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A METHOD FOR PROilUCING ARYL AKLYL HYDROPEROXIDES 

.. 

.... 

5 FIELD OF THE INVENTION 

This invention relates to a method for producing 
aryl alkyl hydroperoxides by selectively oxidizing aryl 
alkyl hydrocarbons to their corresponding aryl alkyl 

10 hydroperoxides in high concentrations with oxygen containing 

gases in the presence of a transition metal complex 
catalyst which contains, as a ligand, a cyclic or an open 
chain polyfunctional organic amine compound having at least 
three nitrogen atoms in the molecule. The invention further 

15 relates to such transition metal complexes. 

20 

25 

The aryl alkyl hydroperoxides are useful starting 
materials for the production of a number of commercial 
chemicals, for example, for the production of phenol and 

acetone from cumene monohydroperoxide. 

DESCRIPTION OF THE PRIOR ART 

There are already known a number of methods for the 
production of aryl alkyl hydroperoxides by oxidizing aryl 
alkyl hydrocarbons to their corresponding aryl alkyl 
hydroperoxides with oxygen containing gases in the presence 
of a catalyst. 

For example, a method is disclosed in Japanese Patent 
Publication No. 50-50020 in which alkylbenzenes which have 

30 secondary alkyl groups such as 3,5-dimethylcumene are oxidized 
in the presence of water with an oxygen containing gas using 
a water soluble complex or chelate compound of cobalt, nickel, 
manganese, copper or iron having polyaminocarboxylic acids 
such as ethylenediaminetetraacetic acid (EDTA) as ligands to 

35 provide their corresponding aryl alkyl bydroperoxides. 
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According to this method, it is necessary that an alkali 
is added successively to an aqueous solution in which the 
reaction is carried out in the presence of the catalyst to 
adjust the solution at a slightly acidic pH s~ that the 

5 by-production of oxalic acid or acetic acid which deactivates 
the catalyst is prevented. Moreover· the method has a further 
disadvantage that the oxidation reaction does not proceed at 
a practical rate at such relatively low temperatures as about 
80~ at which the thermal decomposition of the resulting 

10 organic hydroperoxides can be neglected. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a method 
15 for producing aryl alkyl hydroperoxides by selectively 

oxidizing aryl alkyl hydrocarbons to their corresponding 
aryl alkyl hydroperoxides in high concentrations and in 
restraint of thermal decomposition of the resulting 
hydroperoxides with oxygen containing gases using a certain 

20 transition metal complex catalyst. 

25 

30 

35 

The invention provides a method for producing aryl 
alkyl hydroperoxides which comprises selectively oxidizing 
an aryl alkyl hydrocarbon having the formula (I): 

Ar -£:--~~u] x 

(I) 

wherein P and Q are hydrogen or an alkyl and may be the same 
or different from each other; x is an integer of 1-3; and 
Ar is an aromatic hydrocarbon group having a valence of x, 
with an oxygen-containing gas in the presence of a transition 
metal complex catalyst which contains, as a ligand, a cyclic 
polyfunctional amine compound having at least three nitrogen 
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atoms in the ring forming molecular chain or an open chain 
polyfunctional amine compound having at least three nitrogen 
atoms in the main chain of the molecule. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

1. STARTING ARYL ALKYL HYDROCARBONS 

The aryl alkyl hydrocarbon (I) used as a starting 

10 material in the method of the invention has the formula (I): 

15 

Ar -E-~-uJ. 
(I) 

wherein P and Q are hydrogen or an alkyl and may be the same 

or different from each other; x is an integer of 1-3; and 

Ar is an aromatic hydrocarbon group having a valence of x. 

20 It is necessary that the aryl alkyl hydrocarbon has 
at least one alpha hydrogen in the molecule, and it is in 

particular preferred that the aryl alkyl hydrocarbon has a 

hydrogen bonded to a tertiary carbon atom. Accordingly, 

it is preferred in the formula (I) that at least one of P 

25 and Q is an alkyl, and more preferably, both are alkyls. 
The alkyl is preferably methyl. In turn, the aromatic group 

having a valence of x is such that it is derived from 

benzene, naphthalene, bi phenyl or diphenylether, with the 
first two being preferred. 

30 Preferred examples of the aryl alkyl hydrocarbon 
include, for example, diisopropylbenzenes such as cumene, 

cymene, m-diisopropylbenzene or p-diisopropylbenzene, 

triisopropylbenzenes such as 1,3,5-triisopropylbenzene, 

ethylbenzene, sec.-butylbenzene; sec.-butylethylbenzene, 

35 isopropylnaphthalenes, diisopropylnaphthalenes such as 2,6-
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diisopropylnaphthalene, isopropylbiphenyls, diisopropyl­
biphenyls such as 4,4'-diisopropylbiphenyl. These aryl 
alkyl hydrocarbons are merely illustrative, and the 
invention is not specifically limited to these examples in 
the aryl alkyl hydrocarbons. 

According to the invention, the aryl alkyl hydrocarbon 
is selectively oxidized to the corresponding aryl alkyl 
hydroperoxides with an oxygen-containing gas in the presence 
of a transition metal complex catalyst which contains, as 
a ligand, a cyclic polyfunctional amine compound having at 
least three nitrogen atoms in the ring forming molecular 
chain or an open chain polyfunctional amine compound having 
at least three nitrogen atoms in the main chain of the 
molecule. 

In the following formulas which show preferred 
examples of transition metal complexes used in the present 
invention, the formulas in brackets are polyfunctional amine 
compounds, Le., ligands. 

2. COMPLEX CATALYSTS CONTAINING CYCLIC POLYFUNCTIONAL 
AMINE COMPOUNDS AS LIGANDS 

First, transition metal complex catalyst which contains 
as a ligand a cyclic polyfunctional amine compound will be 
described. 

The first transition metal complex catalyst used in 
the invention is an electrically neutral complex and has 
the formula (II): 

R R 
I I 

A-(N-A) 11-N 

R-~ I 
A ~ A 

R 
(I I) 
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wherein A is independently an alkylene having 1-6 carbons 
in the main chain of the group1 phenylene, naphthylene 
(naphthalenediyl), phenanthrylene (phenanthrenediyl), 
pyridinediyl, pyrrolediyl, pyrazinediyl, pyrimidinediyl or 
1,3,5-triazinediyl, and may carry inactive substituents 
thereon; R is independently hydrogen, an alkyl, an aryl, 
an alkyl aryl or an aryl alkyl, and the alkyl, aryl, alkyl 
aryl or aryl alkyl may carry inactive substituents thereon; 
M is a central transition metal ion having a valence of 
+a; X is a counter ion having a valence of -b which is 
stable to oxidation: a is an integer of 1-41 b is a positive 
integer, n is an integer of 1-41 n is equal to a/b, and m 
is 0 or a positive integer of 1 or more. 

In general, a transition metal complex catalyst may 
change in the oxidation number of the central metal ion 
during the oxidation of aryl alkyl hydrocarbon. For 
example, the oxidation number of the central metal ion may 
increase. In such a case, an anion present in the reaction 
medium will form a counter ion according to the increase 
of the oxidation number of the central metal ion. 

In the above formula (II), A is independently an 
alkylene having 1-6 carbons in the main chain of the 
group, phenylene, naphthylene, phenanthrylene, pyridinediyl, 
pyrrolediyl, pyrazinediyl, pyrimidinediyl or 1,3,5-
triazinediyl. The alkylene is exemplified by ethylene, 
trimethylene, tetramethylene, pentamethylene or 
hexamethylene, with ethylene being most preferred. 

The groups represented by A may carry inactive 
substituents thereon, such as an alkyl, an alkoxyl, an 
aryl, an alkyl aryl, an aryl alkyl, an ethenylene, an ether 
group, a cyano, an amino, an amido, a sulfonamide, a 
carboxyl, a carboxylate, a hydroxyl or an ester group. 

R is independently hydrogen, an alkyl, an aryl, an 
alkyl aryl or an aryl alkyl, and the alkyl, aryl, alkyl 
aryl or aryl alkyl may thereon carry inactive substituents 
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as mentioned hereinbefore. 
The alkyl preferably has 1-25 carbons, and may be 

exemp 1 if i ed by me thy 1, e thy 1, propy I, butyl, pen ty I, hexy l, 
octyl, decyl, undecyl, dodecyl or tridecyl. The aryl may 
be exemplified by phenyl or naphthyl. The alkyl aryl may 
be exemplified by, for example, tolyl, whereas the aryl 
alkyl by, for example, benzyl. 

The inactive substituent which R may carry thereon 
is exemplified, in particular, a hydroxyalkyl such as 
hydroxyethyl, hydroxypropyl or hydroxybutyl, an alkoxyalkyl 
such as methoxyethyl, methoxypropyl, methoxybutyl or 
methoxypentyl, an ester group containing alkyl such as 
acetyloxyethyl, acetyloxypropyl, acetyloxybutyl, 
ethoxycarbonylethyl, ethoxycarbonylpropyl or ethoxycarbonyl­
butyl, a carboxyl or carboxylate group containing al.kyl 
such as carboxy~ethyl, carboxyethyl, carboxypropyl, 
carboxybutyl, acetate, propionate or butyrate, a cyanoalkyl 
such as cyanomethyl, cyanoethyl, cyanopropyl or cyanobutyl, 
an aminoalkyl such as aminoethyl, aminopropyl, aminobutyl 
or aminopentyl, an amido group containing alkyl such as 
acetylaminomethyl, acetylaminoethyl, acetylaminopropyl, 
benzoylaminomethyl or benzoylaminopropyl, or a sulfonamide 
group containing alkyl such as methylsulfonaminoethyl, 
methylsulfonaminopropyl, methylsulfonaminobutyl, 
phenylsulfonaminoethyl, phenylsulfonaminobutyl, 
tolylsulfonaminoethyl or tolylsulfonaminopropyl. 

It is particularly preferred that the cyclic 
polyfunctional amine compound which has three nitrogen 
atoms in the ring forming molecular chain (triazacrown) 
and which forms a ligand in the first transition metal 
complex has the formula (II) in which A is is an ethylene 
group. Preferred examples of such triazacrowns are the 
following compounds 1-01 to 1-18. 
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1-01 1-02 1-03 

15 <'..'5 /':5 ~! ~ <: . 
I ~ ~ 

1-08 \ 1- 0 5 1-06 1-07 

20 f 02H C02H :!Me HO.~ 
r\ 2 H02~J' 

Me02~ c 
~02H ~02Me 

1-11 ~2H 25 1-09 1-10 

~Me ~H H~fH Me02~n 

c~ 30 ~H ~ 
1-12 C02Me 1-13 1-14 

OH 

35 
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In turn, it is particularly preferred that the cyclic 

25 polyfunctional amine compound which has four.nitrogen atoms 
or more in the ring forming molecular chain and which forms 
a ligand in the first transition metal complex has the 
formula (II) in which A is an ethylene, trimethylene, 2,6-
pyridinediyl, 2,5-pyrrolediyl or 2,2'-bipyridyl-6,6 1 -diyl 

30 group and m is an integer of 1-4. 

35 

Preferred examples of such cyclic polyfunctional amine 
compounds are the following compounds 2-01 to 2-16 wherein 
R is an alkyl of 1-8 carbons, an aryl of 6-14 carbons such 
as phenyl, an aryl alkyl of 7-14 carbons such as benzyl, or 
an alkyl aryl of 7-14 carbons such as tolyl. 
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The second transition metal complex catalyst used in 

the invention has the formula (III): 

J Ma+(X"-)n 

(I I I) 

wherein 8 is a divalent organic group having the formula (IV): 

or 

R R R R 
l l-©-1 I -Y 1 -N-C C-N-Y 2 -

I I 
R R 

wherein Y1 and yz are independently an alkylene having 1-6 

carbons In the main chain of the group or phenylene, and 

may carry inactive substituents thereon; R is independently 

hydrogen, an alkyl, an aryl, an alkyl aryl or an aryl alkyl, 

and the alkyl, aryl, alkyl aryl or aryl alkyl may carry 

inactive substituents thereon; M is a central transition 

metal ion having a valence of +a; X is a counter ion having 

a valence of -b which is stable to oxidation; a is an 

integer of 1-4, bis a positive integer, n is an integer 

of 1-4, n is equal to a/b, and m is 0 or a positive integer 

of 1 or more. 
It is particularly preferred that Y1 and yz are 

ethylene or trimethylene, and R is hydrogen. Accordingly, 

preferred examples of cyclic polyfunctional amine compounds 
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which forms a ligand in the second transition metal complex 
(III) are the following compounds 3-01 to 3-08. 

r-N~Nl (N~N) 
N N~N N N N~N N 

cN~::> t:;_N~'-::j 
3-01 3-02 

r-~Nl (N~N) 
N N~N N N~N N 

CN~:) v '-:j ~N~N 
3-03 3-04 

r-~-; r~\\11 
N ~~~ N N 1~1r-@\\\j N 

Cw-0~:J ~~d 
3--0 5 3-06 
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3-07 3-08 

The third transition metal complex catalyst used in 

the invention has th~ formula (V): 

B--0-B 
N 
H 

NH HN 

(V) 

25 wherein B is an alkylene having 1-3 carbons in the main 

chain of the group and the alkylene and 2,5-pyrrolediyl 

may carry inactive substituents thereon as mentioned 

hereinbefore. 
Most preferably, the cyclic plyfunctional amine 

30 compound is porphyrinogen or, alkyl ·or phenyl substituted 

porphyrinogen as represented by the formula (V) wherein B 

is methylene which may carry an alkyl or phenyl as an 

inactive substituent. Accordingly, pre~erred examples of 

such porphyrinogens are exemplified by the following 

35 compounds 4-0lto 4-09. 



5 

10 

15 

20 

25 

30 

35 

::i::z 

N 
Q 

I ..... 

-Q 

I ..... 

14 

z 
::i:: ..... 

Q 

I ..... 



--------------··----·-· 

15 

5 

10 

15 

20 

25 

30 

35 

CD 

0 

I .... 

co 
0 

I .... 



--------------------· 

5 

10 

15 

20 

25 

30 

35 

. 16 

The fourth transition metal complex catalyst used in 

the invention has the formula (VI): 

[ R R J I I 
N-A-(N-A) m-N 

Bii I M•·cxb-)n 
II 
N-------A 

(VI) 

wherein A is independently an alkylene having 1-6 carbons 

in the main chain of the group, phenylene, naphthylene, 

phenanthrylene, pyridinediyl, pyrrolediyl, pyrazinediyl, 

pyrimidinediyl or 1,3,5-triazinediyl, and may carry inactive 

substituents thereon; B is a bis(alkylidene) having 2-10 

carbons in the main chain of the group, 

N 

~. 

~ N 

N 

~ or 

and may carry inactive substituents thereon; R is 

independently hydrogen, an alkyl, an aryl an alkyl aryl or 

an aryl alkyl, and the alkyl, aryl, alkyl aryl or aryl alkyl 

may carry inactive substituents thereon; M is a central 

transition metal ion having a valence of +a; X is a counter 

ion having a valence of -b which is stable to oxidation; 

a is an integer of 1-4, bis· a positive integer, n is an 

integer of 1-4, n is equal to a/b, and m is 0 or a positive 

integer of 1 or more. 
Preferred examples of the bis(alkylidene) group are 
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as follows: 

r\. II\. Q\. 

Preferred examples of further bis(alkylidene) groups 

which contain heteroaromatic rings therein are as follows: 

~. 
Accordingly, preferred examples of cyclic 

polyfunctional amine compounds are exemplified by the 

15 following compounds 5-01 to 5-04 wherein R is an alkyl of 

1-8 carbons, an aryl of 6-14 carbons such as phenyl, an aryl 

alkyl of 7-14 carbons such as benzyl, or an alkyl aryl of 

7-14 carbons such as tolyl. 

20 

25 

30 

35 
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The fifth transition metal complex catalyst used in 

the invention has the formula (VII): 

R 
I 

N-A-(N-A) m-N 
" u B B 
II II 
N-A-(N-A)q-N 

I 
R 

CV I I) 

wherein A is independently an alkylene having 1-6 carbons 
in the main chain of the group, phenylene, naphthylene, 
phenanthrylene, pyridinediyl, pyrrolediyl, pyrazinediyl, 

pyrimidinediyl or 1,3,5-triazinediyl, and may carry inactive 

15 substituents thereon; 8 is a bis(alkylidene) having 2-10 
carbons in the main chain of the group, 

20 

25 

N 

~. 

~ 
N 

or 

and may carry inactive substituents thereon; R is 
independently hydrogen, an alkyl, an aryl, an alkyl aryl 
or an aryl alkyl, and the alkyl, aryl, alkyl aryl or aryl 
alkyl may carry inactive substituents thereon; M is a central 

30 transition metal ion having a valence of +a; X is a counter 
ion having a valence of -b which is stable to oxidation; 
a is an integer of 1-4, b is a positive integer, n is an 
integer of 1-4, n is equal to a/b, and m is 0 or a positive 
integer of 1 or more. 

35 Preferred examples of the bis(alkylidene) group may 



20 

be the same as those mentioned in connection with the fourth 
transition metal complex hereinbefore. 

Preferred examples of cyclic polyfunctional amine 
compounds are exemplified by the following compounds 6-01 

5 to 6-04 wherein R is an alkyl of 1-8 carbons, an aryl of 

6-14 carbons such as phenyl, an aryl alkyl of 7-14 carbons 

such as benzyl, or an alkyl aryl of 7-14 carbons such as 

tolyl. 

10 

15 

20 

25 

30 

35 
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In any of the formulas of the transition metal 
complexes which contains, as a ligand, the cyclic 
polyfunctional amine compound as above mentioned, M is a 
central transition metal ion having a valence of +a 

5 wherein a is an integer of 1-4. Preferred examples of the 
transition metal is iron, nickel, manganese, cobalt, copper, 
chromium, ruthenium, rhodium, vanadium, titanium or zirconium, 
among which iron, nickel, manganese, cobalt, copper or 
ruthenium are particularly preferred. 

10 

15 

20 

25 

30 

35 

X is a counter ion having a valence of -b which is 
stable to oxidation wherein b is a positive integer. 
Preferred examples of the counter ions are, for example, 
halide ions such as chloride ion or bromide ion, so4-
(sulfate ion), No3-, 8F4-, PF6-, ClQ4-, CQ3-, Pz01 4-, 
Sz06 2 -, organic carboxylic acid anions such as oxalate ion, 
acetate ion, trifluoroacetate ion, propionate ion, 
naphthenate ion, benzoate ion, naphthoate ion, organic 
sulfonic acid anions such as methanesulfonate ion, 
trifluoromethanesulfonate ion, benzenesulfonate ion or 
p-toluenesulfonate ion, or peroxide anions such as cumyl 
peroxide anion. Further examples include acetylacetonate or 
squarate ion. 

In the formulas, a is an integer of 1-4, b is a 
positive integer, n is an integer of 1-4, n is equal to 
a/b, and m and, q, if any, is 0 or a positive integer of 1 
or more, preferably 0, L 2 or 3. 

According to the invention, the first transition 
metal complexes are particularly preferred. There may be 
mentioned as preferred examples in which the ligand or 
cyclic polyfunctional amine compound is a triazacrown, for 
examp_l e, 
(1,4,7-triazanonane)manganese(II) sulfate, 
(N,N',N•-tributyl-1,4,7-triazanonane)manganese(II) sulfate, 
(N,N',N•-tribenzyl-1,4,7-triazanonane)manganese(II) sulfate, 
[N,N',N•-tris(3-hydroxypropyl)-1,4,7-triazanonane)manganese 
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(II) sulfate or 
[N,N',N•-tris(potassium propionate)-1,4,7-triazanonane)­
manganese(II) sulfate. 

There may be mentioned as preferred examples in which 
5 the ligand or cyclic polyfunctional amine compou~d has four 

nirogen atoms or more in the ring formation molecular chain, 
for example, 
(1,4,8,11-tetraazacyclotetradecane)manganese(II) sulfate, 
(1,4,8,11-tetraazacyclotetr~decane)cobalt(III) chloride, 

10 (1,4,8,11-tetraazacyclotetradecane)copper(II) sulfate, 
(1,4,8,11-tetraazacyclotetradecane)ruthenium(II) chloride, 
(1,4,8,11-tetraazacyclotetradecane)nickel(II) sulfate, 
(1,4,8,11-tetraazacyclotetradecane)manganese(II) benzoate, 
(1,4,8,11-tetraazacyclotetradecane)cobalt(II) benzoate, 

15 (1,4,8,12-tetraazacyclopentadecane)manganese(II) sulfate, 
[N, N', N•, N' '' -tetrakis (2-ethoxycarbonylethyl)- (1. 4, 8, 11-
tetraazacyclotetradecane] cobal t(I I) sulfate, 
[1,4,8,11-tetraazacyclotetradecane]manganese(II) stearate, 
[1,4,8,11-tetraazacyclotetradecane]cobalt(II) stearate, 

20 [N,N',N.,N'' '-tetra-n-butyl-(1,4,8,11-tetraazacyclotetra­
decane]manganese(ll) sulfate. 

Further examples are copper sulfate complexes, copper 
benzoate complexes, cobalt sulfate complexes, cobalt acetate 
complexes or ruthenium chloride complexes with one of the 

25 cyclic polyfunctional amine compound 3-01, 3-08, 4-01 to 
4-09, 5-01 to 5-04 and 6-01 to 6-03. 

30 

3. COMPLEX CATALYSTS CONTAINING OPEN CHAIN POLYFUNCTIONAL 
AMINE COMPOUNDS AS LIGANDS 

Now, transition metal complex catalysts which contain 
as a ligand an open chai~ polyfunctional amine compound will 
be described. 

The first transition metal complex catalyst used has 
35 the formula (II): 
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[K z 1-(N-A Z) m-N-Kz 3] 11• + cxb-) n 
l I 
Kzz Kz' 

(II) 

wherein Az is independently an alkylenc having 1-6 carbons 
in the main chain of the group, o-phenylene, m-phenylene, 
p-phenylene, 1,8-naphthylene, 9,10-phenanthrylene, 2,6-
pyridinediyl, 3,6-acrydinediyl, 2, 2' -bipyridyl-6,6' -diyl, 
1,10-phenanthroline-2,9-diyl, 2,6-pyrimidinediyl, 4,5-
pyrimidinediyl, 2,6-pyrazinediyl, 2-phenyl-l,3,5-triazine-
2,6-diyl, 

~ . . A. 
R~R 
I I I 

or 

wherein R1 is an alkylene of 1-8 carbons, and Rz is an alkyl 
of 1-8 carbons, an aryl of 1-8 carbons, an aryl alkyl of 
7-14 carbons or an alkyl aryl of 7-14 carbons, and R1 and 
Rz may carry inactive substituents thereon; Kz 1 , Kzz, Kz 3 

and Kz' are independently hydrogen, an alkyl, an aryl, an 
alkyl aryl, an aryl alkyl, pyridyl, a pyridyl alkyl or 
quinolyl, wherein the alkyl, aryl, alkyl aryl, aryl alkyl, 
pyridyl, pyridyl alkyl or quinolyl may carry inactive 
substituents thereon; M is a central transition metal ion 
having a valence of +a; X is a counter ion having a valence 
of -b which is stable to oxidation; a is an integer of 
1-4, bis a positive integer, n is an integer of 1-4, n is 
equal to a/b, and m is a positive integer of 2 or more. 



25 

In the above formula (II), Kz 1 , Kzz, K23 and Kz 4 are 
independently hydrogen, an alkyl, an aryl, an aryl alkyl, 
pyridyl, a pyridyl alkyl or quinolyl. 

The alkyl preferably has 1-25 carbons, and may be 
5 exemplified by methyl, ethyl, propyl, butyl, pentyl, hexyl, 

octyl, decyl, undecyl, dodecyl or tridecyl. The aryl may 
be exemplified by phenyl or naphthyl. The alkyl aryl may 
be exemplified by, for example, tolyl, whereas the aryl 
alkyl by, for example, benzyl. 

10 The pyridyl may be exemplified by, for example, 2-
pyridyl, 3-pyridyl or 6-methyl-2-pyridyl. The pyridyl alkyl 
may be exemplified by, for example, 2-pyridylmethyl, 
3-pyridylmethyl, 2-pyridylethyl or 3-pyridylmethyl. The 
quinolyl may be 8-quinolyl. 

15 The a-lkyl, aryl, alkyl aryl, aryl alkyl, pyridyl, 
pyridyl alkyl or quinolyl may carry inactive substituents 
thereon, such as a hydroxyl, an ether group, an ester group, 
a cyano, an amino, an amido, a sulfonamide, a carboxyl or 
a carboxylate. 

20 Az is a group as mentioned above, and when it is an 
·alkylene of 1-6 carbons, it may be ethylene, trimethylene, 
tetramethylene, pentamethylene or hexamethylene. 

Az may also carry inactive substituents thereon, such 
as a hydroxyl, an ether group, an ester group,a cyano, an 

25 amino, an amido, a sulfonamide, a carboxyl or a carboxylate. 
Preferred examples o·f the open chain polyfunctional 

amine compound which forms a ligand in the first transition 
metal complex (II) are the following compounds 5-01 to 5-25. 

30 5-01: Diethylenetriamine 
5-02: Triethylenetetramine 
5-03: Tetraethylenepentamine 
5-04: Pentaethylenehexamine 
5-05: Hexaethyleneheptamine 

35 5-06: Heptaethyleneoctamine 
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5-07: Octaethylenenonamine 
5-08: N,N'-Bis(2-aminoethyl)-1,3-propanedi~mine 

5-09: N-(3-aminopropyl)-1,3-propanediamine 
5-10: N,N'-Bis(2-aminopropyl)-1,3-propanediamine 

5 5-11: 1,5,9,13,17-Pentaazaheptadecane 
5-12: 1,5,9,13,17,21-Hexaazaheneicosane 
5-13: N,N,N' ,N'-Tetramethyltriethylenetetramine 
5-14: N,N,N.,N.-Tetramethyltriethylenetetramine 

5-15: N,N,N•,N•-Tetraethyltriethylenetetramine 

10 5-16: N,N,N•,N•-Tetrapropyltriethylenetetramine 

5-17: N,N,N•,N•-Tetrabutyltriethylenetetramine 

5-18: N,N,N•,N•-Tetrapentyltriethylenetetramine 

5-19: N,N,N•,N•-Tetrakis(2-cyanoethyl)triethylenetetramine 

5-20: N,N,N•,N•-tetrakis(2-ethoxycarbonylethyl)triethylene-

15 tetramine 
5-21: N,N',N.,N.'-Tetrakis(2-methoxycarbonylethyl)triethylene­

tetramine 
5-22: N,N',N.,N.'-Tetrakis(3~hydroxypropyl)triethylene­

tetramine 

20 5-23: N,N' ,N.,N.'-Tetrakis(3-tosylaminoethyl)triethylene-

25 

tetramine 
5-24: N,N',N.,N.'-Tetrakis(3-acetylaminopropyl)triethylene­

tetramine 
5-25: N,N',N•,N• 1 -Tetrakis(3-acetoxypropyl)triethylene­

tetramine 

In addition to the above compounds, 5-01 to 5-25, there 

may be mentioned the following examples of open chain 

polyfunctional amine compounds, 5-26 to 5-29 and 11-01 to 

30 11-70. 

35 
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Among these are preferred amine compounds which have 

the formula (II) wherein A2 is ethylene or trimethylene, and 

m is 2 or 3. 
The second transition metal complex catalyst used has 

the formula (III): 

[K 31 =N-A 3 -N=K 32 ] 11•+(xb-)n 

(I I I) 

wherein A3 is independently an alkylene having 1-6 carbons 

in the main chain of the group, o-phenylene, m-phenylene, 

p-phenylene, 1,8-naphthylene, 9,10-phenanthrylene, 2,6-

pyridinediyl, 3,6-acrydinediyl, 2,2'-bipyridyl-6,6'-diyl, 

1,10-phenanthroline-2,9-diyl, 2,6-pyrimidinediyl, 4,5-

pyrimidinediyl, 2,6-pyrazinediyl, 2-phenyl-1,3,5-triazine-

2,6-diyl, 

~. A • ~. 

R~R' 
I I . 

or 

wherein R1 is an alkylene of 1-8 carbons, and R is an alkyl 

of 1-8 carbons, an aryl of f-8 carbo~s, an aryl alkyl of 

7-14 carbons or an alkyl aryl of 7-14 carbons, and may 

carry inactive substituents thereon; K31 and K32 are 2-

aminobenzylidene and may carry inactive substituents 

thereon; M is a central transition metal ion having a valence 

of +a; X is a counter ion having a valence of -b which 

is stable to oxidation; a is an integer of 1-4, b is a 

positive integer, n is an integer of 1-4, n is equal to 
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a/b, and m is a positive integer of 2 or more. 
Preferred examples of the open chain polyfunctional 

amine compound which forms a ligand in the second transition 
metal complex (III) are the following compounds 6-01 to 6-10. 

/"\ ,--{ }--{ 0 
6" "-0 6" "-0 6" "-0 6" "-0 N N 'I ' N N 'I ' . N N 'I ' N N 'I ' 

H2 H2 - H2 H2 - H2 H2 - H2 H2 -

6-01 6-02 6-03 6-04 

('l n 
6" "-0 6" "b N N 'I ' N N 'I ' 

H2 H2. - H2 H2 -

6-0S 6-06 

<'~"'] ('~') 

6" "-0 6" "-0 N N 'I ' N N 'I ' 
H2 H2 - H2 H2 -

6-07 6-08 

Q QGl ~ 
6" "-0 6" "-0 N N 'I ' N N 'I ' 

H2 H2 - H2 Ha -

'=D2 6-10 
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The third transition metal complex catalyst used has 

the formula (IV): 

[K'' =N-A'-N=K 42 ] M8 +(xb-)n 

(IV) 

wherein A' is independently an alkylene having 1-6 carbons 

in the main chain of the group, o-phenylene, m-phenylene, 

p-phenylene, 1,8-naphthylene, 9,10-phenanthrylene, 2,6-

pyridinediyl, 3,6-acrydinediyl, 2,2'-bipyridyl-6,6'-diyl, 

1,10-phenanthroline-2,9-diyl, 2,6-pyrimidinediyl, 4,5-

pyrimidinediyl,· 2,6-pyrazinediyl, 2-phenyl-l,3,5-triazine-

2,6-diyl, 

~. A. 
R~' 
I I . 

or 

wherein R' is an alkylene of 1-8 carbons, and Rz is an alkyl 

of 1-8 carbons, an aryl of 1-8 carbons, an aryl alkyl of 

7-14 carbons or an alkyl aryl of 7-14 carbons, and may 
carry inactive substituents thereon; K'' and K'z are 2-

pyridylmethylene or 6-methyl-2-pyridylmethylene and may 

carry inactive substituents thereon; M is a central 

transition metal ion -having a valence of +a; X is a counter 

ion having a valence of -b which is stable to oxidation; 

a is an integer of 1-4, b is a positive integer, n is an 

integer of 1-4, n is equal to a/b, and mis a positive 

integer of 2 or more. 
Preferred examples of the open chain polyfunctional 
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amine compound which forms a ligand in the third transition 

metal complex (IV) are the following compounds 7-01 to 7-22. 

I'\ 

dN Nh 
LN N~ 

7-01 

0 
JN Nh 
v N~ 

1:.11 

Z::li. 

n 
dN Nh 
LN N~ 

7-06 

7-12 

·~ 
JN Nh 
~N· N~ 

~ 

JC) 
JN N N1=. 
GN NJ 

£.~ 
JN N ~'b_ 
GN NJ 

1.:11 7-16 

0 
dN Nh 
LN N~ 

q-N 
Nr=( 

JN Nh 
~N N~ 
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Q-Q Q-Q )):):) N N N N N Nb N Nb b d 6 N.~ 6 ~~ 
7-20 7-21 7-22 

The fourth transition metal complex catalyst used has 

the formula (V): 

[K 51 =N-A 51-N-A 52-N=K 52 ] M•+(xb-)n 

As a_N =Ks 3 

(V) 

wherein A51 to A53 are independently an alkyl.ene having 

1-6 carbons in the main chain of the group and may carry 

inactive substituents thereon; K51 to K53 are benzylidene, 

2-pyridylmethylene or 6-methyl-2-pyridylmethylene and may 

carry inactive substituents thereon; M is a central 

transition metal ion having a valence of +a; Xis a counter 

ion having a valence of -b which is stable to oxidation; 

a is an integer of 1-4, b is a positive integer, n is an 

integer of 1-4, n is equal to a/b, and m is a positive 

integer of 2 or more. 
Preferred examples of the open chain polyfunctional 

amine compound which forms a ligand in the fourth transition 

metal complex (V) are the following compounds 8-01 to 8-03. 
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('N~ ('N~ ('N~ ciN N No q N;:, {/ NNO N ~N- ,)N- ()1: '~ ' 0 'o 

8-01 8-02 8-03 

The fifth transition metal complex catalyst used 
formula (VI) : 

[K 61 -N=A 6 =N-K 6 Z] M•+cxb-)n 

(VI) 

has 
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wherein A6 is 

n. n-J. r--8. ~. 

~. A. 

or 

and may carry inactive substituents thereon; K61 and K61 

are 2-pyridyl, 3-pyridyl, 8-quinolyl or an aminoalkyl 
25 wherein the alkyl has 2-4 carbons and may carry inactive 

substituents thereon; M is a central transition metal ion 
having a valence of +a; X is a counter ion having a valence 
of -b which is stable to oxidation; a is an integer of 
1-4, b is a positive integer, n is an integer of 1-4, n is 

30 equal to a/b, and m is a positive integer of 2 or more. 

35 

Preferred examples of the open chain polyfunctional 
amine compound which forms a ligand in the fifth transition 
metal complex (VI) are the following compounds 9-01 to 9-18. 

r 
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The sixth transition metal complex catalyst used has 

the formula (VII): 

[K"'-N-A"-N-K" 3 ] M•+(xb-)n 
I I K., z K., .c 

(VI I) 

wherein A" is 

oAo 

a{Y or 

.@~. oy-yo 

.and may carry inactive substituents thereon; K" 1 to K" 4 are 

2-pyridyl, 3-pyridyl, 2-pyridylmethyl or a·-pyridylmethyl 

and may carry inactive substituents thereon; M is a central 

transition metal ion having a valence of +a; X is a counter 

ion having a valence of -b which is stable to oxidation; 

a is an integer of 1-4, bis a positive integer, n is an 

integer of 1-4, n is equal to a/b, and m is a positive 

integer of 2 or more. 
Preferred examples of the open chain polyfunctional 

amine compound· which forms a ligand in the sixth transition 

metal complex (VI) are the following compounds 10-01 to 

10-15. 
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The seventh transition metal complex catalyst used has 
the formula (VIII): 

[K 81 =N-A 8-N=K 82 ] M•+(xb-)n 

(VII I) 

wherein AB is independently an alkylene having 1-6 carbons 

in the main chain of the group, o-phenylene, m-phenylene, 

p-phenylene, 1,8-naphthylene, 9,10-phenanthrylene, 2,6-

pyridinediyl, 3,6-acrydinediyl, 2,2'-bipyridyl-6,6'-diyl, 

1, 10-phenan throl ine-2, 9-diyl, 2, 6-pyrimidinediyl, 4, 5-

pyrimidinediyl, 2,6-pyrazinediyl, 2-phenyl-l,3,5-triazine-

2,6-diyl, 

~. ~ • A. 
R~ 
I I . 

or 

wherein R1 is an alkylene of 1-8 carbons, and R is an alkyl 

of 1-8 carbons, an aryl of 1-8 carbons, an aryl alkyl of 

7-14 carbons or an alkyl aryl of 7-14 carbons, and may 
carry inactive substituents thereon; KB 1 and KB 2 are a 
group of the formula: 

-T-N=CR 81 -CR 82 = 

wherein T is hydroxyl, amino or the general formula: 
- NR • R 5 

wherein R• and R5 are independently an alkyl of 1-6 carbons 

and may carry inactive substituents thereon, RB 1 and R82 

are independently hydrogen, an alkyl of 1-6 carbons or 
phenyl wherein the alkyl or phenyl may carry inactive 
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substituents thereon; M is a central transition metal ion 

having a valence of +a; X is a counter ion having a valence 

of -b which is stable to oxidation; a is an integer of 
1-4, bis a positive integer, n is an integer of 1-4, n is 

5 equal to a/b, and m is a positive integer of 2 or more. 

10 

15 

20 

25 

30 

35 

Preferred examples of the open chain polyfunctional 

amine compound which forms a ligand in the seventh transition 

metal complex (VI) are the following compounds 12-01 to 

12-26. 
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In any of the formulas of the transition metal 

complexes which contains, as a ligand, the open chain 

polyfunctional amine compound as above mentioned, M is a 

central transition metal ion having a valence of +a 

5 wherein a is an integer of 1-4. Preferred examples of the 

transition metal is iron, nickel, manganese, cobalt, copper, 

chromium, ruthenium, rhodium, vanadium, titanium or zirconium, 

among which iron, nickel, manganese, cobalt, copper or 

ruthenium are particularly preferred. 

10 X is a counter ion having a valence of -b which is 

stable to oxidation wherein b is a positive integer. 

Preferred examples of the counter ions are, for example, 

halide ions such as chloride ion or bromide ion, so4-

(sulfate ion), NQ3-, 8F4-, PF6-, ClQ4-, Co3-, P201 4-, 

15 S206 2-, organic carboxylic acid anions such as oxalate ion, 

acetate ion, trifluoroacetate ion, propionate ion, 

napbthenate ion, benzoate ion, naphthoate ion, organic 

sulfonic acid anions such as methanesulfonate ion, 

trif luoromethanesulfonate ion, benzenesulfonate ion or 

20 p-toluenesulfonate ion, or peroxide anions such as cumyl 

peroxide anion. Further examples include acetylacetonate or 

squarate ion. 
In the formulas, a is an integer of 1-4, b is a 

positive integer, n is an integer of 1-4, n is equal to 

25 a/b, and m is a positive integer of 2 or more, preferably 

2 or 3. 

30 

4. THE REACTION USING THE TRANSITION METAL COMPLEX 

CATALYSTS 

According to the invention, the use of a transition 

metal complex in the oxidation reaction of aryl alkyl 

hydrocarbons as a catalyst which contains as a ligand the 

cyclic or open chain polyfunctional amine compound which 

35 has a HOMO energy from -10 eV to -3 eV as calculated 
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by means of MOPAC VERSION 6.0 PM3 METHOD provides the 
corresonding aryl alkyl hydroperoxides selectively in a 

high concentration at a high reaction rate without 

appreciable decomposition of the resulting organic 

5 hydroperoxide. As well known, the HOMO energy is an energy 

which the highest occupied molecular orbital of a molecule 

has, and the smaller the HOMO energy of a molecule is, the 

less electron donative the molecule is. 
The transition metal complex catalyst used in the 

10 invention may be readily prepared by the treatment of an 

inorganic salt, a carboxylate or a sulfonate of a transitidn 

metal with the cyclic ~r open chain polyfunctional amine 

compound so that the amine compound is coordinated to the 

transition metal. More specifically, for example, the 

15 treatment of an inorganic salt, a carboxylate or a sulfonate 

of a transition metal with the amine compound in an 

appropriate solvent provides the transition metal complex. 

The resulting transiti~n metal complex may be purified, if 

necessary, for example, by recrystallization, extraction 

20 or chromatographic separation. 
The transition metal complex catalyst may be used in 

the solid state f-0rm, or may· be dissolved in a reactant or 

in a reaction solvent. That is to say, the transition metal 

co~plex catalyst may be used either in a heterogeneous 

25 reaction or in a homogeneous reaction. 
The transition metal complex catalyst which contains 

the cyclic polyfunctional amine compound as a ligand is 

used in an amount of 0.000001-10 parts by weight, preferably 

in an amount of 0.00001-1 parts by weight, per 100 parts 

30 by weight of the starting aryl alkyl hydrocarbon. 

In particular, when the ligand is a cyclic 

polyfunctional amine compound which has three nitrogen atoms 

in the ring forming molecular chain. the transition metal 

complex catalyst is used preferably in an amount of 0.00001-

35 5 parts by weight, more preferably in an amount of 0.0001-
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0.1 parts by weight, per 100 parts by weight of the starting 
aryl alkyl hydrocarbon. In turn, when the ligand is a cyclic 
polyfunctional amine compound which has four nitrogen atoms 
or more in the ring forming molecular chain, the catalyst 

5 is used preferably in an amount of 0.000001-5 parts by 
weight, more preferably in an amount of 0.0001-0.1 parts 
by weight, per 100 parts by weight of the starting aryl 
alkyl hydrocarbon. 

In the meantime, the transition metal complex catalyst 
10 which contains the open chain polyfunctional amine compound 

as a ligand is used preferably in an amount of 0.00001-5 
parts by weight, more preferably in an amount of 0.0001-0.1 
parts by weight, per 100 parts by weight of the starting 
aryl alkyl hydrocarbon. 

15 The oxidation of the starting aryl alkyl hydrocarbon 
is carried out with an oxygen containing gas. Usually air 
is used as the oxygen containing gas, however, oxygen, 
carbon dioxide, carbon monoxide, or a mixture of oxygen and 
nitrogen may be used, if necessary. The reaction is carried 

20 out usually under a normal pressure, however, the reaction 
may be carried out under an increased pressure, if necessary. 
The reaction temperature may range from about 40~ to about 
13o•c I preferably from about so•c to about 11o•c • 

The reaction may be carried out in the presence of a 
25 solid alkaline compound or an aqueous solution of an alkaline 

compound, such as sodium carbonate, sodium bicarbonate, 
sodium hydroxide, potassium carbonate, potassium hydroxide, 
potassium hydroxide, barium hydroxide or magnesium oxide. 
The alkaline compound may be used in an amount of 0.0001-

30 10 parts by weight, preferably in an amount of 0.001-5 
parts by weight, per 100 parts by weight of the starting 
aryl alkyl hydrocarbon. 

The reaction may be started with use of a small amount 
of an initiator, usually the resulting aryl alkyl hydro-

35 peroxides, if necessary. For example, cumene monohydro-
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peroxide may be used as an initiator in the oxidation of 
cumene. 

The reaction may be carried out either in a batchwise 
manner or in a continuous manner. When the reaction is 

5 carried out in a batchwise manner, a catalyst is added to 
the aryl alkyl hydrocarbon if it is liquid at a temperature 
at which the oxidation reaction is carried out, and air is 
blown into the mixture under stirring at an elevated 
temperature. On the other hand, if the starting aryl alkyl 

10 hydrocarbon is solid at a temperature at which the oxidation 
reaction is carried out, the starting hydrocarbon is 
dissolved in an organic solvent which is inert to the 
reaction, and then a catalyst is added to the resiting 
solution, followed by air-blowing into the mixture under 

15 stirring at an elevated temperature. 
The reaction may be carried out by passing the starting 

aryl alkyl hydrocarbon or its solution together with air 
over a fixed catalyst bed. 

The resulting aryl alkyl hydroperoxide are readily 
20 recovered from the reaction mixture by conventional methods, 

for example, distillation. 
According to the invention, the use of the transition 

metal complex as a catalyst which contains, as a ligand, a 
cyclic or an open chain polyfunctional organic amine compound 

25 having at least three nitrogen atoms in the molecule in 
the oxidation of aryl alkyl hydrocarbons with an oxygen 
containing gas such as air selectively oxidize the starting 
aryl alkyl hydrocarbons to their corresponding aryl alkyl 
hydropeioxides in high concentrations at a high reaction 

30 rate without appreciable decomposition of the resulting 
organic hydroperoxides. 

5. EXAMPLES 

35 The invention is described in detail with reference 
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to examples. However, the invention is not limited to 
these examples. In the following, the concentration of 
cumene monohydroperoxide in the reaction mixture after the 
reaction was measured by means of iodometry and gas 

5 chromatography whereas the selectivity of cumene hydro­
peroxide was measured by means of gas chromatography. 

The results of the reactions in the following examples 
and comparative examples, namely the concentration of the 
resulting cumene monohydroperoxide in the reaction mixture 

10 after the reaction, the formation rate of cumene monohydro­
peroxide during the reaction and the selectivity of cumene 
monohydroperoxide are shown in Tables 1 and 2. 

The HOMO energy of cyclic polyfunctional amines used 
as ligands in the preparation of transition metal complex 

15 catalysts are also shown in Tables 1 and 2, which were 
calculated by use of MOPAC VERSION 6.0 PM3 METHOD. 

20 

EXAMPLE I 

THE USE OF TRANSITION METAL COMPLEX CATALYSTS 
CONTAINING CYCLIC POLYFUNCTIONAL AMINES AS LIGANDS 

Production of Aryl Alkyl Hydroperoxides by Use of the First 
Transition Metal Complex Catalysts Wherein the Cyclic 

25 Polyfunctional Amine Ligands are Triazacrown Compounds 

Example 1 
20 mg of [1,4,7-triazacyclononane]manganese(II) sulfate 

was added to a mixture of 90 g of cumene and 10 g of cumene 
30 monohydroperoxide. The resulting mixture was heated to 80~, 

and the cumene was oxidized for 8 hours with stirring while 
air was blown into the mixture at a rate of 60 ml per minute. 

Example 2 
35 The air oxidation of cumene was carried out in the 
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same manner as in Example 1 for 10 hours by use of 20 mg 
of N,N' ,N•-tris(3-hydroxypropyl)-1,4,7-triazacyclononane)­
manganese(ll) sulfate in place of [l,4,7-triazacyclononane] -
manganese(II) sulfate. 

Example 3 
The air oxidation of cumene was carried out in the 

same manner as in Example 1 for 9 hours by use of 2 mg 
of N,N 1 ,N•-tris(3-hydroxypropyl)-1,4,7-triazacyclononane)-

10 manganese(ll) sulfate in place of [l,4,7-triazacyclononane]­
manganese(ll) sulfate. 

Example 4 
The air oxidation of cumene was carried out in the 

15 same manner as in Example 2 except that 10 ml of distilled 
water was added to the mixture at the start of the 
reaction. 

Example 5 
20 The air oxidation of cumene was carried out under a 

pressure of 6 kg/cm 2 of air in an autoclave for 6 hours 
and otherwise in the same manner as in Example 3. 

Example 6 
25 The air oxidation of cumene was carried out for 7 

hours in the same manner as in Example 5 by use of 5 mg of 
the complex catalyst. 

Comparative Example 1 
30 10 ml of an aqueous solution containing 20 mg of · 

manganese sulfate was added to a mixture of 90 g of cumene 
and 10 g of cumene monohydroperoxide. The resultant mixture 
was heated to 80~, and the cumene was oxidized for 6 hours 
with stirring while air was blown into the mixture at a rate 

35 of 60 ml per minute. 
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Production of Aryl Alkyl Hydroperoxides by Use of the First 

Transition Metal Complex Catalyst Wherein the Cyclic 

Polyfunctional Amine Ligands are Amines Having Four or 

5 More Nitrogen Atoms in the Molecule 

Example 7 
10 mg of (1,4,8,11-tetraazacyclotetradecane]manganese­

(II) sulfate was added to a mixture of 90 g of cumene and 

10 10 g of cumene monohydroperoxide. The resulting mixture 

was heated to 80~, and the cumene was oxidized for 8 hours 

with stirring while air was blown into the mixture at a rate 

of 60 ml per minute. 

15 Example 8 

20 

The reaction was carried out by use of 20 mg of 

[l,4,8,11-tetraazacyclotetradecane]cobalt(Ill) chloride in 

place of [1,4,8,11-tetraazacyclotetradecane]manganese(II) 

sulfate, and otherwise in the same manner as in Example 7. 

Example 9 
The reaction was carried out by use of 20 mg of 

[1,4,8,11-tetraazacyclotetradecane]copper(II) sulfate in 

place of [1,4,8,11-tetraazacyclotetradecane]manganese(II) 

25 sulfate, and otherwise in the same manner as in Example 7. 

Example 10 
The reaction was carried out by use of 2 mg of 

[1,4,8,11-tetraazacyclotetradecane]ruthenium(II) sulfate 

30 in place of (1,4,8,11-tetraazacyclotetradecane]manganese(ll) 

sulfate, and otherwise in the same manner as in Example 7. 

Example 11 
The reaction was carried out by use of 20 mg of 

35 [1,4,8,11-tetraazacyclotetradecane]nickel(ll) sulfate in 



54 

place of [1,4,8,11-tetraazacyclotetradecane]manganese(II) 
sulfate, and otherwise in the same manner as in Example 7. 

Example 12 
5 The reaction was carried out by use of 2 mg of 

[1,4,8,11-tetraazacyclotetradecane]manganese(II) benzoate 
in place of [1,4,8,11-tetraazacyclotetradecane]manganese(II) 
sulfate, and otherwise in the same manner as in Example 7. 

10 Example 13 

15 

The reaction was carried out by use of 2 mg of 
[l,4,8,11-tetraazacyclotetradecane]cobalt(II) benzoate in 
place of [1,4,8,11-tetraazacyclotetradecane]manganese(ll) 
sulfate, and otherwise in the same manner as in Example 7. 

Example 14 
The reaction was carried out by use of 20 mg of 

(1,4,8,12-tetraazacyclopentadecane]manganese(ll) sulfate 
in place of [l,4,8,11-tetraazacyclotetradecane]manganese(ll) 

20 sulfate, and otherwise in the same manner as in Example 7. 

Example 15 
The reaction was carried out by use of 20 mg of 

[1,4,7,10,13,16-hexaazacyclooctadecanelmanganese(II) sulfate 
25 in place of [1,4,8,11-tetraazacyclotetradecane]manganese(ll) 

sulfate, and otherwise in the same manner as in Example 7. 

Example 16 
The reaction was carried out by use of 20 mg of 

30 [N,N' ,N.,N'•-tetrakis(2-ethoxycarbonylethyl)-1,4,8,ll­
tetraazacyclotetradecane]cobalt(ll) sulfate in place of 
[1,4,8,11-tetraazacyclotetradecane]manganese(II) sulfate, 
and otherwise in the same manner as in Example 7. 

35 Example 17 
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The reaction was carried out by use of 2 mg of 
[1,4,8,11-tetraazacyclotetradecane]manganese(II) stearate 

in place of [1,4,8,11-tetraazacyclotetradecane]manganese(ll) 

sulfate, and otherwise in the same manner as in Example 7. 

Example 18 
The reaction was carried out by use of 2 mg of 

[1,4,8,11-tetraazacyclotetradecane]cobalt(II) stearate in 

place of [l,4,8,11-tetraazacyclotetradecane]manganese(II) 

10 sulfate, and otherwise in the same manner as in Example 7. 

Example 19 
The reaction was carried out by use of 2 mg of 

[N,N',N.,N'"-tetra-n-butyl-l,4,8,11-tetraazacyclo-

15 tetradecane]manganese(ll) sulfate in place of [1,4,8,11-

tetraazacyclotetradecane]manganese(ll) sulfate, and 

otherwise in the same manner· as in Example 7. 

20 

Use of the Fifth Transition Metal Complex Catalyst 

Example 20 
The reaction was carried out in the presence of 2 mg 

of a transition metal complex obtained by use of cobalt(Ill) 

bromide and the compound (6-02) in place of [l,4,8,11-

25 tetraazacyclotetradecane]manganese(II) sulfate, and 

otherwise in the same manner as in Example 7. 

Use of the Third Transition Metal Complex Catalyst 

30 Example 21 
To a mixture of 80 g of cumene, 20 g of cumene 

monohydroperoxide and 50 g of a 0.02% by weight aqueous 

solution of sodium carbonate, 2 mg of a transition metal 

complex obtained by use of cobalt sulfate heptahydrate and 

35 the compound (4-02). The resulting mixture was heated to 
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90~, and the cumene was oxidized for 4 hours with stirring 
while air was blown into the mixture at a rate of 180 ml 
per minute. 

5 Use of the Fourth Transition Metal Complex Catalyst 

Example 22 
The reaction was carried out in the presence of 2 mg 

of a transition metal complex obtained by use of copper(ll) 
10 sulfate pentahydrate and the compound (5-02 wherein R bonded 

to nitrogen is hydrogen and R bonded to carbon is methyl) 

15 

in place of the complex obtain~d by use of cobalt sulfate 
heptahydrate and the compound (4-02), and otherwise in the 
same manner as in Example 21. 

Use of the Second Transition Metal Complex Catalyst 

Example 23 
The reaction was carried out in the presence of 2 mg 

20 of a transition metal complex obtained by use of copper(II) 
sulfate pentahydrate and the compound (3-01) in place of 
the complex obtained by use of cobalt sulfate heptahydrate 
and the compound (4-02), and otherwise in the same manner 
as in Example 21. 

25 
Use of the Fifth Transition Metal Complex Catalyst 

Example 24 
The reaction was carried out in the presence of 2 mg 

30 of a transition metal complex obtained by use of copper(II) 
sulfate pentahydrate and the compound (6-03) in place of 
the complex obtained by use of -cobalt sulfate heptahydrate 
and the compound (4-02), and otherwise in the same manner 
as in Example 21. 

35 
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Comparative Example 2 
The reaction was carried out by use of 2 mg bf 

cobalt(II) (phthalocyanine) in place of [1,4,8,11-

tetraazacyclotetradecane]manganese(ll) sulfate, and 

5 otherwise in the same manner as in Example 7. 

Comparative Example 3 
The air oxidation of cumene was carried out in the 

same manner as in Example 7 for 10 hours by use of 2 mg 

10 of cobalt CI I) (tetraphenylporphyrin) in place of [1,4,8, 11-

tetraazacyclotetradecane]manganese(ll) sulfate. 

15 

20 

25 

30 

35 
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CJl 

Example 

Comparative 
Example 

~ 
0 

1 
2 
3 
4 
5 
6 
1 
7 
8 
9 

10 
11 
12 
13 

N 
CJl 

Reaction 
Time 

(hr) 
8 

10 
9 
8 
6 
7 
6 
8 
8 
8 
8 
8 
8 
8 

CHP: Cumene monohydroperoxide 

N 
0 

Table 

Concentration 
of CHP 

(wt%) 
21. 4 
33.6 
23.2 
16.7 
25.1 
29.4 
12.2 
30.6 
31. 6 
27.6 
27 .·6 
25.2 
26.0 
25.8 

1 

...... 
CTI 

Formation 
Rate of CHP 

(wt%/hr) 
1. 4 
2.3 
1. 4 
0.8 
2.5 
2.8 
0.34 
2.56 
2.70 
2.20 
2.20 
1. 90 
2.00 
1. 97 

...... 
0 

Seletivity 
of CHP 

Formation 
(mol%) 
87.2 
72.9 
87.3 
84.1 
82.0 
70.0 
84.0 
80 
76 
83 
77 
60 
82 
75 

CTI 

HOMO Energy 
of Ligand 

(eV) 
- 8. 78 
-8. 84 
- 8. 84 
-8. 84 CJl 

00 

-8. 84 
-8. 84 

- 9. 00 
-9. 00 
-9. 00 
- 9. 00 
-9. 00 
-9. 00 
-9. 00 



Ct:> 
CJ1 

Example 

Comparative 

Ct:> 
0 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2 
3 

N 
CJ1 

Reaction 
Time 

(hr) 
8 
8 
8 
8 
8 
8 
8 
4 
4 
4 
4 
8 

10 
CHP: Cumene monohydroperoxide 

N 
0 

Table 
Concentration 

of CHP 

(wt%) 
33.0 
32.2 
24.0 
25.9 
26.8 
21. 5 
30.2 
28.6 
29.6 
29.7 
29.4 
30.0 
17.0 

...... 
c:.n 

1 (Continued) 
Formation 

Rate of CHP 

(w t%/hr) 
2.87 
2.77 
1. 75 
1. 99 
2.10 
1. 44 
2.52 
2.16 
2.40 
2.42 
2.36 
2.5 
0.7 

...... 
0 

Seletivity 
of CHP 

Formation 
(mo 1 %) 

74 
71 
84 
84 
83 
87 
82 
90 
91 
89 
90 
58 
51 

CJ1 

HOMO Energy 
of Ligand 

(eV) 
- 8. 99 
- 8. 97 
-9. 30 
-9. 00 CTI 

(0 

-9. 00 
-8. 75 
- 8.15 
-8. 27 
-8. 38 
-8. 63 
-8. 71 
-0. 40 
-0. 59 
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EXAMPLE II 

THE USE OF TRANSITION METAL COMPLEX CATALYSTS CONTAINING 
OPEN CHAIN POLYFUNCTIONAL AMINES AS LIGANDS 

Use of the First Transition Metal Complex Catalysts 

Example 1 
20 mg of [N,N 1 -bis(2-aminoethyl)-1,3-propanediamine]­

manganese (II) sulfate was added to a mixture of 90 g of 
cumene and 10 g of cumene monohydroperoxide. The resulting 
mixture was heated to 80-C, and the cumene was oxidized for 
8 hours with stirring while air was blown into the mixture 
at a rate of 60 ml per minute. 

After the reaction, the concentration of the resulting 
cumene monohydroperoxide was found to be 29.6% by weight. 
Accordingly, the accumulation rate of cumene monohydroperoxide 
was found to be 2.42% by weight per hour. The selectivity 
of cumene monohydroperoxide was found to be 77% in spite of 
the fact that the cumene monohydroperoxide was accumulated 
in the reaction mixture in an amount of 29.6% by weight. 

Comparative Example 1 
20 mg of manganese (II) sulfate pentahydrate was added 

to a mixture of 90 g of cumene and 10 g of ·cumene 
monohydroperoxide. The resulting mixture was heated to ao·c, 
and the cumene was oxidized for 8 hours with stirring while 
air was blown into the mixture at a rate of 60 ml per minute. 

After the reaction, the concentration of the resulting 
cumene monohydroperoxide was found to be 15.8% by weight. 
Accordingly, the accumulation rate of cumene monohydroperoxide 
was found to be only 0.72% by weight per hour. 

Comparative Example 2 
20 mg of (ethylenediamine)cobalt (II) sulfate was 
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added to a mixture of 90 g of cumene and 10 g of cumene 

monohydroperoxide. The resulting mixture was heated to 80~. 

and the cumene was oxidized for 8 hours with stirring while 

air was blown into the mixture at a rate of 60 ml per minute. 

After the reaction, the concentration of the resulting 
cumene monohydroperoxide was found to be 17.3% by weight. 

Accordingly, the accumulation rate of cumene monohydroperoxide 

was found to be only 0.91% by weight per hour. 

Use of the First Transition Metal Complex Catalysts 

Example 2 
The reaction was carried out by use of 20 mg of 

(tetraethylenepentamine)manganese(II) sulfate in place of 

[N,N'-bis(2-aminoethyl)-l,3-propanediamine]manganese (II) 

sulfate, and otherwise in the same manner as in Example 1. 

The accGmulation rate of cumene monohydroperoxide was 

found to be 1.96% by weight per hour, and the selectivity 

of cumene monohydroperoxide was found to be 75%. 

Example 3 
The reaction was carried out by use of 20 mg of 

(pentaethylenehexamine)manganese(II) sulfate in place of 

[N,N'-bis(2-aminoethyl)-1,3-propanediamine]manganese (II) 

sulfate, and otherwise in the same manner as in Example 1. 

The accumulation rate of cumene monohydroperoxide was 

found to be 1.81% by weight per hour, and the selectivity 

of cumene monohydroperoxide was found to be 73%. 

Example 4 
The reaction was carried out by use of 20 mg of 

(diethylenetriamine)manganese (II) sulfate in place of 

[N,N'~bis(2-aminoethyl)-1,3-propanediamine]manganese (II) 

sulfate, and otherwise in the same manner as in Example 1. 

The accumulation rate of cumene monohydroperoxide was 
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found to be 1.64% by weight per hour, and the selectivity 
of cumene monohydroperoxide was found to be 81%. 

Example 5 
5 The reactionwas carried out by use of 20 mg of 

10 

[N, N'-bis (2-amino- ethyl)-!, 3-propanediamine] cobalt (I I) 

sulfate in place of [N,N'-bis(2-aminoethyl)-1,3-propane­
diamine]manganese (II) sulfate, and otherwise in the same. 
manner as in Example 1. 

The accumulation rate of cumene monohydroperoxide was 
found to be 2.19% by weight per hour, and the selectivity 
of cumene monohydroperoxide was found to be 79%. 

Example 6 
15 The reaction was carried out by use of 20 mg of 

· [N,N'-bis(2-aminoethyl)-1,3-propanediamine]copper(ll) 
sulfate in place of [N,N'-bis(2-aminoethyl)-1,3-propane­
diamine]manganese(II) sulfate, and otherwise in the same 
manner as in Example 1. 

2g The accumulation rate of cumene monohydroperoxide was 
found to be 1.86% by weight per hour, and the selectivity 
of cumene monohydroperoxide was found to be 82%. 

Example 7 
25 The reaction was carried out by use of 20 mg of 

[N, N'-bis (2-aminoethyl)-L 3-propanediamine] iron (II) sulfate 
in place of [N,N'-bis(2-aminoethyl)-l,3-propanediamine]­
manganese(II) sulfate, and otherwise in the same manner as 
in Example 1. 

30 The accumulation rate of cumene monohydroperoxide was 

35 

found to ·be 1.79% by weight per hour, and the selectivity 
of cumene monohydroperoxide was found to be 72%. 

Example 8 
The reaction was carried out by use of 20 mg of 
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[N,N'-bis(2-aminoethyl)-l,3-propanediamine]nickel(ll) 
sulfate in place of [N,N'-bis(2-aminoethyl)-1,3-propane­
diamine]manganese(II) sulfate, and otherwise in the same 
manner as in Example 1. 

The accumulation rate of cumene monohydroperoxide was 
found to be 1.80% by weight per hour, and the selectivity 
of cumene monohydroperoxide was found to be 71%. 

Example 9 
To a mixture of 90 g of cumene and 10 g of cumene 

monohydroperoxide, 2 mg of a transition metal complex 
obtained by treatment of the compound (11-20) with cobalt 
sulfate was added, and then 50 g of a 0.02% by weight 
aqueous solution of sodium carbonate was added to the 
mixture. 

The resulting mixture was heated to 90~, and the 
cumene was oxidized for 8 hours with stirring while air 
was blown into the mixture at a rate of 180 ml per minute. 
The results are shown in Table 2. 

In the following, Example 10 uses the first transition 
metal complex catalyst: Examples 11 to 16 use the third 
transition metal complex catalyst: Examples 17 and 18 use 
the fourth transition metal complex catalyst; Examples 19 
to 23 use the fifth transition metal complex catalyst; 
and Examples 24 to 27 use the sixth transition metal complex 
catalyst. 

Examples 10-27 
The air oxidation of cumene was carried out in the 

same manner as in Example 9 by use of 100 g of a mixture 
of cumene and cumene monohydroperoxide having varied ratios 
of cumene monohydroperoxide to cumene in the mixture, in 
the presence of a catalyst in an amount at a temperature 
for a period of time as shown in Table 2. 
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Comparative Example 3 
The reactionwas carried out by use of 2 mg of 

cobalt(Il)(phthalocyanine) in place of (ethylenediamine)-
5 cobalt(II) sulfate, and otherwise in the same manner as in 

Comparative Example 2. The results are shown in Table 2. 

Comparative Example 4 
The reaction was carried out by use of 2 mg of 

lO cobalt(II) (tetraphenylporphyrin) in place of (ethylene­
diamine)cobalt(II) sulfate, and otherwise in the same 
manner as in Comparative Example 2. The results are shown 
in Table 2. 

15 
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c;..., 
CJ'1 

Example 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

co 
0 

Ligand 

5-08 
5-03 
5-04 
5-01 
-5-08 
5-08· 
5-08 
5-08 

11-20 
11-05 
7-07 
7-07 
7-08 
7-08 
7-11 
7-11 

Metal/ 
Counter 

Ion 

Mn/so.-
Mn/so.-
Mn/so .. -
Mn/so.-
Co/so .. -
Cu/so.-
Pe/so .. -
Ni/So.-
Co/so .. -
Cu/so.-
Co/so.-
Cu/so,-
Co/so,-
Cu/so .. -
Co/so.-
Cu/so.-

1) CHP: cumene monohydroperoxide 

t....:> 
CJ1 

Cata-
lys t 

(mg) 
20 
20 
20 
20 
20 
20 
20 
20 
2 
2 

10 
8 
5 
8 
5 
2 

to.:> 
0 

Table 2 

-C.11 

Reaction Conditions 
Reaction Initial 

Tempe- Concentration 
rature of CHP 1 > 

(OC) (wt%) 
80 10 
80 10 
80 10 
80 10 
80 10 
80 10 
80 10 
80 10 
90 10 
80 20 
90 10 
90 20 
90 20 
90 20 
90 10 
80 20 

Reaction 
Time 

(hr) 
8 
8 
8 
8 
8 
8 
8 
8 
8 
5 
3 
2 
5 
3 
3 
2 

-0 CJI 

Results 
Accumula- Selectivity 
tion Rate of CHPi> 
of CHP 1 > Pormation 
(wt%/hr) (mol%) 

2.4 77 
2.0 75 
1.8 73 
1. 6 81 
2.2 79 
1. 9 82 
1. 8 72 
1. 8 71 
1. 9 91 
1. 7 82 
3.7 85 
3.1 86 
2.5 85 
3.1 83 
2.3 89 
1. 4 85 

HOMO 
Rnergy 

of 
Ligand 
(eV) 

-9.44 
-9.43 
-9. 41 
-9.47 

O> 
C.11 

-8.89 
-8.54 
-9.24 

-9.25 

-8. 85 



c:...:> 
en 

C\) 

0 

Ligand 
Metal/ 

Counter 
Ion 

Example 17 8-01 Co/so .. -

18 8-01 Cu/so .. -

19 9-08 Co/so .. -

20 9-08 Cu/so .. -

21 9-05 Cu/so .. -

22 9-06 Cu/so .. -

23 9-07 Cu/so .. -

24 10-01 Co/so .. -

25 10-01 Cu/so .. -

26 12-01 Co/so .. -

27 12-01 Cu/so,-
Comparative 1 - Mn/so .. -

2 EDA u Mn/so .. -
Comparative 3 Co (PC) 3 > 

4 Co (TPP) ,., 

1) CHP: cumene monohydroperoxide 
2) EDA: ethylenediamine 

N 
CJl 

Cata-
lys t 

(mg) 

8 
5 
2 
2 
2 
2 
2 
2 
2 
2 
2 

20 
20 

2 
2 

3) Co(PC): cobalt(ll) phthalocyanine 

t...:> 
0 

Table 

,_. 
en 

2 (Continued) 

Reaction Conditions 
Reaction Initial Reaction 

Tempe- Concentration Time 

rature of cup•> 
( oc) (wU) (hr) 

90 20 2 
90 20 5 
90 10 4 
90 10 3 
90 20 3 
80 20 3 

80 20 3 
80 20 4 
80 20 4 
80 20 2 
80 20 2 
80 10 8 
80 10 8 
80 10 8 
80 10 10 

4) Co(TPP): cobalt(II) tetraphenylporphyrin 

...... 
0 en 

Results 
Accumu la- Selectivity 
tion Rate of CHP 1 > 
of cup•> Formation 

(wt%/hr) (mo 1 %) 

3.2 88 
1.8 91 
1. 9 89 
3.6 84 
2.8 85 
2.7 69 
2.8 80 
1. 7 90 
1. 7 90 
2.5 87 
2.0 88 
0.7 
0.9 
2.5 58 
0.7 51 

80110 
Energy 

of 
Ligand 
(eV) 
-9. 31 

-9.12 

-9.39 en 
en 

-9.03 
-8.89 
-8.97 

-8.88 

-9.34 
-0.40 
-0. 59 
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What Is Claimed Is: 

1. A method for producing aryl alkyl hydroperoxides 
which comprises selectively oxidizing an aryl alkyl 
hydrocarbon having the formula (I): 

Ar -E-~-n] x 

(I) 

wherein P and 0 are hydrogen or an alkyl and may be the same 

or different from each other; x is an integer of 1-3; and 

Ar is an aromatic hydrocarbon group having a valence of x, 

with an oxygen-containing gas in the presence of a transition 

metal complex catalyst which contains, as a ligand, a cyclic 

polyfunctional amine compound having at least three nitrogen 

atoms in the ring forming molecular chain or an open chain 

polyfunctional amine compound having at least three nitrogen 

atoms in the main chain of the molecule. 

2. The method as claimed in claim 1 wherein the transition 

metal complex has the formula (II): 

R R 
I I 

A-(N-A) m-N 

R-~ I 
A ¥ A 

R 
(II) 

wherein A is independently an alkylene having 1-6 carbons 

in the main chain of the group, phenylene, naphthylene 

(naphthalenediyl), phenanthrylene (phenanthrenediyl), 
pyridinediyl, pyrrolediyl, pyrazinediyl, pyrimidinediyl or 

I lllllll llllll 1111111111111111 
* C L N S * 
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1,3,5-triazinediyl, and may carry inactive substituents 
thereon; R is independently hydrogen, an alkyl, an aryl, 
an alkyl aryl or an aryl alkyl, and the alkyl, aryl, alkyl 
aryl or aryl alkyl may carry inactive substituents thereon; 

5 M is a central transition metal ion having a valence of 

10 

15 

20 

25 

30 

+a; Xis a counter ion having a valence of -b which is 
stable to oxidation; a is an integer of 1-4, b is a positive 
integer, n is an integer of 1-4, n is equal to a/b, and m 

is 0 or a positive integer of 1 or more. 

3. The method as claimed in claim 1 wherein the transition 
metal complex has the formula (III): 

wherein B is a divalent organic group having the formula (IV): 

R R R R l '-©-'I -Y 1 -N-C C-N-Y 2 -

I I 
R R 

or 

wherein Y1 and Y2 are independently an alkylene having 1-6 
carbons in the main chain of the group or phenylene, and 
may carry inactive substituents thereon; R is independently 

35 hydrogen, an alkyl, an aryl, an alkyl aryl or an aryl alkyl, 

I lllllll llllll lllll lllll II llll 
* C L M S * 
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and the alkyl, aryl, alkyl aryl or aryl alkyl may carry 
inactive substituents thereon; M is a central transition 
metal ion having a valence of +a; X is a counter ion ~aving 
a valence of -b which is stable to oxidation; a is an 

5 integer of 1-4, bis a positive integer, n is an integer 

10 

15 

20 

of 1-4, n is equal to a/b, and mis 0 or a positive integer 
of 1 or more. 

4. The method as claimed in claim 1 wherein the transition 
metal complex has the formula (V): 

B--0--B 
N 
H 

NH HN 

(V) 

wherein B is an alkylene having 1-3 carbons in the main 
25 chain of the group and the alkylene and 2,5-pyrrolediyl 

may carry inactive substituents thereon. 

5. The method as claimed in claim 1 wherein the transition 
metal complex has the formula (VI): 

30 

[ R R ] I I 
N-A-(N-A) m-N 

8
0

11 I 11• + cxl>-) n 

N A 

35 (VI) 

-------··---·--··--··------. -< 

111111111111111111111111111111 
* C L N S * 
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wherein A is independently an alkylene having 1-6 carbons 
in the main chain of the group. phenylene. naphthylene, 
phenanthrylene, pyridinediyl, pyrrolediyl, pyrazinediyl, 

5 pyrimidinediyl or 1,3,5-triazinediyl, and may carry inactive 

substituents thereon; B is a bis(alkylidene) haNing 2-10 
carbons in the main chain of the group, 

10 

~. 
N 

~. 

15 ~ 
N 

or 

20 and may carry inactive substituents thereon; R is 
independently hydrogen, an alkyl, an aryl an alkyl aryl or 

an aryl alkyl, and the alkyl, aryl, alkyl aryl or aryl alkyl 

may carry inactive substituents thereon; M is a central 

transition metal ion having a valence of +a: Xis a counter 

25 

30 

35 

ion having a valence of -b which is stable to oxidation; 

a is an integer of 1-4, b is a positive integer, n is an 

integer of 1-4, n is equal to a/b, and m is 0 or a positive 

integer of 1 or more. 

6. The method as claimed in claim 1 wherein the transition 
metal complex has the formula (VII): 

I 11111111111111111111111111111. 
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R 
I 

N-A-(N-A) m-N 
n u 
B B 
n u 
N-A-(N-A) q-N 

I 
R 

(VI I) 

wherein A is independently an alkylene having 1-6 carbons 

in the main chain of the group, phenylene, naphthylene, 

phenanthrylene, pyridinediyl, pyrrolediyl, pyrazinediyl, 

pyrimidinediyl or 1,3,5-triazinediyl, and may carry inactive 

substituents thereon; B is a bis(alkylidene) having 2-10 

carbons in the main chain of the group, 

N 

~. 

~ 
N 

or 

and may carry inactive substituents thereon; R is 

25 independently hydrogen, an alkyl, an aryl, an alkyl aryl 

or an aryl alkyl, and the alkyl, aryl, alkyl aryl or aryl 

alkyl may carry inactive substituents thereon; M is·a central 

transition metal ion having a valence of +a; Xis a counter 

ion having a valence of -b which is stable to oxidation: 

30 a is an integer of 1-4, b is a positive integer, n is an 

integer of 1-4, n is equal to a/b, and m is 0 or a positive 

integer of 1 or more. 

7. The method as claimed in claim 1 wherein the transition 

35 metal complex has the formula (II): 

I lllllD'lllH lllll 11111111111 
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[K 11~(N~A 1)m~N~K 13 ] M•+(xb-)n 
I I 
KZZ KZ4 

(11) 

wherein A1 is independently an alkylene having 1-6 carbons 
in the main chain of the group, o-phenylene, m-phenylene, 
p-phenylene, 1,8-naphthylene, 9,10-phenanthrylene, 2,6-
pyridinediyl, 3,6-acrydinediyl, 2,2'-bipyridyl-6,6'-diyl, 

10 1,10-phenanthroline-2,9-diyl, 2,6-pyrimidinediyl, 4,5-
pyrimidinediyl, 2,6-pyrazinediyl, 2-phenyl-1,3,5-triazine-
2,6-diyl, 

15 

20 

~. ~. ~. 

~R 
I I . 

or 

wherein R1 is an alkylene of 1-8 carbons, and R2 is an alkyl 
of 1-8 carbons, an aryl of 1-8 carbons, an aryl alkyl of 

25 7-14 carbons or an alkyl aryl of 7-14 carbons, and R1 and 
R2 may carry inactive substituents thereon; K21

, K11
, K23 

and K24 are independently hydrogen, an alkyl, an aryl, an 
alkyl aryl, an aryl alkyl, pyridyl, a pyridyl alkyl or 
quinolyl, wherein the alkyl, aryl, alkyl aryl, aryl alkyl, 

30 pyridyl, pyridyl alkyl or quinolyl may carry inactive 
substituents thereon; M is a central transition metal ion 
having a valence of +a; X is a counter ion having a valence 
of -b which is stable to oxidation; a is an integer of 
1-4, bis a positive integer, n is an integer of 1-4, n is 

35 equal to a/b, and m is a positive integer of 2 or more. 

111111111111111111111111111111 
* C L If S * 



5 

This Sheet Has Been Replaced 

I lllllll llllll llll Ill llll 
73 

8. The method as claimed in claim 1 wherein the transition 

metal complex has the formula (Ill): 

[K 31 =N-A 3 -N=K 32 ] Ma+cxb-)n 

(I I I) 

wherein A3 is independently an alkylene having 1-6 carbons 

in the main chain of the group, o-phenylene, m-phenylene, 

p-phenylene, L8-naphthylene, 9,10-phenanthrylene, 2,6-

10 pyridinediyl, 3,6-acrydinediyl, 2~2 1 -bipyridyJ-6,6
1

-diyl, 

1,10-phenanthroline-2,9-diyl, 2,6-pyrimidinediyl, 4,5-
pyrimidinediyl, 2,6-pyrazinediyl, 2-phenyl-1,3,5-triazine-

2,6-diyl, 

15 

~. (~ . A . 
20 ~R 

I I or 

wherein R1 is an alkylene of 1-8 carbons, and R is an alkyl 

25 of 1-8 carbons, an aryl of 1-8 carbons, an aryl alkyl of 

7-14 carbons or an alkyl aryl of 7-14 carbons, and may 
carry inactive substituents thereon; K31 and K32 are 2-

aminobenzylidene and may carry inactive substituents 
thereon; M is a central transition metal ion having a valence 

30 of +a; X is a counter ion having a valence of -b which 

is stable to oxidation; a is an integer of 1-4, b is a 

positive integer, n is an integer of 1-4, n is equal to 

a/b, and m is a positive integer of 2 or more. 

35 9. The method as claimed in claim 1 wherein the transition 

11111111 m1111111111111111111 
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metal complex has the formula (IV): 

[K 41 =N-A 4 -N=K 42 ] M•+(xb-)n 

(IV) 

wherein A4 is independently an alkylene having 1-6 carbons 

in the main chain of the group, o-phenylene, m-phenylene, 

p-phenylene, 1,8-naphthylene, 9,10-phenanthrylene, 2,6-

pyridinediyl, 3,6-acrydinediyl, 2,2'-bipyridyl-6,6'-diyl, 

10 1,10-phenanthroline-2,9-diyl, 2,6-pyrimidinediyl, 4,5-

pyrimidinediyl, 2,6-pyrazinediyl, 2-phenyl-1,3,5-triazine-

2,6-diyl, 

15 

20 

19\ . ~. 
R~R' 
I I or 

wherein R1 is an alkylene of 1-8 carbons, and R2 is an alkyl 

of 1-8 carbons, an aryl of 1-8 carbons, an aryl alkyl of 

25 7-14 carbons or an alkyl aryl of 7-14 carbons, and may 

carry inactive substituents thereon; K41 and K42 are 2-
pyridylmethylene or 6-methyl-2-pyridylmethylene and may 

carry inactive substituents thereon; M is a central 

transition metal ion having a valence of +a: X is a counter 

30 ion having a valence of -b which is stable to oxidation; 

a is an integer of 1-4, bis a positive integer, n is an 

integer of 1-4, n is equal to a/b, and mis a positive 

integer of 2 or more. 

35 10. The method as claimed in claim 1 wherein the transition 

1111111111111111111111.11111111 
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metal complex has the formula (V): 

[K 51 =N-A 51-N-A 5 z-N=K 5 z] M•+(xb-)n 
. I 

A53_N = KS3 

(V) 

wherein A51 to A53 are independently an alkylene having 

1-6 carbons in the main chain of the group and may carry 

inactive substituents thereon; K51 to K53 are benzylidene, 

10 2-pyridylmethylene or 6-methyl-2-pyridylmethylene and may 

carry inactive substituents thereon; M is a central 

trans i ti on met a 1 i on having a v a 1 enc e of + a ; X i ·s a co u n t er 

ion having a valence of -b which is stable t<? oxidation; 

a is an integer of 1-4, bis a positive integer, n is an 

15 integer of 1-4, n is equal to a/b, and mis a positive 

integer of 2 or more. 

20 

25 

30 

35 

11. The method as claimed in claim 1 wherein the transition 

metal complex has the formula (VI): 

[K 61 -N=A 6 =N-K 6 Z] M•+(xb-)n 

(VI) 

--------

111111111111111111111111111111 
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wherein A6 is 

5 n. ~. ~. ~. 

10 

15 

20 
or 

and may carry inactive substituents thereon; K61 and K62 

25 are 2-pyridyl, 3-pyridyl, 8-quinolyl or an aminoalkyl 
wherein the alkyl has 2-4 carbons and may carry inactive 

substituents thereon; M is a central transition metal ion 

having a valence of +a; X is a counter ion having a valence 

of -b which is stable to oxidation; a is an integer of 

30 1-4, b is a positive integer, n is an integer of 1-4, n is 

equal to a/b, and m is a positive integer of 2 or more. 

12. The method as claimed in claim 1 wherein the transition 

metal complex has the formula (VII): 

35 

--··-··------- ··---------·· .. -·----

111111111111111111111111111111 
* I: L II S * 



------------ ----- -------····--· 

77 

[K 71 -N-A 7 -N-K 73 ] 11•+(xb-)n 
I I 
K'lZ K'14 

(VI I) 

5 wherein A7 is 

10 

15 

or 

and may carry inactive substituents thereon; K71 to K74 are 

2-pyridyl, 3-pyridyl, 2-pyridylmethyl or 3-pyridylmethyl 

and may carry inactive substituents thereon; M is a central 

transition metal ion having a valence of +a; Xis a counter 

20 ion having a valence of -b which is stable to oxidation; 

a is an integer of 1-4, b is a positive integer, n is an 

integer of ·l-4, n is equal to a/b, and m is a positive 

integer of 2 or more. 

25 13. The method as claimed in claim 1 wherein the transition 

metal complex has the formula (VIII): 

30 

[K 81 =N-A 8 -N=K 81 ] M··cxb-)n 

(VII I) 

wherein A8 is ind~pendently an alkylene having 1-6 carbons 

in the main chain of the group, o-phenylene, m-phenylene, 

p-phenylene, 1,8-naphthylene, 9,10-phenanthrylene, 2,6-

pyridinediyl, 3,6-acrydinediyl, 2,2'-bipyridyl-6,6'-diyl, 

35 1,10-phenanthroline-2,9-diyl, 2,6-pyrimidinediyl, 4,5-

-----·---
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pyrimidinediyl, 2,6-pyrazinediyl, 2-phenyl-l,3,5-triazine-
2,6-diyl, 

~. 19\. 
RJQ,l_R 
I I 

or 

wherein R1 is an alkylene of 1-8 carbons, and R is an alkyl 

of 1-8 carbons, an aryl of 1-8 carbons, an aryl alkyl of 

7-14 carbons or an alkyl aryl of 7-14 carbons, and may 

15 carry inactive substituents thereon; K81 and K8 z are a 

group of the formula: 
-T - N =CR 8 1 - CR 8 z = 

wherein T is hydroxyl, amino or the general formula: 
-NR 4 R5 

20 wherein R4 and R5 are independently an alkyl of 1-6 carbons 

and may carry inactive substituents thereon, R81 and R8 z 

are independently hydrogen, an alkyl of 1-6 carbons or 

phenyl wherein the alkyl or phenyl may carry inactive 

substituents thereon; M is a central transition metal ion 

25 having a valence of +a; X is a counter ion having a valence 
of -b which is stable to oxidation; a is an integer of 

30 

35 

1-4, b is a positive integer, n is an integer of 1-4, n is 

equal to a/b, and m is a positive integer of 2 or more. 

14. The method as claimed in claim 1 wherein the cyclic 
or open chain polyfunctional amine compound used in the 
preparation of the transition metal complex as a ligand has 

a HOMO energy from -10 eV to -3 eV as calculated by 

means of MOPAC VERSION 6.0 PM3 METHOD. 

I lllllll llllll lllll lllll II llll 
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15. The method as claimed in any one of claims 1-13 
wherein the transition metal is iron, nickel, manganese, 

cobalt, copper, chromium, ruthenium, rhodium, vanadium, 

titanium or zirconium. 

16. A transition metal complex which comprises a cyclic 

polyfunctional amine compound having at least three nitrogen 

atoms in the ring forming molecular chain or an open chain 

polyfunctional amine compound having at least three nitrogen 

10 atoms in the main chain of the molecule as a ligand, 

wherein the transition metal is iron, nickel, manganese, 

cobalt, copper, chromium, ruthenium, rhodium, vanadium, 

titanium or zirconium, and wherein the polyfunctional amine 

compound used in the preparation of the complex as a ligand 

15 has a HOMO energy from -10 eV to -3 eV as calculated by 

means of MOPAC VERSION 6.0 PM3 METHOD. 

20 

25 

17. The transition metal complex as claimed in claim 16 

which has the formula (II): 

R R 
I I 

A-(N-A) 11-N 

R-~ I 
A ~ A 

R 
(11) 

wherein A is independently an alkylene having 1-6 carbons 

in the main chain of the group, phenylene, naphthylene 

30 (naphthalenediyl), phenanthrylene (phenanthrenediyl), 

pyridinediyl, pyrrolediyl, pyrazinediyl, pyrimidinediyl or 

1,3,5-triazinediyl, and· may carry inactive substituents 

thereon; R is independently hydrogen, an alkyl, an aryl, 

an alkyl aryl or an aryl. alkyl, and the alkyl, aryl, alkyl 

35 aryl or aryl alkyl may carry inactive substituents thereon; 

----------·------
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M is a central transition metal ion having a valence of 
+a; X is a counter ion having a valence of -b which is 
stable to oxidation; a is an integer of 1-4, b is a positive 
integer, n is an integer of 1-4, n is equal to a/b, and m 
is 0 or a positive integer of 1 or more. 

18. The transition metal complex as claimed in claim 16 
which has the formula (Ill): 

wherein B is a divalent organic group having the formula (IV): 

R R R R I'-©-' I -Y 1 -N-C C-N-Y 2 -

I I 
R R 

or 

wherein Y1 and yz are independently an alkylene having 1-6 
carbons in the main chain of the group or phenylene, and 
may carry inactive substituents thereon; R is independently 
hydrogen, an alkyl, an aryl, an alkyl aryl or an aryl alkyl, 

and the alkyl, aryl, alkyl aryl or aryl alkyl may carry 

inactive substituents thereon; M is a central transition 
metal ion having a valence of +a; X is a counter ion having 
a valence of -b which is stable to oxidation; a is an 

.1111111111111111111 "111111111 -
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integer of 1-4, b is a positive integer, n is an integer 
of 1-4, n is equal to a/b, and mis 0 or a positive integer 

of 1 or more. 

19. The transition metal complex as claimed in claim 16 

which has the formula (V): 

B-0--B 
N 
H 

NH HN 

(V) 

20 wherein B is an alkylene having 1-3 carbons in the main 
chain of the group and the alkylene and 2,5-pyrrolediyl 

may carry inactive substituents thereon. 

20. The transition metal complex as claimed in claim 16 

25 which has the formula (VI): 

30 

35 

11111111111111.11111111:. (11111 . 
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[ R R ] I I 
N-A-(N-A) m-N 

's' I M• .. (xb-)n 
ll 
N-------A 

(VI) 

wherein A is independently an alkylene having 1-6 carbons 
in ·the main chain of the group, phenylene, naphthylene, 

10 phenanthrylene, pyridinediyl, pyrrolediyl, pyrazinediyl, 
pyrimidinediyl or 1,3,5-triazinediyl, and may carry inactive 
substituents thereon; B is a bis(alkylidene) having 2-10 
carbons in the main chain of the group, 

15 

~. 
N 

~. 

20 ~ N 
or 

and may carry inactive substituents thereon; R is 
25 independently hydrogen, an alkyl, an aryl-an alkyl aryl ·or 

an aryl alkyl, and the alkyl, aryl, alkyl aryl or aryl alkyl 
may carry inactive substituents thereon; M is a central 
transition metal ion having a valence of +a; Xis a counter 
ion having a valence of -b which is stable to oxidation; 

30 a is an integer of 1-4, b is a positive integer, n is an 
integer of 1-4, n is equal to a/b, and mis 0 or a positive 
integer of 1 or more. 

21. The transition metal complex as claimed in claim 16 
35 which has the formula (VII): 

l lllllll llllll lllll lllll ll llll 
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R 
I 

N-A-(N-A) m-N 
n u 
B B 
n u 
N-A~(N-A)q~N 

a 
(VI I) 

----- .. --- -·--------

wherein A is independently an alkylene having 1-6 carbons 

-----

in the main chain of the group, phenylene, naphthylene, 

phenanthrylene, pyridinediy1, pyrrolediyl, pyrazinediyl, 

pyrimidinediyl or 1,3,5-triazinediyl, and may carry inactive 

substituents thereon; B is a bis(alkylidene) having 2-10 

carbons in the main chain of the group, 

N 

~. 

~ N 

N 

~ or 

and may carry inactive substituents thereon; R is 

25 independently hydrogen, an alkyl, an aryl, an alkyl aryl 

or an aryl alkyl, and the alkyl, aryl, alkyl aryl or aryl 

alkyl may carry inactive substituents thereon; M is a central 

transition metal ion having a valence of +a; X is a counter 

ion having a valence of -b which is stable to oxidation; 

30 a is an integer of 1-4, b is a positive integer, n is an 

integer of 1-4, n is equal to a/b, and m is 0 or a positive 

integer of 1 or more. 
22. The transition metal complex as claimed in claim 16 

which has the formula (II): 

35 

-···-····----····-······- ···---------
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( K z 1-( N-A z) 111-N-K 2 3 ] Ma + ( X b - ) n 
I I 
Kzz Kz4 

(II) 

5 wherein A2 is independently an alkylene having 1-6 carbons 
in the main chain of the group, o-phenylene, m-phenylene, 

p-phenylene, 1,8-naphthylene, 9,10-phenanthrylene, 2,6-

pyridinedlyl, 3,6-acrydinediyl, 2,2'-bipyridyl-6,6'-diyl, 

1,10-phenanthroline-2,9-diyl, 2,6-pyrimidinediyl, 4,5-

lO pyrimidinediyl, 2,6-pyrazinediyl, 2-phenyl-l,3,5-triazine-

2,6-diyl ,. 

15 

20 

~ ~. ~ A. 
R& ft 

~ 
I 

I'~~ C-N) R N R
1 

or 
I l 

wherein R1 is an alkylene of 1-8 carbons, and R2 is an alkyl 

of 1-8 carbons, an aryl of 1-8 carbons, an aryl alkyl of 

7-14 carbons or an alkyl aryl of 7-14 carbons, and R1 and 

Rz may carry inactive substituents thereon; K21
, K22

, Kz 3 

25 and Kz 4 are independently hydrogen, an alkyl, an aryl, an 
alkyl aryl, an aryl alkyl, pyridyl, a pyridyl alkyl or 

quinolyl, wherein the alkyl, aryl, alkyl aryl, aryl alkyl, 

pyridyl, pyridyl alkyl or quinolyl may carry inactive 

substituents thereon; M is a central transition metal ion 

30 having a valence of +a; X is a counter ion having a valence 

of -b which is stable to oxidation; a is an integer. of 

35 

1-4, bis a positive integer, n is an integer of 1-4, n is 

equal to a/b, and m is a positive integer of 2 or more. 

23. The transition metal complex as claimed in claim 16 
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which has the formula (III): 

[K 31 =N-A 3 -N=K 32 ] Ma+(xb-)n 

(I I I) 

wherein A3 is independently an alkylene having 1-6 carbons 
in the main chain of the group, o-phenylene, m-phenylene, 
p-phenylene, 1,8-naphthylene, 9,10-phenanthrylene, 2,6-
pyridinediyl, 3,6-acrydinediyl, 2,2'-bipyridyl-6,6'-diyl, 

10 1,10-phenanthroline-2,9-diyl, 2,6-pyrimidinediyl, 4,5-
pyrimidinediyl, 2,6-pyrazinediyl, 2-phenyl-l,3,5-triazine-
2,6-diyl, 

15 

20 

A • ~. 
w-©lR 
I I 

or 

wherein R1 is an alkylene of 1-8 carbons, and R is an alkyl 
of 1-8 carbons, an aryl of 1-8 carbons, an aryl alkyl of 
7-14 carbons or an alkyl aryl of 7-14 carbons, and may 

25 carry inactive substituents thereon; K31 and K32 are 2-
aminobenzylidene and may carry inactive substituents 
thereon; M is a central transition metal ion having a valence 
of +a; X is a counter ion having a valence of -b which 
is stable to oxidation; a is an integer of 1-4, b is a 

30 positive integer, n is an integer of 1-4, n is equal to 
a/b, and m is a positive integer of 2 or more. 

35 

24. The transition metal complex as claimed in claim 16 
which has the formula (IV): 

111111111111111111111111111111 
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[K 41 =N-A 4 -N=K 42 ] M•+(xb-)n 

(IV) 

11i1Ui1ITIHii 

wherein A4 is independently an alkylene having 1-6 carbons 
5 in the main chain of the group, o-phenylene, m-phenylene, 

p-phenylene, L8-naphthylene, 9,10-phenanthrylene, 2,6-
pyridinediyl, 3,6-acrydinediyl, 2,2'-bipyridyl-6,6'-diyl, 
1,10-phenanthroline-2,9-diyl, 2,6-pyrimidinediyl, 4,5-
pyrimidinediyl, 2,6-pyrazinediyl, 2-phenyl-1,3,5-triazine-

10 2,6-diyl, 

15 

20 

~. (§l, r\Q)\ ~. • 

R~R' 
R& R'" 

I 

r'~I or rN> I I . 

wherein R1 is an alkylene of 1-8 carbons, and R2 is an alkyl 
of 1-8 carbons, an aryl of 1-8 carbons, an aryl alkyl of 
7-14 carbons or an alkyl aryl of 7-14 carbons, and may 
carry inactive substituents thereon; K41 and K' 2 are 2-

25 pyridylmethylene or 6-methyl-2-pyridylmethylene and may 
carry inactive substituents thereon; M is a central 
transition metal ion having a valence of +a; Xis a counter 
ion having a valence of -b which is stable to oxidation; 
a is an integer of 1-4, bis a positive integer, n is an-

30 integer of 1-4, n is equal to a/b, and mis a positive· 
integer of 2 or more. 

25. The transition metal complex as claimed in claim 16 
which has the formula (V): 

35 
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[ K 5 1 = N-A 5 1-N-A 5 z_N = K 5 2 ] 11 • + ( X b - ) n 
I As:s_N = Ks:s 

(V) 

5 wherein A51 to A53 are independently an alkylene having 
1-6 carbons in the main chain of the group and may carry 
inactive substituents thereon; K51 to K53 are benzylidene, 
2-pyridylmethylene or 6-methyl-2-pyridylmethylene and may 
carry inactive substituents thereon; M is a central 

10 transition metal ion having a valence of +a; Xis a counter 
ion having a valence of -b which is stable to oxidation; 

15 

20 

25 

30 

35 

a is an integer of 1-4, b is a positive integer, n is an 
integer of 1-4, n is equal to a/b, and m is a positive 
integer of 2 or more. 

26. The transition metal complex as claimed in claim 16 
which has the formula (VI): 

[K 61 -N=A 6 =N-K 62 ] JiJ•+cxb-)n 

{VI) . 

wherein A" is 

n. nJ. O'U. ~. 

~. 19\. 

--·-----------····-~- --------·--------
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yy 

or 

and may carry inactive substituents thereon; K61 and K62 

are 2-pyridyl, 3-pyridyl, 8-quinolyl or an aminoalkyl 

15 wherein the alkyl has 2-4 carbons and may carry inactive 

substituents thereon; M is a central transition metal ion 

having a valence of +a; X is a counter ion having a valence 

of -b which is stable to oxidation; a is an integer of 

1-4, b is a positive integer, n is an integer of 1-4, n is 

20 equal to a/b, and m is a positive integer of 2 or more. 

27. The transition metal complex as claimed in claim 16 

which has the formula (VII): 

25 [K" 1 -N-A"-N-K" 3 ] M•+(xb-)n 
I I 
K"z K"' 

(VI I) 

wherein A" is 

30 

35 
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or 

and may carry inactive substituents thereon; K71 to K74 are 

5 2-pyridyl, 3-pyridyl, 2-pyridylmethyl or 3-pyridylmethyl 

and may carry inactive substituents thereon; M is a central 

transition metal ion having a valence of +a; Xis a counter 

ion having a valence of -b which is stable to oxidation; 

a is an integer of 1-4, b is a positive integer, n is an 

10 integer of 1-4, n is equal to a/b, and m is a positive 

integer of 2 or more. 

15 

20 

25 

30 

35 

-··-------·-···· ··---··--···--·- -·--------;:;-
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