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(57) ABSTRACT 

The invention relates to catalytically bleaching substrates, 
especially laundry fabrics, With atmospheric oxygen or air. 
Amethod of bleaching a substrate is provided that comprises 
applying to the substrate, in an aqueous medium, a speci?ed 
organic substance Which forms a complex With a transition 
metal, the complex catalysing bleaching of the substrate by 
atmospheric oxygen. Also provided is a bleaching compo 
sition comprising, in an aqueous medium atmospheric oxy 
gen and an organic substance Which forms a complex With 
a transition metal, the complex catalysing bleaching of the 
substrate by the atmospheric oxygen, Wherein the aqueous 
medium is substantially devoid of peroxygen bleach or a 
peroxy-based or -generating bleach system. 
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COMPOSITION AND METHOD FOR BLEACHING 
A SUBSTRATE 

[0001] This invention relates to compositions and methods 
for catalytically bleaching substrates With atmospheric oxy 
gen or air. 

[0002] Peroxygen bleaches are Well knoWn for their ability 
to remove stains from substrates. Traditionally, the substrate 
is subjected to hydrogen peroxide, or to substance Which can 
generate hydroperoxyl radicals, such as inorganic or organic 
peroxides. Generally, these systems must be activated. One 
method of activation is to employ Wash temperatures of 60° 
C. or higher. HoWever, these high temperatures often lead to 
inef?cient cleaning, and can also cause premature damage to 
the substrate. 

[0003] A preferred approach to generating hydroperoxyl 
bleach radicals is the use of inorganic peroxides coupled 
With organic precursor compounds. These systems are 
employed for many commercial laundry poWders. For 
example, various European systems are based on tetraacetyl 
ethylenediamine (TAED) as the organic precursor coupled 
With sodium perborate or sodium percarbonate, Whereas in 
the United States laundry bleach products are typically 
based on sodium nonanoyloxybenZenesulphonate (SNOBS) 
as the organic precursor coupled With sodium perborate. 

[0004] Precursor systems are generally effective but still 
exhibit several disadvantages. For example, organic precur 
sors are moderately sophisticated molecules requiring multi 
step manufacturing processes resulting in high capital costs. 
Also, precursor systems have large formulation space 
requirements so that a signi?cant proportion of a laundry 
poWder must be devoted to the bleach components, leaving 
less room for other active ingredients and complicating the 
development of concentrated poWders. Moreover, precursor 
systems do not bleach very ef?ciently in countries Where 
consumers have Wash habits entailing loW dosage, short 
Wash times, cold temperatures and loW Wash liquor to 
substrate ratios. 

[0005] Alternatively, or additionally, hydrogen peroxide 
and peroxy systems can be activated by bleach catalysts, 
such as by complexes of iron and the ligand N4Py (i.e. N, 
N-bis(pyridin-2-yl-methyl)-bis(pyridin-2-yl)methylamine) 
disclosed in WO95/34628, or the ligand Tpen (i.e. N, N, N‘, 
N‘-tetra(pyridin-2-yl-methyl)ethylenediamine) disclosed in 
WO97/48787. According to these publications, molecular 
oxygen may be used as the oxidant as an alternative to 
peroxide generating systems. HoWever, no role in catalysing 
bleaching by atmospheric oxygen or air in an aqueous 
medium is reported. 

[0006] WO-A-98/39098 and WO-A-98/39406 disclose 
classes of complexes of a transition metal coordinated to a 
macropolycyclic ligand, used as oxidation catalysts in laun 
dry or cleaning compositions. The compositions preferably 
comprise an oxygen bleaching agent, as part or all of the 
laundry or cleaning adjunct materials, Which can be any of 
the oxidiZing agents knoWn for laundry, hard surface clean 
ing, automatic dishWashing or denture cleaning purposes. 
Oxygen bleaches are preferred, though other oxidant 
bleaches such as oxygen may be used. Again, hoWever, no 
role in catalysing bleaching by atmospheric oxygen or air in 
an aqueous medium is reported. 

[0007] It has long been thought desirable to be able to use 
atmospheric oxygen (air) as the source for a bleaching 
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species, as this Would avoid the need for costly hydroperoxyl 
generating systems. Unfortunately, air as such is kinetically 
inert toWards bleaching substrates and exhibits no bleaching 
ability. Recently some progress has been made in this area. 
For example, WO 97/38074 reports the use of air for 
oxidising stains on fabrics by bubbling air through an 
aqueous solution containing an aldehyde and a radical 
initiator. Abroad range of aliphatic, aromatic and heterocy 
clic aldehydes is reported to be useful, particularly para 
substituted aldehydes such as 4-methyl-, 4-ethyl- and 4-iso 
propyl benZaldehyde, Whereas the range of initiators 
disclosed includes N-hydroxysuccinimide, various perox 
ides and transition metal coordination complexes. 

[0008] HoWever, although this system employs molecular 
oxygen from the air, the aldehyde component and radical 
initiators such as peroxides are consumed during the bleach 
ing process. These components must therefore be included 
in the composition in relatively high amounts so as not to 
become depleted before completion of the bleaching process 
in the Wash cycle. Moreover, the spent components represent 
a Waste of resources as they can no longer participate in the 
bleaching process. 

[0009] Accordingly, it Would be desirable to be able to 
provide a bleaching system based on atmospheric oxygen or 
air that does not rely primarily on hydrogen peroxide or a 
hydroperoxyl generating system, and that does not require 
the presence of organic components such as aldehydes that 
are consumed in the process. Moreover, it Would be desir 
able to provide such a bleaching system that is effective in 
aqueous medium. 

[0010] We have noW found, surprisingly, that classes of 
complexes of the type disclosed in WO-A-98/39098 and 
WO-A-98/39406 can be used in an aqueous medium With 
atmospheric oxygen or air to bleach substrates, even in the 
absence of a conventional oxygen bleaching agent. 

[0011] Accordingly, in a ?rst aspect, the present invention 
provides a bleaching composition comprising, in an aqueous 
medium, atmospheric oxygen and an organic substance 
Which forms a complex With a transition metal, the complex 
catalysing bleaching of a substrate by the atmospheric 
oxygen, Wherein the aqueous medium is substantially 
devoid of peroxygen bleach or a peroxy-based or -generat 
ing bleach system, 
[0012] Wherein the organic substance forms a complex of 
a transition metal, preferably selected from Mn(II), Mn(III), 
Mn(IV), Mn(V), Fe(II), Fe(III), Fe(IV), Co(I), Co(II), 
Co(III), Ni(I), Ni(II), Ni(III), Cu(I), Cu(II), Cu(III), Cr(II), 
Cr(III), Cr(IV), Cr(V), Cr(VI), V(III), V(IV), V(V), Mo(IV), 
Mo(V), Mo(VI), W(IV), W(V), W(VI), Pd(II), Ru(II), 
Ru(III) and Ru(IV), coordinated With a macropolycyclic 
rigid ligand having at least 3 donor atoms, at least tWo of 
Which are bridgehead donor atoms. The medium is therefore 
preferably insensitive or stable to catalase, Which acts on 
peroxy species. 

[0013] In a second aspect, the present invention provides 
a method of bleaching a substrate comprising applying to the 
substrate, in an aqueous medium, an organic substance 
Which forms a complex With a transition metal, the complex 
catalysing bleaching of the substrate by atmospheric oxy 
gen, as further speci?ed in the claim 24. 

[0014] Furthermore, in a third aspect, the present inven 
tion provides the use of an organic substance Which forms a 
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complex With a transition metal, as a catalytic bleaching 
agent for a substrate in an aqueous medium substantially 
devoid of peroxygen bleach or a peroxy-based or -generat 
ing bleach system, the complex catalysing bleaching of the 
substrate by the atmospheric oxygen, as further speci?ed in 
claim 29. 

[0015] Advantageously, the method according to the 
present invention permits all or the majority of the bleaching 
species in the medium (on an equivalent Weight basis) to be 
derived from atmospheric oxygen. Thus, the medium can be 
made Wholly or substantially devoid of peroxygen bleach or 
a peroxy-based or -generating bleach system. Furthermore, 
the organic substance is a catalyst for the bleaching process 
and, as such, is not consumed but can continue to participate 
in the bleaching process. The catalytically activated bleach 
ing system of the type in accordance With the present 
invention, Which is based on atmospheric oxygen, is there 
fore both cost-effective and environmentally friendly. 

[0016] Moreover, the bleaching system is operable under 
unfavourable Wash conditions Which include loW tempera 
tures, short contact times and loW dosage requirements. 

[0017] Furthermore, the method is effective in an aqueous 
medium and is therefore particularly applicable to bleaching 
of laundry fabrics. Therefore, Whilst the composition and 
method according to the present invention may be used for 
bleaching any suitable substrate, the preferred substrate is a 
laundry fabric. 

[0018] The bleaching method may be carried out by 
simply leaving the substrate in contact With the medium for 
a sufficient period of time. Preferably, hoWever, the aqueous 
medium on or containing the substrate is agitated. 

[0019] It has also been found that after bleaching if the 
treated substrate is dried by a tumble drier, ironing process 
or any other heat-generating process Wherein the tempera 
ture of the process is betWeen 35° C. and 80° C. the 
bleaching effect is accelerated in comparison to drying at 
ambient temperatures. 

[0020] The organic substance may comprise a preformed 
complex of a ligand and a transition metal. Alternatively, the 
organic substance may comprise a free ligand that com 
plexes With a transition metal already present in the Water or 
that complexes With a transition metal present in the sub 
strate. The organic substance may also be included in the 
form of a composition of a free ligand or a transition 
metal-substitutable metal-ligand complex, and a source of 
transition metal, Whereby the complex is formed in situ in 
the medium. 

[0021] The organic substance forms a complex With one or 
more transition metals, in the latter case for example as a 
dinuclear complex. Suitable transition metals include for 
example: manganese in oxidation states II-V, iron I-IV, 
copper I-III, cobalt I-III, nickel I-III, chromium II-VII, silver 
I-II, titanium II-IV, tungsten IV-VI, palladium II, ruthenium 
II-V, vanadium II-V and molybdenum II-VI. 

[0022] In a preferred embodiment, the organic substance 
forms a complex of the general formula: 
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[0023] in Which: 

[0024] M represents a metal selected from Mn(II)-(III) 
(IV)-(V), Cu(I)-(II)-(III), Fe(I)-(II)-(III)-(IV), c0(I)-(n) 
(III), Ni(I)-(II)-(III), Cr(II)-(III)-(IV)-(V)-(VI)-(VII), Ti(II) 
(III)-(IV), V(II)-(III)-(IV)-(V), Mo(II)-(III)-(IV)-(V)-(VI), 
W(IV)-(V)-(VI), Pd(II), Ru(II)-(III)-(IV)-(V) and Ag(I)-(II), 
and preferably selected from Mn(II)-(III)-(IV)-(V), Cu(I) 
(II), Fe(II)-(III)-(IV) and Co(I)-(II)-(III); 
[0025] L represents a macropolycyclic rigid ligand as 
herein de?ned, or its protonated or deprotonated analogue; 

[0026] X represents a coordinating species selected from 
any mono, bi or tri charged anions and any neutral molecules 
able to coordinate the metal in a mono, bit or tridentate 
manner, preferably selected from O2‘, RBO22_, RCOO‘, 
RCONR‘, OH‘, N03‘, N02‘, NO, CO, S2‘, RS‘, PO34‘, 
STP-derived anions, PO3OR3_, H2O, C032‘, HCO3_, ROH, 
NRR‘R“, RCN, Cl‘, Br‘, OCN‘, SCN‘, CN‘, N3“ F‘, [text 
missing or illegible when filed], RO‘, C104‘, SO42‘, 
H504“, S032“ and R503“, and more preferably selected 
from O2‘, RBO22_, RCOO‘, OH‘, N03‘, N02‘, NO, CO, 
CN‘, S2‘, RS‘, PO34‘, H2O, C032‘, HCO3_, ROH, NRR‘R“, 
Cl‘, Br‘, OCN‘, SCN‘, RCN, N3‘, F‘, I‘, RO‘, C104‘, 
SO42‘, H504‘, SO32- and RS0; (preferably CF3SO3_); 
[0027] Y represents any non-coordinated counter ion, 
preferably selected from C104‘, BR4_, [FeCl4]_, P136‘, 
RCOO‘, N03‘, N02‘, RO‘, N+RR‘R“R“‘, Cl‘, Br‘, F‘, I‘, 
R803‘, S2062‘, OCN‘, SCN‘, Li‘, Ba2_, Na", Mg2_, K", 
Ca2+, Cs", PR4", RBO22_, SO42‘, H504‘, SO32‘, SbCl6_, 
CuCl42_, CN, PO 43-, HPO42_, H2PO4_, STP-derived anions, 
CO5“, HCO; and BF4_, and more preferably selected from 
C104‘, BR4_, [FeCl4]_, PF6_, RCOO‘, N03‘, N02‘, RO‘, 
N+RR‘R“R“‘, Cl‘, Br‘, F‘, I‘, RS03- (preferably CF3SO3_), 
S2062‘, OCN‘, SCN‘, Li", Ba2+, Na", Mg“, K", Ca2+, 
PR4", SO42‘, H504‘, S032‘, and BF4_; 
[0028] R, R‘, R“, R“‘ independently represent a group 
selected from hydrogen, hydroxyl, —OR (Wherein R=alkyl, 
alkenyl, cycloalkyl, heterocycloalkyl, aryl, heteroaryl or 
carbonyl derivative group), —OAr, alkyl, alkenyl, 
cycloalkyl, heterocycloalkyl, aryl, heteroaryl and carbonyl 
derivative groups, each of R, Ar, alkyl, alkenyl, cycloalkyl, 
heterocycloalkyl, aryl, heteroaryl and carbonyl derivative 
groups being optionally substituted by one or more func 
tional groups E, or R6 together With R7 and independently 
R8 together With R9 represent oxygen, Wherein E is selected 
from functional groups containing oxygen, sulphur, phos 
phorus, nitrogen, selenium, halogens, and any electron 
donating and/or WithdraWing groups, and preferably R, R‘, 
R“, R‘" represent hydrogen, optionally substituted alkyl or 
optionally substituted aryl, more preferably hydrogen or 
optionally substituted phenyl, naphthyl or C1_4-alkyl; 

[0029] a represents an integer from 1 to 10, preferably 
from 1 to 4; 

[0030] k represents an integer from 1 to 10, 

[0031] n represents Zero or an integer from 1 to 10, 
preferably from 1 to 4; 

[0032] m represents Zero or an integer from 1 to 20, 
preferably from 1 to 8. 

[0033] In a preferred embodiment, the present invention 
relates to a method for oxidiZing materials, said method 
comprising contacting a material capable of being oxidiZed 
and a transition-metal oxidation catalyst, in an aqueous 
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medium essentially devoid of any oxidation agent, Wherein 
said transition metal oxidation catalyst comprises a complex 
of a transition metal selected from the group consisting of 

Mn(II), Mn(III), Mn(IV), Mn(V), Fe(II), Fe(III), Fe(IV), 
Co(I), Co(II), Co(III), Ni(I), Ni(II), Ni(III), Cu(I), Cu(II), 
Cu(III), Cr(II), Cr(III), Cr(IV), Cr(V), Cr(VI), V(III), V(IV), 
V(V), Mo(IV), Mo(V), Mo(VI), W(IV), W(V), W(VI), 
Pd(II), Ru(II), Ru(III), and Ru(IV), preferably Mn(II, 
Mn(III), Mn(IV), Fe(II), Fe(III), Fe(IV), Cu(I), Cu(II), 
Cu(III), Co(I), Co(II), Co(III), more preferably Mn(II), 
Mn(III), Fe(II), Fe(III), Cu(I), Cu(II), Co(II), Co(III) coor 
dinated With a macropolycyclic rigid ligand, preferably a 
cross-bridged macropolycyclic ligand, having at least 3 
donor atoms, at least tWo of Which are bridgehead donor 
atoms. 

[0034] The present invention also relates to catalytic sys 
tems effective for oxidation of materials comprising: (a) a 
catalytically effective amount, preferably from about 1 ppb 
to about 99.9%, more typically from about 0.001 ppm to 
about 500 ppm, more preferably from about 0.05 ppm to 
about 100 ppm (Wherein “ppb” denotes parts per billion by 
Weight and “ppm” denotes parts per million by Weight), of 
a transition-metal oxidation catalyst, Wherein said transition 
metal oxidation catalyst comprises a complex of a transition 
metal selected from the group consisting of Mn(II), Mn(III), 
Mn(IV), Mn(V), Fe(II), Fe(III), Fe(IV), Co(I), Co(II), 
Co(III), Ni(I), Ni(II), Ni(III), Cu(I), Cu(II), Cu(III), Cr(II), 
Cr(III), Cr(IV), Cr(V), Cr(VI), V(III), V(IV), V(V), Mo(IV), 
Mo(V), Mo(VI), W(IV), W(V), W(VI), Pd(II), Ru(II), 
Ru(III), and Ru(IV) coordinated With a macropolycyclic 
rigid ligand, preferably a cross-bridged macropolycyclic 
ligand, having at least 3 donor atoms, at least tWo of Which 
are bridgehead donor atoms; and (b) the balance, to 100%, 
of one or more adjunct materials. 

[0035] Amounts of the essential transition-metal catalyst 
and essential adjunct materials can vary Widely depending 
on the precise application. For example, the catalytic sys 
tems herein may be provided as a concentrate, in Which case 
the catalyst can be present in a high proportion, for example 
0.01%-80%, or more, of the composition. The invention also 
encompasses catalytic systems at their in-use levels; such 
systems include those in Which the catalyst is dilute, for 
example at ppb levels. Intermediate level compositions, for 
example those comprising from about 0.01 ppm to about 500 
ppm, more preferably from about 0.05 ppm to about 50 ppm, 
more preferably still from about 0.1 ppm to about 10 ppm of 
transition-metal catalyst and the balance to 100%, preferably 
at least about 0.1%, typically about 99% or more being 
solid-form or liquid-form adjunct materials (for example 
?llers, solvents, and adjuncts especially adapted to a par 
ticular use (for example paper making adjuncts, detergent 
adjuncts, or the like). 

[0036] The present invention preferably relates to catalytic 
systems effective for oxidation of materials comprising: (a) 
a catalytically effective amount, preferably from about 1 ppb 
to about 49%, of a transition-metal oxidation catalyst, said 
catalyst comprising a complex of a transition metal and a 
macropolycyclic rigid ligand, preferably a cross-bridged 
macropolycyclic ligand, Wherein: (1) said transition metal is 
selected from the group consisting of Mn(II), Mn(III), 
Mn(IV), Mn(V), Fe(II), Fe(III), Fe(IV), Co(I), Co(II), 
Co(III), Ni(I), Ni(II), Ni(III), Cu(I), Cu(II), Cu(III), Cr(II), 
Cr(III), Cr(IV), Cr(V), Cr(VI), V(III), V(IV), V(V), Mo(IV), 
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Mo(V), Mo(VI), W(IV), W(V), W(VI), Pd(II), Ru(II), 
Ru(III), and Ru(IV); (2) said macropolycyclic rigid ligand is 
coordinated by at least three, preferably at least four, more 
preferably four or ?ve donor atoms to the same transition 
metal and comprises: 

[0037] an organic macrocycle ring containing three, 
preferably four, or more donor atoms (preferably at least 3, 
more preferably at least 4, of these donor atoms are N) 
separated from each other by covalent linkages of at least 
one, preferably 2 or 3 non-donor atoms, tWo to ?ve (pref 
erably three or four, more preferably four) of these donor 
atoms being coordinated to the same transition metal in the 
complex. 

[0038] (ii) a linking moiety, preferably a cross-bridging 
chain, Which covalently connects at least 2 (preferably 
non-adjacent) donor atoms of the organic macrocycle ring, 
said covalently connected (preferably non-adjacent) donor 
atoms being bridgehead donor atoms Which are coordinated 
to the same transition metal in the complex, and Wherein 
said linking moiety (preferably a cross-bridged chain) com 
prises from 2 to about 10 atoms (preferably the cross 
bridged chain is selected from 2, 3 or 4 non- donor atoms, 
and 4-6 non-donor atoms With a further donor atom), includ 
ing for example, a cross-bridge Which is the result of a 
Mannich condensation of ammonia and formaldehyde; and 

[0039] (iii) optionally, one or more non-macropoly 
cyclic ligands, preferably monodentate ligands, such 
as those selected from the group consisting of H20, 
ROH, NR3, RCN, OH‘, OOH‘, RS‘, RO‘, RCOO‘, 
OCN‘, SCN‘, N3‘, CN‘, F‘, Cl‘, Br‘, I‘, 02-, N03‘, 
N02“, SO42“, SO32“, PO43“, organic phosphates, 
organic phosphonates, organic sulphates, organic 
sultanates, and aromatic N donors such as pyridines, 
pyraZines, pyraZoles, imidaZoles, benZimidaZoles, 
pyrimidines, triaZoles and thiaZoles With R being H, 
optionally substituted alkyl, optionally substituted 
aryl (speci?c examples of monodentate ligands 
including phenolate, acetate or the like); and (b) at 
least about 0.1%, preferably B%, of one or more 
adjunct materials (Where B%, the “balance” of the 
composition expressed as a percentage, is obtained 
by subtracting the Weight of said component (a) from 
the Weight of the total composition and then express 
ing the result as a percentage by Weight of the total 
composition). 

[0040] The present invention also preferably relates to 
catalytic systems effective for oxidation of materials com 
prising: (a) a catalytically effective amount, as identi?ed 
supra, of a transition-metal oxidation catalyst, said catalyst 
comprising a complex of a transition metal and a macropoly 
cyclic rigid ligand (preferably a cross-bridged macropoly 
cyclic ligand) Wherein: (I) said transition metal is selected 
from the group consisting of Mn(II), Mn(III), Mn(IV), 
Mn(V), Fe(II), Fe(III), Fe(IV), Co(I), Co(II), Co(III), Ni(I), 
Ni(II), Ni(III), Cu(I), Cu(II), Cu(III), Cr(II), Cr(III), Cr(IV), 
Cr(V), Cr(VI), V(III), V(IV), V(V), Mo(IV), Mo(V), 
Mo(VI), W(IV), W(V), W(VI), Pd(II), Ru(II), Ru(III), and 
Ru(IV), and (2) said macropolycyclic rigid ligand is selected 
from the group consisting of: the macropolycyclic rigid 
ligand of formula (I) having denticity of 3 or 4: 
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(I) 

[0041] (ii) the macropolycyclic rigid ligand of formula (II) 
having denticity of 4 or 5 

(II) 

[0042] (iii) the macropolycyclic rigid ligand of formula 
(III) having denticity of 5 or 6: 

(III) 

[0043] (iv) the macropolycyclic rigid ligand of formula 
(IV) having denticity of 6 or 7 

(IV) 
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[0044] Wherein in these formulas:- each “E” is the moiety 
(CRn)a-X-(CRn)a,, Wherein X is selected from the group 
consisting of O, S, NR and P, or a covalent bond, and 
preferably X is a covalent bond and for each E the sum of 
a+a‘ is independently selected from 1 to 5, more preferably 
2 and 3. 

[0045] 
[0046] each “R” is independently selected from H, 

alkyl, alkenyl, alkynyl, aryl, alkylaryl 

each “G” is the moiety (CRn)b. 

[0047] (e.g., benZyl), and heteroaryl, or tWo or more R are 
covalently bonded to form an aromatic, heteroaromatic, 
cycloalkyl, or heterocycloalkyl ring. 

[0048] each “D” is a donor atom independently 
selected from the group consisting of N, O, S, and P, 
and at least tWo D atoms are bridgehead donor atoms 
coordinated to the transition metal (in the preferred 
embodiments, all donor atoms designated D are 
donor atoms Which coordinate to the transition 
metal, in contrast With heteroatoms in the structure 
Which are not in D such as those Which may be 
present in E; the non-D heteroatoms can be non 
coordinating and indeed are non-coordinating When 
ever present in the preferred embodiment). 

[0049] “B” is a carbon atom or “D” donor atom, or a 
cycloalkyl or heterocyclic ring. 

[0050] each “n” is an integer independently selected 
from 1 and 2, completing the valence of the carbon 
atoms to Which the R moieties are covalently 
bonded. 

[0051] each “n”‘ is an integer independently selected 
from 0 and 1, completing the valence of the D donor 
atoms to Which the R moieties are covalently 
bonded. 

[0052] each “n”“ is an integer independently selected 
from 0, 1, and 2 completing the valence of the B 
atoms to Which the R moieties are covalently 
bonded. 

[0053] each “a” and “a’” is an integer independently 
selected from 0-5, preferably a+a‘ equals 2 or 3, 
Wherein the sum of all “a” plus “a‘” in the ligand of 
formula (I) is Within the range of from about 7 to 
about 11. The sum of all “a” plus “a” in the ligand of 
formula (II) is Within the range of from about 6 
(preferably 8) to about 12. The sum of all “a” plus 
“a‘” in the ligand of formula (III) is Within the range 
of from about 8 (preferably 10) to about 15, and the 
sum of all “a” plus “a‘” in the ligand of formula (IV) 
is Within the range of from about 10 (preferably 12) 
to about 18. 

[0054] each “b” is an integer independently selected 
from 0-9, preferably 0-5 (Wherein When b=0, (CRn)O 
represents a covalent bond), or in any of the above 
formulas, one or more of the (CRn)b moieties 
covalently bonded from any D to the B atom is 
absent as long as at least tWo (CRD)b covalently bond 
tWo of the D donor atoms to the B atom in the 
formula, and the sum of all “b” is Within the range of 
from about 1 to about 5; and 
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[0055] (iii) optionally, one or more non-macropolycyclic 
ligands; and 

[0056] (b) adjunct materials at suitable levels, as 
identi?ed hereinabove. 

[0057] The present invention also uses complexes formed 
by transition metals selected from: Mn(II), Mn(III), Mn(IV), 
Mn(V), Fe(II), Fe(III), Fe(IV), Co(I), Co(II), Co(III), Ni(I), 
Ni(II), Ni(III), Cu(I), Cu(II), Cu(III), Cr(II), Cr(III), Cr(IV), 
Cr(V), Cr(VI), V(III), V(IV), V(V), Mo(IV), Mo(V), 
Mo(VI), W(IV), W(V), W(VI), Pd(II), Ru(II), Ru(III), and 
Ru(IV), preferably Mn(II, Mn(III), Mn(IV), Fe(II), Fe(III), 
Fe(IV), Cu(I), Cu(II), Cu(III), Co(II), Co(III) preferably 
Mn(II), Mn(III), Fe(II), Fe(III), Cu(I), Cu(II), Co(II), Co(III) 
and the cross-bridged tetraaZamacrocycle and cross-bridged 
pentaaZamacrocycle ligands; these complexes include those 
in Which the cross-bridging moiety is a C2-C4 alkyl moiety 
and in Which there is a mole ratio of macrocycle to metal of 
1:1, and moreover these are most preferably monometallic 
mononuclear complexes, though in general, dimetallic or 
multimetallic complexes are not excluded. 

[0058] Apreferred sub-group of the transition-metal com 
plexes includes the Mn(II), Fe(II), and Cu(II) complexes of 
the ligand 1.2: 

1.2 

A A 
N N/ 

N N 

A/ V 

[0059] Wherein m and n are integers from 0 to 2, p is an 
integer from 1 to 6, preferably m and n are both 0 or both 
1 (preferably both 1), or m is 0 and n is at least 1; and p is 

a 

[0060] and A is a nonhydrogen moiety preferably having 
no aromatic content; more particularly each A can vary 
independently and is preferably selected from methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, tert-butyl, C5-C20 alkyl, 
and one, but not both, of the A moieties is benZyl, and 
combinations thereof. In one such complex, one Ais methyl 
and one A is benZyl. 

[0061] All parts, percentages and ratios used herein are 
expressed as percent Weight unless otherWise speci?ed. 

[0062] The catalytic systems of the present invention 
comprise a particularly selected transition metal oxidation 
catalyst Which is a complex of a transition metal and a 
macropolycyclic rigid ligand, preferably one Which is cross 
bridged. The catalytic systems do not contain any added 
oxidants such as hydrogen peroxide sources, peroxy acids, 
peroxy acid precursors, monoperoxysulphate (e.g. 
Oxone(TM), manufactured by DuPont), chlorine, ClO2 or 
hypochlorite. Therefore, the aqueous medium of the cata 
lytic systems described herein are essentially devoid of 
conventional oxidation agents. 
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[0063] To secure the bene?ts of the invention, a substrate 
material, such as a chemical compound to be oxidiZed, or a 
commercial mixture of materials such as a paper pulp, or a 
soiled material such as a textile containing one or more 

materials or soils to be oxidiZed, is added to the catalytic 
system under Widely ranging conditions further described 
hereinafter. 

[0064] The present invention catalytic systems also have 
utility in the area of oxidiZing (preferably including bleach 
ing) Wood pulp for use in, for example, paper making 
processes. Other utilities include oxidative destruction of 
Waste materials or effluents. 

[0065] Effective Amounts of Catalyst Materials 

[0066] The term “catalytically effective amount”, as used 
herein, refers to an amount of the transition-metal oxidation 
catalyst present in the present invention catalytic systems, or 
during use according to the present invention methods, that 
is suf?cient, under Whatever comparative or use conditions 
are employed, to result in at least partial oxidation of the 
material sought to be oxidiZed by the catalytic systems or 
method. For example, in the synthesis of epoxides from 
alkenes, the catalytic amount is that amount Which is suf? 
cient to catalyZe the desired epoxidation reaction. As note, 
the invention encompasses catalytic systems both at their 
in-use levels and at the levels Which may commercially be 
provided for sale as “concentrates”; thus “catalytic systems” 
herein include both those in Which the catalyst is highly 
dilute and ready to use, for example at ppb levels, and 
compositions having rather higher concentrations of catalyst 
and adjunct materials, intermediate level compositions, as 
noted in summary, can include those comprising from about 
0.01 ppm to about 500 ppm, more preferably from about 
0.05 ppm to about 50 ppm, more preferably still from about 
0.1 ppm to about 10 ppm of transition-metal catalyst and the 
balance to 100%, typically about 99% or more, being 
solid-form or liquid-form adjunct materials (for example 
?llers, solvents, and adjuncts especially adapted to a par 
ticular use, such as papermaking adjuncts, detergent 
adjuncts, or the like). In terms of amounts of materials, the 
invention also encompasses a large number of novel tran 
sition-metal catalysts per-se, especially including their sub 
stantially pure (100% active) forms. Other amounts, for 
example of oxidant materials and other adjuncts for special 
iZed uses are illustrated in more detail hereinafter. 

[0067] Transition-Metal Oxidation Catalysts: 

[0068] The present invention catalytic systems comprise a 
transition-metal oxidation catalyst. In general, the catalyst 
contains an at least partially covalently bonded transition 
metal, and bonded thereto at least one particularly de?ned 
macropolycyclic rigid ligand, preferably one having four or 
more donor atoms and Which is cross-bridged or otherWise 
tied so that the primary macrocycle ring complexes in a 
folded conformation about the metal. Catalysts herein are 
thus neither of the more conventional macrocyclic type: e. g., 
porphyrin complexes, in Which the metal can readily adopt 
square-planar con?guration; nor are they complexes in 
Which the metal is fully encrypted in a ligand. Rather, the 
presently useful catalysts represent a selection of all the 
many complexes, hitherto largely unrecogniZed, Which have 
an intermediate state in Which the metal is bound in a “cleft”. 
Further, there can be present in the catalyst one or more 
additional ligands, of generally conventional type such as 
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chloride covalently bound to the metal; and, if needed, one 
or more counter-ions, most commonly anions such as chlo 
ride, heXa?uorophosphate, perchlorate or the like; and addi 
tional molecules to complete crystal formation as needed, 
such as Water of crystalliZation. Only the transition-metal 
and macropolycyclic rigid ligand are, in general, essential. 

[0069] Transition-metal oxidation catalysts useful in the 
invention catalytic systems can in general include knoWn 
compounds Where they conform With the invention de?ni 
tion, as Well as, more preferably, any of a large number of 
novel compounds eXpressly designed for the present oXida 
tion catalysis uses and non-limitingly illustrated by any of 
the folloWing: 

[0070] Dichloro-5,12-dimethyl-1,5,8,12-tetraaZabi 
cycle[6.6.2]heXadecane Manganese (II) 

[0071] Dichloro-4,10-dimethyl-1,4,7,10-tetraaZabicy 
clo[5 .5 .2]tetradecane Manganese(II) 

[0072] Diaquo-5,12-dimethyl-1,5,8,12-tetraaZabicyclo 
[6.6.2]heXadecane Manganese(II) HeXa?uorophos 
phate 

[0073] Aquo-hydroXy-5,12-dimethyl-1,5,8,12-tet 
raaZabicyclo[6 . 6.2]heXaciecane Manganese(III) 
HeXa?uorophosphate 

[0074] Diaquo-4,10-dimethyl-1,4,7,10-tetraaZabicyclo 
[5.5.2]tetradecane Manganese(II) HeXa?uorophos 
phate 

[0075] Diaquo-5,12-dimethyl-1,5,8,12-tetraaZabicyclo 
[6.6.2]heXadecane Manganese(II) Tetra?uoroborate 

[0076] Diaquo-4,10-dimethyl-1,4,7,10-tetraaZabicyclo 
[5.5.2]tetradecane Manganese(II) Tetra?uoroborate 

[0077] Dichloro-5,12-dimethyl-1,5,8,12-tetraaZabicy 
clo[6.6.2]heXadecane Manganese(III) HeXa?uorophos 
phate 

[0078] Dichloro-5,12-di-n-butyl-1,5,8,12-tetraaZabicy 
clo[6.6.2]heXadecane Manganese(II) 

[0079] Dichloro-5,I 2-dibenZyl-1,5,8, I 2-tetraaZabicy 
clo[6. 6.2]heXadecane Manganese(II) 

[0080] Ddichloro-5-n-butyl-12-methyl-1,5,8,12-tet 
raaZabicyclo[6.6.2]heXadecane Manganese(II) 

[0081] Dichloro-5-n-octyl-12-methyl- I,5,8, I 2-tet 
raaZabicyclo[6.6.2]heXadecane Manganese(II) 
Dichloro-5-n-butyl-12-methyl-I, 5,8,12-tetraaZa-bicy 
clo[6.6.2]heXadecane Manganese(II) 

[0082] Dichloro-5,12-dimethyl-1,5,8,12-tetraaZabicy 
clo[6.6.2]heXadecane Iron(II) 

[0083] Dichloro-4,10-dimethyl-1,4,7,10-tetraaZabicy 
clo[5 .5 .2]tetradecane Iron(II) 

[0084] Dichloro-5,12-dimethyl-1,5,8,12-tetraaZabicy 
clo[6.6.2]heXadecane Copper(II) 

[0085] Dichloro-4,10-dimethyl-1,4,7,10-tetraaZabicy 
clo[5 .5 .2]tetradecane Copper(II) 

[0086] Dichloro-5,12-dimethyl-1,5,8,12-tetraaZabicy 
clo[6.6.2]heXadacane Cobalt(II) 

[0087] Dichloro-4,10-dimethyl-1,4,7,10-tetraaZabicy 
clo[5 .5 .2]tetradecane Cob alt(II) 
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[0088] Dichloro 5,12-dimethyl-4-phenyl-1,5,8,12-tet 
raaZabicyclo[6.6.2]heXadecane Manganese(II) 

[0089] Dichloro-4,10-dimethyl-3-phenyl-1,4,7,10-tet 
raaZabicyclo[5 .5 .2]tetradecane Manganese(II) 

[0090] Dichloro-5,12-dimethyl-4,9-diphenyl-1,5,8,12 
tetraaZabicyclo[6.6.2]heXadecane Manganese(II) 

[0091] Dichloro-4,10-dimethyl-3,8-diphenyl-1,4,7,10 
tetraaZabicyclo[5.5.2]tetradecane Manganese(II) 

[0092] Dichloro-5,12-dimethyl-2,11-diphenyl-1,5,8,12 
tetraaZabicyclo[6.6.2]heXadecane Manganese(II) 

[0093] Dichloro-4,10-dimethyl-4,9-diphenyl-1,4,7,10 
tetraaZabicyclo[5.5.2]tetradecane Manganese(II) 

[0094] Dichloro-2,4,5,9, 11,12-heXamethyl-1,5, 8,12 
tetraaZabicyclo[6.6.2]heXadecane Manganese(II) 

[0095] Dichloro-2,3,5,9,10,12-heXamethyl-1,5,8,12 
tetraaZabicyclo[6.6.2]heXadecane Manganese(II) 

[0096] Dichloro-2,2,4,5,9,9,11,12-octamethyl-1,5,8,12 
tetraaZabicyclo[6.6.2]heXadecane Manganese(II) 

[0097] Dichloro-2,2,4,5,9,11,11,12-octamethyl-1,5,8, 
12-tetraaZabicyclo[6.6.2]heXadecane Manganese(II) 

[0098] Dichloro-3,35,10,10,12-heXamethyl-1,5,8,12 
tetraaZabicyclo[6.6.2]heXadecane Manganese(II) 

[0099] Dichloro-3,5,10,12-tetramethyl-1,5,8,12-tet 
raaZabicyclo[6.6.2]heXadecane Manganese(II) 

[0100] Dichloro-3-butyl-5,10,12-trimethyl-1,5,8,12 
tetraaZabicyclo[6.6.2]hexadecane Manganese(II) 

[0101] Dichloro-1,5,8,12-tetraaZabicyclo[6.6.2]heXa 
decane Manganese(II) 

[0102] Dichloro-1,4,7,10-tetraaZabicyclo[5.5.2]tetrade 
cane Manganese (II) 

[0103] Dichloro-1,5,8,12-tetraaZabicyclo[6.6.2]heXa 
decane Iron(II) 

[0104] Dichloro-1,4,7,10-tetraaZablcyclo[5.5.2]tetrade 
cane Iron(II) 

[0105] Aquo-chloro-2-(2-hydroXyphenyl)-5,12-dim 
ethyl,5,8,12-tetraaZabicyclo[6.6.2]heXadecane Manga 
nese(II) 

[0106] Aquo-chloro-10-(2-hydroXybenZyl)-4,10-dim 
ethyl-1,4,7,10-tetraaZabicyclo[5.5.2)tetradecane Man 
ganese(II) 

[0107] Chloro-2-(2-hydroXybenZyl)-5-methy 1,5,8,12 
tetraaZabicyclo[6.6.2]heXadecane Manganese(II) 

[0108] Chloro-10-(2-hydroXybenZyl)-4-methyl-1,4,7, 
10-tetraaZabicyclo[5.5.2]tetradecane Manganese(II) 

[0109] Chloro-5-methyl-12-(2-picolyl)-1,5,8,12-tet 
raaZabicyclo[6.6.2]heXadecane Manganese(II) Chlo 
ride 

[0110] Chloro-4-methyl-10-(2-picolyl)-1,4,7,10-tet 
raaZabicyclo[5.5.2]tetradecane Manganese(II) Chlo 
ride 

[0111] Dichloro-5-(2-sulphato)dodecyl-12-methyl-I 5,8 
12-tetraaZabicyclo[6.6.2]heXadecane Manganese(III) 

[0112] Aquo-Chloro-5-(2-sulphato)dodecyl-12-methyl 
1,5,8,12-tetraaZabicyclo[6.6.2]heXadecane Manga 
nese(II) 
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[0113] Aquo-Chloro-5-(3-sulphonopropyl)-12-methyl 
1,5 ,8,12-tetraaZabicyclo[6.6.2]hexadecane Manga 
nese(II) 

[0114] Dichloro-5-(Trimethylammoniopropyl)dodecyl 
12-methyl-1,5,8,12-tetraaZabicyclo[6.6.2]hexadecane 
Manganese(III) Chloride 

[0115] Dichloro-5,12-dimethyl-1,4,7, 10,13-pen 
taaZabicyclo[8. 5.2]heptadecane Manganese(II) 

[0116] Dichloro-14,20-dimethyl-1,10,14,20-tetraaZa 
triyclo[8.6.6]docosa-3(8),4,6-triene Manganese(II) 

[0117] Dichloro-4.11-dimethyl-1,4,7,11-tetraaZabicy 
clo[6.5.2]pentadecane Manganese(II) 

[0118] Dichloro-5,12-dimethyl-1,5,8,12-tetraaZabicy 
clo[7.6.2]heptadecane Manganese(II) 

[0119] Dichloro-S.13-dimethyl-1,5,9,13-tetraaZabicy 
clo[7.7.2]heptadecane Manganese(II) 

[0120] Dichloro-3,10-bis(butylcarboxy)-5,12-dim 
ethyl-1,5,8,12-tetraaZabicyclo[6.6.2]hexadecane Man 
ganese(II) 

[0121] Diaquo-3, 10-dicarboxy-5,12-dimethyl-1,5,8, 
12-tetraaZabicyclo[6.6.2]hexadecane Manganese(II) 

[0122] Chloro-20-methyl-1,9,20,24,25-pentaaZa-tetra 
cyclo[7. 7.7.13’7.111’15]pentacosa-3,5,7(24),11, 
1315(25)-hexaene manganese (II) Hexa?uorophos 
phate 

[0123] Tri?uoromethanesulphono-20-methyl-1 ,9,20, 
24,25 -peritaaZatetracyclo[7.7.7. 137. 1 11’15]pentacosa 
3,5 ,7(24),1 1, 13, 15(25)-hexaene Manganese(II) tri?uo 
romethanesulphonate 

[0124] Tri?uoromethanesulphono-20-methyl-1,9,20, 
24,25 -pentaaZatetracyclo[7.7.7. 137. 1 11’15.]pentacosa 
3,5,7(24),11,13,15(25)-hexaene Ir0n(II) tri?uo 
romethanesulphonate 

[0125] Chloro-5,12,17-trimethyl-1,5,8,12,17-pen 
taaZabicyclo[6 .6 .5]nonadecane Manganese(II) 
hexa?uorophosphate 

[0126] Chloro-4,10,15-trimethyl-1,4,7,10,15-pen 
taaZabicyclo[5 .5 .5 .]heptadecane Manganese(II) 
hexa?uorophosphate 

[0127] Chloro-5,12,17-trlmethyl-1,5,8,12,17-pen 
taaZabicyclo[6.6.5]nonadecane Manganese(II) chloride 

[0128] Chloro-4,10,15-trimethyl-1,4,7,10,15-pen 
taaZabicyclo[5.5.5]heptadecane Manganese(II) chlo 
ride 

[0129] Preferred complexes useful as transition-metal oxi 
dation catalysts more generally include not only monome 
tallic, mononuclear kinds such as those illustrated herein 
above but also bimetallic,trimetallic or cluster kinds, 
especially When the polymetallic kinds transform chemi 
cally in the presence of medium (Water, hydroxyl anions, 
surfactants, etc) to form a mononuclear, monometallic active 
species. Monometallic, mononuclear complexes are pre 
ferred. As de?ned herein, a monometallic transition-metal 
oxidation catalyst contains only one transition metal atom 
per mole of complex. A monometallic, mononuclear com 
plex is one in Which any donor atoms of the essential 
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macrocyclic ligand are bonded to the same transition metal 
atom, that is, the essential ligand does not “bridge” across 
tWo or more transition-metal atoms transition metals of the 

catalyst. Just as the macropolycyclic ligand cannot vary 
indeterminately for the present useful purposes, nor can the 
metal. An important part of the invention is to arrive at a 
match betWeen ligand selection and metal selection Which 
results in excellent oxidation catalysis. In general, transition 
metal oxidation catalysts therein comprise a transition metal 
selected from the group consisting of Mn(II), Mn(III), 
Mn(IV), Mn(V), Fe(II), Fe(III), Fe(IV), Co(I), Co(II), 
Co(III), Ni(I), Ni(II), Ni(III), Cu(I), Cu(II), Cu(III), Cr(II), 
Cr(III), Cr(IV), Cr(V), Cr(VI), V(III) , V(IV),V(V), Mo(IV), 
Mo(V), Mo(VI) ,W(IV), W(V), W(VI) , Pd(II), Ru(II), 
Ru(III), and Ru(IV). Preferred transition-metals in the 
instant transition-metal oxidation catalyst include manga 
nese, iron, copper, and cobalt. Preferred oxidation states 
include the (II) and (III) oxidation states. Manganese(II) in 
both the loW-spin con?guration and high spin complexes are 
included. It is to be noted that complexes such as loW-spin 
Mn(II) complexes are rather rare in all of coordination 
chemistry. The designation (II) or (III) denotes a coordinated 
transition metal having the requisite oxidation state; the 
coordinated metal atom is not a free ion or one having only 
Water as a ligand. 

[0130] Ligands 

[0131] In general, as used herein, a “ligand” is any moiety 
capable of direct covalent bonding to a metal ion. Ligands 
can be charged or neutral and may range Widely, including 
simple monovalent donors, such as chloride, or simple 
amines Which form a single coordinate bond and a single 
point of attachment to a metal; to oxygen or ethylene, Which 
can form a three-membered ring With a metal and thus can 
be said to have tWo potential points of attachment, to larger 
moieties such as ethylenediamine or aZa macrocycles, Which 
form up to the maximum number of single bonds to one or 
more metals that are alloWed by the available sites on the 
metal and the number of lone pairs or alternate bonding sites 
of the free ligand. Numerous ligands can form bonds other 
than simple donor bonds, and can have multiple points of 
attachment. 

[0132] Ligands useful herein can fall into several groups: 
the essential macropolycyclic rigid ligand, preferably a 
cross-bridged macropolycycle (preferably there Will be one 
such ligand in a useful transition-metal complex, but more, 
for example tWo, can be present, but not in preferred 
mononuclear complexes); other, optional ligands, Which in 
general are different from the essential cross-bridged 
macropolycycle (generally there Will be from 0 to 4, pref 
erably from 1 to 3 such ligands); and ligands associated 
transiently With the metal as part of the catalytic cycle, these 
latter typically being related to Water, hydroxide, oxygen, 
Water, hydroxide, or peroxides. Ligands of the third group 
are not essential for de?ning the metal oxidation catalyst, 
Which is a stable, isolable chemical compound that can be 
fully characteriZed. Ligands Which bind to metals through 
donor atoms each having at least a single lone pair of 
electrons available for donation to a metal have a donor 
capability, or potential denticity, at least equal to the number 
of donor atoms. in general, that donor capability may be 
fully or only partially exercised. 
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[0133] Macropolycyclic Rigid Ligands 
[0134] To arrive at the instant transition-metal catalysts, a 
macropolycyclic rigid ligand is essential. This is coordinated 
(covalently connected to any of the above-identi?ed transi 
tion-metals) by at least three, preferably at least four, and 
most preferably four or ?ve, donor atoms to the same 
transition metal. 

[0135] Generally, the macropolycyclic rigid ligands herein 
can be vieWed as the result of imposing additional structural 
rigidity on speci?cally selected “parent macrocycles”. The 
term “rigid” herein has been de?ned as the constrained 
converse of ?exibility: see D. H. Busch, Chemical RevieWs 
(1993), p 847-860, incorporated by reference. More particu 
larly, “rigid” as used herein means that the essential ligand, 
to be suitable for the purposes of the invention, must be 
determinably more rigid than a macrocycle (“parent mac 
rocycle”) Which is otherWise identical (having the same ring 
siZe and type and number of atoms in the main ring) but 
lacks the superstructure (especially linking moieties or, 
preferably cross-bridging moieties) of the present ligands. In 
determining the comparative rigidity of the macrocycles 
With and Without superstructures, the practitioner Will use 
the free form (not the metal-bound form) of the macrocycles. 
Rigidity is Well-knoWn to be useful in comparing macro 
cycles; suitable tools for determining, measuring or com 
paring rigidity include computational methods (see, for 
example, Zimmer, Chemical RevieW, (1995), 95(38), 2629 
2648 or Hancock et al., Inorganica Chimica Acta (1989), 
164, 73-84). A determination of Whether one macrocycle is 
more rigid than another can be often made by simply making 
a molecular model, thus it is not in general essential to knoW 
con?gurational energies in absolute terms or to precisely 
compute them. Excellent comparative determinations of 
rigidity of one macrocycle vs. another can be made using 
inexpensive personal computer-based computational tools, 
such as ALCHEMY III, commercially available from Tripos 
Associates. Tripos also has available more expensive soft 
Ware permitting not only comparative, but absolute deter 
minations; ultimately, SHAPES can be used (see Zimmer 
cited supra). One observation Which is signi?cant in the 
context of the present invention is that there is an optimum 
for the present purposes When the parent macrocycle is 
distinctly ?exible as compared to the cross-bridged form. 
Thus, unexpectedly, it is preferred to use parent macrocycles 
containing at least four donor atoms, such as cyclam deriva 
tives, and to cross-bridge them, rather than to start With a 
more rigid parent macrocycle. Another observation is that 
cross-bridged macrocycles are signi?cantly preferred over 
macrocycles Which are bridged in other manners. 

[0136] The macrocyclic rigid ligands herein are of course 
not limited to being synthesised from any performed mac 
rocycle plus performed “rigidiZing” or “conformation-modi 
fying” element: rather, a Wide variety of synthetic means, 
such as template syntheses, are useful. See for example 
Busch et al., revieWed in “Heterocyclic compounds: AZa 
croWn macrocycles”, J. S. BradshaW et. al., referred to in the 
Background Section hereinbefore for synthetic methods. 

[0137] In an embodiment of the present invention, the 
macropolycyclic rigid ligands herein include those compris 
ing: 

[0138] an organic macrocycle ring containing 
three, preferably four, or more donor atoms (prefer 
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ably at least 3, more preferably at leas 4, of these 
donor atoms are N) separated from each other by 
covalent linkages of at least one, preferably 2 or 3, 
non-donor atoms, tWo to ?ve (preferably three to 
four, more preferably four) of these donor atoms 
being coordinated to the same transition metal in the 
complex; and p1 (ii) a linking moiety, preferably a 
cross-bridging chain, Which covalently connects at 
least 2 (preferably non-adjacent) donor atoms of the 
organic macrocycle ring, said covalently connected 
(preferably nonadjacent) donor atoms being bridge 
head donor atoms Which are coordinated to the same 
transition metal in the complex, and Wherein said 
linking moiety (preferably a cross-bridged chain) 
comprises from 2 to about 10 atoms (preferably the 
cross-bridged chain is selected from 2, 3 or 4 non 
donor atoms, and 4-6 non-donor atoms With a further 
donor atom). 

[0139] While clear from the various contexts and illustra 
tions already presented, the practitioner may further bene?t 
if certain terms receive additional de?nition and illustration. 
As used herein, “macrocyclic rings” are covalently con 
nected rings formed from three or more, preferably four or 
more, donor atoms (i.e., heteroatoms such as nitrogen or 
oxygen) With carbon chains connecting them, and any 
macrocycle ring as de?ned herein must contain a total of at 
least ten, preferably at least tWelve, atoms in the macrocycle 
ring. A macropolycyclic rigid ligand herein may contain 
more than one ring of any sort per ligand, but at least one 
macrocycle ring must be identi?able. Moreover, in the 
preferred embodiments, no tWo hetero- atoms are directly 
connected. Preferred transition-metal oxidation catalysts are 
those Wherein the macropolycyclic rigid ligand comprises an 
organic macrocycle ring (main ring) containing at least 
10-20 atoms, preferably 12-18 atoms, more preferably from 
about 12 to about 20 atoms, most preferably 12 to 16 atoms. 

[0140] “Donor atoms” herein are heteroatoms such as 
nitrogen, oxygen, phosphorus or sulphur, Which When incor 
porated into a ligand still have at least one lone pair of 
electrons available for forming a donor-acceptor bond With 
a metal. Preferred transition-metal oxidation catalyst are 
those Wherein the donor atoms in the organic macrocycle 
ring of the cross-bridged macropolycyclic ligand are 
selected from the group consisting of N, O; S, and P, 
preferably N and O, and most preferably all N. Also pre 
ferred are cross-bridged macropolycyclic ligands compris 
ing 4 or 5 donor atoms, all of Which are coordinated to the 
same transition metal. Most preferred transition-metal oxi 
dation catalysts are those Wherein the cross-bridged 
macropolycyclic ligand comprises 4 nitrogen donor atoms 
all coordinated to the same transition metal, and those 
Wherein the cross-bridged macropolycyclic ligand com 
prises 5 nitrogen atoms all coordinated to the same transition 
metal. 

[0141] “Non-donor atoms” of the macropolycyclic rigid 
ligand herein are most commonly carbon, though a number 
of atom types can be included, especially in optional exo 
cyclic substituents (such as “pendant” moieties, illustrated 
hereinafter) of the macrocycles, Which are neither donor 
atoms for purposes essential to form the metal catalysts, nor 
are they carbon. Thus, in the broadest sense, the term “non 
donor atoms” can refer to any atom not essential to forming 
donor bonds With the metal of the catalyst. Examples of such 
atoms could include heteroatoms such as sulphur as incor 
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porated in a non-coordinatable sulphonate group, phospho 
rus as incorporated into a phosphonium salt moiety, phos 
phorus as incorporated into a V(V) oxide, a non-transition 
metal, or the like. In certain preferred embodiments, all 
non-donor atoms are carbon. 

[0142] The term “macropolycyclic ligand” is used herein 
to refer to the essential ligand required for forming the 

essential metal catalyst. As indicated by the term, such a 
ligand is both a macrocycle and is polycyclic. “Polycyclic” 
means at least bicyclic in the conventional sense. The 

essential macropolycyclic ligands must be rigid, and pre 
ferred ligands must also cross-bridged. 

[0143] Non-limiting eXamples of macropolycyclic rigid 
ligands, as de?ned herein, include 1.3-1.7: 

1.3 

4 

5 
l 

3 

2m 
N N/ 

14 a e 

b 
13 12 8 7 

N N 
/ 

11 9 
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[0144] Ligand 1.3 is a macropolycyclic rigid ligand in 
accordance With the invention Which is a highly preferred, 

cross-bridged, methyl-substituted (all nitrogen atoms ter 
tiary) derivative of cyclam. Formally, this ligand is named 
5,12-dimethyl-1,5,8,12-tetraaZabicyclo[6.6.2]heXadecane 
using the eXtended von Baeyer system. see “A Guide to 

IUPAC Nomenclature of Organic Compounds: recommen 

dations 1993”, R. Panico, W. H. PoWell and J-C Richer 

{Eds}, Blackwell Scienti?c Publications, Boston, 1993; see 
especially section R-2.4.2.1. According to conventional ter 

minology, N1 and N8 are “bridgehead atoms”; as de?ned 

herein, more particularly “bridgehead donor atoms” since 
they have lone pairs capable of donation to a metal. N1 is 
connected to tWo non-bridgehead donor atoms, N5 and N12, 
by distinct saturated carbon chains 2,3,4 and 14,13 and to 
bridgehead donor atom N8 by a “linking moiety” a,b Which 
here is a saturated carbon chain of tWo carbon atoms. N8 is 

connected to tWo non-bridgehead donor atoms, N5 and N12, 
by distinct chains 6,7 and 9,10,11. Chain a,b is a “linking 
moiety” as de?ned herein, and is of the special, preferred 
type referred to as a “cross-bridging” moiety. The “macro 

cyclic ring” of the ligand supra, or “main ring” (IUPAC), 
includes all four donor atoms and chains 2,3,4; 6,7; 9,10,11 
and 13,14 but not a,b. This ligand is conventionally bicyclic. 
The short bridge or “linking moiety” a,b is a “cross-bridge” 
as de?ned herein, With a,b bisecting the macrocyclic ring. 
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1.4 

[0145] Ligand 1.4 lies Within the general de?nition of 
macropolycyclic rigid ligands as de?ned herein, but is not a 
preferred ligand since it is not “cross-bridged” as de?ned 
herein. Speci?cally, the “linking moiety” a,b connects “adja 
cent” donor atoms N1 and N12, Which is outside the 
preferred embodiment of the present invention: see for 
comparison the preceding macrocyclic rigid ligand, in Which 
the linking moiety a,b is a cross-bridging moiety and con 
nects “nonadjacent” donor atoms. 

1.5 

[0146] Ligand 1.5 lies Within the general de?nition of 
macropolycyclic rigid ligands as de?ned herein, but is not a 
preferred ligand since it contains only three donor atoms, all 
of Which are bridgehead donor atoms. 

1.6 

3. N) 
c. 

[0147] Ligand 1.6 lies Within the general de?nition of 
macropolycyclic rigid ligands as de?ned herein. This ligand 
can be vieWed as a “main ring” Which is a tetraaZamacro 
cycle having three bridgehead donor atoms. This macro 
cycle is bridged by a “linking moiety” having a structure 
more compleX than a simple chain, containing as it does a 
secondary ring. The linking moiety includes both a “cross 
bridging” mode of bonding, and a non-cross-bridging mode. 
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1.7 

[0148] Ligand 1.7 lies Within the general de?nition of 
macropolycyclic rigid ligands. Five donor atoms are present; 
tWo being bridgehead donor atoms. This ligand is a preferred 
cross-bridged ligand. It contains no eXocyclic or pendant 
substituents Which have aromatic content. 

[0149] In contrast, for purposes of comparison, the fol 
loWing ligands (1.8 and 1.9) conform neither With the broad 
de?nition of macropolycyclic rigid ligands in the present 
invention, nor With the preferred cross-bridged sub-family 
thereof and therefore are completely outside the present 
invention: 

[0150] In the ligand supra, neither nitrogen atom is a 
bridgehead donor atom. There are insuf?cient donor atoms. 

1.8 

1.9 

[0151] The ligand supra is also outside the present inven 
tion. The nitrogen atoms are not bridgehead donor atoms, 
and the tWo-carbon linkage betWeen the tWo main rings does 
not meet the invention de?nition of a “linking moiety” since, 
instead of linking across a single macrocycle ring, it links 
tWo different rings. The linkage therefore does not confer 
rigidity as used in the term “macropolycyclic rigid ligand”. 
See the de?nition of “linking moiety” hereinafter. 
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[0152] Generally, the essential macropolycyclic rigid 
ligands (and the corresponding transition-metal catalysts) 
herein comprise: 

[0153] (a) at least one macrocycle main ring comprising 
three or more heteroatoms; and 

[0154] (b) a covalently connected non-metal superstruc 
ture capable of increasing the rigidity of the macro 
cycle, preferably selected from 

[0155] a bridging superstructure, such as a linking 
moiety; 

[0156] (ii) a cross-bridging superstructure, such as a 
cross-bridging linking moiety; and 

[0157] (iii) combinations thereof. 

[0158] The term “superstructure” is used herein as de?ned 
by Busch et al., in the Chemical RevieWs article incorpo 
rated hereinabove. 

[0159] Preferred superstructures herein not only enhance 
the rigidity of the parent macrocycle, but also favor folding 
of the macrocycle so that it co-ordinates to a metal in a cleft. 
Suitable superstructures can be remarkably simple, for 
eXample a linking moiety such as any of those illustrated in 
1.10 and 1.11 beloW, can be used. 

1.10 

[0160] Wherein n is an integer, for eXample from 2 to 8, 
preferably less than 6, typically 2 to 4, or 

1.11 

[0161] Wherein m and n are integers from about 1 to 8, 
more preferably from 1 to 3; Z is N or CH; and T is a 
compatible substituent, for eXample H, alkyl, trialkylammo 
nium, halogen, nitro, sulphonate, or the like. The aromatic 
ring in I. 1 1 can be replaced by a saturated ring, in Which 
the atom in Z connecting into the ring can contain N, O, S 
or C. 

[0162] Without intending to be limited by theory, it is 
believed that the preorganiZation built into the macropoly 
cyclic ligands herein that leads to eXtra kinetic and/or 
thermodynamic stability of their metal complexes arises 
from either or both of topological constraints and enhanced 
rigidity (loss of ?exibility) compared to the free parent 
macrocycle Which has no superstructure. The macropolycy 
clic rigid ligands as de?ned herein and their preferred 
cross-bridged sub-family, Which can be said to be “ultra 
rigid”, combine tWo sources of ?Xed preorganiZation. In 
preferred ligands herein, the linking moieties and parent 
macrocycle rings are combined to form ligands Which have 
a signi?cant eXtent of “fold”, typically greater than in many 
knoWn superstructured ligands in Which a superstructure is 
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attached to a largely planar, often unsaturated macrocycle. 
See, for example, D. H. Busch, Chemical Reviews. (1993), 
93, 847-880. Further, the preferred ligands herein have a 
number of particular properties, including (1) they are 
characteriZed by very high proton affinities, as in so-called 
“proton sponges”; (2) they tend to react sloWly With multi 
valent transition metals, Which When combined With (1) 
above, renders synthesis of their complexes With certain 
hydrolyZable metal ions dif?cult in hydroxylic solvents; (3) 
When they are coordinated to transition metal atoms as 
identi?ed herein, the ligands result in complexes that have 
exceptional kinetic stability such that the metal ions only 
dissociate extremely sloWly under conditions that Would 
destroy complexes With ordinary ligands; and (4) these 
complexes have exceptional thermodynamic stability; hoW 
ever, the unusual kinetics of ligand dissociation from the 
transition metal may defeat conventional equilibrium mea 
surements that might quantitate this property. 

[0163] Other usable but more complex superstructures 
suitable for the present invention purposes include those 
containing an additional ring, such as in 1.6. Other bridging 
superstructures When added to a macrocycle include, for 
example, 1.4. In contrast, cross-bridging superstructures 
unexpectedly produce a substantial improvement in the 
utility of a macrocyclic ligand for use in oxidation catalysis: 
a preferred cross-bridging superstructure is 1.3. 

[0164] A superstructure illustrative of a bridging plus 
cross-bridging combination is 1.12: 

1.12 

<. N N) 

co 
[0165] in 1.12, linking moiety is cross-bridging, While 
linking moiety (ii) is not.1.12 is less preferred than 1.3. 

[0166] More generally, a “linking moiety”, as de?ned 
herein, is a covalently linked moiety comprising a plurality 
of atoms Which has at least tWo points of covalent attach 
ment to a macrocycle ring and Which does not form part of 
the main ring or rings of the parent macrocycle. In other 
terms, With the exception of the bonds formed by attaching 
it to the parent macrocycle, a linking moiety is Wholly in a 
superstructure. 

[0167] The terms “cross-bridged” or “cross-bridging”, as 
used herein, refers to covalent ligation, bisection or “tying” 
of a macrocycle ring in Which tWo donor atoms of the 
macrocycle ring are covalently connected by a linking 
moiety, for example an additional chain distinct from the 
macrocycle ring, and further, preferably, in Which there is at 
least one donor atom of the macrocycle ring in each of the 
sections of the macrocycle ring separated by the ligation, 
bisection or tying, cross-bridging is not present in structure 
1.4 hereinabove; it is present in 1.3, Where tWo donor atoms 
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of a preferred macrocycle ring are connected in such manner 
that there is not a donor atom in each of the bisection rings. 
Of course, provided that cross-bridging is present, any other 
kind of bridging can optionally be added and the bridged 
macrocycle Will retain the preferred property of being 
“cross-bridged”: see structure 1.12. A “cross-bridged chain” 
or “cross-bridging chain”, as de?ned herein, is thus a highly 
preferred type of linking moiety comprising a plurality of 
atoms Which has at least tWo points of covalent attachment 
to a macrocycle ring and Which does not form part of the 
original macrocycle ring (main ring), and further, Which is 
connected to the main ring using the rule identi?ed in 
de?ning the term “cross-bridging”. 

[0168] The term “adjacent” as used herein in connection 
With donor atoms in a macrocycle ring means that there are 
no donor atoms intervening betWeen a ?rst donor atom and 
another donor atom Within the macrocycle ring; all inter 
vening atoms in the ring are nor-donor atoms, typically they 
are carbon atoms. The complementary term “non-adj acent” 
as used herein in connection With donor atoms in a macro 
cycle ring means that there is at least one donor atom 
intervening betWeen a ?rst donor atom and another that is 
being referred to. In preferred cases such as a cross-bridged 
tetraaZamacrocycle, there Will be at least a pair of non 
adjacent donor atoms Which are bridgehead atoms, and a 
further pair of non-bridgehead donor atoms. 

[0169] “Bridgehead” atoms herein are atoms of a 
macropolycyclic ligand Which are connected into the struc 
ture of the macrocycle in such manner that each non-donor 
bond to such an atom is a covalent single bond and there are 
suf?cient covalent single bonds to connect the atom termed 
“bridgehead” such that it forms a junction of at least tWo 
rings, this number being the maximum observable by visual 
inspection in the un-coordinated ligand. 

[0170] In general, the metal oxidation catalysts herein may 
contain bridgehead atoms Which are carbon, hoWever, and 
importantly, in certain preferred embodiments, all essential 
bridgehead atoms are heteroatoms, all heteroatoms are ter 
tiary, and further, they each co-ordinate through lone pair 
donation to the metal. Thus, bridgehead atoms are junction 
points not only of rings in the macrocycle, but also of chelate 
rmgs. 

[0171] The term “a further donor atom” unless otherWise 
speci?cally indicated, as used herein, refers to a donor atom 
other than a donor atom contained in the macrocycle ring of 
an essential macropolycycle. For example, a “further donor 
atom” may be present in an optional exocyclic substituent of 
a macrocyclic ligand, or in a cross-bridged chain thereof. In 
certain preferred embodiments, a “further donor atom” is 
present only in a cross-bridged chain. 

[0172] The term “coordinated With the same transition 
metal” as used herein is used to emphasiZe that a particular 
donor atom or ligand does not bind to tWo or more distinct 

metal atoms, but rather, to only one. 

[0173] Optional Ligands 
[0174] It is to be recogniZed for the transition-metal oxi 
dation catalysts useful in the present invention catalytic 
systems that additional non-macropolycyclic ligands may 
optionally also be coordinated to the metal, as necessary to 
complete the coordination number of the metal complexes. 
Such ligands may have any number of atoms capable of 
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donating electrons to the catalyst complex, but preferred 
optional ligands have a denticity of 1 to 3, preferably 1. 
Examples of such ligands are H2O, ROH, NR3, RCN, OH“, 
OOH‘, RS‘, RO‘, RCOO‘, OCN‘, SCN‘, N3‘, CN‘, F‘, 
CI‘, Br‘, I‘, 02-, N03‘, N02‘, S042‘, S032‘, PO43‘, 
organic phosphates, organic phosphonates, organic sul 
phates, organic sulphonates, and aromatic N donors such as 
pyridines, pyraZines, pyraZoles, imidaZoles, benZimidaZoles, 
pyrimidines, triaZoles and thiaZoles With R being H, option 
ally substituted alkyl, optionally substituted aryl. Preferred 
transition-metal oxidation catalysts comprise one or tWo 
non-macropolycyclic ligands. 

[0175] The term “non-macrpolycyclic ligands” is used 
herein to refer to ligands such as those illustrated immedi 
ately hereinabove Which in general are not essential for 
forming the metal catalyst, and are not cross-bridged 
macropolycycles. “Not essential”, With reference to such 
non-macropolycyclic ligands means that, in the invention as 
broadly de?ned, they can be substituted by a variety of 
common alternate ligands. In highly preferred embodiments 
in Which metal, macropolycyclic and non-macropolycyclic 
ligands are ?nely tuned into a transition-metal oxidation 
catalyst, there may of course be signi?cant differences in 
performance When the indicated non-macropolycyclic 
ligand(s) are replaced by further, especially non- illustrated, 
alternative ligands. 

[0176] The term “metal catalyst” or “transition-metal oXi 
dation catalyst” is used herein to refer to the essential 
catalyst compound of the invention and is commonly used 
With the “metal” quali?er unless absolutely clear from the 
conteXt. Note that there is a disclosure hereinafter pertaining 
speci?cally to optional catalyst materials. Therein the term 
“bleach catalyst” may be used unquali?ed to refer to 
optional organic (metal-free) catalyst materials, or to 
optional metal-containing catalysts that lack the advantages 
of the essential catalyst: such optional materials, for 
eXample, include knoWn metal porphyrins or metal-contain 
ing photobleaches. Other optional catalytic materials herein 
include enZymes. 

[0177] The macropolycyclic rigid ligands of the inventive 
compositions and methods also include ligands selected 
from the group consisting of: 

[0178] the macropolycyclic rigid ligand of formula (I) 
having denticity of 3 or, preferably, 4: 
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[0179] (ii) the macropolycyclic rigid ligand of formula (II) 
having denticity of 4 or 5 

[0180] (iii) the macropolycyclic rigid ligand of formula 
(III) having denticity of 5 or 6 

[0181] (iv) the macropolycyclic rigid ligand of formula 
(IV) having denticity of 6 or 7 

(IV) 

[0182] Wherein in these formulas: 

[0183] each “E” is the moiety (CRn)a-X-(CRn)a,, 
Wherein X is selected from the group consisting of O, 
S, NR, and P, or a covalent bond, and preferably X 
is a covalent bond and for each E the sum of a+a‘ is 
independently selected from I to 5, more preferably 
2 and 3; 

[0184] each “G” is the moiety (CR); 
[0185] each “R” is independently selected from H, 

alkyl, alkenyl, alkynyl, aryl, alkylaryl 
[0186] (e.g., benZyl), and heteroaryl, or tWo or more R are 
covalently bonded to form an aromatic, heteroaromatic, 
cycloalkyl, or heterocycloalkyl ring; 
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[0187] each “D” is a donor atom independently 
selected from the group consisting of N, O, S, and P, 
and at least tWo D atoms are bridgehead donor atoms 
coordinated to the transition metal; 

[0188] “B” is a carbon atom or “D” donor atom, or a 
cycloalkyl or heterocyclic ring; 

[0189] each “n” is an integer independently selected 
from 1 and 2, completing the valence of the carbon 
atoms to Which the R moieties are covalently 

bonded; 

[0190] each “n”‘ is an integer independently selected 
from 0 and 1, completing the valence of the D donor 
atoms to Which the R moieties are covalently 

bonded; 

[0191] each “n”“ is an integer independently selected 
from 0, 1, and 2 completing the valence of the B 
atoms to Which the R moieties are covalently 

bonded; 

[0192] each a” and “a’” is an integer independently 
selected from 0-5, preferably a+a‘ equals 2 or 3, 
Wherein the sum of all “a” plus “a” in the ligand of 
formula (I) is Within the range of from about 7 to 
about 12, the sum of all “a” plus “a’” in the ligand of 
formula (II) is Within the range of from about 6 
(preferably 8) to about 12, the sum of all “a” plus “a‘” 
in the ligand of formula (III) is Within the range of 
from about 8 (preferably 10) to about 15, and the 
sum of all “a” plus “a’” in the ligand of formula (IV) 
is Within the range of from about 10 (preferably 12) 
to about 18; 

[0193] each “b” is an integer independently selected 
from 0-5, or in any of the above formulas, one or 
more of the (CRD)b moieties covalently bonded from 
any D to the b atom is absent as long as at least tWo 
(CRn)b covalently bond tWo of he D donor 

[0194] atoms to the B atom in the formula, and the sum of 
all “b” is Within the range of from about 1 to about 5. 
Preferred ligands of the above formulas are those Which are 
cross-bridged macropolycyclic ligands having Formulas 
(II), (III) or (IV). 
[0195] It is to be noted herein that for the above formulas 
Wherein “a” or “a‘” is 1 these ligands are not preferred for 
potential instability reasons in selected solvents, but are still 
Within the scope of the present invention. 

[0196] Preferred are the transition-metal oxidation cata 
lysts Wherein in the cross- bridged macropolycyclic ligand 
the D and B are selected from the group consisting of N and 
O, and preferably all D are N. Also preferred are Wherein in 
the cross-bridged macropolycyclic ligand all “a” are inde 
pendently selected from the integers 2 and 3, all X are 
selected from covalent bonds, all “a’” are 0, and all “b” are 
independently selected from the integers 0, 1, and 2. Tet 
radentate and pentadentate cross-bridged macropolycyclic 
ligands are most preferred. 

[0197] Unless otherWise speci?ed, the convention herein 
When referring to denticity, as in “the macropolycycle has a 
denticity of four” Will be to refer to a characteristic of the 
ligand: namely, the maximum number of donor bonds that it 
is capable of forming When it coordinates to a metal. Such 
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a ligand is identi?ed as “tetradentate”. Similarly, a 
macropolycycle containing ?ve nitrogen atoms each With a 
lone pair is preferred to as “pentadentate”. The present 
invention encompasses catalystic systems in Which the mac 
rocyclic rigid ligand exerts its full denticity, as stated, in the 
transition-metal catalyst complexes; moreover, the invention 
also encompasses any equivalents Which can be formed, for 
example, if one or more donor sites are not directly coor 
dinated to the metal. This can happen, for example, When a 
pentadentate ligand coordinates through four donor atoms to 
the transition metal and one donor atom is protonated. 

[0198] To further illustrate, preferred catalytic systems 
may contain metal catalysts Wherein the cross-bridged 
macropolycyclic ligand is a bicyclic ligand; preferably the 
cross-bridged macropolycyclic ligand is a macropolycyclic 
moiety of the formula: 

/ 

[0199] Wherein each “a” is independently selected from 
the integers 2 or 3 and each “b” is independently selected 
from the integers 0, 1 and 2. 

[0200] Further preferred are the compositions containing 
cross-bridged macropoly- cyclic ligands having the formula: 

[0201] Wherein in this formula: 

[0202] each “n” is an integer independently selected 
from 1 and 2, completing the valence of the carbon 
atom to Which the R moieties are covalently bonded; 

[0203] each “R” and “RI” is independently selected 
from H, alkyl, alkenyl, alkynyl, aryl, alkylaryl (e.g., 
benZyl) and heteroaryl. or R and/or R1 are covalently 
bonded to form an aromatic, heteroaromatic, 
cycloalkyl, or heterocycloalkyl ring, and Wherein 
preferably all R are H and R1 are independently 
selected from linear or branched, substituted or 
unsubstituted C1-C20 alkyl, alkenyl or alkynyl; 

[0204] each 
from 2 or 3; 

a” is an integer independently selected 

[0205] preferably all nitrogen atoms in the cross 
bridged macropolycycle rings are coordinated With 
the transition metal. 
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[0206] The invention further includes the methods and 
compositions Which include the transition-metal complexes, 
preferably the Mn, Fe, Cu and Co complexes, or preferred 
cross-bridged macropolycyclic ligands having the formula: 

[0207] 
selected from H, and linear or branched, substituted or 

unsubstituted C1-C20 alkyl, alkylaryl, alkenyl or alkynyl, 
more preferably RI is alkyl or alkylaryl; and preferably all 

Wherein in this formula “R1” is independently 

nitrogen atoms in the macropolycyclic rings are coordinated 
With the transition metal. 

[0208] Also preferred are cross-bridged macropolycyclic 
ligands having the formula: 

[0209] Wherein in this formula: 

[0210] 
from 1 and 2, completing the valence of the carbon 
atom to Which the R moieties are covalently bonded; 

each “n” is an integer independently selected 

[0211] 
from H, alkyl, alkenyl, alkynyl, aryl, alkylaryl (e.g., 

each “R” and “R1” is independently selected 

benZyl), and heteroaryl, or R and/or R1 are 
covalently bonded to form an aromatic, heteroaro 
matic, cycloalkyl, or heterocycloalkyl ring, and 
Wherein preferably all R are H and R1 are indepen 
dently selected from linear or branched, substituted 
or unsubstituted C1-C20 alkyl, alkenyl or alkynyl; 
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[0212] each “a” is an integer independently selected 
from 2 or 3; 

[0213] preferably all nitrogen atoms in the 
macropolycyclic rings are coordinated With the tran 
sition metal. In terms of the present invention, even 
though any of such ligands are knoWn, the invention 
encompasses the use of these ligands in the form of 
their transition-metal complexes as oxidation cata 
lysts, or in the form of the de?ned catalytic systems. 
in like manner, included in the de?nition or the 
preferred cross-bridged macropolycyclic ligands are 
those having the formula: 

[0214] Wherein in either of these formulae, “R1” is inde 
pendently selected from H, or, preferably, linear or 
branched, substituted or unsubstituted C1-C20 alkyl, alkenyl 
or alkynyl; and preferably all nitrogen atoms in the 
macropolycyclic rings are coordinated With the transition 
metal. 

[0215] The present invention has numerous variations and 
alternate embodiments. This, in the foregoing catalytic sys 
tems, the macropolycyclic ligand can be replaced by any of 
the folloWing: 
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-continued -continued 

OH 

Rm 

[0216] In the above, the R, R‘, R“, R‘" moieties can, for 
example, be methyl, ethyl or propyl. (Note that in the above 
formalism, the short straight strokes attached to certain N 
atoms are an alternate representation for a methyl group). 

[0217] While the above illustrative structures involve 
tetra-aZa derivatives (four donor nitrogen atoms), ligands 
and the corresponding complexes in accordance With the 
present invention can also be made, for eXample from any of 
the folloWing: 



Dec. 11, 2003 US 2003/0226999 A1 
16 

-continued 

[0218] Moreover, using only a single organic macropoly 
cycle, preferably a cross-bridged derivative of cyclam, a 
Wide range of oxidation catalyst compounds of the invention [0219] In other embodiments of the invention, transition 

metal complexes, such as the Mn, Fe, Co, or Cu compleXes, 
especially (II) and/or (III) oxidation state compleXes, of the 

may be prepared; numerous of these are believed to be novel 
chemical compounds. Preferred transition-metal catalysts of 
both cyclam-derived and non- cyclam-derived cross-bridged 
kinds are illustrated, but not limited, by the folloWing: 

hereinabove-identi?ed metals With any of the folloWing 
ligands are also included: 

erably non-H) and linear or branched, substituted or unsub 
stituted C1-C20 alkyl, alkenyl or alkynyl and L is any of the 
linking moieties given herein, for eXample 1.10 or 1.11; 
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[0221] wherein R1 is as de?ned supra; rn,n,o and p can 

vary independently and are integers Which can be Zero or a 

positive integer and can vary independently While respecting 
the provision that the sum rn+n+o+p is from 0 to 8 and L is 

any of the linking rnoieties de?ned herein; 

[0222] Wherein X and Y can be any of the R1 de?ned 

supra, rn,n,o and p are as de?ned supra and q is an integer, 

preferably from 1 to 4; or, more generally, 

(CH2)P L (CHQH 

N 
/ 

Y J\ 
(CH2 0 
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[0223] Wherein L is any of the linking rnoieties herein, X 
and Y can be any of the RI de?ned supra, and rn,n,o and p 
are as de?ned supra. Alternately, another useful ligand is: 

R1 

(IL/Q .40.] N 

[0224] Wherein RI is any of the RI rnoieties de?ned supra. 

[0225] Pendant Moieties 

[0226] Macropolycyclic rigid ligands and the correspond 
ing transition-rnetal complexes and oxidation catalytic sys 
terns herein may also incorporate one or more pendant 
moieties, in addition to, or as a replacement for, R 1 
rnoieties. Such pendant moieties are nonlirnitingly illus 
trated by any of the folloWing: 

/ 

[0231] Wherein R is, for example, a C1-C12 alkyl, more 
typically a C1-C4 alkyl, and Z and t are as de?ned in 1.11. 
Pendant rnoieties may be useful, for example, if it is desired 
to adjust the solubility of the catalyst in a particular solvent 
adjunct. 
[0232] Alternatively, complexes of any of the foregoing 
highly rigid, cross-bridged rnacropolycyclic ligands With 
any of the metals indicated are equally Within the invention. 

[0233] Preferred are catalysts Wherein the transition metal 
is selected from manganese and iron, and most preferably 
rnanganese. Also preferred are catalysts Wherein the molar 
ratio of transition metal to rnacropolycyclic ligand in the 
oxidation catalyst is 1:1, and more preferably Wherein the 
catalyst cornprises only one metal per oxidation catalyst 
cornplex. Further preferred transition-rnetal oxidation cata 
lysts are rnonrnetallic, rnononuclear complexes. The term 
“rnonornetallic, rnononuclear complex” is used herein in 
referring to an essential transition-rnetal oxidation catalyst 
compound to identify and distinguish a preferred class of 
compounds containing only one metal atom per mole of 
compound and only one metal atom per mole of cross 
bridged rnacropolycyclic ligand. 
[0234] Preferred transition-rnetal oxidation catalysts also 
include those Wherein at least four of the donor atoms in the 
rnacropolycyclic rigid ligand, preferably at least four nitro 
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gen donor atoms, tWo of Which form an apical bond angle 
With the same transition metal of 180150° and tWo of Which 
form at least one equatorial bond angle of 90:20°. Such 
catalysts preferably have four or ?ve nitrogen donor atoms 
in total and also have coordination geometry selected from 
distorted octahedral (including trigonal antiprismatic and 
general tetragonal distortion) and distorted trigonal pris 
matic, and preferably Wherein further the cross-bridged 
macropolycyclic ligand is in the folded conformation as 
described, for example, in Hancock and Martell, Chem. 
Rev., 1989, 89, at page 1894). A folded conformation of a 
cross-bridged macropolycyclic ligand in a transition-metal 
complex is further illustrated beloW: 

[0235] This catalyst is the complex of the Examples 
hereinafter. The centre atom is Mn; the tWo ligands to the 
right are chloride; and a Bcyclam ligand occupies the left 
side of the distorted octahedral structure. The complex 
contains an angle N—Mn—N of 158° incorporating the tWo 
mutually Trans-donor atoms in “axial” positions; the corre 
sponding angle N—Mn—N for the nitrogen donor atoms in 
plane With the tWo chloride ligands in 832°. 

[0236] Stated alternatively, the preferred synthetic, laun 
dry, cleaning, papermaking, or effluent-treating catalytic 
systems herein contain transition-metal complexes of a 
macropolycyclic ligand in Which there is a major energetic 
preference of the ligand for a folded, as distinct from an 
“open” and/or “planar” and or “?at” conformation. for 
comparison, a disfavored conformation is, for example, 
either of the trans- structures shoWn in Hancock and Martell, 
Chemical RevieW, (1989), 89 at page 1894 (see FIG. 18), 
incorporated by reference. 

[0237] In light of the foregoing coordination description, 
the present invention includes oxidation catalytic systems 
comprising a transition-metal oxidation catalyst, especially 
based on Mn(II) or Mn(III) or correspondingly, Fe(II) or 
Fe(III) or Cr(II) or Cr(III), Wherein tWo of the donor atoms 
in the macropolycyclic rigid ligand, preferably tWo nitrogen 
donor atoms, occupy mutually trans- positions of the coor 
dination geometry, and at least tWo of the donor atoms in the 
macropolycyclic rigid ligand, preferably at least tWo nitro 
gen donor atoms, occupy cis- equatorial positions of the 
coordination geometry including particularly the cases in 
Which there is substantial distortion as illustrated herein 
above. 
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[0238] The present catalytic systems can furthermore, 
include transition metal oxidation catalysts in Which the 
number of asymmetric sites can vary Widely; thus both S 
and R-absolute conformations can Me included for any 
stereochemically active site. Other types of isomerism, such 
as geometric isomerism, are also included. The transition 
metal oxidation catalyst can further include mixtures of 
geometric or stereoisomers. 

[0239] The bleaching compositions according to the 
present invention may be used for laundry cleaning, hard 
surface cleaning (including cleaning of lavatories, kitchen 
Work surfaces, ?oors, mechanical Ware Washing, etc.), as 
Well as other uses Where a bleach is needed, for example 
Waste Water treatment or pulp bleaching during manufacture 
of paper, dye transfer inhibition, starch bleaching, sterilisa 
tion and/or Whitening in oral hygiene preparation, or contact 
lens disinfection. 

[0240] In typical Washing compositions the level of the 
organic substance is such that the in-use level is from 1 pM 
to 50 mM, With preferred in-use levels for domestic laundry 
operations falling in the range 10 to 100 pM. Higher levels 
may be desired and applied in industrial bleaching pro 
cesses, such as textile and paper pulp bleaching. 

[0241] Preferably, the aqueous medium has a pH in the 
range from pH 6 to 13, more preferably from pH 6 to 11, still 
more preferably from pH 8 to 11, and most preferably from 
pH 8 to 10, in particular from pH 9 to 10. 

[0242] The bleaching composition of the present invention 
has particular application in detergent formulations, espe 
cially for laundry cleaning. Accordingly, in another pre 
ferred embodiment, the present invention provides a deter 
gent bleach composition comprising a bleaching 
composition as de?ned above and additionally a surface 
active material, optionally together With detergency builder. 

[0243] The bleach composition according to the present 
invention may for example contain a surface-active material 
in an amount of from 10 to 50% by Weight. The surface 
active material may be naturally derived, such as soap, or a 
synthetic material selected from anionic, nonionic, ampho 
teric, ZWitterionic, cationic actives and mixtures thereof. 
Many suitable actives are commercially available and are 
fully described in the literature, for example in “Surface 
Active Agents and Detergents”, Volumes I and II, by 
SchWartZ, Perry and Berch. 

[0244] Typical synthetic anionic surface-actives are usu 
ally Water-soluble alkali metal salts of organic sulphates and 
sulphonates having alkyl groups containing from about 8 to 
about 22 carbon atoms, the term “alkyl” being used to 
include the alkyl portion of higher aryl groups. Examples of 
suitable synthetic anionic detergent compounds are sodium 
and ammonium alkyl sulphates, especially those obtained by 
sulphating higher (Cs-C18) alcohols produced, for examples, 
from talloW or coconut oil; sodium and ammonium alkyl 
(Cg-C20) benZene sulphonates, particularly sodium linear 
secondary alkyl (Clo-C15) benZene sulphonates; sodium 
alkyl glyceryl either sulphates, especially those ethers of the 
higher alcohols derived from talloW or coconut oil fatty acid 
monoglyceride sulphates and sulphonates; sodium and 
ammonium salts of sulphuric acid esters of higher (Cg-C18) 
fatty alcohol alkylene oxide, particularly ethylene oxide, 
reaction products; the reaction products of fatty acids such 
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as coconut fatty acids esteri?ed With isethionic acid and 
neutralised With sodium hydroxide; sodium and ammonium 
salts of fatty acid amides of methyl taurine; alkane mono 
sulphonates such as those derived by reacting alpha-ole?ns 
(Cs-C20) With sodium bisulphite and those derived by react 
ing paraf?ns With SO2 and Cl2 and then hydrolysing With a 
base to produce a random sulphonate; sodium and ammo 
nium (C7-C12) dialkyl sulphosuccinates; and ole?n sulpho 
nates, Which term is used to describe material made by 
reacting ole?ns, particularly (Clo-C20) alpha-ole?ns, With 
SO3 and then neutralising and hydrolysing, the reaction 
product. The preferred anionic detergent compounds are 
sodium (Clo-C15) alkylbenZene sulphonates, and sodium 
(Cm-C18) alkyl ether sulphates. 

[0245] Examples of suitable nonionic surface-active com 
pounds Which may be used, preferably together With the 
anionic surface-active compounds, include, in particular, the 
reaction products of alkylene oxides, usually ethylene oxide, 
With alkyl (C6-C2) phenols, generally 5-25 EO, i.e. 5-25 
units of ethylene oxides per molecule; and the condensation 
products of aliphatic (Cs-C18) primary or secondary linear or 
branched alcohols With ethylene oxide, generally 2-30 EO. 
Other so-called nonionic surface-actives include alkyl 
polyglycosides, sugar esters, long-chain tertiary amine 
oxides, long-chain tertiary phosphine oxides and dialkyl 
sulphoxides. 

[0246] Amphoteric or ZWtterionic surface-active com 
pounds can also be used in the compositions of the invention 
but this is not normally desired oWing to their relatively high 
cost. If any amphoteric or ZWitterionic detergent compounds 
are used, it is generally in small amounts in compositions 
based on the much more commonly used synthetic anionic 
and nonionic actives. 

[0247] The detergent bleach composition of the invention 
Will preferably comprise from 1 to 15% Wt of anionic 
surfactant and from 10 to 40% by Weight of nonionic 
surfactant. In a further preferred embodiment, the detergent 
active system is free from CM-C12 fatty acid soaps. 

[0248] The bleach composition of the present invention 
may also contains a detergency builder, for example in an 
amount of from about 5 to 80% by Weight, preferably from 
about 10 to 60% by Weight. 

[0249] Builder materials may be selected from 1) calcium 
sequestrant materials, 2) precipitating materials, 3) calcium 
ion-exchange materials and 4) mixtures thereof. 

[0250] Examples of calcium sequestrant builder materials 
include alkali metal polyphosphates, such as sodium tripoly 
phosphate; nitrilotriacetic acid and its Water-soluble salts; 
the alkali metal salts of carboxymethyloxy succinic acid, 
ethylene diamine tetraacetic acid, oxydisuccinic acid, mel 
litic acid, benZene polycarboxylic acids, citric acid; and 
polyacetal carboxylates as disclosed in US. Pat. No. 4,144, 
226 and US. Pat. No. 4,146,495. 

[0251] Examples of precipitating builder materials include 
sodium orthophosphate and sodium carbonate. 

[0252] Examples of calcium ion-exchange builder mate 
rials include the various types of Water-insoluble crystalline 
or amorphous aluminosilicates, of Which Zeolites are the 
best knoWn representatives, e.g. Zeolite A, Zeolite B (also 
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knoWn as Zeolite P), Zeolite C, Zeolite X, Zeolite Y and also 
the Zeolite P-type as described in EP-A-0,384,070. 

[0253] In particular, the compositions of the invention 
may contain any one of the organic and inorganic builder 
materials, though, for environmental reasons, phosphate 
builders are preferably omitted or only used in very small 
amounts. Typical builders usable in the present invention 
are, for example, sodium carbonate, calcite/carbonate, the 
sodium salt of nitrilotriacetic acid, sodium citrate, car 
boxymethyloxy malonate, carboxymethyloxy succinate and 
Water-insoluble crystalline or amorphous aluminosilicate 
builder materials, each of Which can be used as the main 
builder, either alone or in admixture With minor amounts or 
other builders or polymers as co-builder. 

[0254] It is preferred that the composition contains not 
more than 5% by Weight of a carbonate builder, expressed as 
sodium carbonate, more preferably not more than 2.5% by 
Weight to substantially nil, if the composition pH lies in the 
loWer alkaline region of up to 10. 

[0255] Apart from the components already mentioned, the 
bleach composition of the present invention can contain any 
of the conventional additives in amounts of Which such 
materials are normally employed in fabric Washing detergent 
compositions. Examples of these additives include buffers 
such as carbonates, lather boosters, such as alkanolamides, 
particularly the monoethanol amides derived from palmk 
ernel fatty acids and coconut fatty acids; lather depressants, 
such as alkyl phosphates and silicones; anti-redeposition 
agents, such as sodium carboxymethyl cellulose and alkyl or 
substituted alkyl cellulose ethers; stabilisers, such as phos 
phonic acid derivatives (i.e. Dequest® types); fabric soft 
ening agents; inorganic salts and alkaline buffering agents, 
such as sodium sulphate and sodium silicate; and, usually in 
very small amounts, ?uorescent agents; perfumes; enZymes, 
such as proteases, cellulases, lipases, amylases and oxidases; 
germicides and colourants. 
[0256] Transition metal sequestrants such as EDTA, and 
phosphonic acid derivatives such as EDTMP (ethylene 
diamine tetra(methylene phosphonate)) may also be 
included, in addition to the organic substance speci?ed, for 
example to improve the stability sensitive ingredients such 
as enZymes, ?uorescent agents and perfumes, but provided 
the composition remains bleaching effective. HoWever, the 
composition according to the present invention containing 
the organic substance, is preferably substantially, and more 
preferably completely, devoid of transition metal seques 
trants (other than the organic substance. 
[0257] Whilst the present invention is based on the cata 
lytic bleaching of a substrate by atmospheric oxygen or air, 
it Will be appreciated that small amounts of hydrogen 
peroxide or peroxy-based or -generating systems may be 
included in the composition, if desired. Therefore, by “sub 
stantially devoid of peroxygen bleach or peroxy-based or 
-generating bleach systems” is meant that the composition 
contains from 0 to 50%, preferably from 0 to 10%, more 
preferably from 0 to 5%, and optimally from 0 to 2% by 
molar Weight on an oxygen basis, of peroxygen bleach or 
peroxy-based or -generating bleach systems. Preferably, 
hoWever, the composition Will be Wholly devoid of peroxy 
gen bleach or peroxy-based or -generating bleach systems. 

[0258] Thus, at least 10%, preferably at least 50% and 
optimally at least 90% of any bleaching of the substrate is 
effected by oxygen sourced from the air. 










