula (V)
include diethylenetriamine, triethylenetetramine,
tetraethylene—peﬁtamine and pentaethylenehexamine.

The divalent organic radical for the symbol X of the

25 formula (ITII) may be, for example, alkylene, cycloalkylene,
arylene, an aromatic radical having the formula -R2-Ar-R2-
where R? and R3 stand independently from each other for
alkylene and Ar stands for arylene, and a radical having the
formula +R4—O+n where R? stands for an alkylene and n is an

30 integer of 1-5.

Preferably, the polyamine of the formula (III) in which X
represents a divalent organic radical is expressed by the
formula (VI):

| H,yN-CH,~R°-CH,-NH, (VI)

35 wherein R? is an alkylene having 1-22 carbon atoms, more
preferably 1-18 carbon atoms. Examples of suitable polyamine
of the fdrmﬁla_(VI)'include 1,3-diaminopropane, 1,4-diamino-



- 3- Détalled Description of the Preferred Enbodinents of 'the Invention In
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phase in the presence of a mxture of 5 water with a titan
-produce an am di ne conpound. The nitrile gs~preferably a co
(I'1) wherein [err] stands for an aliphatic group, such as an al kyl 10

the follow ng general formula (I11): [err]
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aminodiphenylamine.
By the reaction of the nitrile of the formula (II) with
the polyamine of the formula (III), a cyclic amidine expressed
by the following general formula (I) may be obtained:

10 N - CHZ
1 4 | .
R*-C X (1)
.o N\ |
g ¥ - om
A B

wherein Rl, X, A and B are as defined above.

15 The titanium compound to be used as a catalyst in the
present inveqtion may be an organic titanium compound, a
titanium halide or titanium hydroxide and is preferably a
tetravalent titanium compound. Both liguid and solid catalyst
may be used. The use of a titanium compound capable of

20 reacting with water to produce an oligomer (preferably dimer)
of the titanium compound is préferred.

Tﬁe organic titanium compound is preferably a compound
having the formula:

| Ti(0R®),,
25 Ti (OR®) 3 (0COR7),
(HorR®0) ,Ti (OR®), or
(H,NR®0) 5 Ti (OR®),
wherein R® and R’ stand, independently from each other, for a
hydrocarbyl group having 1-20 carbons, such as alkyl,

30 cycloalkyl, aryl or aralkyl, and R® stands for an aliphatic or
aromatic divalent radical having 1-20 carbons.

Examples of suitable titanium compounds are titanium .
tetraisopropoxide, titanium tetra-n-butoxide, titanium
tetrakis-2-ethylhexoxide, titanium tetrastearoxide,

35 di—isopropoxybis(acetylacetonatb)titanium, isopropoxy(2-ethyl-
l,3-hexanedioleato)tiﬁanium of the formula Ti(o-iC3H7)n-
[OCH,CH(C5Hg)CHOHC3H7],4_p, di-n-butoxybis(triethanolaminato)-



1, 4- dicyanobenzene, adiponitrile, lauronitrile, nyrlstonltrlle -
pdlmtonitrile, stearonitrile, oleonitrile, 20 capryloni tTih‘ ﬁ’beetHasBeenReplaced

capronitrile, arachidonitrile, behenonitrile and copol yners
acrylonitrile and nmethylacrylate. The polgam ne is preferab "
having the follow ng general forrmula (I11): [err]

(IGIA 25dwgere|ndx stands for a direct bond or a divalent organic radical
an an st.an in ent or n or an
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180 - 20 c, 1n the "presence o¥ a mixture of water with a

catalytically effective amount of the titanium compound. When
the reaction temperature is lower than 130°C, the reaction rate
is considerably small. On the other hand] too high a reaction
10 temperature in excess of 250’ C causes side reactions and
results in the deterioration of the quality of the amidine
(;: product. The reaction pressure is generally 0-100 kg/csz,
preferably 0-10 kg/csz. The reaction time depends upon the
reaction temperature and pressure and the amount of the
15 catalyst but is generally 2-24 hours.
The amount of the catalyst is generally 0.1-5 % by
weight, preferably 0.5-3 % by weight, based on the nitrile
A used. The catalyst may be used in an amount of more than 5 %
but no additional merit is obtainable. Too low an amount of
20 the catalyst below 0.1 requires an increased reaction time.
Water is generally used in an amount of 1-300 % by weight,
preferably 10-80 % by weight, based on the titanium compound.
Too low an amount of water requires an increased reaction time.
When the amount of water exceeds 300 % by weight, the
25 amidine-forming reaction fails to effectively proceed.
In one preferred embodiment, the reaction of the nitrile
with the polyamine is carried out in the following manner. A
titanium compound is reacted with water, generally at a
temperature of 0° -150°C, to hydrolyze the titanjum compound
30 with the simultaneous polymerization thereof, so that a first
mixture containing an oligomer (preferally a dimer) of the
titanium compound having a Ti-O-Ti unit is obtained. The first
mixture is preferably treated for removing distillable
components such as unreacted water and a by-product, such as an
35 alcohol, formed in situ by the hydrolysis of the titanium
:compound, thereby to obtain a second mixture containing the

oligomer. The nitrile is reacted with the polyamine in the



and can have a termnal end atom of carbon, nitrogen, oxygen, -4- sul fur
or- the like heteroatom Wien the organic group is an aliphatic group, one
or nore heteroatoms, such as oxygen, nitrogen and sul fur, may be present in
the skeletal chain thereof 5 When7X-of the fornula (rrr)y is a
direct bond, namely when the polyanine is a 1,2-diamno conpound, the
cyclic am dine produced is a 2-imdazoline conpound. Such a pol yam ne nmay

b
(V) 50 Ter resdncd s tle' PEraf 2/ R piithal 1107 L0 ] ani ng
as above and n is ‘Pite i néageionf peBuct! isspuatifiiedofins anyaknewso meaneds 9ich

the formila (1M}, are .y ge i #000EERBS: aksd19135RART ORBRE amifAne product

is utilized for a wide variety of applications especially as
5 raw materials for epoxy resin curing agents, medicines, photo
or heat sensitive materials, preservatives, water-treating
agents, etc. '
The following examples will further illustrate the
present invention.
10
Example 1
(- In a 500 ml SUS 316L stainless steel autoclave were
charged 120 g of ethylene diamine, 82 g of acetonitrile and 2 g
of titanium tetraisopropoxide. After addition of 1 g of water,
15 the mixture was heated up to 200° C with stirring. ‘As the
reaction proceeded, the pressure within the autoclave was found
to increase to 45 kg/cm2G at maximum due to the formation of
AN ammonia. After 3 hours from the commencement of the reaction,
the ammonia was discharged overhead from the autoclave. The
20 reaction mixture was then dissolved in 250 ml of acetone and
crystallized to obtain 126 g of 2-methyl-2-imidazoline having a
melting point of 102.5° -103.2°C with a yield of 75 %. Gas
chromatographic analysis reveals that this product has a purity
of 99 %.
25
Example 2
In a 500 ml SUS 316L stainless steel autoclave were
charged 148 g of 1,2-diaminopropane, 110 g of propionitrile and
3 g of titanium tetrachloride. After addition of 2 g of water,
30 the mixture was heated up to 200° C with stirring. As the
reaction proceeded, the pressure within the autoclave was found
to increase to 50 kg/cm2G at maximum due to the formation of
ammonia. After 3 hours from the commencement of the reaction,
the ammonia was discharged overhead from the autoclave. The
35 reaction mixture was then subjected to vacuum distillation at
0.5 mmHg and at 98" -110°C to obtain 191 g of 2-ethyl-4-
methyl-2-imidazoline with a yield of 85 %.



15 di'am no- n-but ane, 1, 2-di ani no-n-pentane, 1, 2-di am no-n-hexane,

1,'2- di ami no- n- hept ane, 1, 2-di am no-n-octane, 1, 2-di anmi no-n- nonane,

N- benzyl et hyl ene- di am ne, N-phenyl et hyel enedi anm ne, N

nmet hyl et hyel enedi am ne, N-ethyl et hyl enedi am-ne, 2-(2- am noet hyl am no)

et hanol, N-(B-am noethyl)-[err]-am nopropyl- 20 (dinethoxy)nethylsilane,
and N-(B-am noethyl)-[err]-am nopropyltri- nethoxysil ane. Exanpl es of the

conmpounds of rgrul a (V) include diethyl enetriam ne,
triethylemﬁ%&gﬁggﬁéyutetraethglene pentam ne_and pent aet hyl enehexam ne.
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added dropwise for 10 hours with stirring while maintaining the
temperature at 185" C or above. After completion of the
addition of the diamine, the reaction mixture was heated up to

10 200°C and maintained at that temperature for 6 hours. The
resulting mixture was then subjected to vacuum distillation at
(. 0.7 mmHg and at 160-180°C to obtain 635 g of 2-phenyl-2-
imidazoline with a yield of 87 %.

15 Example 4 .
In a 500 ml four-necked flask equlpped with a reflux
condenser and a thermometer were charged 181 g of lauronitrile
N and 2 g of titanium tetraisopropoxide. Further, 1 g of water
was added with stirring and the mixture was heated up to about
20 120°C with stirring for 10 minutes. Thereafter, while
maintaining the temperature at about 120°C, the mixture was
heated for 30 minutes under a reduced pressure to remove
isopropancl formed in situ and unreacted water therefrom.
After heating the mixture up to 200" -210°Cc, 74 g of
25 1,2-diaminopropane were added dropwise for 120 hours with
stirring while maintaining the temperature at 200°C or above.
After the addition of the diaminopropane had been completed,
the reaction mixture was heated at 210' -220°C for 4 hours for
the completion of the reaction. The resulting mixture was then
30 subjected to vacuum distillation at 1.0 mmHg and at 160" -165"C
to obtain 219 g of 2-undecyl-4-methyl-2-imidazoline with a
yield of 92 %.



[err]? : (M) 35 wherein R5 is an al kyl ene having 1-22
carbon atons, nore preferably 1-18 carbon atons. Exanples of suitable

pol yam ne of the formula (VI) include 1, 3-di am nopropane, 1, 4-di am no-

-5- butane, 1,5-diam nopentane, 2, 2-di metéiytpropyl ene di am ne,

1, 6-di am nohexane, 1, 7-di am nopentane, 1, 8-di am nooctane, 1, 9-di am nononane
and 1, 12-di am nododecane. 5 By the reaction of the nitrile of the formula

(I'1") with the pal,yad ne of the formula (111), a cyclic am di ne expressed b
the fol | owi Eﬁé‘aﬁgﬂﬁgﬁ formula (1) may be obtained: 10 P Y
[err] (1) wherein Jrera 300X m]A StF8l BL6k eshainkésnecatapbvautaglave werghe

titani um conmpaund 4 e Lt Aty Fek@t @l ¥fink) £6¢ g of stearonitrile and

2.5 g of titanium tetraisopropoxide. After addition of 1 g of
5 water, the mixture was heated up to 210°C with stirring and
maintained at that temperature for 4 hours while removing
ammonia produced in situ to maintain the pressure within the
.autoclave at 8-9 kg/csz._ The resulting mixture was then
subjected to vacuum distillation at 0.6 mmHg and at 230° -235°C
10 to obtain 267 g of 2-heptadecyl-2-imidazoline with a yield of
86 %.

Comparative Example 1 )
Example 1 was repeated in the same manner as described
15 except that no water was added. The yield of 2-methyl-2-

imidazoline was only 6 %.

N Comparative Example 2
Example 4 was repeated in the same manner as described
20 except that no water was added. It was necessary to add 1,2~
diaminopropane very slowly in order to maintain the reaction
temperature at above 200' C under suitable refluxing conditions.
Thus, the amount of 1,2-diaminopropane added to the flask was
only 7 g after 12 hours from the commencement of the addition.

25 The yiéld of 2-undecyl-4-methyl-2-imidazoline was only 5 %.

Example 6
In a 500 ml SUS 316L stainless steel autoclave were

charged 148.3 g (2 moles) of 1,3;diaminopropane, 82.1 g (2

30 moles) of acetonitrile and 2 g of titanium tetraisopropoxide.
After addition of 1 g of water, the mixture was heated up to
200° C with stirring. As the reaction proceeded, the pressure
within the autoclave was found to increase to 45 kg/csz at
maximum due to the formation of ammonia. After 3 hours from

35 the commencement of the reaction, the ammonia was discharged
overhead from the autoclave. The reaction mixture was filtered

to remove the catalyst. The NMR analysis of the product



preseht invention may be an organic titanium conpound, a titanium halide or
titani um hydroxide and is preferably a tetraval ent tltanhQMma ﬂ&ﬂl1
liquid and solid catal yst may be used. The use of a tlta

capable of 20 ‘reacting with water to produre- an oligone

dinmer) of the titanium conpound is preferred. The organic |tan|un1conpoun
Is preferably a conpound having the fornula: [err] 25 [err] or [err]

wherein R6 a r d qB% ﬁgg .0 :

hydr ocar byl E Lgi léiv%h%r& 28{%& 33 %gu%lhﬁéégiﬁa%}i%%%é%y%%}élaﬁﬁ?nﬁylOf
or aral kyl, aﬁd%RBrsmames for an aliphatic or aromatic dival ent radical

havi ng 1-20 carbons. Exanples of suitable titanium conpounds are titanium

tetrai sopropoxide, titaniumtetra-n-butoxide, titanium
tetrakls-2-eﬁﬁ?mﬁgﬁoﬂ|de titaniumtetrastearoxide,

5 In a 500 ml SUS 316L stainless steel autoclave were
charged 176.3 g (2 moles) of 1,4—diaminobutane, 110 g (2 moles)
of propionitrile and 3 g of titanium tetrachloride. After
addition of 2 g of water, the mixture was heated up to 200°C
with stirring. As the reaction proceeded, the pressure within

10 the autoclave was found to increase to 50 kg/cmZG at maximum
due to the formation of ammonia. After 3 hours from the

i commenéement of the reaction, the ammonia was discharged

overhead from the autoclave. The reaction mixture was filtered
to remove the catalyst. The NMR analysis of the product

15 revealed that a cyclic 2-ethylamidine compound (a compound of
the formula (I) in which R! is —C,Hg, X is —(CH,),-, A is H and
B is H) was prepared with a purity of 92 % or more.

Example 8

20 In a 2,000 ml four-necked flask equipped with a reflux
condenser and a thermometer were charged 515 g (5 moles) of
benzonitrile and 10 g of titanium diisopropoxybis(acetonate).
After addition of 4 g of water, the mixture was heated up to
185° -190° C with stirring. Thén, 370.7 g (5 moles) of 1,3-

25 diaminopropane were added dropwise for 4 hours with stirring
"while maintaining the temperature at 185°'C or above. After
completion of the addition of the diamine, the reaction mixture
was heated up to 220°C for and maintained at that temperature
for 2 hours for completion of the reaction. The NMR analysis

30 of the product revealed that 2-phenylpyrimidine was prepared

with a purity of 98 % or more.

Example 9
In a 1,000 ml four-necked flask equipped with a reflux
35 condenser and a thermometer were charged 181 g (1 mole) of
lauronitrile and 2 g of titanium tetraisopropoxide. After

addition of 1 g of water, the mixture was heated up to 200°C



35 di-iseopropoxybis(acetylacetonato)titanium isopropoxy(2-ethyl-

1, 3- hexanedi ol eato)titaniumof the fornmula [err] [err] di-n-butoxybis
(triethanol em nato) - -6- titanium di hydroxybis(lactato)titanium
titaniumtetrachloride, titaniumtetrabronide, titaniumtetrafluoride,
titaniumtetrai odide and titaniumtet rahy?roxi de. The reaction of the
nitrile with the polyamne is 5 performed at a tenperature of
130[err]-250[err], preferabl &' 180 -220 C, in the presence of a m xture of

water with awébhaf{ireangy efhedti yd2Zamourit Mlahed it AmdiAEARRAHANSVIERT S

Ithe reacti onaaawaig%ﬁwgsés foevar hohas 1Adergdirdihiey redqld amiriLindny ethe
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of the qual i agdbtidheodfinttiend ,S—ddaatinctentragegt itdre preesduiion irslagones ardy
0-100 kglgerﬁLated for 2 hours for completion of the reaction. The NMR
analysis of the product revealed that a cyclic 2-undecylamidine
compound (a compound of the above formula (I) in which Rl is
-C;1Hy3, X is —-(CHy)3~, A is H and B is H) was prepared with a
purity of 96 %.
10
Example 10
. In a 1,000 ml four-necked flask equipped with a reflux
condenser and a thermometer were charged 265 g (1 mole) of
stearonitrile at 50°C and 3 g of titanium tetraisopropoxide.
15 After addition of 1.5 g of water, the mixture was heated up to
200°Cc with stirring. Then, 74.1 g (1 mole) of 1,3-
diaminopropane were added dropwise for 4 hours with stirring
S while maintaining the temperature at 200°C or above. After
completion of the addition of the 1,3-diaminopropane, the
20 reaction mixture was heated for 2 hours for completion of the
reaction. The NMR analysis of the product revealed that 2-
heptadecylpyrimidine was prepared with a purity of 98 % or
more.
The invention may be embodied in other specific forms
25 without departing from the spirit or essential characteristics
thereof. The present embodiments are therefore to be
considered in all respects as illustrative and not restrictive,
the scope of the invention being indicated by the appended
claims rather than by the foregoing description, and all the
30 changes which come within the meaning and range of equivalency

_ of the claims are‘therefore intended to be embraced therein.
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preferably 0-10 [err]. The reaction tinme depends upon the reaction
tenperature and pressure and the anmount of the 15 catalyst but is
generally 2-24 hours. The anount of the_ catalyst is gerThi ShetHadBden Reflacky
wei ght, preferably 0.5-3 % by meight,'béséd on the nitri

catal yst may be used in an anmount of nore than 5 % but r{lmmnl}m Ill
advantage is obtainable. Too-low an ampbunt of 20 the ca ys el ow 0.
requi res an wHey eesafldpeed iD8:tine. Water is generally used in an anount
of 1-300 % by wei ght, preferably 10-80 % by wei ght, based on the titanium
conmpound. Too | ow an anmount of water requires an increased reaction tine.
Wien the amount bf wehk eprexeeed§o80bhes byoducgirn Phe a25YcdicdrRddiden ng
reaction faijgretdield Geityply PLOFERELalNvARG B BoaybadnaThAdaMAGuihe
reacti on of enitrile wth the polyamne is carried out in_ the follqwnn%.
manner. A tiphaseun sviddeFecessrbaingdchrrRckerdzedyde tamty eaction s

tenperat ure Qf, £ 51dd 1doEhé epibsehbehiér al yagtuhe Lff alten Gdpodndilanium
wi th the sinultaneous pol ynerization thereof, so that a first m xture

cont ai ni Ry FPRRYRANERS (PrefeRra¥Fy-a dimer) of the

2. A process for the production of a cyclic amidine

expressed by the following general formula (I):

N - CH2
1 Vi i
g R--C X (I)
' N\ {
5 § - ?H
A B

wherein R! stands for an aliphatic group, an alicyclic group,
an aromatic group or a heterocyclic group, X stands for a
direct bond or a divalent organic radical and A and B stand,
.10 independently from each-other, for hydrogen or an organic
group, comprising a step of reacting a nitrile having the
following general formula (II):
ricn (II)
wherein R' has the same meaning as above, with a polyamine
15 having the following general formula (IIX):
H2N-CH2—X—?H—§H (III)
B A
wherein X, A and B have the same meaning as above, at a
temperature of 130° -250°C in the presence of a mixture of water

20 with a catalytically effective amount of a titanium compound.

3. A process as claimed in claim 2, wherein said titanium

compound is an organic titanium compound, a titanium halide or

titanium hydroxide.

4. A process as claimed in claim 3, wherein said organic
titanium compound is a compound having the formula:
Ti(0R®) 4,
Ti(0RS) 3 (0cOR),

O O AR



tltan'i um conpound having a Ti-OTi unit is obtained. The first mxture_s

pteferably treated for renmoving distillable component’s such as unr eact ed

wat er and a by-product, such as an 35 al cohol, forned Tmsgk&mhbwamh laced
Tinthe

hydrol ysis of the titani um conpound, thereby to obtain
containing the oligonmer. The nitrile is reacted with t
-7- presence of the first or the second mxture. The re produc

purified gn any known n@g@gﬁogéqq(@&' Qﬁprystallization or dlstlllatlon.
The ami dine product is utilli 6él de variety of applications

‘especially as 5 raw mat éﬁegﬁsof)aﬂ'léﬁ&QZem n curing agents, medicines,
photo or heayheessht REeandt &7i tandyr a&ﬁre\piindmmvaﬂz&rm terzeet |d=tg;e?:g,enmr a

ete. The ol | 0w 88a2K3TPLE0ul Navitly 1220 MBI Gl RP S5 ' AVEMA O

aliphatic or aromatic divalent radical having 1-20 carbons.

5. A process as claimed in claim 2, wherein said titanium
compound is at least one member selected from the group
consisting of titanium tetraisopropoxide, titanium tetra-n-
butoxide, titanium tetrakis-2-ethylhexoxide, titanium

5 tetrastearoxide, di-isopropoxybis(acetylacetonato)titanium,

( isopropoxy(2-ethyl-1,3-hexanedioleato)titanium, di-n-
butoxybis(triethanolaminato)titanium, dihydroxybis(lactato)-
titanium, titanium tetrachloride, titanium tetrabromide,
titanium tétrafluoride, titanium tetraiodide and titanium

10 tetrahydroxide.

. 6. A process as claimed in claim 2, wherein said

polyamine is expressed by the following formula (IV) or (V):

H)N-CHy-CH-NH (IV)
B A
5 : H,N-(CH,—~CH,~NH)  H (V)

wherein A and B have the same meaning as above and n is an

integer of 2-5.

7. A process as claimed in claim 6, wherein said
polyamine is a member selected from the group consisting of
1,2- diaminoethane, 1,2-diaminopropane, 1,2-diamino-n-butane,
1,2- diamino-n-pentane, 1,2-diamino-n-hexane,

5 1,2-diamino-n-heptane, 1,2-diamino-n-octane,
1,2-diamino-n-nonane, N-benzylethylene- diamine,
N-phenylethyelenediamine, N-methylethyelenediamine, N-
ethylethylenediamine, 2-(2-aminoethylamino)ethanol, N-(83-
aminoethyl)-jf-aminopropyl (dimethoxy)methylsilane, N-(5-

10 aminoethyl)-y-aminopropyltrimethoxysilane, diethylenetriamine,
triethylenetetramine, tetraethylenepentamine and

pentaethylenehexamine.

l\!‘llljllll\}lllj\ IR



10 Exanple 1 In a 500 ml SUS 316L stainless steel autggclave e hqrng
120.g of ethylene diamine, 82 g of acetonitrile and 2 gl 2C
tetrai sopropoxi de. After addition of 1 g of water, 15t I

c r

heated up to 200 C with stirring. As thedreaction pro sure
wi thin the autoclave was found to increase to 45 [err] at maxi num due to
the formati on of amonia. After 3 hours fromthe commencenent of the

reaction, the amBuni aagaodiesthaisged oimsdicin ¢laimmt e whépeiavE. isha 20

ti ' ' I ' f 0 I'1ized
o ot ai n 1oBYELES HRNCSRIGhAL, £ Rne o860 PEORBRLERYSLE | 00
-103.2 C wi t hlkyyiesled oyci®akkydenehrarplene apancasemnabiesradieals baving
this product +Ras ¢ ial LR2L 230 H2.. 3mhdz@ W2 Card '1ﬁ3 as A4 ”iné&@eﬁ&@!nt%g from

stai nl ess _steel autoclave were ¢ 5}ged 148 g of 1, 2-di am ngpropane, 110 g
of propiofii t BRFB gkher for alkylene and Ar 'stands for arylene, and a
radical having the formula +R4—O+n where R? stands for an

alkylene and n is an integer of 1-5.

9. A process as claimed in claim 2, wherein said
polyamine is a compound expressed by the formula (VI):
H,N-CH,~R°-CH,-NH, (VI)
£ wherein R® is an alkylene having 1-22 carbon atoms.

10. A process as claimed in claim 9, wherein said
polyamine is a member selected from the group consisting of
1,3- diaminopropane, l1,4-diaminobutane, 1,5-diaminopentane,
2,2- dimethyipropylenediamine, 1,6-diaminohexane,
- 1,7—diamihopentane, 1,8-diaminococtane, 1l,9-diaminononane and

1,12-diaminododecane.

11. A process as claimed in claim 2, wherein said nitrile
is a member selected from the group consisting of acetonitrile,
propionitrile, benzonitrile, 1,3-dicyanobenzene, 1,4-
dicyanobenzene, adiponitrile, lauronitrile, myristonitrile,

5 palmitonitrile, stearonitrile, oleonitrile, caprylonitrile,
capronitrile, arachidonitrile, behenonitrile and homopolymers

and copolymers of acrylonitrile.

12. A process as claimed in claim 2, wherein said titanium
compound is present in an amount of 0.1-5 % based on the weight
of said nitrile and said water is present in an amount of 1-300
$ by weight based on the weight of said titanium compound.

13. _A'process as claimed in claim 2, wherein said reacting
step comprises the sub-steps of:
reacting said titanium compound with said water to
obtain a first mixture containing an oligomer of said titanium

A



3.9 of titaniumtetrachloride. After addition of 2 g of water, 30 the
mx-ture was heated up to 200[err] with stirring. As the reactlon pr oceeded,
the-pressure within the autoclave was found to increase to 50 kg/ cnm2G at
maxi mum due to the formation of anmoni-a.4 After 3 hours fromthe
conmyencenent of the reaction, the ammoni a was di scharged overhead fromthe
autocl ave. The 35 reaction m xture was then subjected to vacuum

distillat 5onc3{“ BuagimHg and at 98 -110[err] to obtain 191 g of 2-ethyl-
met hyl - 2- |mdazoI|ne ‘wWith a yi el d of 85 %

f our - necked fl ask eunﬁﬂ’Qﬁf‘\ﬁgt pnrsagtes ‘&%%%I‘é%’é‘%anﬁfd ?’r‘ig?gmﬁggg{rnﬁe}g
charged 515 gbthihecazseicond m:arhhrleo gprdfainingi said oligomer; and

di i sopropoxybi s(aceto é’g@t £ Ple A §eRf s¥BiCholiBRIARXEHI €@he
was heated up to 185 Q’?% err st} rrlling T%en 30s g o?o ¥

et hyl enedi anpresaace afdeaid @\ﬁ&%ﬂéﬂ XEFdours with stirring while
mai nt ai ni ng the

14. A process as claimed in claim 2, wherein said reacting

step comprises the sub-steps of:
reacting said titanium compound with said water to
obtain a first mixture containing an oligomer of said titanium

5 compound; and
r- then reacting said nitrile with said polyamine in the

presence of said first mixture.

——_— e —
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tenpefature at 185 C or above. After conpletion of the addition of the

di ami ne, the reaction mxture was heated up to 10 200 [err] and nmi ntai ned
at that tenperature for 6 hours. The resulting mxture was then subjected
to vacuumdistillation at 0.7 mmHg and at 160-180[err] to obtain 635 g of -
2- phenyl -2- imdazoline wwth a yield of 87 % 15 Exanple 4 In a 500 m
four-necked flask equipped with a reflux condenser and a thernoneter were
charged 181 g of lauronitrile and 2 g of titaniumtetrai sopropoxide.
Further, 1 g of water was added with stirring and the nmixture was heated up
to about 20 120[err] with stirring for 10 m nutes. Thereafter, while

mai ntai ning the tenperature at about 120 C, the m xture was heated for 30

m nutes under a reduced pressure to renove isopropanol forned in situ and
unreacted water therefrom After heating the m xture up to

200[ err]-210[err], 74 g of 25 1, 2-di am nopropane were added dropw se for
120 hours with stirring while nalntalnlng the tenperature at 200 C or

above. After the addition of theTdtdsi edpithesdaventianen conpl et ed,

PROCESS FOR THE PRODUCTION OF CYCLIC AMIDINE

Abstract of the Disclosure

A cyclic amidine typically having the formula:

5 N - CHz
1.2
R*=~C X
N I
7 -5
A B

wherein R} represents an organic radical, X represents a direct
10 bond or a divalent organic radical and A and B each represent
hydrogen or an organic radical is prepared by a liquid phase
reaction of a nitrile of the formula RlcN where R! has the same
meaning as above, with a polyamine typically having the
formula:
15 HzN—CH2—X—?H—¥H
B A
where X, A and B have the same meaning as above, in the
presence presence of a mixture of a titanium compound with
water.



- THis
t he reaction nixjure
corrpl etion .of t

: Tbo3jas—5 IOS
or 4 . hours for the

| as then R BACEMEITUSHEET)
vacuum distillation at I,

, i s |

2- undecyl - 4- et hyl - 2- |mdazoI|ne with a_vyi eId 0
a 500 m SUS 316L stainless steel aut UciaVe wer e charged 6
di am ne, 267 g of sHpar&d o I I - , i
After addition of :
with stirring and mai nt ai nedBaicl_cghraundeggethe quBrefmnod: hou '
~amoni a produced gy} sSijinteln® {0 Beaklek o PaOSSALE s dVidy %htehgrauaeei@e{eo@t
©8-9 kg/cnmRG. The resul,tj.ng mxture was then subjected to vacuum

distillatioff ‘é’fe‘b" amﬁ#d'“%nd at 230[err]-235[err] 10 to obtain 267 g of
2- hept adecyl - 2- i i damdlemefivpidocasgeel Havé thus far been proposed for the

production of a cyclic amidine such as a 2-imidazoline
compound. For example, JP-B-39-24965 discloses a process in
‘which a nitrile is reacted with a diamine in the presence of

In
e |

sulfur for the production of a 2-imidazoline compound. This
process has a problem because the process requires the removal-
of harmful hydrogen sulfide. JP-A-55-83753 suggests a vapor
phase reaction of a nitrile with a diamine. This process has a
problem that specifically limited conditions and apparatuses
are required and the yield of the amidine product is low.
JP-A-59- 84873 discloses a process in which a nitrile is
reacted with a diamine in the presence of copper acetate
monohydrate. _ This process has a problem because by-products
are formed in a large amount. JP-A-3-163064 proposes the
reaction of a nitrile or a carboxylic acid with a diamine in
the presence of gamma-alumina or silica. This process requires
a reaction temperature of as high as 300°C so that a specific
reactor is required. Further, a large amount of by-products is
unavoidably yielded. DE-A- 2154948 discloses the reaction of
oxazoline with ethylene diamine or 1,3-propanediamine for the
production of an imidazoline or pyrimidine compound. The use
of oxazoline as a raw material is, however, disadvantageous
from the standpoint of economy. This process also has a
problem because the yield is low.

Summary of the Invention

It is, therefore, the prime object of the present
invention to provide an economical process which can produce a
cyclic amidine with a high yield. h

Another object of the present invention is to provide a
process for the production of a cyclic amidine, such as a 2-
imidazoline derivative or a pyrimidine derivative, which
permits the use of a relatively low reaction temperature of
not higher than 250° C and which does not require a specific,

TR
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i . ) ) 45-5
86:% Conparative Exanple 1 Exanple 1 was repeated in the same 1 3r",l‘sner as

déscri bed 15 except that no water was added. The yield of 2-nethyl™-2-

i“m dazoline was only 6 % Conparative Exanple 2 Exanple 4 was repeated in
t he sane manner as described 20 except that no water was added. It was
necéssary to add 1, 2- di ami nopropane very slowy in order to maintain the
reaction tenperature at above 200 C urdér -suitable refluxing conditions.
Thus, the anmount of 1, 2-di am nopropane added to the flask was only 7 g
after 12 hours fromthe commencenent of the addition. 25 The yield of
2-undecyl - 4- net hyl - 2-i mi dERQGESS FAR SHE,PROBHCHIONH| e 6 In a 500 nl SUS
316L stainless steel autocl are cyergcchnrgenNel48.3 g (2 nol es) of

1, 3-di am nopropane, 82.1 g (2 30 noles) of acetonitrile and 2 g of titanium

t et r ai sopropoxi dethi timverddidn aeleftes gook wabeess Hmitheupeodastbent ed
up to 200 ¢ \@Qﬂfélgﬂi&e% the reaction proceeded, the pressure
A number of processes have thus far been proposed for the
5 production of a cyclic amidine such as a 2-imidazoline
compound. For example, JP-B-39-24965 discloses a process in
which a nitrile is reacted with a diamine in the présence of
sulfur for the production of a 2-imidazoline compound. This
process has a problem because the process requires the removal

10 of harmful hydrogen sulfide. JP-A-55-83753 suggests a vapor
phase reaction of a nitrile with a diamine. This process has a
problem that specifically limited conditions and apparatuses
are required and the yield of the amidine product is ‘low.
JP-A-59~ 84873 discloses a process in which a nitrile is .

15 reacted with a diamine in the presence of copper acetate
monohydrate. This process has a problem because by-products
are formed in a large amount. JP-A-3-163064 proposes the
reaction of a nitrile or a carboxylic acid with a diamine in
the presence of gamma-alumina or silica. This process requires

20 a reaction temperature of as high as 300" C so that a specific
reactor is required. Further, a large amount of by-products is
unavoidably yielded. DE-A- 2154948 discloses the reaction of
oxazoline with ethylene diamine or 1,3-propanediamine for the
production of' an'_ imidazoline or pyrimidine compound.. The use

25 of oxazoline as a raw materia;l. is; however, disadvar;tageous
from the standpoint of economy. This process also has a
problem because the yield is low.
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w thin the autoclave was found to increase to 45 kg/ cn2G at maxi num due to
the formation of ammonia. After 3 hours from 35 the comrencenent of the
rreaction, the amoni a was di scharged overhead fromthe autoclave. The
reaction mxture was filtered to renove thg catalyst. The NVR anal ysis of
t he product - 10 - revealed that 2-nmethyl-1, 4,5, 6-tetrahydropyri mdine
was prepared with a purity of 98 % or nore. Exanple 7 5 In a 500 m
SUS 316L stainless steel autoclave were charged 176.3 g (2 nol es) of

1, 4- di am nobut ane, 110 g e mresgntofinyentiion has oesr Bade ofrad tani um
tetrachl ori de.céhsetedddi fd0Mo f _ S ' It}pégs%%upto
200[err] wth sﬁr??n . &sdr?hmépr%%cﬁrg?%?%cggdygg '[Br%i%lfr‘:as%%rspe w t hi ﬁe' 10
the autocl ave ¥@5 PFQNIING feyehie addH@MeSerr] at maxi num due to the
formati on of ammonia. After 3 hours fromthe

The present invention provides a process for
5 the production of a cyclic amidine expressed by the
following general formula (I):

N - CH
e
. R'cC )l< (I)
10 _
\N-CH
| |
A B

wherein R' stands for an aliphatic group, an alicyclic
15 group, an aromatic group or a heterocyclic group, X

stands for a direct bond or a divalent organic radical

and A and B stand, independently from each other, for

hydrogen or an organic group, comprising the step of.

reacting a nitrile having the following general formula
20 (Ix):

R'CN (II)

wherein R' has the same meaning as above, with a
polyamine having the following general formula (XII):

H,N-CH,~X~CH-NH (III)
25 - ] .

B A
wherein X, A and B have the same meaning as above, at a
temperature of 130-250°'C in the presence of a mixture of

water with a catalytically effective amount of a titanium

30 compound:
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comehcenent of the reaction, the amonia was di scharged overhead fromthe
aut ocl ave. The reaction mixture was filtered to renove the ThistShéeyHisBe laced
NMR anal ysis of the product 15 revealed that a cyclic 2-ethy

conpound (a conpound of the formula (1)-i® which [err] is [e

Ais Hand Bis H was prepared with a purity of 92 % or nore. anple 0
In a 2,000 mM four-necked flask equipped with a reflux condenser and a

t her nonet er were chargedﬁégléé LESipPioReNEORL L bl esapd é\%a? of

titani um dii sopropoxybis : - er, the
m xture was heated up to 185[Eregdiments ef Gthenptayertien Then, 370.7 g (5

nol es) of 1,3- 25 i HNGFORae Ieréntdeef drepukseef9s fehoded With a
stirring while maintaining the t erature at 185[err] or_above. After
conpl etion cﬂ"%tyﬁé‘%\fdi*"t’} Gh Ik age nt? the PESREROR AfxBultxhlEenedt ed

up to 226 [ evater aritdnc rEitdminecatpdbling tenpesdtics eah oam2dhaer sohpbund.

conpl etion of the, feaction. The NHR analysis 30 of t roduct, reyealed.
Chat. 2- phanyl - 1, 4 BERAIAE oFs SECEDERUEy Lo omionbdndr ERYCERE, Foo L6108
% or nore. general formula (IX):
ricn (II)
wherein R! stands for an aliphatic group, such as an alkyl

10 group or alkenyl group having 1-30 carbon atoms, an alicyclic
group, such as a cycloalkyl group, e.dg. cyclohexyl, an aromatic
¢ group, such as aryl or aralkyl, or a heterocyclic group. A
homopolymer or copolymer of acrylonitrile may also be used as
the nitrile. The aliphatic group may contain one or more
15 heterocatoms, such as oxygen, nitrogen and sulfur, in the
skeletal chain thereof. Illustrative of suitable nitriles are
acetonitrile; propionitrile, benzonitrile, 1,3-dicyanobenzene,
N 1,4- dicyanobenzene, adiponitrile, lauronitrile, .
~ myristonitrile, palmitonitrile, stearonitrile, oleonitrile,
20 caprylonitrile, capronitrile, arachidonitrile, behenonitrile
and copolymers of acrylonitrile and methylacrylate.
The polyamine is preferably a compound having the
following general formula (III): '
_ HZN-CHé-x-cr:H-I;m _ (III)
25 . B A
wherein X stands for a direct bond or a divalent organic
radical and A and B stand, independently from each other, for
hydrogen or an organic group.
The divalent organic radical X may be, for example, an
30 aliphatic grodp, alicyclic group, an aromatic group or a
heterocyclic group and can have a terminal end atom of carbon,
nitrogen, oxygen, sulfur or the like hetercatom. The aliphatic
group may contain one or more heteroatoms, such as oxygen,
nitrogen and sulfur, in the skeletal chain thereof.
35 The organic group for the symbols A and B of the formula
(III) may be, for example, alkyl, cycloalkyl, aryl or aralkyl

and can have a terminal end atom of carbon, nitrogen, oxygen,



Example 9 In a 1,000 m four-necked flask equi pped with a reflux 35
condenser and a therrmrreter were charged 181 g (1 nole) of lauronitrile and
+2 g of titaniumtetraisopropoxide. After addition of 1 g of water, the

m xture was heated up to 200[err] L th stirring. Then, 102 g (1 nol e) of
1, 5- di ani nopent ane were added dropwi se for 4 hours with stlrrlng whi | e

mai ntaining the tenperature at, 200[ err.] or above.  After tion of the
addi tion of the 1S gf’ﬁrﬁ”ﬁ%ﬁ%{i nEAgny o8 PLER e ’ée rrg g"ﬁé&l’téd for 2
hours for cpopyetina bh ahlaqueabtplmse IhetNNRpﬁéaby&IeSoﬁf athbxfiiredvgt

[ovea) ods! NaheBroykhs 2 HOUGRM A0HloRACERTBERA.CE, SATRRIAES cdui2 Rl
prepared with a pﬂhetylbtlbﬁ % 10 Exanpl ealoompound hav.mg the fOllow.'Lng
general formula (IX):
- rlew (II)
wherein R! stands for én aliphatic group, such as an alkyl
10 group or alkenyl group having 1-30 carbon atoms, an alicyclic
group, such as a'cycioalkyl group, e.g. cyclohexyl, an aromatic
group, such asféryl or aralkyl, or a heterocyclic group. A
homopolymer pr.copolymer of acrylonitrile may also be used as
the nitrile. The aliphatic group may contain one or.more
15 heteroatoms, such as oxygen, nitrogen and sulfur, in the
skeletal chain.thereof. Illustrative of suitable nitriles are
acetonitrile, propionitrile, benzonitrile, 1,3-dicyanobenzene,
1,4- dicyanobenzene, adiponitrile, lauronitrile,
myristonitrile, palmitonitrile, stearonitrile, oleonitrile,
20 caprylonitrile, capronitrile, arachidonitrile, behenonitrile
and copolymers of acrylonitrile and methylacrylate.

The polyamihe is a compound having the
following general formula (XIII):
HZN—CHZ-—X—CH—NH (XII)
25 S B A ‘

wherein X stands for a direct bond or a divalent organic
radical and A and B stand, independently from each other, for
hydrogen orx an:organic_group.
The divalént organic radical X may be, for example, an
30 aliphatic group, alicyclic group; an aromatic group or a
heterocyclic group and can have a terminal end atom of carbon,
nitrogen, oxygen, sulfur or the like heteroatom. The aliphatic
group may contain one -or more heteroatoms, such as oxygen,
nitrogen and_sulfur,_inithé skeletal chain thereof.
35 The "organic group er the symbols A and B of the formula
(III) may be, for example, alkyl, cycloalkyl, aryl or aralkyl

and can have a terminzl end atom of carbon, nitrogen, oxygen,

clacement sheet
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Iria 1,000 mM four-necked flask equipped with a reflux condenser and a
therrmrreter were charged 265 g (1 nole) of stearonitrile at 50 C and 3 g of
tTtani umtetrai sopropoxi de.. 15 After addition of 1.5 g of water, the

‘m xture was heated up to 200[err] with stigring. Then, 74.1 g (1 nol e) of
1, 3- di am nopropane were added dropwi se for 4 hours with stirring while

mai nt ai ni ng the terrperature at 200 C or above. After conpletion of the
addition of t 1 i arg ngpr qpane,. the 20 regcti m xture was heated for
2 hour o for cOTHANS orf i CREPERERRE : Frd FRReAPAILPEOPYIne AL rhrct

reveal ed t hat ]2,6-1‘&34;5.@(*&;13&:@(@ ML 7 b i oplesitaneq | W, t8h-dd apihbb¥t&fe 98 % or
more. 25 30 1,9 ]cglami%dar‘lolyx%ne and 1,12-diaminododecane.

5
By the reaction of the nitrile of the formula (II) with
the polyamine of the formula (III), a cyclic amidine expressed
by the following general formula (I) may be obtained:
R -C X
\ I (z)
N~ CH
! l
_ A B
wherein R}, X, A and B are as defined above.
15 The titanium compound to be used as a catalyst in the

present invention may be an organic titanium compound, a
titanium halide or titanium hydroxide and is preferably a
tetravalent titanium compound. Both liquid and solid catalyst
may be used. The use of a titanium compound capable of

20 reacting with water to produce an oligomer (preferably dimer)
of the titanium compound is preferred.

The organic titanium compound ‘is preferably a compound
having the formula:

-2i(or®),,
25 3 (0RS) 5 (0cOR"}) ,
(HoR®0) ,Ti(0R®), or
(8,NR%0),Ti (0R®)
wherein R® and 137 stand, independently from each other, for a
hydrocarbyl gro\ip having 1-20 carbons, such as alkyl,
30 cycloalkyl, aryl or aralkyl, and R® stands for an aliphatic or
aromatic divalent radical having 1-20 carbons.

Examples of suitable titanium compounds are titanium
tetraisopropoxide, titanium tetra-n-butoxide, titanium
tetrakis—.2—ethylhexoxide, titanium tetrastearoxide,

35 di-isopropoxybis({acetylacetonato)titanium, isopropoxy(2-ethyl-
1,3-hexanedioleato)titanium of the formula Ti(o—iC3H7)n
[OCH,CH(C,Hg)CHOHC Y9] 4 1 di-n-butoxybis(triethanolaninato)-
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5 1. . A process for the production of a cyclic am di ne expressed. by the
follow ng general formula (1): [err] (1) 5 [err] wherein [err] stands for
an aliphatic group, an alicyclic group, an aromatic group or a heterocyclic
group, X stands for a direct bond or %lvalent organic radical and A and B
stand, 10 independently from each ot hér,® for hydrogen or an organi c group,
conprising the step of reacting a n|tr|Ie havi ng the foll ow ng general
formula (11): [err] (I'l) wherein [err] has the

sane neani n@lés\néfbuvedﬂwdhoaypa‘éy)aarnmq$1tlaav.uug theadiid owi ng gener al
formula (1l kbtrhehih ls e the
traghil rlde, tltanlum tetrabrbhli ?%OFQQE?hggg erf%&guofﬁ e,

same nmeani ngs RS above t enperature o
presence of t& ﬁp*pgrgeggaﬁagéﬁe and titanium tetrahydroxl

The reaetlon of the nitrile with the polyamine is
5 performed at a temperature of 130'-250'C, preferably

180° -220°C, in the presence of a mixture of water with a
catalytically effective amount of the titanium compound. When
the reactien temperature is lower than 130°C, the reaction rate
is very low.’" g on the other hand, too high a reaction

10 temperature in excess of 250°C causes side reactions and
results in the deterioration of the gquality of the amidine
product. The reaction pressure is generally 0-100 kg/csz,
preferably 0-10 kg/cm?G. The reaction time depends upon the
reaction temperature and pressure and the amount of the -

15 catalyst but is generally 2-24 hours.

The amount of the catalyst is generally 0.1-5 § by
weight, preferably 0.5-3 % by weight, based on the nitrile
used. The catalyst may be used in an amount of more than 5 %
but no additional advantage is obtainable. Too low an amount of

20 the catalyst below 0.1 requires an increased reaction time.
Water is generally used in an amount of 1-300 % by weight,
preferably 10-80 % by weight, based on the titanium compound.
Too low an amount of water requires an increased reaction time.
When the amount of water exceeds 300 % by weight, the

25 amidine-forming reaction fails to effectively proceed.

In one preferred embodiment, the reaction of the nitrile:
with the polyamine is carried out in the following manner. A
titanium compouqd'is reacted with water, generally at a
temperature of O;elso'c, to hydrolyze the titanium compound

30 with the simultaneous polymerization thereof, so that a first
mixture containing an oligomer (preferally a dimer) of the
titanium compound having a Ti-O-Ti unit is obtained. The first
mixture is preferably treated for removing distillable
components suchias’unreacted water and a by-product, such as an

35 alcohol, formed in situ by the hydrolysis of the titanium
compound, thereby to obtain a second mixture containing the
oligomer. The nitrile is reacted with the polyamine in the
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20 with a catalytically effective anobunt of a titanium conpound. 2. A
process as clainmed in claiml, wherein said titanium conpound is an organic
4itani,um conpound, a titaniumhalide or titanium hydroxide. 3. A process
as claimed-.in claim2, wherein said organic titanium conpound is a conpound
having the fornula: [err] = - 13- 5 _ 10 - [err] or [err] wherein
[err] and R7 stand, independently fromeach other, for a hydrocarbyl group

having 1-20. carbons and [err] stand r.a | iphati¢c ofr. aromatic dival ent
r adi cgl havi n’ge‘i‘?az’ffdcéPBBL%’.szﬁhyl'g'f*J’%“ﬁ?g’é%é’éiragy’é’r“éﬁ‘{r%é‘ﬁ in claim 2,

wherei n sai d was apwaparednpoting iparaty |afad8 der memBer sel ected fromthe
group consisting of titaniumtetraisopropoxide, titaniumtetra-n-

Example 7

5 In a 500 ml SUs 316L stainless steel autoclave were
charged 176.3 g (2 moles) of 1,4-diaminobutane, 110 g (2 mole.s)
of propionitrile and 3 g of titanium tetrachloride.. . After
addition of 2 g of water, the mixture was heated up to 200'C
with stirring. As the reaction proceeded, the pressure within

10 the autoclave was found to increase to 50 kg/csz,at maximum

. due to the fomé.tion of ammonia. After 3 hours from the

commencement of the reaction, the ammonia was discharged
overhead from the autoclave. The reaction mixture was filtered
to remove the catalyst. The NMR analysis of the product

15 revealed that a cyclic 2-ethylamidine compound (a compound of
the formula (I) in which R! is -C,Hs, X is =(CH,),-, A is H and
B is 'H) was prepared with a purity of 92 % or more.

Example 8
20 In a 2,000 ml four-necked flask equipped with a reflux
condenser and a thermometer were charged 515 g (5 moles) of
benzonitrile and 10 g of titanium diisopropoxybis(acetonate).
After addition of 4 g of water, the mixture was heated up to
185° ~190° ¢ with stirring. Then, 370.7 g (5 moles) of 1,3~
25 diaminopropane were added drcapwise for 4 hours with stirring
while maintaining the temperature at 185" C or above. After
completion of the addition of the diamine, the reaction mixture
was heated up to 220°C for and maintained at that temperature
_for 2 hours fo:r_: completion of the reaction. The NMR analysis

30 of the product revealed that 2-phenyl-1,4,5,6-tetrahydropyrimidine
was prepared with a purity of 98 3% or more.

Example 9
In a 1,000 ml four-necked flask equipped with a reflux
35 condenser and a thermometer were charged 181 g (1 role) of
lauronitrile and 2 g of titanium tetraisopropoxide. After

addition of 1 g of water, the mixture was heated up to 200'C
Thiz iz the repiacement sheet
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but oxi de, titaniumtetrakis-2-ethyl hexoxide, titanium5 tetrastearoxide,
di -1 sopropoxybi s(acetyl acetonato)titani um

i"sopr opoxy( 2-et hyl -1, 3- hexanedi ol eato) titani um di-n-

but oxybi s(tri et hanol am nato)titani um di hydroxybis(lactato)- titanium
titaniumtetrachloride, titaniumtetrabrom de, titaniumtetrafluoride,

titaniumtetrai odide and titanium 10 +ellahydroxi de. 5. A process as
claimed in any preceding claim wherein said polyanm ne is expressed by the
following formula (IV) or (V): [err] (1v) 5

[err] ith stirring, (YheW1€iBhNgA RN ay¢ ihs_g Qﬁ‘ﬂazg?éﬂt ageghove
and N is an-rnts éfréPgé-Sﬁlg. e %\Abrgg%fs%ﬁa_s c élgme n d al %9? veie

wher ei n sapddpdl daapHases ferminberrseVbth etk ¥55ing , vhide he i indmg, the
1, 2-di am neeﬁﬁaaaeuré, atdpant ROok- BH6REE, Hfer dkomplotioRest anR 1
, 2- di am no- g-iexane, f5 hl’ -di am no- n-grcla t ane, 1e, Zigggg}gg-ﬁrl\i-ftcutraen%és
1, 2- di ami n89ALRABNEE KPBe zgl"gtlﬁwgﬂ%- g?%ﬁ]‘i reh
5 heated for 2 hours for completion of the reaction. The NMR
analysis of the product revealed that a cyclic 2-undecylamidine
compound (a compound of the above formula (I) in which Rl is
-Cy3Hy3, X is -(C52)3—, A is H and B is H) was prepared with a
purity of 96 %.
10
Example 10
In a 1,000 ml four-necked flask eguipped with a reflux
condenser and a thermometer were charged 265 g (1 mole) of
stearonitrile at 50°C and 3 g of titanium tetraisopropoxide.
15 After addition of 1.5 g of water, the mixture was heated up to
200°C with stirring. Then, 74.1 g (1 mole) of 1,3-
diaminopropane were added dropwise for 4 hours with stirring
while maintaining tlie temperature at 200°C ox above. After
completion of the addition of the 1,3~diaminopropane, the
20 reaction mixture was heated for 2 hours for completion of the
reaction. The NMR analysis of the product revealed that 2-
heptadecylpyrimidine was prepared with a purity of 98 & or
more.

25

30
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N-phenyl et hyel enedi am ne, N net hyl et hyel enedi am ne, N

et hyl et hyl-enedi am ne, 2-(2-am noet hyl am no)ethanol, N-([err]- am noethyl)
“[err]-am nopropyl (dinethoxy)nethylsilane, N-([err]- 10

am noet hyl)-[err]-am nopropyl trinet hoxysil ane, diethyl enetriam ne,
triethylenetetram ne, tetraethyl enepentbddine and pent aet hyl enehexam ne.

- 14- 7. A process as clained in anyone of clains 1-4, wherein Xis a

di valent radical_s %ected from al kyl ene, cycl oal kyl ene, aryl ene, an
aromati c_r adi cal® Hg ing the formula [err] where [err] and [err] stand
|ndepend§ntly from5 each other for alkylene and Ar stands for aryl ene, and
a radi cal having the fornula [err] where [err] stands for an al kyl ene and
nis an integey of 1 5, ss,as._cl .cl ai m,7. wherein
sai d pol yam neil s a coﬁﬁ?) CRES ST tg’sepgrﬁgufﬁé°PoP%ul ac(liﬁq)“ &nidihe

expressed by the following general formula (I):
' N - cr—;

1.7 2
R x (1)
\ I
5 rl:-c':a
A B

wherein R! stands for an aliphatic group, an alicyclic group,
- an aromatic group or a heterocyclic group, X stands for a
direct bond or a divalent organic radical and A and B stand,
10 independently from each other, for hydrogen or an organic
group, comprising the step of reacting a nitrile having the’
following general formula (II):
rlen (II)
wherein R! has the same meaning as above, with a polyamine
15 having the folldwing general formula (XIXIXI):
H2N-CH2-X-ICH—I;IH (II)
| B A
wherein X, A and B have the s'ame meanings as above, at a
temperature of 130'-250°C in the presence of a mixture of water
20 with a catalytigally effective amount of a titanium compound.

2. A process as claimed in claiml, wherein said titanium
compound is an organic titanium compound, a titanium halide or

titanium hydroxide_.

3. A process as claimed in claim 2, wherein said organic
titanium compound is a compound having the formula:
Ti(0R®),,
i (0R®) 5 (0COR? ),

||IIIII| |||||l III|| i
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[err] (M) wherein [err] is an al kyl ene having 1-22
carbon atons. 9. A process as clained in claim8, wherein said polyamne is
sel ected from 1, 3- di am nopropane, 1, 4-di am nobut ane, 1, 5-di am nopent ane,
2, 2- di net hyl propyl enedi am'ne, 1, 6-di agi.nohexane, 5 1, 7-di am nopent ane,

1, 8-di am nooct ane, 1, 9-di am:-nononane and 1, 12-di am nododecane. 10. A
process as clained in any preceding claim wherein said nitrile is

sel ected_from acetonitrile, propionitrile,

benzoni tPile, 1,3- dlcyéﬁ88e é%b““ﬁ)a Fi cyanobenzene, adiponitrile,
lauronitrile, nyrlston(HﬁNR gm;ﬁﬂmﬁ) onitrile, stearonitrile, oleonitrile,

capry! ont {r 4}, €re SAPRONLAE! KP. < BLAEN %aekgagéﬁtﬁg%g&qn Lidl 130

honopol yner s and ners acr'yroni ocess as élalnéﬁ in
any precedi hydepap Y%hﬁ?@ﬁh %%Nkﬁﬂ:#raﬁlgﬁ¥b@mﬁo%m@ Rs shandstfornamn anmount

of 0.1-5 %Qﬁﬁgﬁaeﬂctbg ¥R AL 1 OTaivANEnkl FadiCaPWadthd MBI arBoRE £SENT 1N
an anount of 1-300 % by melght based on the weight of Said titanium

conpound.
4. A process as claimed in claim 2, wherein said titanium

compound is at least one member selected from the group
consisting of titanium tetraisopropoxide, titanium tetra-n-
butoxide, titanium tetrakis-2-ethylhexoxide, titanium

5 tetrastearoxide, di-isopropoxybis(acetylacetonato)titanium,
isopropoxy(2—ethy1?1,3—hexanedioleato)titanium, di-n-
butoxybis(triethanolaminato)titanium, dihydroxybis(lactato)-
titanium, titanium tetrachloride, titanium tetrabromide,
titanium tetrafluoride, titanium tetraiodide and titanium

10 tetrahydroxide.

5. A process as claimed in aﬁy preceding claim, wherein said
polyamine is expressed by the foilowing formula (IV) or (V):
: H2N—CH2-$H—I;IH (IVv)
. B A
5 HyN-(CH,y~CH,~NH) H = - (v)

wherein A and B have the same meaning as above and n is an

integer of 2-5.

6. A process as claimed in claim 5, wherein said
polyamine is a member selected from
1,2- diaminoethgne, 1,2~diaminogropane, 1, 2-diamino-n-butane,
1,2~ diamino-n-pentane, 1,2-diamino-n~hexane,

5 1l,2-~diamino-n-heptane, 1,2—diamino—n—octane,
1,2~diamino-n-nonane, N-benzylethylene- diamine,
N-phenylethyelenediamine, N-methylethyelenediamine, N-
ethylethylenédiamine, 2-(2-aminoethylamino)ethanol, N-(B-
aminoethyl)—r—aminopropyi(dimethoxy)methylsilane, N- (8-

10 aminoethyl)—r-aminopropyltrimethoxysilane, diethylenetriamine,
triethylenetetramine, tetraethylenepentamine and

pentaethylenehexamine.
This is the mnl«"emem shaet
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12. A process as clainmed irn any preceding claim wherein said reacting step
conprises the sub-steps of: reacting said titanium conpound with said water
‘to obtain a first mxture containing an oligonmer of said titaniumThis is

t he repl acenent sheet -15 - 5 condound; renoving unreacted water from
said first mxture to obtain a second m xture containing said oligonmer; and
then reacting said nitrile.with said polyamne in.the presence of said
second m xture.713. 2\ pgroeesssanslalinedeih Bnyoot aifnelaimaprdreivheredn & eict i ng

step conpri ges, Qﬁ.? %l%tangepgcte@egggﬁl ng said titaniumconpound with said
water to obtain a tirst _ mxture contalning an oligoper of said titanium5
conpound; afgkylene, cycloalkylene, arylene, an aromatic radical having

the formula -RZ-Ar-RrZ- . where R? and R3 stand independently from

5 each other for alkylene and Ar stands for arylene, and a
radical having.the formula {R4-0+n where R? stands for an
alkylene and n is an integer of 1-5. '

8. . A process as claimed in claim 7. wherein said
polyamine. is a compound expressed by the formula (VI):
H,N~CH,~RO-CH,~NH, ' (V1)
wherein R® is an alkylene having 1-22 carbon atoms.

9. A process as claimed in claim 8, wherein said
polyamine is selected from
1,3~ diaminopropane, 1,4-diaminobutane, 1,5-diaminopentane,
2,2- dimethylpropylenediamine, 1,6-diaminohexane,
5 1,7-diaminopentane, 1,8-diaminooctane, 1,9-diaminononane and
1,12~diaminododecane.

10. A process as claimed in any preceding claim, wherein said nitrile
is selected from . _ . acetonitrile,
propionitrile, benzonitrile, l,3-dicyan6benzene, 1,4~
dicyanobenzene, adiponitrile,.lauronitrile, myristonitrile,

5 palmitonitrile, stearonltrlle, oleonitrile, caprylonitrile,
capronltr:r.le, arachldcn:.tr;.le, behenonitrile and homopolymers

and copolymers of acrylonitrile.

11. 2 proce.ss as claimed in any preceding claim, wherein said titanium
compound is present in an amount of 0.1-5 % based on the weight
of said nitrile and said water is present in an amount of 1-300
$ by weight based on the v}eight of said titanium compound.

12. A process as claimed in any preceding claim, wherein said reacting
step comprises the sub-steps of:
reacting said titanium compound with said water to

obtain a first mixture containing an oligomer of said titanium
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then reacting said nitrile with said polyanmine in the presence of said
f:irst mixture.

5 compound;
removing unreacted water from said firﬁt mixture to
obtain a second mixture containing said oligomer; and
then reactinq said nitrile,with said polyamine in the

presence of said second mixture.

13. A process as claimed in claim 2, wherein said reacting
step comprises the sub-steps of:
reacting said titanium compound with said water to
obtain a first mixture containing an oligomer of sgid titanium

5 compound; and
then reacting said nitrile with said polyamine in the
presence of said first mixture.
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