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POLYSUBSTITUTED PHTHALOCYANINES

This invention relates to the use of certain poly-substituted
phthalocyanine compounds and certain sulphonated derivatives thereof to
generate singlet oxygen, to the methods of preparing such compounds and
to éertain novel substituted phthalocyanines.

The present invention relates to the use of substituted
phthalocyanines for the generation of singlet oxygen, in which at least
one of the peripheral carbon atoms in the 1-16 positions of the

phthalocyanine nucleus (Mch), as shown in Formula (1):

Formula (1)
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R

wherein:

M is selected from H, metal, halometal, oxymetal and hydroxymetal;
and

k is the inverse of % of the valency of M;
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is linked via an oxygen atom to an organic radical, hereinafter referred
to as pendant organic radical, the remaining peripheral carbon atoms
being unsubstituted or substituted by any combination of atoms or groups
and sulphonated derivatives thereof provided that the phthalocyanine
absorbs electromagnetic radiation at a wavelength from 650nm to 800nm.
In the present phthalocyanines the phthalocyanine nucleus may
be metal free or it may be complexed with a metal, an oxymetal group, a
hydroxy metal group or a halometal group represented by M i.e. it may
carry two hydrogen atoms at the centre of the nucleus or it may carry
one or two metal atoms or oxymetal groups or hydroxy metal groups or
halometal groups complexed within the centre of the nucleus. Preferred
metals represented by M are those of Groups IA, IIA, IIIB, IVB, lst, 2nd
and 3rd transition rows and the lanthanide series of the Periodic Table.
Examples of suitabie metals, halometal groups, hydroxy metal
groups and oxymetal groups represented by M are Li, Na, K, Mg, ClAl,
OHAL, Ca, ClSc, UHSc. Ni, Cu, 2Zn, ClGa, EHOGa, OHRh, ClRh, ClIn, BriIn,
OHIn, Sn, Ba, Ir, SiClz, §io, 51(05)2, Pt; P4, ilRu, OHERu, ilzGe, ;
(OH)ZGe. P(V)Cl_, P(III)Cl, POCl, R Al, R Sc, RGr, R Ga, R OAl. R 0Sc,

R OCI, R OGa, RiORh, R4Rh. R4In, R4OIn, R4OSm. SlR42, Sl(OR ), R4Ru,

R40Ru, R42Ge, (R 0) Ge, P(V)ORA, P(III)OR4, POR4 and POOR4 in which R4

is straight or branched chain C -alkyl, aryl or heterocaryl.

Where R4 is alkyl it islgreferably Cl_s-glkyl: where R4 is
aryl it is preferably selected from phenyl, benzyl, toluyl and
2-naphthyl and where R4 is heteroaryl it is preferably pyridazyl or
pyridyl.

In the present phthalocyanines it is preferred that M is 2Zn,
Clal, OHAl, ClRh, OHRh, ClIn, BrIn, OHIn, ClGa, OHGa, Pt, P4, Li, Na, K,
Ca, Ba, Mg, ClSc or OHSc, it is especially preferred that M is 2Zn, Clal,
OHAl, Ci1Rh, OHRh, ClIn, BrIn, OHIn, ClGa, OHGa, Pt and Pd.

In the phthalocyanines used in the present invention each of
the pendant organic radicéls linked via oxygen to the phthalocyanine

nucleus is independently selected from aromatic, hetercaromatic,
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aliphatic and alicyclic radicals, such that any one phthalocyanine
nucleus may carry two or more different organic radicals.

It is preferred that each pendant organic radical is
independently selected from mono- and bi-cyclic aromatic and
heterocaromatic radicals.

Examples of suitable mono- and bi-cyclic aromatic and
heterocaromatic radicals are phenyl, naphthyl, especially naphth-2-y1,
pyridyl, thiophenyl, furanyl, quinolinyl, thiazolyl, benzothiazolyl and
pyrimidyl each of which may be substituted. .

Where the pendant organic radical is an aliphatic or alicyclic
radical it is preferred that it is selected from C
c -alkyl;

1-10 C2-20 3-10
especially cyclohexyl, each of which may be substituted.

1_20—alkyl especially

—alkenyl especially C ~alkenyl and C

4_8-cycloalkyl
Opticnal substitueﬁts for the pendant organic radicals are
preferably selected from 01_20 1-4" -alkyl;
c1 -20 1 4-a1koxy: C1 zo-alkenyl, especially
2 4-alkeny1, cl_2O alkylthio, especially C1 -4 —alkylthio;
1_20 -alkoxycarbonyl, especially 01_4-alkoxycarbonyl;

—alkyl, especially C
~alkoxy, especially C

hydroxyC. ,-alkoxy; aryl, especially phenyl; -alkylaryl,
1-4

C
1-4
especially benzyl; arylthio, especially phenylthio; halogen,

especially fluoro, chloro and bromo; -CN; ~NO,; ~CF.: -CORZ, -COORZ,
2.3 2 2.3 23 2 2 3, 3

-CONR R, -sozn ’ SOZNR R, -NR'R™ and -OR™ in which R™ and R™ are

independently selected from -H; alkyl, especially cl 4-alky1; aryl,

1 4-a1ky1ary1, especially benzyl and —SO3A in which

A is H, or a metal or ammonium ion or substituted ammonium ion.

especially phenyl:

In the phthalocyanines used in the present invention it is
preferred that from 4 to 16 of the peripheral carbon atoms are linked
via an oxygen atom to a pendant organic radical and it is especially
preferred that all 16 peripheral carbon atoms are linked via an oxygen
atom to a pendant organic radical.

Examples of suitable atoms or groups which can be attached to
any of the remaining peripheral carbon atoms of the phthalocyanine

nucleus are hydrogen, halogen, sulphonate groups —-SO.A in which A is H,

3
or a metal or ammonium ion or a substituted ammonium ion, and any of the
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pendant organic radicals described above and hereinafter represented by
R. It is preferred that the atoms or groups attached to the remaining

peripheral carbon atoms are selected from -H, -F, -Cl, -Br, -I, -SO3H,

—so3Na, -SO3K, -s°3Li' and -SO3NE4 or any combination thereof. It is

especially preferred that these atoms or groups are ~H, -Cl, -Br, -S0

-SOBNa or -SO3NH4.

The sulphonated derivatives of the phthalocyanines used in the

3=

present invention carrying up to 50 s63A groups, preferably up to 40
SO3A groups and more preferably up to 30 soaA groups, which are attached
directly to the phthalocyanine nucleus and/or to the pendant organic
radicals are a preferred group of compounds for the present inventionm.

In the preferred group the average number of SO.A groups is

3
preferably from 2 to 40 and more preferably from 2 to 30 and especially
preferably 16 to 30. It is also preferred that for each pendant

otganié_radical there is at least one SO_A group, although each organic

radical may carry nqne. one or more than3one SO3A group.

Where A is a metal ion it is preferably an alkali or alkaline
earth metal ion, especially an alkali metal ion such as a sodium,
potassium or lithium ion. Where A is an ammonium ion it is preferably
+NH4 or a substituted ammonium ion which enhances the water—:?lubility
of the compound or a substituted ammonium ion of the formula NQ4 which
enhances the alcohol solubility of the compound. Examples of suitable
substituted ammonium ions which enhance the water solubility of the
compound are mono, di, tri and tetra alkyl and hydroxyalkyl ammonium
ions in which the alkyl groups preferably contain from 1 to 4 carbon
atoms such as +N(CH

+ + + +
s 3)4, N(C235)4, N(CZE4OE}4' NH_CH.; Nﬁz(CH3)2
and NH(CH

373
33"

In the substituted ammonium ion of the formula NQ4 at least
one Q is a fatty aliphatic group and any remaining Q groups are
01_4—a1kyl or H. The fatty aliphatic group represented by Q preferably
contains from 4 to 16, more preferably from 7 to 12 and especially
preferably 7 to 9 carbon atoms. Preferred fatty aliphatic groups are
alkyl and alkenyl groups which have straight- or branched-chains.

P:eférred alkyl groups, represented by Q, containing 8 or 9 carbon atoms

" This Sheet Has Been Replaced
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are, 3,5,5-trimethyl-~ hexyl, 1,1,3,3-tetramethylbutyl and 2-ethylhexyl.
Examples of other aliphatic chains are l-ethyl-3-methylpentyl,
1,5-dimethylhexyl, l-methylheptyl, 1,4-dimethylheptyl,
1,2,2-trimethylpropyl, 2-ethylbutyl, l-propylbutyl, 1,2-dimethylbutyl,
2-methylpentyl, l~ethylpentyl, 1,4-dimethylpentyl, l-methylhexyl,
3-methylhexyl, 1,3,3-trimethylbutyl, l-methylnonyl. The substituted
ammonium ion represented by A preferably has one fatty alkyl group as

described above, the rfemaining groups being'preferably Hor C

especially H or methyl. Suitable ammonium ions include
2-ethylhexylammonium, 1,1,3,3-tetramethylbutylammonium and
3,5,5~trimethylhexylammonium.

In compounds of the Formula (1) each of the peripheral carbon
atoms in the 1 to 16 positions of the phthalocyanine nucleus are
attached to a group Y and each Y is independently selected from -H,
halogen, -SO3A in which A is as hereinbefore defined, and OR in which R
is a pendant organic radical as hereinbefore defined.

- According to a further feature of the present invention there
is provided a process for the generation of singlet oxygen by
irradiation in the presence of oxygen of a substituted phthalocyanine,
in which at least one of the peripheral carbon atoms in the 1-16
positions of the phthalocyanine nucleus (Mﬁ?c), as shown in Formula (1),

wherein M and k are as hereinbefore defined, is linked via an oxygen

-atom to an organic radical, the remaining peripheral carbon atoms being

unsubstituted or substituted by any combination of atoms or groups and
sulphonated derivatives thereof with electromagnetic radiation of
wavelength from 650 to 800 nm. Suitable sources of electromagnetic
radiation includes sunlight and lasers with emissions in the 650-800 nm

region.
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According to a further feature of the present.invention there

are provided phthalocyanine compounds of the Formula (2):

Formula (2)

wherein:
Mch is a phthalocyanine nucleus as defined in Formula (1):
each R independently is an organic radical;
each X independently is halogen or hydrogen; the O-R-and X groups
being attached to one or more of the 16 peripheral carbon atoms
of the phthalocyanine nucleus;
A is selected from H, a metal, ammonium or substituted ammonium
as described above; ’ ——f———————*““;'f‘L"”_'
a is from 1 to 16; heet Has Been Replaced
\\Il\l\\\lll\\\\\l\l\\ll\
is an average value from 0.1 to 50;
a+b is from 1 to 16;

except for CuPc(O—Ph)4Cl sulphonic acid containing 9.3% S and the

sodium salt thereof. - _

In phthalocyanines of Formula (2) M is any of the metals,
halometal groups, hydroxymetal groups or oxymetal groups described above
for M. It is preferred that whem M is Cu, R is phenyl, a is 4, and b
is 12, that d is an average of from 0.1 to 5.2 orifrom 5.6 to 50.

In phthalocyanines of Formula (2) it is preferred that M is
Ba, Li, Na, K, Mg, Clal, OHAl, Ca, Zmn, ClGa, H, Pt, Pd, OHRh and it is
especially preferred that M is Z%n, H, ClAl, OHAl, Pt, Pd, ClGa, OHRh and
Brin.
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In a phthalocyanine of Formula (2) each of the radicals
denoted by R may be selected from any of the pendant organic radicals
hereinbefore defined in relation to Formula (1) above.

In a phthalocyanine of Formula (2) it is preferred that a is
from 4 to 16 and more preferably from 5 to 16. It is especially
preferred that a is 16.

In a phthalocyanine of Formula (2) each halogen denoted by X
is preferably independéntly selected from -F, -Cl, -Br and -I and it is
especially preferred that each halogen denoted by X is independently -Cl
or -Br.

In a phthalocyanine of Formula (2) it is preferred that b is
from 0 to 12, and more preferably from 0 to 11.

When a+b is <16 the remainder of the 16 peripheral carbon
atoms, not carrying a group O-R or X, may carry a sulphonate group,
-803A or a group :epresepted by R. It is however preferred that the
sum of a+b is 16. It is also preferred that a is 4, 8, 12 or 16 and
especially 8, 12 or 16.

In phthalocyanines of Formula (2) the metal ion denoted by A
is preferably an alkali or alkaline earth metal ion and more preferably
is selected from lithium, sodium and potassium ion. It is especially
preferred that A is a sodium, an ammonium ion or hydrogen.

In phthalocyanines of Formula (2) it is preferred that 4 is an
average value from 2 to 40. It is more preferred that 4 is an average
value from 2 to 30, especially preferred that d is an average value from
16 to 30. |

A preferred sub-group of compounds of Formula (2) are those
in which M is Zn, ClAl, OHAl, R is phenyl, 2=, 3— or 4-methylphenyl or
naphth-2-yl, a is from 1 to 16, X is halogen, b is from 0 to 15, a+b is
equal to 16, A is as hereinbefore defined and 4 is an average value from
10 to 30. An especially preferred sub~group of compounds of Formula (2)
are those in which M is Zn, R is phenyl, 2-, 3- or 4-methylphenyl or
naphth-2-yl, a is 4, lg or 16, b is 12, 4 or 0, a+b is equal to 16, A is

as hereinbefore defined and d is an average value from 12 to 30.

-
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According to a further feature of the present invention there

are provided phthalocyanine compounds of the Formula (3) free from

sulphonic acid groups:

M, Pc (0-R'), X,

Formula (3)

wherein:

Mch is as defined in Formula (1):;

R is selected from optionally substituted aryl and optionally

substituted heteroaryl;

X is halogen or H;

is an integer from 1 to 16;

b is an integer from 0 to 15;

atb is equal to 16;
except for the compounds:
VOPc(4-CH3Ph—O)H15
HZPc(4-(CH3)ZPhc-Ph-O)Hls
CuPc(A-BuPh-O)AH
HZPc(4-BuPh-O)Ale
CuPc(4—(CH3)2PhC-Ph-O)
NxPc(4-(CH3)2Phc-Ph-O)4H]_2
Pdrc(4-(CH Phc-Ph-O)4HIZ
PtPc(4-(CH PhC—Ph-0)4Hi2

12
D)

3)2
3'2

and

This Shect Has Been Replaced

I




ZnPc(4-(CH
CoPc(4-(CH
FePc(4—-(CE

PhC-Ph-0) H.,
4),PhC-Ph-0) H,
4),PhC-Ph-0) H,
MnPc (4-(CH,) ,PhC-Ph~0) H, ,
H,Pc(4-(CH,) ,PhC~Ph~0) B,
MgPc (4-(CH,),PhC-Ph-0) H, ,
PbPC(4-(CH,),PhC-Ph-0) H,,
CuPc(Pb-0) B, , ]
ZnPc(Ph-0) B, ,
H,Pc(Ph-0) B, ,
VOPC(Ph-0) K, ,
$nCl,Pc(Ph-0) K, ,

ZnPc (4-NO_Ph-0)

2 aB12

Zn?c(Q-NHéPh-O)4HlZ

H,Pc(4-NH,Ph-0) H,,
ZnPc(4-OHPh—0) H,, |
B,Pc(4-0HPh-0) B, ,
NiPc(2,3,5-(Me) ;Ph-0)
PbPc(2-Br-4~EtPh-0) H

YOPc({2-Br—-4-EtPh-0)

3)2

a2
12
a1z

Pch(Z-Br-4—Me(CHﬁ)4Ph-0)4H
Mch(Z-Br-4-Me(CHz)4Ph-0)4H

ZnPc(4-Me(CHz)SPh-O)4312

ClAch(Z-Br—4—Me(CHZ)3Ph-0)4H
Pch(Z-Br-4-Me(CEé)3Ph—0)43

CuPc(Z-naphthyl-O)aﬁ8
COPc(Z-naphthyl-O)sn8
ClAch(Z—naphthyl—O)SH8
Lizrctz—naphthyl-msn8

12
12

12

. This Sheet Has Been Replaced -
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TiOPc(Z—naphthyl—O)sn8
CuPc(Ph—O)SH8
ClGaPc(Ph-0) JH,
CuPc(4-EtPh—0)838

H Pc(4--MeOPh-O)8H8
CuPc(Ph—O)4C112
Cupc(-l-ClPh-O)4 12
CuPc(&-CE3Ph-D)4C112
CuPc(4-Ph-Ph—O)4C112
CuPc(4-BuPh-O)4C112
CuPc(Ph-O)8C18
ClGaPc(Ph—0)8C18
CIAch(Z-naphthyl—O)sCI
CuPc(Ph--O)16
thc<Ph-o)15
BrAch(Ph—O)l6
CIGaPc(Ph-O)ls
VOPc(Ph-O)16
BrAch(4—ClPh—0)16
EZPC(A—CH3Ph-O)ls
CuPc(Z-naphthyl-O)16
VOPc(Z-naphthyl—O)16
SnOPc(z-naphthyl-O)l6
CIInPc(Z--naphthyl-O)16

SMC 36011
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According to a further feature of the present invention there

provided phthalocyanine compounds of the Formula (3):
wherein
M is selected from Na, Ca, ClSc, OHSc, Cr, ClCr, OBCr, Rh, ClRh,
OHRh, Sn, Ba, Ir, Sm, ClSm, OHSm, OHAl, SiCIZ, 8i0 and
Si(OH)z.
wherein:
M is selected from Li, Na, Mg, Al, OHAl, Ca, Mn, Fe, Co, Zn, Ga,
§iCl,, $i0, Si(CH),; |
X is halogen;
a is 4, 8, 12 or 16; and b is 12, 8, 4 or 2.
wherein: |
M is selected from H, Bral, ClGa, ClIn, VO, SnO, Li, Na, Mg, Aal,

OHA]-' Ca; Mn' Fe’ CO, Zn' Ga' SiClz, SiO' Si(OH)z‘

X 4is halogen;
a is 4, 8 or 12; and b is 12, 8 or 4.
wherein:
M is selected from BrAl, ClIn, SnQ, Na, Al, OHAl, Ca, SiClz, Sio
and Si(OH)z;
X is hydrogen:
a is 4, 8 or 22; and b is 12, 8 or 4.
wherein:
M is selected from Na, Mg, Al, OHAl, Ca, Mn, Ni, PFe, Zn, SiClz,
Si0 and Si(OH)Z:
X is hydrogen;
a is B8 or 12; and b is 8 or 4.
wherein:
M is selected from Zn, Mg, Fe, Mn, Pd, Pt, Ti0O, Ni, Pb, and
Snc12;
a is from 5 to 16; and b is from 11 to 0.
wherein:
M is selected from Zn, Mg, Fe, Mn, Pd, Pt, TiO, Ni, and SnCl_:

a |is

2'
from 1 to 3, and b is from 15 to 3.
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(8) wherein:
M is selected from %Zn, Li, Mg, Na, OHAl, Ca, Fe, Mn, Co, Ni, Pb,
Sn(312 and VO;
X 1is halogen;
a is from 1 to 16; and b is from 15 to O.
(9) wherein:
a is from 1 to 14; and b is from 15 to 2,
provided that at least one X is H and one X is halogen.
(10) wherein:
M is H;
X is halogen:
a is from 1 to 15 and b is from 15 to 1.
(11) wherein:
M is H; and
a is 16 provided that Rl is not Ph or 4-MePh.

(12) wherein This Sheet Has Been Replaced

s e (R 11 Il
a is 16 provided that R1 is not Ph. or 4Cl-Ph.

{13) wherein:
M is ClAl;

X is halogen;
a is from 1 to 7 or from 9 to 16; and b is from 15 to 9 or
from 9 to 0.
(14) wherein:
M is Clal;
a is 8; b is 8; provided that Rl is not 2-naphthyl.
(15) wherein: |
M is Li;
a is from 0 to 16; b is 15 to 0; provided that Rl is not
2-naphthyl.
In a phthalocyanine of Formula (3) it is preferred that each
of the radicals denoted by Rl is independently selected from mono- or
bi-cyclic aromatic or heterocaromatic radicals. Examples of suitable

aromatic and heteroaromatic radicals are those described above for R.
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The radicals denoted by Rl are more preferably phenyl or naphthyl,
especially 2-naphthyl. Preferred substituents for the Rl group are as
described for R.

In a phthalocyanine of Formula (3) it is preferred that a is
an integer from 4 to 16 and that b is an integer from 12 to 0. 1It is
also preferred that a is 4, 8, 12 or 16, more especially 8, 12 or 16,
and that b is 12, 8, 4 or 0.

In a phthalo&yanine of Formula (3) it is preferred that the
metal denoted by M is Zn, ClAl, OHAl, ClRh, OHERh, ClIn, BrIn, OHIn,
ClGa, OHGa, Pt, Pd, Li, Na, K, Ca, Ba, Mg, ClSc or OHSc.

It is especially preferred in phthalocyanines of Formula (3)
that M is Zn, ClAl, OHAL, R is phenyl or 2-naphthyl, a is 16, CIRh,
OHRh, BrIn, OHIn, ClGa, OHGa, Pt or Pd.

A preferred sub-group of compounds of Formula (3) are those in
which M is Zn or Mg, R1 is phenyl, 2-, 3- or 4-methylphenyl or
naphth-2-yl and a is 16. A further preferred sub~group of compounds of
Formnlé {3) are those in which M is Zn, Mg, ClAl or OHAL, R1 is phenyl,
2~, 3~ or 4-methylphenyl or naphth-2-yl, a is 4, X is halogen and b is
12. A further preferred sub—group of compounds of Formula (3) are those
in which M is Zn or Mg, R1 is phenyl, 2-, 3- or 4-methylphenyl or
naphth-2-yl, a is 8, X is H or halogen and b is 8. A further preferred
sub-group of coﬁpounds are Formula (3) are those in which M is Zn, Mg,
OHAl, ClAl, Rl is phenyl, 2=, 3- or 4—méthylpheny1 or naphth-2-yl, a is
12, X is H or halogen and b is 8.

The phthalocyaniﬁés of Formula (1), Formula (2) and
Formula (3) can be prepared by the following methods:-~

(a) by reaction of a 1,2-dicyanobenzene of Formula (4):
H

- cN

This Sheet Has Been Replaced
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Formula (4)
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wherein:

4 is selected from chloro, bromo and icdo;

e is an integer from 0 to 3;

£ is an integer from 1 to 4; and

e+f is equal to 4

with a compound R-OH whereby up to 4 of the groups, Z, are replaced by
R-0 groups to form a compound of Formula (5):

H
CN

Zg

(OTR)i

CN

ThlS Sheet Has Been Replaced

roraste o) IVIRINAD

Z 1is as described above:

wherein:

is as described above for compounds of Formula (2);
is an integer from 0 to 3;

is an integer from 0 to 3;

» D a w

is an integer from 1 to 4; and

g+h+i is equal to 4.

followed by reaction of one or more 1,2-dicyanobenzene compounds of
Pormula (5), or a combination of one or more compounds of Formula (5)
and 1,2-dicyanobenzene, with an appropriate metal or metal salt
optionally in an inert liquid at an elevated temperature to form a
phthalocyanine of Formulae (1), (2) or (3). The presence of at least
one equivalent of 1,2-dicyanobenzene is required for the_preparation of
Formulae (2) and (3) where X is H and b is 13, 14 or 15.
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(b) by reaction at elevated temperatures of a compound of

Formula (6):

My Pe Z(aqs)

is Sheet Has Been Replaced - '

Formula (8) ||II|I|| T

Mk' Pc, Z, a and b are as described above

with a compound, R-OH, in a polar organic medium preferably in the
presence of an acid binder. ‘

The reactions in (a) above are more fully described in UR
patent numbers 1489394 and 2200650 and German patent number 2455675,
reaction (b) is more fully described in our co-pending UK patent
application number 9023893.2 (incorporated by reference herein).

In reactions of type (b) the polar organic medium which may or
may not be a liquid at ambient temperature and which may only partially
dissolve the reactants, preferably has a boiling point from 80°C to

1300°C, more preferably from 150°C to 200°C. The polar organic medium
is preferably inert or may act to catalyse the reaction. It is
preferred that the polar organic medium is selected from
N-methyl-2-pyrrolidone, dimethylformamide, methylcyclohexancl, octanol,
benzyl alcohol,.nitrobenzene and quinoline. It is especially prefrred
that in reactions of type'(b) that the polar organic medium is
dimethylformamide or N-methyl-2-pyrrolidone.

In reacfions of type (b) the acid binder is preferably
selected from alkali metal hydroxides and ca:bonates.- It is preferred
that the acid binder is lithium, sodium or potassium hydroxide, it is

especially preferred that the acid binder is potassium hydroxide.
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The sulphonated phthalocyanines of Formula (2) can be prepared
by sulphonating a precursor of a phthalocyanine of Formula (2) in which
d is 0, using sulphuric acid which may contain excess 303 (oleum). The
strength of acid may vary within wide limits from 1% sulphuric acid up
to 30% oleum. It is preferred that the strength of acid is from 50%
sulphuric acid up to 30% oleum, it is especially preferred that the
strength of acid is from 98% sulphutic to 30% oleum. The reaction
temperature may vary from -10°C to 60°C depending on the extent of
sulphonation required. Sulphonation may be pe;formed in an inert
liquid.

As the concentration of the sulphuric.acid or the oleum is
increased at a fixed reaction temperature, more sulphonic acid groups
are introduced into the phthalocyanine. Similarly as the reaction
temperature is increased at a5particular acid strength, more sulphonic
acid groups are introduced into the phthalocyanine.

In the sulphonation reaction a preferred acid is 10% oleum and
a preférred reaction temperature is from -10°C to 40°C, especially from
10°C to 25°C. .

The phthalocyanines can be sulphonated directly on the Pc
nucleus, particularly when any of the 1-16 positions is unsubstituted
(i.e. the 1-16 peripheral carbon atoms carry a hydrogen atom) or on any
of the pendant organic groups R or Rl, or on both the Pc nucleus and the
pendant organic groups.

The phthalocyanines of particular interest are those which
promote the generation of singlet oxygen when exposed to radiation from
the 650nm to 800nm region, especially the 680 to 770nm region of the
electromagnetic spectrum.

Singlet oxygen has a greater energy than ground-state,
triplet oxygen. The singlet and triplet states of oxygen are
distinguished by the singlet state having two electrons of anti-parallel
spins and the triplet state having an uncoupled pair of electrons with

parallel spins. The singlet oxygen is also distinguished from triplet

heet Has Been Replaced
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oxygen because it is a highly reactive species with a lifetime from a
few microseconds to several hundred micro;econds. During its lifetime
singlet oxygen has the potential to react before being deactivated.

The reactivity of the singlet oxygen may be utilised in a wide range of
applications which include photobleaching, photodeodorising,
photodynamic therapy (PDT), treatment of visible stains on a range of
material surfaces, surfaces include fabric, cement, stone, brick, glass,
etc., biocidal, degradation of plastics, paper and pulp bleaching,
environmental clean-up, anti-microbial action on fibres, incorporation
into various products for example in fabrics as deodorisers, into paints
or film treatments to destroy micro-organisms or contaminants, into
cement products, glass products and paints to confer self-cleaning
properties, sterilising swimming pools and as a surface treatment to
prevent yellowing/discoloration of paper. For photobleaching and
photodeodorising application the present phthalocyanine can be
incorporated into detergent formulations which are used in a ﬁide range
of cleaning applications.

According to a further feature of the present invention there
is provided a process for removing stains from fabrics which comprises
treating the stained fabrics with an aqueous composition comprising at
least one compound of Formula (1), Formula (2) or Formula (3) the
fabrics being exposed to daylight during or following the treatment.

The aqueous composition may also comprise detergents such as
soap or synthetic detergents, other detergent additives such as soil
suspending agents, optical brightening agents, sud or foam control
agents, perfume, surfactants such as alkyl sulphonates, paraffin
sulphonates and alkylbenzene suléhonates. ethoxylated alcohols or
betaines, and alkaline detergency builders such as sodium carbonate,

silicate, orthophosphates and polyphosphates.
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The process for removing stains is preferably carried out at
temperatures from 10°C to 80°C, more preferably from 20°C to 60°C and
especially from 35°C to 45°C. Suitable process times for stain removal
are typically from 5 minutes to 5 hours, preferably from 10 minutes to
1 hour.

The aqueous composition preferably contains from 0.0005g to
0.1g per litre of compounds of Formula (1), Formula (2) and/or
Formula (3), more preferably from 0.001g/l to 0.01g/l.

The efficacy of the stain removal process generally depends on
the concentration of compounds of Formula (1), Formula (2) and/or
Formula (3) in the wash solution, the intensity of daylight, the process
temperature and the process time. The process is generally more
effective with higher concentrations of compounds of Formula (1),
Formula (2) and/or Formula (3), at higher intensities of daylight at
higher process temperatufes and with longer process times.

The preferred compounds of Formula (2) and Formula (3) are
those ﬁhere Mk is 2Zn, Co, Fe, Ca, ClAl, OHAl, and Hﬁ; R or R1 is phenyl
and 2-naphthyl; a is 16; and 4 is from 16 to 30.

According to a further feature of the present invention there
are provided compounds of the Formulae (1), (2) and (3) for use in
therapeutic treatment of a human or an animal body.

' According to a further feature of the present invention,
compounds of Formula (1), Formula (2) or Formula (3) are used for the
manufacture of a medicament for use in the treatment of skin and
subcutaneous cancers by photodynamic therapy.

In this treatment the compound of Formula (1), Formula (2) or
Formula (3) is introduced into the affected tissue and then irradiated
with electromagnetic radiation in the region from 656—800nm, preferably
680-770nm in order to generate singlet oxygen which destroys the
affected cells.

The phthalocyanine compounds of the present_invention promote
the formation of singlet oxygen under the influence of electromagnetic
radiation, particularly in the 680-770nm region and are capable of

promoting singlet oxygen formation in localised areas.
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Measurement of triplet oxygen yields after laser excitation
and singlet oxygen emission yields allows calculation of singlet oxygen
generating efficiency (SA). The experimental details for these
measurements are more fully described in Gorman et al, Journal of the
American Chemical Society [1987], 109, 3091; Gorman et al, Journal of
the American Chemical Society [1989], 111, 1876 and Gorman et al,
Photochemistry and Photobiology [1987] 45(2), 215.

The invention is further illustrated by the following examples
in which all parts and percentages are by weight unless otherwise
indicated.

Example 1

Preparation of hexadeca(phenoxy) dihydrophthalocyanine
(i) Preparation of ;Lz—dicyano-3.4.5,6-tetraphgnoxybenzene

A mixture of 1,2-dicyano-3,4,5,6-tetrachlorobenzene
(50 parts), phenol (106 parts), potassium carbonate (104 parts) and
dimethylformamide (200 parts) was stirred and heated at 70°C for 2 hours
before pouring into water (500 parts). The agueous mixture was
extracted with chloroform (2 x 300 parts).. The chloroform extract was
washed with a 5% aqueous solution of sodium hydroxide (2 x 250 parts)
and then with water (2 x 250 parts). The chloroform extract was dried
over anhydrous magnesium sulphate, filtered and the chloroform was
removed by distillation under reduced pressure to leave a brown oil.
The brown oil was dissolved in hot butan-i-ol and allowed to cool
slowly. 1,2-Dicyano-3,4,5,6-tetraphenoxybenzene (62.2 parts, 67%) was
obtained as a pale yellow solid m.p. 149-151°C.
(ii) Preparation of hexadeca(phenoxy) dilithium phthalocyanine

Lithium (0.42 parts) was dissolved in butan-1-ol (50 parts)
with stirring at 100°C over 4 hours before adding 1,2-dicyano-
3,4,5,6-tetra(phenoxy)benzene (10 parts). The reaction mixture was
stirred at 120°C for 30 minutes. The solution was cooled and a green
s0lid was collected by filtration. The solid was washed with methanol
{3 x 50 parts) and éried t0 give hexadeca(phenoxy)dilithium
phthalocyanine (5.5 parts) m.p. >250°C.
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(iii) Preparation of hexadeca(phenoxy) dihzdroghthalocxanine

A mixture of hexadeca(phenoxy) dilithium phthalocyanine
(3.0 parts) and toluene (100 parts) was stirred at 20°C and p-toluene
sulphonic acid (1.14 parts) was added slowly. The reaction mixture was
stirred at 20°C for 30 minutes before adding activated carbon and
filtering through Clarcel flo filter aid. After filtering the solution
was passed through a silica gel column washing with toluene. The
solvent was removed by distillation under reduced pressure to leave a
green solid. The solid was stirred in methanol (50 parts), filtered
off and washed with water and dried to give hexédeca(phenoxy)
dihydrophthalocyanine (2.68 parts) m.p. >250°C.

Example 2

Preparation of hexadeca(phenoxy) zinc phthalocyanine

A mixture of 1,2-dicyano-3,4,5,6-tetra(phenoxy)benzene
{20 parts), zinc chloride (1.81 parts), urea (0.8 parts) and
nitrobenzene (40 parts) was stirred at 180°C for 2 hours before pouring
into ethanol {74 OP, 200 parts), aqueous hydrochloric acid (2 mol.dmfa,
600 parts), aqueous ammonia (2 mol.dm-a, 300 parts), water
(2 x 200 parts) and ethanol (74 OP, 500 parts). The solid was dried to

give hexadeca(phenoxy) zinc phthalocyanine (4.4 parts) m.p. >250°C.

Example 3
Preparation of hexadeca(phenoxy) chlorcaluminium phthalocyanine

A mixture of 1,2-dicyano-3,4,5,6-tetra(phenoxy)benzene
(4.13 parts), urea (0.17 parts), anhydrous aluminium chloride
(0.37 parts) and ammonium molybdate (0.004 parts) was stirred at 200°C
for 30 minutes and cooled to give a brown solid. The solid was broken
up and slurried in ethanol (74 OP, 200 parts). A green solid was
collected by filtration and washed with ethanol (100 parts) before
slurrying it with aqueous hydrochloric acid (2 mol.dmfs, 200 parts) and
filtering. The solid was washed with aquecus ammonia (2 mol.dm_a.
100 parts), water (200 parts) and ethanol (74 OP, 300 parts). The
solid was slurried in hot ethanol (74 OP, 2 x 200 parts), collected and
dried to give hexadeca(phenoxy) chloroaluminium phthalocyanine
(1.17 parts) m.p. 152-154°C.
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Example 4
Preparation of hexadeca(phenoxy) magnesium Ehthaloczanine

The procedure of Example 3 was used except that magnesium
chloride hexahydrate (0.56 parts) was used in place of the anhydrous
aluminium chloride. Hexadeca(phenoxy) magnesium phthalocyanine

(1.57 parts) was obtained as a green solid, m.p. >250°C.

Example 5

Preparation of hexadecégghenoxzz copper (II) phthalocyanine
The procedure of Example 3 was used except that copper (II)

chloride (0.34 parts) was used in place of the anhydrous aluminium
chloride. Hexadeca(phenoxy) copper (II) phthalocyanine (3.6 parts) was
obtained as a greemn solid, m.p.>250°C.

Example 6
Preparation of hexadeca{phenoxy) nickel (II) phthalocyanine

The procedure of Example 3 was used except that nickel (II)
chloride (0.36 parts) was used in place of the anhydrous aluminium
chloride. Hexadeca(phenoxy) nickel (II) phthalocyanine (1.1 parts) was
obtained as a green solid, m.p.>250°C.

Example 7
Preparation of hexadeca(2-naphthoxy)dilithium phthalocyanine

(i) Preparation of 1,2-dicyano-3,4,5,6-tetra{2-naphthoxy)benzene
1,2-Dicyano-3,4,5,6-tetrachlorobenzene (30.5 parts), potassium

carbonate (62.8 parts) and 2-naphthol (98.1 parts) were stirred in

dimethylformamide (140 parts) at 70°C for 3 hours. The mixture was

poured into water (300 parts) and extracted with chloroform

(3 x 300 parts). The combined chloroform extracts were washed with
dilute aqueous sodium hydroxide solution (500 parts) and then with water
(500 parts). The chloroform was dried over anhydrous magnesium
sulphate before evaporating under reduced pressure to leave a brown
liquid which crystallised on adding butan-1-o0l, cooling and standing for
2 hours. The crystallised solid was filtered, washed with butan-1-ol
until the filtrates were colourless. The solid was dried to give
1,2-dicyano-3,4,5,6-tetra(2-naphthoxy)benzene (40.6 parts),

m.p. 188-190°C.
_
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(ii) Preparation of hexadeca(2-naphthoxy) dilithium phthalocyanine
The procedure of Example 1(ii) was used except that

1,2-dicyano- 3,4,5,6~tetra(2-naphthoxy)benzene (10 parts) was used in
place of the 1,2-dicyano-3,4,5,6-tetra(phencxy)benzene and 0.3 parts
instead of 0.42 parts of lithium were used. Hexadeca(2—-naphthoxy)
dilithium phthalocyanine (5.71 parts) was obtainéd as a green solid,
m.p. 185-190°C.

Example 8
Preparation of hexadeca(2-naphthoxy) zinc phthalocyanine

The procedure of Example 2 was used except that
1,2-dicyano-3,4,5,6-tetra(2-naphthoxy)benzene (20 parts) was used in
place of the 1,2-dicyano—3,4,5,6-tetra(phenoxy)benzene and 1.29 parts
instead of 1.81 parts of zinc chloride and 0.57 parts instead of
0.8 parts of urea &ere used. . Hexadeca(2-naphthoxy) zinc phthalocyanine
(15.4 parts) was obtained as a green solid, m.p. 230-235°C.

Example 9
Preparation of hexadeca(phenoxy)dihydrophthalocyanine eicosa (sulphonic

acid) sodium salt

Hexadeca(phenoxy)dihydrophthalocyanine (1.0 parts) was added
to 10% oleum (2.3 parts) at 0°C over 15 minutes. the mixture was
allowed to warm to 20°C and was stirred for 3 hours before pouring into
a mixture of ice and water (100 parts). The resultant solution was
neutralised to pH 7 using 48% aqueous sodium hydroxide. The product
was purified by dialysing the neutralised solution in Visking tubing
(obtainable from The Scientific Instrument Centre, Eastleigh, Hampshire)
over 24 hours. The dialysed solution was evaporated to leave hexadeca
(phenoxy)dihydrophthalocyanine éicosa (sulphonic acid) sodium salt (2.0
parts) as a black solid, m.p.230-235°C.

Example 10
Preparation of hexadeca(2-naphthoxy) dihydro phthalocyanine triaconta
(sulphonic acid) sodium salt '

The procedure of Example 9 was used except that 2.6 parts
instead of 2.3 parts of 10% oleum was used. Hexadeca (phenoxy)dihydro

phthalocyanine eicosa(sulphonic acid) sodium salt was obtained as a
black solid, m.p.>250°C.
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Example 11

Preparation of hexadeca(phenoxy) zinc phthalocyanine hexadeca(sulphonic
acid) sodium salt

The procedure of Example 9 was used except that
hexadeca(phenoxy) zinc phthalocyanine (1.4 parts) was used in place of
the hexadeca(phenoxy) dihydro phthalocyanine and 3.5 parts of 10% oleum
was used instead of 2.3 parts. Hexadeca(phenoxy) zinc phthalocyanine
hexadeca(sulphonic acid) sodium salt (1.32 parts) was obtained as a
green solid, was obtained as a green solid, m.p.>250°C.

Example 12
Preparation of hexadeca(2-naphthoxy) zinc phthalocyanine
triaconta(sulphonic acid) sodium salt

The procedure of Example 9 was used except that

hexadeca(2-naphthoxy) zinc phthalocyanine (1.0 parts) was used in place
of the hexadeca({phenoxy) dihydro phthalocyanine and 3.0 parts of 10%
oleum was used instead of 2.3 parts. Hexadeca(2-naphthoxy) zinc
phthalbcyanine triaconta(sulphonic acid) sodium salt (1.7 parts) was
obtained as a green solid, m.p.>250°C.

Example 13

Preparation of hexadeca(2-naphthoxy)hydroxyaluminium phthalocyanine

triaconta(sulphonic acid) sodium salt

(i) Preparation of hexadeca(2-naphthoxy)chloroaluminium phthalocyanine
The'procedure of Example 3 was used except that

1,2-dicyano-3,4,5,6~tetra(2-naphthoxy)benzene (3.0 parts) was used in
place of the 1,2-dicyano-3,4,5,6—-tetra(phenoxy)benzene, 0.20 parts
instead of 0.37 parts of anhydrous aluminium chloride and 0.09 parts
instead of 0.17 parts of urea were used. Hexadeca(2-naphthoxy)
chloroaluminium phthalocyanine (2.43 parts) was obtained as a
brown-green solid, m.p.208-210°C.

S
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(ii) Preparation of hexadeca(2-naphthoxy) hydroxyaluminium

phthalocyanine triaconta(sulphonic acid) sodium salt
The procedure of Example 9 was used except that

hexadeca({2-naphthoxy) chloroaluminium phthalocyanine (1.0 parts) was
used in place of the hexadeca(phenoxy) dihydro phthalocyanine.
Hexadeca(2-naphthoxy) zinc phthalocyanine triaconta(sulphonic acid)
sodium salt (1.7 parts) was obtained as a green solid,m.p.>250°c.

Example 14
Preparation of hexadeca(phenoxy) hydroxyaluminium phthalocyanine

hexadeca(sulphonic_acid) sodium salt

The procedure of Example 9 was used except that

hexadeca(phenoxy) chlorocaluminium phthalocyanine (0.4 parts) was used in
place of the hexadeca(phenoxy) dihydro phthalocyanine, 3.0 parts instead
of 2.3 parts of 10% oleum was used. Hexadeca(phenoxy) hydroxyaluminium
phthalocyanine hexadeca(sulphonic acid) sodium salt (0.63 parts) was
obtained as a green solid, m.p. >250°C.

Example 15

Preparation of hexadeca(2-naphthoxy) dihydro phthalocyanine

triaconta(sulphonic acid) sodium salt

(i) Preparation of hexadeca(2-naphthoxy) dihydro phthalocyanine
The procedure of Example 1(iii) was used except that

hexadeca(2-naphthoxy) dilithium phthalocyanine (3.0 parts) was used in

place of the hexadeca(phenoxy) dilithium phthalocyanine and 0.82 parts

instead of 1.14 parts of p-toluene sulphonic acid were used.

Hexadeca(2-naphthoxy) dihydro phthalocyanine (0.75 parts) was obtained

as a black solid, m.p. 220-225°C.

(1i) Preparation of hexadeca(2-naphthoxy) dihydro phthalocyanine
triaconta(sulphonic acid) sodium salt

The procedure of Example 9 was used except that

hexadeca(2-naphthoxy) dihydro phthalocyanine (1.0 parts) was used in
place of the hexadeca({phenoxy) dihydro phthalocyanine, 3.0 parts instead
of 2.3 parts of 10% oleum was used. Bbxadeca(z-naphthdxy) dihydro
phthalocyanine triconta(sulphonic acid) sodium salt (1.5 parts) was
obtained as a green solid, m.p. >250°C.
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Example 16
Preparation of hexadeca(phenoxy) palladium phthalocyanine

The procedure of Example 2 was used except that palladium (II)
chloride (2.4 parts) was used in place of the zinc chloride. Hexadeca
{phenoxy) palladium phthalocyanine was obtained as a green solid,

n.p. >250°C.

Example 17

Pfegaration of hexadeca(phenoxy) palladium phthalocyanine hexadeca
{sulphonic acid) sodium salt

The procedure of Example 9 was used except that
hexadeca(phenoxy) palladium phthalocyanine was used in place of the
hexadeca(phenoxy) dihydro phthalocyanine. Hexadeca(phenoxy) palladium
phthalocyanine hexadeca(sulphonic acid) sodium salt was obtained as a
green solid, m.p. >250°C.

Example 18
Preparation of hexadeca(phenoxy) platinum phthalocyanine

lThe procedure of Example 2 was used except that platinum (II)
broride (4.7 parts) was used in place of the zinc chloride. Hexadeca
(phenoxy) platinum phthalocyanine was obtained as a green soligd,

m.p. >250°C.

Example 19 _
Preparation of hexadeca(phenoxy) platinum phthalocyanine hexadeca
(sulphonic acid) sodium salt

The procedure of Exémple 9 was used except that
hexadeca(phenoxy) platinum phthalocyanine was used in place of the
hexadeca(phenoxy) dihydro phthalocyanine. Hexadeca(phenoxy) platinum
phthalocyanine hexadeca(sulphonic acid) sodium salt was obtained as a
green solid, m.p. >250°C.

Example 20

Preparation of hexadeca(phenoxy) chlororuthenium phthalocyanine
The procedure of Example 2 was used except that ruthenium

(III) chloride (2.8 parts) was used in place of the zinc chloride.

Hexadeca (phenoxy) chlororuthenium phthalocyanine was obtained as a

[
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The 1,2-dicyanobenzenes of Examples 24-36 are not a feature of
the present invention but are used as intermediates in the preparation
of phthalocyanines described below.

Examples 24 to 30

Further 1,2-dicyanobenzenes compounds of Formula (5) were
prepared by the method of Example 1i) using equimolar amounts of the
appropriate substituted phenol in place of phenol as described in
Example 1i). '

Example Starting Phenol Product 1,2-dicyanobenzene
24 2-methylphenol 3,4,5,6-tetra(2-methylphenoxy)
25 3-methylphenol 3,4,5,6-tetra(3-methylphenoxy)
26 4-methylphenol 3,4,5,6-tetra(4-methylphenoxy)
27 4-methoxyphenol 3,4,5,6-tetra(4-methoxyphenoxy)
28 l1-naphthol 3,4,5,6-tetra(l-naphthoxy)

29 2-naphthol 3,4,5,6-tetra(2-naphthoxy)
30 4-chlorophenol 3,4,5,6-tetra(4~-chlorophenoxy)

Example 31

Preparation of 4-chloro-l.2-dicyano—3.5.6-;:1(4-methylphenoxy)benzene

The procedure of Example 1i) was followed except that 4-methyl
phenol (121.8 parts) was used in place of the phenol. 4-Chloro-1,2-
dicyano-3,5,6-tri(4-methylphenoxy)benzene (43.7 parts) was obtained as a
pale green solid, m.p. 142-145°C.

Examples 32 and 33

Further 1,2-dicyanobenzenes in accordance with Formula (6)
were prepared by the method of Example 21 using equimolar amounts of the
appropriate phenol in place of the phenol described in Example 31.

Example Starting Phenol Product 1,2-dicyanobenzene
32 4-methoxyphenol 4-chloro-3,5,6-tri(4-methoxyphenoxy)
33 : 4-nitrophenol 4-chloro-3,5,6-tri(4-nitrophenoxy)

f\\
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Example 34
Preparation of 3,5,6-trichloro-1,2-dicyano~4-phenoxybenzene

A solution of potassium hydroxide (11.2 parts) in water (22
parts) was added dropwise to a stirred solution of 3,4,5,6-tetra-chloro-
1,2-dicyanobenzene (26.6 parts) and phenol (9.4 parts) in acetone (100
parts) at 0°C. The solution was stirred at 60°C for 2 hours before
pouring into water (500 parts). The agqueous mixture was extracted with
dichloromethane (3 x 500 parts). The dichloromethane extracts were

washed with water (3 x 200 parts), dried over anhydrous Na_SO,, filtered

and the dichloromethane was removed under reduced pressure2t04leave a
brown solid. The solid was recrystallised from butan-i-ol.
3,5,6-Trichloro-1i,2-dicyano~-4-phenoxybenzene (17 parts) was obtained as
a brown solid, m.p. 147-150°C.

Example 35 '

Preparation of 1,2-dicyano-3-phenoxybenzene

A solution of 1,2-dicyano-3-nitrobenzene (2.77 parts) and
sodium phenoxide (2.79 parts) in dimethylformamide (S50 parts) was
stirred at 120°C for 2 hours. The reactiop mixture was poured into
water and extracted with diethyl ether (100 parts). The diethyl ether
extract was washed with 5% aqueous potassium hydroxide solution (2 x 200
parts) and water (2 x 200 parts) and the diethyl ether was removed under
reduced pressure to leave a solid. Recrystallisation of the solid from
a 1:1 diethyl ether:petroleum spirit (b.pt.60-80°C) gave 1,2-dicyano-3-
phenoxybenzene (2.1 parts, 60%) aé a pale green solid, m.pt.110-112°C.
Example 36

Preparation of 1,2-dicyano-4-phenoxybenzene
The procedure of Example 35 was followed except that

1,2~-dicyano-4-nitrobenzene (1.0 part) was used in place of the
1,2-dicyano-3—-nitrobenzene, 1.0 parts instead of 2.79 parts of sodium
phenoxide and 20 parts instead of 50 parts of dimethylformamide were
used. 1,2-Dicyano-4-phenoxybenzene (0.6 parts, 49%) was obtained as a
white solid, m.pt.98~100°C.

___,_.——/"—__’—‘
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Examples 37-61
Further phthalocyanines of Formula (3) were prepared by the
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method of Example 3 using equimolar amounts of the appropriate 1,2-

dicyancbenzene in place of the 1,2-dicyano-3,4,5,6-tetra(phenoxy)benzene

and the appropriate anhydrous metal chloride in place of the anhydrous

aluminium chloride:

| Metar | _Product | vie1d |

Example 1,2-dicyanobenzene| Chloridel M | | d d o | m.p./°C

37 as Example 1i) | Rncl, | oERY Ph |16 4 4 30| 135-140

38 as Example 1i) | InBr, | BrIn PR |16 4 4 s6|>250

39 as Example 1i) | sccl, | os| Ph | 16, 4 4 22| 190-195

40 as Example 1i) | @aCl, | clca| Ph | 16, 4 4 s5]>250

41 as Example 24 | .2nc1, |2n |2-MePn |16 4 4 18]>250

42 as Example 25 | znc1, | zn | 3-MePh |16 4 4 37| 139-143

43 as Example 26 | 2nCl, | zn | 4-MePh | 26] 4 4 13| >250

44 as Example 24 | AlC1, | caal| 2-merh |26 4 4 27| >250

45 as Example 25 | AlCl, | c1a1| 3-Meph | 26 4 4 20| 205-207

46 as Example 26 | R1C1, | oEal| 4-MePh | 16] 4 4 26 | >250

47 as Example 24 | Mgcr, | Mg | 2-Mern | 14 4 4 s8)>250

48 as Example 25 | mgc1, | Mg | 3-MePh | 16] 4 -4 40| 132-137

49 as Example 26 | mgc1, | Mg | 4-MePh | 16] 4 < 55| 223-226

50 as Example 30 | 2nCl, |zn | 4-cieh |16 4 4 21| 187-190

51 as Example 27 | 2znc1, | zn | 4-oMerh| 16 4 4 73| 132-135

52 as Example 29 l ll.lgcl2 IMg | 2-Np l 15] -l -| 24 | 175-180

53 as Example 29 | alcl, |cial 2-wp |16 - - 79| 208-210

54 as Example 28 | 2nc1, |zn {1-wp |16 { 4 18]235-240

55 as Example 31 | ZnCl, | 2n | 4-MePh | 12) c1| 4 29 |175-178

56 as Example 31 | MgCl, | Mg | 4-MePh | 12] )] 4 27| 210-213

57 as Example 31 | RIC1, | cial| 4-Meph |12} cl] 4 65| 175-178

58 as Example 32 | 2nc1, |zn | 4-omMerH| 12| c1] 4 33 | 189-191

59 as Example 33 | znc1, |2n | 4-wopH 12 c1| 4 15| 183-185

60 as Example 36 | znci, |2n |en | 4dmf12 17]>250

61 . as Example 35 | 2nCl, | z2n |Pn | 48120 13]178-180

—___________’___/__;'———
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Example 62 .
Preparation of hexadecé(l—haphthoxy) zinc phthalocyanine

A mixture of'112-dicyano-3,4,5,G-tetra(1-napthoxy)benzene (7.0
parts), zinc chloride (0:45 parts), urea (0.2 parts) and ammonium
molybate (0.004 parts) in nitrobenzene (20 parts) was heated at 180°C
for Z-hours before cooling and pouring into ethanol (150 parts, 74 OP).
The precipitated green solid was collected by filtration, washed with
ethanol (10 parts, 74 OP) and dfied to give hexadeca(l-naphthoxy) zinc
phthalocyanine (18%), m.p.235-240°C.

Example 63 '

Preparation of dodecachiorotetragghenoxz) zinc phthalocyanine

The method of Example 62 was used except that
1,2-dicyano-3,5,6-trichloro-4-phenoxybenzene (3.2 parts) was used in
place of the 1,2-dicyano-3,4,5,6-tetra(2-napthoxy)benzene to give
dodecachlorotetra(phenoxy) zinc phthalocyanine (20%), m.p.>250°C.
Example 64
Preparation of hexadeca(phenoxy) dilithium phthalocyanine

Lithium (0.2 parts) was dissolved in refluxing propan-2-ol (20
parts) over 3 hours. 1;2-Dicyano-3,4.5.G;tetra(phenoxy)benzene (4.5
parts) was added to the refluxing mixture over 5 minutes and the
reaction mixture was refluxed for a further 30 minutes before cooling.
Methanol (80 parts) was added to the cooled reaction mixture and the
precipitated solid was collected by filtration, washed with methanol
(3 x 20 parts) and dried. Chloroform (so'parts) was added to the dried
solid and the mixture was filtered to remove inorganic material. The
chloroform was evaporated under reduced pressure to give

hexadeca(phenoxy) dilithium phthalocyanine (55%), m.p.>250°C.
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Examples 65-68
’ Further phthalocyanines of Formula (3) were prepared by the

method of Example 64 using equimolar amounts of the appropriate metal in
place of the Lithium:

| Product |
Example Metall gIR_ll g] d b Yield 8 m.p./°C
65 K |K2|Ph|16| 4 4 22 | >2s0
66 Na |majeH16] 4 4 24 | >250
67 . ca |ca|rn1g 4 4 | >250
68 Ba | Ba | Py 16| 4 4 24 | »>250

Examples 69-75

Further sulphonated phthalocyanines were prepared using the
method of Example 11 except that 3.0 parts instead of 10% oleum were
used and appropriate molar amounts of the phthalocyanine were used in

place of the hexadeca(phenoxy) zinc phthalocyanine:

Example Phthalocyanine of Formula (3) used Sulphonated Product

m | B | al x| b
69 ca | ph | 6] -] - . (so.¥a),
70 Mg | Pn | 16] -} - (S0,Na),
71 Zn | 2-MePh | 16| -| - (S0,¥a), .
72 Zn | 3-MePh| 16 | | - (S0.Na),
73 Zn | 4-MePh | 16 | | - (S0;Na),
74 OEAL | 4-MePh | 16 | | - (SO,Na),
75 zn | pPh | 4] c1]| 12 (SO,Na),
In all the above examples:
Ph = phenyl
2-MePh = 2-methylphenyl
3-MePh = 3-methylphenyl .
4-MePh ' = 4-methylphenyl S
4-ClPh = 4-chlorophenyl Thls Sheet Has Been R
el | (8
2-Np = naphth-2-yl
1-Rp = naphth-1-yl

4—N021’h = 4-nitrophenyl
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The ultraviol'et, visible and infra red spectra were measured
in solvents such as chloroform and dichloromethane and Hzo.

The singlet oxygen generating efficiencies s\ of
non-sulphonated phthalocyanines were measured in benzene, or

acetonitrile and of sulphonated phthalocyanines in water.

The max values and S values are shown in Table 1.
Table 1
Example No. ° max/nm sAs
1 ' 745 (CHCL,) 6
2 726 (CHCl3) 43
3 750 (CHC13) 36
4 726 (CHCl3) 22
5 726 (CHC13) 4
6 717 (CHC13) S
7 772 (CHCls) 47
8 730 (CHC13) 111
9 739 (CHC13) 30
10 740 (CEC1,) 46
11 720 (CHCla) 110
12 723 (CHCla) 73
13 745 (CHCls) 46
14 738 (320) 36
15 740 (H 0) 46
16 701 (CH Clz) 36
18 690 (CH Clz) 55
37 694 (CH, Clz) 32
38 753 (CH Clz) 51
39 - 782 (CH Clz) 13
/// 40 - 750 (CH Clz) 52
BeenReplaced : a 736 (CH Clz) 45
\\\‘l\\\\\\\\\\\\\l\\\\\ . ey
43 725 (CH Clz) 45
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44
45
46
47
48
49
50
Sl
52
53
54
55 .
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
2
73
74
75

~J
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>\max£nm ( soivent) sAs

758
742
753
721
723
722
710
751
725
752
736
693
705
742
702
690
678
688
736
693
772
742
714
741
717
742
732
726
724
705
736
686

(CH c12)
(CH 012)
(CH 012)
(Acetone)

(cnéc1 )

(CH c12)
(03501 )
(CH c12)
(cnc13)
(CHCl )
(CH c12)
(CH c12)
(Acetone)
(CE, c12)
(CH c12)
(CH,C1,)
(CH c12)
(DMF')
(CE,CL,)
{CH 012)
(CEC13)
(CH, c1 )
(CH c12)
(CH c12)
(E,0)
(HZO)
(H,0)
(HZO)
(EZO)
(E,0)
(320)
(HZO)

24
23
34

22

24
23

8
15
23
19
34
29
21
28
68
46
43
49
k!
40
14
13

21

13
10

8
17
67
52
39
62

6
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The stain removal aspects of the invention are illustrated by
the following examples.

In Examples 76-91 the following procedure was used.

Cotton cloth was cut into 7.5cm x 10cm pieces and the pieces
were stained by allowing them to soak for 2 hours in a tea solution
prepared from 2 tea bags and 1 litre of water. The cloth pieces were
dried in a tumbler dryer and stored in the dark until needed.

The wash tests were carried out in a stirred metal bath at
40°C using (i) 9g of a commercially available biological washing liquid
(Ariel) per litre of water or (ii) 3g of a commercially available
non-aqueous biological washing liquid (from Marks and Spencer PLC) per
litre of water. 0.003g of a compound of Formula (2) or 0.003g of a
compound of Formula (3) was added per litre of water to provide a wash
solution. Three cloth pieces were added to each wash solution and
these were stirred at 40°C for 10 minutes. The cloth pieces were
rinsed well with water and dried in direct sunlight. The effect of
each compound of Formulae (2) or (3) was assessed by measuring the
reflectance of each dried cloth piece and comparing it with an unwashed
cloth piece. Reflectance measurements were obtained using a Gardener

Colorgard reflectometer. The results were calculated using

A = R-U x 100
U

where A = % improvement of washed versus unwashed cloth
R = % reflectance of washed cloth piece
U = % reflectance of unwashed cloth piece.
_#______——————————‘—’—'
as Been Replaced
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{a) Biological washing liquid

34

The results are summarised in Table 2 below.

Table 2

Example Compound added to wash solution
76 -None
77 ZnPc(Z-naphthyl-O)l6
78 OHA1Pc(Ph—O)16(SO3H)16
79 OHAch(Z-naphthyl-O)ls(8033)30
80 Eﬁpc(2~naphthyl—0)15(5033)30
81 ZnPc(Ph-O)16(803E)16
82 ZnPc(Z-naphthyl—O)16(5033)30
83

(b) Non-agueous biological washing liguid

Hch(Ph-O)ls(Soaﬂ)zo

Example Compound added to wash solution
84 None
85 ZnPc(2-naphthyl-O)16
86 0HAch(Ph—O)16(503H)16
87 OHAl?c(Z—naphthyl—O)ls(8033)30
88 Ezpc(z-naphthyl—O)ls(SO3E)30
89 ZnPc(Ph—O)ls(SO3H)15
90 ZnPc(z-naphthyl-O)16(5033)30
91 Hch(Ph-O)ls(Scaﬁ)zo
This Sheet Has Been Rep

T lll!

(e.g.
(e.g.
(e.g.
(e.g.
(e.g.
(e.g.
{e.g.

(e.qg.
(e.qg.

(e.g.

(e.g.
(e.g.
(e.g.
(e.g.

8)
14)
13)
15)
11)
12)
92 & 10)

8)
14)
13)
15)
11)
12)
9 & 10)
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0.8
25.7
14.1
16.2
21.9
31.4
31.5
27.5

4.9
29.9
17.6
18.1
25.8
25.2
26.3
29.6
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A

CLAIMS

The use of substituted phthalocyénines for the generation of
singlet oxygen in which at least one of the peripheral carbon
atoms in the 1-16 positions of the phthalocyanine nucleus (Mch)
of Formula (1):

14

. This Sheet Has Been Rep laced

rermais (1) HIIIIHIIIII e

M is selected from H, metal, halometal, oxymetal and

wherein:

hydroxymetal; and
k is the inverse of % of the valency of M;
is linked via an oxygen atom to an aromatic radical and the
remaining peripheral carbon -atoms are unsubstituted or substituted
by any combination of atoms or groups and sulphonated derivatives
thereof provided that the phthalocyanine absorbs electromagnetic
radiation at a wavelength from 650 nm to 800 nm.
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2. The use of substituted phthalocyanines for the generation of
singlet oxygen in which from 4 to 16 of the peripheral carbon
atoms of the of the phthalocyanine nucleus (Mch) of Formula (1):

Formula (1) = Thisgpe,

Wiy

wherein:

M is selected from H, metal, halometal, oxymetal and
hydroxymetal; and

k is the inverse of % of the valency of M;

is linked via an oxygen atom to an aromatic radical and the

remaining peripheral carbon atoms are unsubstituted or substituted

by any combination of atoms or groups and sulphonated derivatives

thereof provided that the phthalocyanine absorbs,electromagnetic

radiation at a wavelength from 650 nm to 800 nm.
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The use of substituted phthalocyanines for the generation of
singlet oxygen in which all 16 peripheral carbon atoms of the of

the phthalocyanine nucleus (Mch) of Formula (1):

-

- This Sheet Has Been Rep

Hlllll N

Formula (1)

wherein:

M is selected from H, metal, halometal, oxymetal and
hydroxymetal; and ,

k is the inverse of } of the valency of M;

is linked via an oxygen atom to an aromatic radical provided that

the phthalocyanine absorbs electromagmetic radiation of a

wavelength from 650 nm to 800 nm.

The use of substituted phthalocyanines according to any one of
Claims 1, 2 and 3 in which M is selected from a group comprising
Zn, Clal, OHAl, ClrRh, OBRh, ClIn, BrIn, OHIn, ClGa, OHGa, Pt, Pd,

. Li, Na, K, Ca, Ba, Mg, ClSc and OHSc.
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The use of substituted phthalocyanines according to any one of
Claims 1 to 4 in which the aromatic radical is an optionally
substituted phenyl or naphthyl radical.

The use of substituted phthalocyanines according to smwg Claim 5
in which the optionally substituted naphthyl radical is
2-naphthyl. .

The use of substituted phthalocyanines according to any one of
Claims 1 to 6 in which the aromatic radical is substituted by a

-alkyl, C -alkoxy, -NO, and -SO_A in-

group selected from C > 3

1-4 1-4
which A is H, a metal or an ammonium ion.

The use of phthalocyanines for the generation of singlet oxygen
according to Claims 1 and 2 in which the remaining peripheral
carbon atoms are substituted by a group selected from -E,‘halogen

and -803A in which A is H, a metal or an ammonium ion.

A compound of the Formula (2): This Sheet Has Been Re, laced

R lll

M, Pc (0-R), X, (SO0j4),

Formula (2)

wherein:
Mch is a phthalocyanine nucleus as defined in Formula (1);
each R independently is an organic radical;
each X independently is halogen or hydrogen;
A is selected from H, a metal, ammonium or substituted

ammonium as described above:;
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a is from 1 to 16;
b is from 0 to 15;
d is an average value from 0.1 to 50;
atb is from 1 to 16;
except for CuPc(O-Ph)40112 sulphonic acid containing 9.3% S and
the sodium salt thereof.

10. A compound of the Formula (3):

M, Pc (O0-R'), X,

Formula (3)

This Sheet Has Been Replaced i

(.

R™ is selected from optionally substituted aryl and optionally

wherein:

Mch is as defined in Formula (1):

substituted heterocaryl:
is halogen or H;
a 1is an integer from 1 to 16;
b is én integer from 0 to 15; and
a+b is equal to 16;
except for the compounds:
VOPc(4-C33Ph-O)H15
HéPc(4-(CE§)zPhC-Ph-O)Els
CuPc(4-BuPh~0)4E'12
E'2PC(4-BuPh-O)4H12
CuPc(4-(CH3)zPhC-Ph-O) H

4712

NiPc(4-(CH,),PhC-Ph~0) H,,



<?

| Pch(2-Br-4-Me(CH§)3Ph-O)

PdPc(4-(CH,),PhC-Ph0) B, ,
PtPc(4-(CH,),PhC-Ph-0) B, ,
ZnPc(4-(CH,),PhC-Ph-0) H,,
CoPc(4~(CH,),PhC-Ph-0) B ,
FePc(4~(CH,),PhC-Ph-0) B ,
MnPc(4-(CH,) PhC-Ph-0) H,,
H,Pc(4-(CH,) PhC-Ph-0) H,,
MgPc(4-(CH,) PhC-Ph-0) H, ,
PbPC(4-(CH,),PhC-Ph~0) B ,
CuPc(Ph-0) H,,
ZnPc(Ph-0) .,
B,Pc(Ph-0) H,,
VOPC(Ph~0) K, ,
SaCl,Pc(Ph-0) K, ,
ZnPc(4-NO,Ph-0) .,
ZnPc(4-NH,Ph-0) H,,
H,Pc(4-NH,Ph-0) H, ,

2nPc(4-OHPh-O)4HIZ
Hch(4-OEPh-O)AHi2
NiPc(2,3.5—(Me)39h-0)4312
Pch(Z—Br-4-EtPh-O)4ﬂlz

VOPC(Z-B!-4-EtPh-O)4Hi2

Pch(Z-Br-4-Me(CH§)4Ph-0)4312

4912

Mch(z-Br-4-Me(cHh)4Ph—0)
znpc(4-M.e(cn:2)Sph-0)4n12
ClalPc(2-Br-4-Me (CHZ ) 3Ph—())

CuPc(2-naphthyl-0) 838
CoPc(2-naphthyl-0) SHB
ClAlPc(2-naphthyl-0) 838
l:.izl’c (2-naphthyl-0) 838
Ti0Pc(2-naphthyl-0) 838

40

412
4812

—‘-_T_’/—’_’_—

SMC 36011
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CuPc(Ph-0) Hg

ClGaPc(Ph-0) JH,

CuPc(4-EtPh-0) By

H,Pc(4-MeOPh-0) ;H, | - m

curc(en-o) 3 R A
4712 I_* [ L n S *

CuPc(4-ClPh-0) C1,,

CuPc(4-CH_Ph-0) ,C1

3 4712
CuPc(4*Ph-Ph‘O)4C1

CuPc(4-BuPh-0) C1 This Sheet Has Been R laced

12
sty T
ClGaPc(Ph-O)8 8

CIAch(Z-naphthyl-O)BCI
CuPc(Ph-O)l6
H:zrc(Ph-O)16
BrAch(Ph—O)16
ClGaPc(Ph-O)15
VOPc(Ph-O)l5
BrAch(4-C1Ph—O)16
HhPc(A-CH3Ph-O)16
CuPc(Z-naphthyl-O)l6
VOPc(Z-naphthyl-0)16
SnOPc(z-naphthyl-O)l6
CIInPc(Z-naphthyl-O)16

A process for removing stains from fabrics which comprises
treating the stained fabrics with an aqueous composition
comprising at least one compound of Formula (1), Formula (2) or
Pormula (3) the fabrics being exposed to daylight during or
following the treatment. '
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A compound of Formula (1):

—_—
This Sheet Has Been R
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Formula (1)

wherein:

M .is selected from H, metal, halometal, oxymetal and
hydroxymetal; and

k is the inverse of % of the valency of M;

in which at least one of the peripheral carbon atoms in the 1-16

positions of the phthalocyanine nucleus is linked via an oxygen

atom to an organic radical, the remaining peripheral carbon atoms

being unsubstituted or substituted by any combination of atoms or

groups and sulphonated derivatives thereof provided that

phthalocyanine absorbs electromagnetic radiation at a wavelength

from 650 nm to 800 nm for use in therapeutic treatment of a human

or an animal body.
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N compenna o ormia 3 I

18 is 1

Formula (1)

M is selected from H, metal, halometal, oxymetal and
hydroxymetal; and

k is the inverse of ¥ of the valency of M;

in which at least one of the peripheral carbon atoms in the 1-16

positions of the phthalocyanine nucleus is linked via an oxygen

atom to an organic radical, the remaining peripheral carbon atoms

being unsubstituted or substituted by any combination of atoms or

groups and sulphonated derivatives thereof provided that

phthalocyanine absorbs electromagnetic radiation at a wavelength

from 650 nm to 800 nm for manufacture of medicament for use in the

treatment of skin and subcutaneous cancers by photodynamic

- therapy.
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ABSTRACT

POLYSUBSTITUTED PHTHAL'OCYANINES

The use of substituted phthalocyanines for the generation of singlet
oxygen in which at least one of the peripheral carbon atoms in the 1-16

positions of the phthalocyanine nucleus (Mch) of Formula (1):

Formula (1):

wherein:

M is selected from.n, metal, halometal, oxymetal and
hydroxymetal; and .
k is the inverse of % of the valency of M; .

is linked Qia an oxygen atom to an aromatic radical and the remaining

peripheral carbon atoms are unsubstituted or substituted by any

combination of atoms or groups and sulphonated derivatives thereof

provided that the phthalocxgnine absorbs electromagnetic radiation at a

wavelength from 650 nm to 800 nm.
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POLYSUBSTITUTED PHTHALOCYANINES

This invention relates to the use of certain poly-substituted
phthalocyanine compounds and certain sulphonated derivatives thereof to
generate singlet oxygen, to the methods of preparing such compounds and

to certain novel substituted phthalocyanines.

FR-A-866309 describes.certain phthalocyanines having four o-alkyl or o-
aryl and four sulphonic acid substituents, a method for their

preparation and their use as colorants.

US-H-477 describes certain phthalocyanines having up to four aryloxy or
arylthio substituents and their incorporation into'semi—conducting thin
films. EP-A-0272565 describes certain mono or disubstituted

phthalocyanines and their use in laser optical recording materials.

US-A-2414374 describes a process for making certain tetrasubstituted
phthalocyanines in which the substituents include nitre- and
aminophenoxy groups. EP-A-0232427 describes certain tetrasubstituted

phthalocyanines and naphthalocyanines and their use in optical recording

media.

Chemical Abstracts 1985, Vol. 102(2,) P. 83, abstract 8233y describes

the preparation of zinc - and lithium tetra (3-pyridyloxy)
phthalocyanines.

EP-A-0153278 describes certain phthalocyanines and naphthélocyanines
carrying up to eight water solubilising groups such as sulphonic acids
and their uses as photosensitisefs and producers of singlet oxygen in

applications such as textile bleaching and control of micro organisms.

JP-A-01075489 describes  certain tetra (alkoxyphenoxy)- and tetra

(alkenylalkoxy) bhthalocyanines and their uses as photoelectric

transducers, electrophotographic photoreceptors, organic semiconductors,

agents.

|REPLACEMENT SHEET
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The present invention relates to the use of substituted

phthalocyanines for the generation of sihglet oxygen, in which at least

one of the peripheral carbon atoms in the 1-16 positions of the

phthalocyanine nucleus (Mch). as shown in Formula (1):

Formula (1)

wherein:

M is'selected from H, metal, halometal,
and
-k

oxymetal and hydroxymetal;

is the inverse of % of the valency of M;

23 AUG 1999
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is linked via an oxygen atom to an organic radical, hereinafter referred
to as pendant organic radical, the remaining peripheral carbon atoms
being unsubstituted or substituted by any combination of atoms or groups
and sulphohated derivatives.thereof carrying from 16 to 30 SO,A groups
in which A is H, a metal or an ammonium or a substituted ammonium ion
provided that the phthalocyanine absorbs electromagnetic radiation at a
wavelength from 650 nm to 800 nm.
In the present phthalocyanines the phthalocyanine nucleus may

be metal free or it may be complexed with a metal, an oxymetal group, a
hydroxy metal group or a halometal group :epresehtéd by Mi.e. it may
carry two hydrogen atoms at the centre of the nucleus or it.may carry
one or two metal atoms or oxfmetal groups or hYdroxy metal groups or
halometal groups complexed within the centre of the nucleus. Preferred.
metals represented by M are those of Groups IA, IIA, IIIB, IVB, 1lst, 2nd
and 3rd transition rows and the lanthanide series of the Peﬁibdiq Table.
_ Examples of suitable metals, halometal groups, hydroxy metal
groups and oxymetal groups represented by M are Li, Na, K, Mg, ClAl,
OEAL, Ca, ClSc, OHSc, Ni, Cu, Zn, ClGa, HOGa, OHRh, ClRh, ClIn, Brln,
OHIn, Sn, Ba, Ir, SiCl,, SiO. Si(CH),. Pt, Pd, ClRu, OHRu, Cl

2 4 4. a 4 4 ZGe' 4
(OB’ZGe' P(VvV)cL,, P(III)Cl._POCl' R Al, R'Sec, RCr, R Ga, R OAl, R 0OSc,

R‘OCI, R4OGa. RiORh, R4Rh. R‘In. R4OIn, R‘OSm, SiR4 ’ Si(OR42), R4Ru,

rioru, R‘iee,,(n40)zse, pevyor?, prrmort, por? and PooR* 1 which r
is straight or branched chain cl_lz-alkyl, aryl or heteroaryl.

Where R4 is alkyl it is preferably cl_a—alkyl:..whe:e R4 is
aryl it is preferably selected from phenyl, benzyl, toluyl and
2-naphthyl and where R4 is heteroaryl it is preferably pyridazyl or
p}ridyl. o

In the present phthalocyanines it is preferred that M is zn,
Clal, OEAi. ClRh, OHRh, ClIn, BrIn, OEIn, ClGa, OHGa, Pt, Pd,:Li. Na, K,
Ca, Ba, Mg, ClSc or OHSc, it is especially preferred that M is Zn, Clal,
CHAl, ClRh, OHRh, ClIn, BrIn, OEIn, ClGa, OHGa, Pt and Pd.

In the phthalocyanines used in the present invention each of
the pendant organic radicals linked via oxygen to the phthalocyanine

nucleus is independently selected from aromatic, hetercaromatic,

93 AUG 1999




pendant organic radicals described above and he:einafter represented by

R. It is preferred that the atoms or groups attached to the remaining

peripheral carbon atoms are selected £rom -E, -F, -Cl, -Br, -I, -soan,
_s°3Na' -soax. -So3ni.'and -503NK4 or any combination thereof. It is

especially preferred that these atoms or groups are -H, -Cl, -Br, -SO_H,

3
—503Na or -503N34° _ _

~ The sulphonated derivatives of the'yhthalocyanines used in the

present invention carrying up to 30 SO;A groups, which are attached

directly to the phthalocyanine nucleus and/or to the pendant organic

radicals are a preferred group of compounds for -the present invention.

" In the preferred group the average number of SO,A groups is 16 to 30. .

It is also preferred that for each pendant
organic radical there is at least one SD3A group, although each organic

radical may carry none, one or more than one 503A group. _
Where A is a metal ion it is preferably an alkali or alkaline
earth metal iom, espeéialiy an alkali metal ion such as a sodium,

. potassium or lithium ion. Where A is an ammonium ion it is preferably
+NE4 or a substituted ammonium ion which enhapces the water-i?lubility'
of the compound or a substituted ammonium ion of the formula NQ4 which
enhances the alcohol solubility of the compound. Examples of suitable
substituted ammonium.ions which enhance the water solubility of the
compound are mono, di, tri and tetra alkyl and hydroxyalkyl ammonium

ions in which the alkyl groups preferably contain from 1 to 4 carbon
atoms such as +N(CH

+ + + +
" 3)4, N(CZES,4' N(CZE4OE)4. NH_CH.; NHZ(CHB)Z
and NH(C33)

373

3 .

In the substituted ammonium ion of the Formula 'NQ, at least
one Q is a fatty aliphatic group and any remaining Q groups are
c1_4—a1kyl or H. The fatty aliphatic groué represented by Q preferably
contains from 4 to 16, more preferably from 7 to 12 and especially
preferably 7 to 9 carbon atoms. Preferred fatty aliéhatic groups are
alkyl and alkenyl groups which have straight- or branched-chains.

Preferred alkyl groups, tepresented'by Q. containing 8 or 9 carbon atoms

REPLACEMENT SHEET]
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are, 3,5,5-trimethyl- hexyl, 1,1,3,3-tetramethylbutyl and 2-ethylhexyl.
Examples of other aliphatic chains are il-ethyl-3-methylpentyl,
1,S-dimethylhexyl, 1—methylheptyl,'1,4-dimethylheptyl, .
1,2,2~trimethylpropyl, 2-ethylbutyl, 1—p:opy1butyl, l,z-dimethflbutyl,
2—methyipentyl. l-ethylpentyl, 1,4-dimethylpentyl, l-methylhexyl,
3-methylhexyl, 1,3,3-trimethyibutyl. l-methylnonyl. The substituted
ammonium ion represented by A preferably has one fatty alkyl group as
described above, the rfemaining groups being preferably H or cl_4-alkyl.
especially E or methyl. Suitable ammonium ions include
2-ethylhexylammonium, 1,1,3,3-tetramethylbutylammonium and
3.S,S-trimethylhexylammonium.

In compounds of the Fbrmula (1) each of the peripheral carbon
atoms in the 1 to 16 positions of the phthalocyanine nucleus are
attached to a group Y and each Y is indepeﬁdently selected from -H,
halogen, ~SO,A in which A is as hereinbefore defined, and OR in which R
is a pendant organic radical as hereinbefore defined.

According to a further feature of the present invention there _"
is provided'a'process for the generation of singlet oxygen by
irradiation in the presence of oxygen of a substituted phthalocyanine,
in which ﬁt least one of the peripheral carbon atoms in the 1-16 '
positions bf the phthalocyanine nucleus (MP.),. as shown in Formula (1),
wherein M and k are as hereinbefore'defined, is linked via an oxygen
"atom to an organic radical, the remaining peripheral carbon atoms being
' unsubstituted or substituted by any combination of atoms or groups and
suiphonated derivatives thereof with electromagnetic radiation of
wavelength from 650 to 800 nm. Suitable sources of electromagnetic

radiation includes sunlight and lasers with emissions in the 650-800 nm
region.

REPLACEMENT SHEET
| 234AuG w99 |

|




According to a further feature of the present invention there

are provided phthalocyanine compounds of the Formula (2):
M, Pc (0-R), X, (S044),

Formula (2)

. wherein: _
M Pc. is a phthalocyanine nucleus as defined in Formula (1);
each R independently is an organic radical;
each X independently is halogen or hydrogen; the O-R and X groups
‘being attachea to one or more of the 16 peripheral carbon atoms
of the phthalocyanine nucleus;
A is selected.from E, 2 metal, émmonium or substituted ammonium
as described above;
a is from 1.to 16;
is from 0 to 15;
4 is an average valﬁe from 16 to 30;
a+b is from 1 to 16. - |

In phthalocyanines.of Formula (2) M is any of the metals,

halometal groups, hydroxymetal groups or oxymetal groups described above
for M. . -

In phthalocyanines of Formula (2) it is preferred that M is
Ba, Li, Na, K, Mg, ClAl, OHAl, Ca, 2n, ClGa, H, Pt, Pd, OBRh and it is

especially preferred that M is 2n, H, ClAl, OHAl, Pt, P&, ClGa, OHRh and
Brin. :

REPLACEMENT SHEET}
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In a phthalocyanine of Formula (2) each of the radicals
denoted by R may be selected from any of the pendant organic radicals
hereinbefore. defined in relation to Formula (1) above.

In a phthalocyanine of Formula (2) it is preferred that a is
from 4 to 16 and more preferably from 5 to 16. It is espécially
preferred that a is 16. _

-',In a phthalocyanine of Formula (2) each halogen denoted by X
is preferably independéntly selected from -F, -Cl, -Br and -I and it is
especially preferred that each halogen denoted by X is independently -Cl
or -Br. | | '

In a phthalocyanine of Formula (2) it is preferred that b is
from 0 to 12, and more preferably from 0 to 11.

When a+b is <16 the remainder of the 16 peripheral carbon

‘atoms, not carrying a group O-R or X, may carry a sulphonate group,

-503A.or.a.group represented by R. It is however preferred that the

-sum of a+b is 16. It is also preferred that a is 4, 8, 12 or 16 and
especially 8, 12 or 16.

In phthalocyanines of Formula (2) the metal ion denoted by A
is preferably an alkali or alkaline earth metal ion and more preferably
is selected from lithium, sodium and potassium ion. It is especially

preferred that A is a sodium, an ammonium ion or hydrogen.

A preferred sub-group of compounds of Formula (2) are those
in which M is Zn, ClAl, OHAL, R is phenyl, 2-, 3- or 4-methylphenyl or
naphth-2-yl, a is from 1 to 16, X is halogen, b is from 0 to 15, a+b is
equal to 16, A is as hereinbefore defined and 4 is an'average value from
16 to 30. An especially preferred suh-group of compounds of Formula (2)
are those in which M _is Zn, R is phenyl, 2-,.3- or 4-methylphenyl or
naphth-2-yl, a is 4, 12 or 16, b is 12, 4 or O, a+b is equal to 16, A is

as hereinbefore defined énd d is an average value from 16 to 30.
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According to a further feature of the present invention there
are provided phtha;ocyanine compounds of the Formula (3) free from

sulphonic acid groups: -
o 1
M, Pc (0-R'), X,

~Formula (3)

wherein:
MkPé is as defined in Formula (1); _
R™ is selected from optionally substituted aryl and optionally
substituted heterocaryl; |
X is halogen or H;
is an integer from 8, 12 or 16;
is an integer from 8, 4 or 0; and

a+b is equal to 16;

M is selected from 2Zn, Clal, OHAl, C1Rh, OHRh, ClIn, BrIn, OHIn[
ClGa, OHGa, Pt, Pd, Li, Na, K, Ca, Ba, Mg, ClsSc, and OHSc;

except for the compounds:

ClAlPc (2-naphthyl-0)  H,
Li,Pc(2-naphthyl-0).H,
ClGaPc(Ph-O)gﬁ8

ClGaPc (Ph-0) ,C1,
'ClAlPc(2-naphthyl-0),Cl,
ClGaPec (Ph-0) ;4
ClInPc(z-napht:hyl-Q)16

et s W o e,
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_ Accordingto a further feature of the present invention there are provided phthaiccyanine compounds of the Formula
(3):

(1) wherein

M is selected from Na. Ca, CiSc, OHSc. CiRh, OHRh, Ba and OHAI.
(2) wherein

M is selected from CiGa, Clin, Na, Mg, OHAI. Ca and Zn.
X is halogen: : .

a is8ori2 andbis8or4

(3) wherein:

M is selectad from Clin, Na. QHAI and Ca,

X is hydrogen: :

a isSor12:andbis 8 or4.

(4) wherein:

M is selected from Mg, and Zn.

X is hydrogen:; '

a is8or12. andbis8or4.

(5) wherein:

M is selected from Zn. Mg, Pd and Pt.
a is12or16.andbis 4 or0.
{6) wherein:
M is selected from Zn, Li, Mg, Na, OHAl and Ca.
X is halogen: '
a is8,120r16. andbis 8 40r 0.
{7) wherein:
a is8or12. and b is from 8 or 4, provided that at least one X is H and one X is halogen.

(8) wherein:

M is CIAI
X is halogen:
a is12or16:andbis4or0.

(9) wherein:

M is CIAL :
a i; 8: b is 8: provided that R? is not 2-naphthyl.

(10) wherein:

M isLi
a is8,120r16: bis 8, 4 or 0; provided that R? is not 2-naphthyi.




10.

In a phthalocyanine of Formula (3) it is preferred that each

of the radicals denoted by Rl is independently selected from mono- or

bi-cyclic aromatic or heterocaromatic radicals.. Examples of suitable

aromatic and heteroaromatic radicals are those described above for R.

| 03 AUG 999 | |




11

The radicals denoted by Rl are more ﬁreferably phenyl or paphthyl,

1
especially 2-naphthyl. Preferred substituents for the R group are as

described for R.

_ In a phthalocyanine of Formula (3) it is preferred that the
metal denoted by M is 2n, Clal, OEAl, C1Rh, OERh, ClIn, Brin, OEIn,
ClGa, OHGa, Pt, Pd, Li, Na, K, Ca, Ba, Mg, ClSc or OEHsc.

It is especially preferied in phthalocyanines of Formula (3)
that M is Zn, ClAl, OHAlL, Cl-Rh, OHRh, Brin, OHIn, ClGa, Pt or P4, R' is
phenyl or 2-naphthyl, a is 16. _.

A preferred'sub-group 6f compounds of Formula (3) are thaose in
which M is Zn br Mg, R1 is phenyl, 2-, 3- or 4-methylphéhyl or

naphth-2~yl and a is 16.
A further preferred sub-group of cﬁmpounds of Formula (3) are those

in which M- is Zn or Mg, R1 is phenyl, 2-, 3- or 4-methylphenyl or
naphth-2-yl, a is 8, X is H or halogen and b is 8.

The phthalocyanines of Formula (1), Formula (2) and
Formula (3) can be prepared by the following methods:-

(a) by reaction of a 1,2~dicyanobenzene of Formuia (4):

H
CN

CN
1,

Formula (4)
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wherein:

Z is selected from chloro, bromo and iodo:
e is an integer from 0 to 3;

£ is an integer from 1 to 4; and

e+f is equal to 4

with a compound R-OE whereby up to 4 of the groups, Z, are replaced by

R-0 groups to form a compound of Formula (5):

H

CN
/8 | .
CN

(0-R)

Formula {5)

wherein:
~ Z is as described above:;

is as described above for compounds of Formula (2);
is an integer from 0 to 3;

F o W

is an integer from 0 to 3;
i is an integer from 1 to 4; and

g+h+i is equal to 4.

followed by reaction of one or more 1,2-dicyanobenzene compounds of
Formula {5), or a combination of one or more compounds of Formula (S)
and 1,2-dicyanobenzene, with an appropriaté metal or metal salt

optionally in an inert liquid at an elevated temperature to form a

phthalocyanine of Formulae (1), (2) or (3). The presence of at least

one equivalent of 1,2-dicyanobenzene is required for the preparation of

compounds of Formula (2) where X is H and b is 13, 14 or 15.

~EPLACEMENT SHEET|
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(b) by reaction at elevated temperatures of a compound of
Formula (6):

ld:k I? C EZ ( afftl)

Formula (6)

Mk’ Pc, Z, a and b are as described above
with a compound, R-OH, in a polar organic medium preferably in the
presence of an acid binder. . _ ' '

_ The reactions in (a) above are more fully described in UK
patent nuhbers 1439394 and 2200650 andé German patent number 2455675,
reaction (b) is more fully described in bur co-pending | patent . '
application number EP-A-0484018 , o

In reactions of type (b) the polar organic'médium which may or
'may not be a liquid at ambient temperature and which may only partially
dissolve the reactants, preferably has a boiling point from 80°C to
300°C, more preferably from 150°C to 200°C. The polar organic medium
is preferably inert or may act to catalyse the reaction. It is
preferred that the polar organic medium is selected from
N—methyl-z—pyrroliddne, dimethylformamide, methylcyclohexanol, octanol,
benzyl alcohol. nitrobenzene and quinoline. It is especially preferred
‘that in reactions of type (b) the polar organic medium is
dimethylformamide or N-methyl-2-pyrrolidone.

In reactions of type (5} the acid binder is preferably
selected from alkali metal hydroxides and carbonafes. It is p:éférréd'
that the acid binder is lithium, sodium.or potassium hydroxide, it is

especially preferred that the acid binder is potassium hydroxide.
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The sulphonated phthalocyanines of Formula (2) can be prepared
by sulphonating a precursor of a phthalocyanine of Formula (2) in which
d is 0, using sulphuric_acid which may contain excess SO, (oleum). The-
strength of acid may vary within wide limits from 1% sulphuric acid up
to 30% oleum. It is preferred that the strength of acid is from 50%
sulphuric acid up to 30% oleum, it is especially preferred that the
strength of acid is f£rom 98% sulphuric to 30% oleum. The reaction
temperature may vary from -10°C to 60°C depending on the extent of
sulphonation required. . Sulphonation may be performed in an inert
liquid. ' o

As the concentration of the sulphuric.acid or the oleum is
increased at a fixed reaction temperature, more sulphonic'acid groups
are introduced into the phthalocyanine. Similarly as the reaction
temperature is increased at a- particular acid strength, more sulphonic
acid groups are introduced into the phthalocyanine..

In the sulphonétion reaction a preferred acid is 10% oleum and
a preferred reaction temperature is from -10°C to 40°C, especially from
10°C to 25°C. '

The phthalocyanines can be sulphonatéd direétly on the Pc
nucleus, particularly when any of the 1-16 positions is unsubstituted
(i.e. the 1-16 peripheral carbon atoms carry a hydrogen atom) or on any
of the pendant organic groups R or Rl, or on both the Pc nucleus and the
pendant organic groups.

The phthalocyanines of particular interest are those which
promote the generation.of singlet oxygen when exposed to radiation from
the 650nm to 80Qnm region, especially the 680 to 770nm region of the
electromagnetic spectrum. _ _

Singlet oxygen has a greater enérgy.than ground—-state,
triplet oxygen. The singlet and triplet states of oxygen are .
distinguished by the singlet state having two electrons of anti-parallel
spins and the triplet state having an ﬁncoupled pair of electrons with

parallel spins. The singlet oxygen is also distinguished from triplet

REPLACENENT SHBET
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oxygen because it is a highly reactive species with a lifetime from a
few microseconds to several hundred microgeconds. During its lifetime
singlet oxygen has the potential to react before being deactivated.
The reactivity of the singlet oxygen may be utilised in a wide range of
applications which include photobleaching, photodeodorising,
photodynamic therapy (PDT), treatment of visible stains on a range of
material surfaces, surfaces include fabric, cement, stone, brick, glass,
etc., biocidal, degradation of plastics, paper and pulp bleaching,
environmental clean-up, anti-microbial action on £ibres, incorporation
into various products for eiample in fabrics as deodorisers, into paints
or film treatments to destroy micro—organisms or contaminants, into
cement products, élass products and paints to confer self-cleaning
properties, sterilising swimming pools and as a surface treatment to
prevént yellowing/discoloration of paper. For photobleaching and
photodeocdorising application the present phthalocyanine can be
ihcorporated into detergent formulations which are uSed in a wide range
of cleaning applicatidns. _ _
According to a further feature of the present invention there
is provided a process for removing stéins from fabrics which comprises
treating the stained fabrics wiéh an aqueous.comPOSition comprising at
least one compound of Formula (1), Formula (2) or Formula (3) the
fabrics being exposed to daylight during or following the treatment.
The agueous composition may also comprise detergents such as
soap or synthetic detergents, oﬁher detergent additives such as soil
suspending agents, optical brighteniﬁg agents, sud or foamicontrol
agents, perfume, surfactants such as alkyl sulphonates, paraffin
sulphonates and alkylbenzene sulphonates, ethoxylated alcohols or
betaines, and alkaline detergency builders such as sodium carbonate,

silicate, orthophosphates and polyphosphates.

23 AUG 1599 1
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The process for removing stains is preferably carried out at
temperatures from 10°C to 80°C, more preferably from 20°C to 60°C aﬁd
espeéially from 35°C to 45°C. Suitable process times for stain removal
are typically from S5 minutes to S hours, preferably from 10 minutes to
1l hour. |

The aqueous composition preferably contains from 0.000Sg to
0.1g per litre of compounds -of Formula (1), Formula (2) and/or
Formula (3), more preferably from 0.001g/l to 0.01g/l.

The efficacy of the stain removal process generally depends on
the concentration of coﬁpounds of Formula (1), Formula (2) and/or
Formula (3) in the wash solution, the inéensity of daylight, the process
température and the procesé time. The process is generally more |
effective with higher concentrations of compounds of Formula (1),
Formula {2) and/or Formula (3),'at higher intensitiés of daylight at
higher process temperatures and with longer process times.

The preferred,compounds_of Formula (2) and Formula (3) are
those where Mk is Zn, | Ca, ClAl, OHAl, and Hz: R or R} is phenyl
and 2-naphthyl; a is 16; and @ is from 16 to 30.

According to a further feature of the present invention there
are provided compounds of the Formulae. (la) as defined in claim 12, (2)
and (3) for_use in therapeutic treatment of a human or an animal body.

According to a further feature of the present invention,

compounds of Formula (1a) as defined in claim 13, Formula (2) or Formula
{(3) are used for the manufacture 6f a medicament for use in the

treatment of skin and subcutaneous cancers by phétodynamic therapy.

In this treatment the compound of Formﬁla (1a),Formula (2) or
Formula (3) is introduced into Ehe affected tissue and then irradiated
with electromagnetic radiation in the region from 650-800nm, preferably
680-770nm in order to generate singlef oxygen which destroys the
affected cells. |

The phthalocyanine compounds of the present invention promote
the formation of singlet oxygen under the igfluence of electromagnetic
radiation, particularly in the 680-770nm region and are capable of

promoting singlet oxygen formation in localised areas.
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Measurement of triplet oxygen yields after laser excitation
and singlet oxygen emission y;elds allows calculation of singlet oxygen
generating efficiency (SA). The experimental details for these
measurements are more fully described in Gorman et al, Journal of the
American Chemical Society [1987], 109, 3091; Gorman et al, Journal of
the American Chemical Society [1989], 1;1, 1876 and Gorman et al,
Photochemistry and Photobiology [1987] 45(2), 21S.

The invention is fnither illustrated by the following examplés

in which all parts and percentages are by weight unless otherwise
indicated. .

Example 1

Preparation of hexadeca(phenoxy) dihydrophthalocyanine
(i) Preparation of 1,2-dicyano-3,4,5,6~tetraphenoxybenzene

A mixture of 1,2-dicyano-3,4,5.6-tetrachlorobenzene
(S0 parts), phenol (106 parts), potassium carbonate (104 parts) and
dimethylformamidé (200 parts) was stirred and-heated at.70°c for 2 hours
before pouring into water (S00 parts). The agueous mixture was
extracted with chloroform (2 x 300 parts).. The chloroform extract was
washed with a 5% agqueous solution of sodium hydroxide (2 x 250 parts)
and then with water (2 x 250 parts). The chloroform extract was dried
over anhydrous magnesium sulphate, filtered and the dhloroform was
removed by distillation under reduced pressure to leave a brown oil.
The brown o0il was dissolved in hot butan-1-ol and allowed to cool
slowly. 1,2-Dicyano—3,4,5,6-tétraphenoxybenzene {62.2 parts, 67%) was
obtained as a pale yellow solid m.p. 149-151°C.
(ii) Preparation of hexadeca(phenoxy) dilithium phthalocyvanine

Lithium (0.42 pa:ts)'waS'dissolved in butan-l-ol (50 parts)
with stirring at 100°C over 4 hours before adding 1,2-dicyano-
3,4,5,6-tetra(phenoxy)benzene (10 parts). The reaction mixture was
stirred at 120°C for 30 minutes. The solution was cooled and a green
solid was collected by filtration. The solid was washed with methanol
(3 x 50 parts) and dried to give hexadeca(phenoxy)dilithium
phthalocyanine (5.5 parts} m.p. >250°C. '
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(iii) Preparation of hexadeca(phenoxy) dihvdrophthalocvanine

A mixture of hexadeca(phenoxy) dilithium phthalocyanine
(3.0 parts) and toluene (100 parts) was stirred at 20°C and p-toluene
sulphonic acid (1.14 parts) was added slowly. The reaction mixture was.
stirred at 20°C for 30 minutes before adding activated carbon and
filtering through Clarcel flo filter aid. Aftér filtering the solution
was passed through a silica gel column washing with toluene. The
‘solvent was removed by ‘distillation under reduced pressure to leave a
green solid. The solid was stirred in methanol (SO parts), filtered
off and washed with waéer and.dried to give hexédeca(phenoxy)
dihydrophthalocyanine (2.68 parts) m.p. >250°C. -

Example 2

Preparation of hexadeca(phenoiy) zinc phthalocyanine:

A mixture of i,z-dicyano-3,4.5,G-tetra(phenoxy)benzene
{20 parts), zinc chloride (1.81 parts), urea (0.8 parts) and
. nitrobenzene (40 parts) was stirred at 180°C for 2 hours before poﬁring
into ethanol (74 OP, 200 parts), agueous hyﬁiochloric acid (2 mol.dm 3,
600 parts), aqueous ammonia (é mol.dm-3, 300 parts), water
(2 x 200 parts) and ethanol (74 OP, 500 parts). - The solid was dried to
give hexadeca(phenoxy) zinc phthalocyanine (4.4 parts) m.p. >250°C.
Example 3 |

Preparation of hexadeca(phenoxy) chloroaluminium phthalocvanine

A mixture of 1,2-dicyano~3,4,5,6-tetra(phenoxy)benzene
(4.13 parts), urea (0.17 parts); anhydrous aluminium chloride
(0.37 parts) and ammonium molybdate (0.004 parts) was stirred at 200°C
for 30 minutes and cooleé to give a brown solid. The solid was broken
up and slurried in ethanol (74 OP, 200 parts). A green solid was.
collected by filtration and washed with ethanol (100 parts) before
slurrying it with aqueous hydrochloric acid (2 mol.dm_3, 200 parts) and
£iltering. The solid was washed with agqueous ammonia (2 mol.dm-a,
100 pafts), water (200 parts) and ethanol (74 OP, 300 parts). The .'
soiid was slurried in hot ethanol (74 OP, 2 x 200 parts), collected and
dried to give hexadeca(phenoxy) chlorcaluminium phthélocyanine
© (1.17 parts) m.p. 152-154°C. |
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Example 4

Preparation of hexadeéa(phenoxy) magnesium phthalocyanine

The procedure of Example 3 was used except that magnesium
chloride hexahydrate (0.56 §arts) was used in place of the anhydrous
aluminium chloride. Hexadeca{phenoxy) magnesium phthalocyanine
(1.57 parts) was obtained as a green solid, m.p. >250°C.

Example 5

Preparation of hexadeca(phenoxy) cooper (II) phthalocyanine

The procedure of Example 3 was used except that copper (iI)
chlofide (0.34 parts) was used in place of the anhydious aluminium
chloride. Hexadeca(phenoxy) copper (II) phthalocyanine (3.6 parts) was
obtained as a green solid, m.p.>250°C. '
Example 6 '

Prevaration'of hexadeca(phenoxv) nickel (II) phthalocvanine.

The procedure of Example 3 was used except that nickel (II)
chioride (0.36 parts) was uséd in place of the anhydrous aluminium
chloride. Hexadeca(phenoxy) nickel (II) phthalocyanine (1.1 parts) was
obtained as a green solid, m.p.sto'c. |
Example 7
Preparation of hexadecag2-nauhthoxv)dilithiﬁm phthalocyanine
(i) Preparation of 1,2-dicvano—3.4}5.S-tetra(z-nanhthoxylbenzene

i,2-Di¢yano-3,4,5,6—tetrachlorobenzene (30.5 parts), potassium
carbonate (62.8 parts) and 2-naphthol (98.1 parts) were stirred in
dimethylformamide (140 parts) at 70°C. for 3 hours. The mixture was
poured into water (300 parts) and ext:écted with chloroform
(3 x 300 parts). The combined chloroform extracts were washed with
dilute aqueous sodium hydroxide éolution (500 parts) and then with water
(500 parts). The chloroform was dried over anhydrous magnesium
sulphate before evaporating under reduced pressure to leave a brown.
liqguid which crystallised on adding butan-1-ol, cooling and standing for
2 hours. The crystallised solid was filtefed. washed with butan-1-ol
until the filtrates were colourless. The sdlid was dried to give
1.2—dicyano-3,4.5,G—tetra(z-naphthoxy)benzené (40.6 parts),
m.p. 188-1%0°C. '

REPLACEMENT SHEETI
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(ii) Preparation of hexadeca(2-naphthoxy) dilithium phthalocvanine

The procedure of Example 1(ii) was used except that
1,2~-dicyano~- 3,4,5,6-tetra(2-naphthoxy)benzene (10 parts) was used in
place of the 1,2-dicyano;3;4,5.G-tetra(phenoxy)benzene and 0.3 parts
instead of 0.42 parts of lithium were used.. Hexadeca(2-naphthoxy)
dilithium phthalocyanine (5.71 parts) was obtained as a green solid,
m.p. 185-190°C. '

Example 8
Preparation of hexadeca(2-navhthoxy) zinc phthalocyanine

The procedure of Example 2 was used except that
1,2-dicyano-3.4,5,G-tétra(Z—naphthoxy)benzene {20 pérté) was used in
place of the 1,2-dicyano-3,4,5,6-tetra(phenoxy)benzene and 1.29 parts
instead of 1.81 pafts of zinc chloride and 0.57 parfs instead of
0.8 parts of urea were used. . Hexadeca(2-naphthoxy) zinc phthalccyanine
(15.4 parts) was obtained as a green solid, m.p. 230-235°C.

Example 9 |

Preparation of hexadeca(phenoxv)dihvdrophthalocvanine eicosa (sulphonic
acid) sodium salt '

Hexadeca(phenoxy)dihydrophthalocyanine (1.0 parts) was added
to 10% oleum (2.3 parts) at 0°C over 15 minutes. _the mixture was
allowed to warm to 20°C and was stirred for 3 hours before pouring into
a mixture of ice and water (100 parts). The resultant solution was
neutralised to pE 7 using 48% agqueous sodium hydroxide. The product
was purified by dialysing the neutralised solution in Visking tubing
_(obtainable from The Scientific Instrument Centre, Eastleigh, Hampshire)

over 24 hours. The dialysed solution was evaporated to leave hexadeca

(phenoxy)dihydrophthalocyanine eicosa-(sulphonic acid) sodium salt (2.0
parts) as a black solid, m.p.230-235°C.
Example 10

) The procedure of Example 9 was used except that 2.6 parts
instead of 2.3 parts of 10% oleum was used. Hexadeca(phenoxy)dihydro
phthalocyanine triaconta (sulphonic acid) sodium salt was obtained as a

black solid, m.p.>250°C.
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Example 11

Preparation of hexadeca(phenoxy) zinc phthalocvanine hexadeca(sulphonic
acid) sodium salt

The procedure of Example 9 was used except that
hexadeca(phenoxy) zinc phthalocyanine (1.4 parts) was used in place of
the'hexadeca(phenoxy) dihydro phthalocyanine and 3.5 parts of 10% oleunm
was used instead of 2.3 parts. Hexadeca(phenoxy) zinc phthalocyanine
hexadeca(sulphonic acid) sodium salt (1.32 parts) was obtained as a
green solid, m.p. > 250°C. |
Examglé 12
Preparation of hexédecarz-nabhthoxvz zinc phthalocvanine
triécontagsulnhonic acid) sodium salt

The procedure of Example 9 was used except that
hexadeca(2-naphthoxy} zinc phihalocyanine (1.0 parts) was used in place
of the'hexaaeca(phenoxy) dihydro phthalocyanine and 3.0 parts of 10%
.oleum was used instead of 2.3 paﬁts. Eexadeca(z-naphthoxy) zinc
phthalocyanine triacenta(sulphonic acid) sodium salt (1.7 parts) was
obtained as a green solid; m.p.>250°C.

Example 13
Preparation of hexadeca(2-naphthoxy)hvdroxvaluminium phthalocvanine
triaconta(sulphonic acid) sodium salt

(i) Preparation of hexadeca(2-naphthoxv)chloroaluminium phthalocvanine

The procedure of Example 3 was used except that
1,2-dicyano-3,4,5,6~tetra(2-naphthoxy)benzene (3.0 parts) was used in
place of the 1,2-dicyano-3,4,5,6-tetra(phenoxy)benzene, 0.20 parts
instead of 0.37 parts of anhydrous aluminium chloride and O;Oé parts
instead of 0.17 parts of urea were use&. Hexadeca(2-naphthoxy)
chlorcaluminium phthalocyanine (2.43 parts) was obtained as a
brown-green solid, m.p.208-210°C.
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(ii) Preparation of hexadeca(2-naphthoxy) hydroxvaluminium
phthalocyanine triaconta(sulphonic acid) sodium salt

The procedure of Example 9 was used except that
hexadeca{2~naphthoxy) chloroaluminium phthalocyaninel(l.o parts) was
used in place of the hexadeca(phenoxy) dihydro phthalocyanine.
Hexadeca(2-naphthoxy) zinc phthalocyanine triaconta(sulphonic acid)
sodium sglt (1.7 parts) was obtained as a green solid,m.p.>250°C.
Example 14 ) : '

Preparation of hexadeca(phenoxy) hydroxyaluminium phthalocvanine
hexadeca(sulphonic acid) sodium salt

The procedure of Example 9 was used except that

hexadeca{phenoxy) chlorocaluminium phthaiocyanine (0.4 parts) was used in
place of the hexadeca(phenoxy) dihydro phthalocyanine, 3.0 parts instéad.
of 2.3 parts.of 10% oleum was used. Hexadeca(phenoxy) hydroxyaluminium
phthalocyanine-hexadeca(sulphonic aciad) sodium salt (0.63 parts) was
obtained as a green solid, m.p. >250°C.

Example 15

Preparation of hexadeca(2-naphthoxy) dihydro phthalocyanine

triaconta({sulphonic acid) sodium salt

(i) Preparation of hexadeca(2-naphthoxy) dihvdro phthalocvanine

The procedure of Example 1(iii) was used except that

hexadeca(2-naphthoxy) dilithium phthalocyanine (3.0 parts) was used in
| place of the hexadeca(phenoxy) dilithium phthalocyanine and 0.82 parts
inétead of 1.14 parts of §?tolﬁene sulphonic acid were used.
Hexadeca(2-naphthoxy) dihydro phthalocyanine (0.75 parts) was obtained
as a black solid, m.p. 220-225°C. -

{ii) Preparation of hexadeca(2-naphthoxy) dihydro phthalocvanine

triaconta(sulphonic acid) sodium salt

The procedure of Example 9 was used except that
hexadeca{2-naphthoxy)} dihydro phthalocyanine (1.0 pafts) was used in
place of the hexadeca(phenoxj) dihydro phthalocyanine, 3.0 parts instead
of 2.3 parts of 10% oleum was used. Hexadeca(2-naphthoxy) dihydro
phthalocyanine triconta(sulphonic acid) sodium salt (1.5 parts) was

obtained as a green solid, m.p. >250°C.

- o 03 AUG 1999
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Exémule 16

Preparation of hexadeca(phenoxy) palladium phthalocvanine

The procedure of Example 2 was used except that palladium (II)
chloride (2.4 parts) was used'ih place of the zinc chloride. Hexadeca
(phenoxy) palladium phthalocyanzne was obtained as a green solid,

m.p. >250°C.
Example 17

Preparation of hexadeca(phenoxy) palladium phthalocyanine hexadeca
(sulpvhonic acid) sodium salt

The procedure of Example 9 was used except that
hexadeca(phenoxy) palladium phthalocyanine was used in place of the
hexadeca(phenoxy) dihydro phthalocyanine. .. Hexadeca(phenoxy) pélladium
phthalocyanine hexadeca(sulphonic acid) sodium salt wés obtained as a
green solid, m.p. >250°C. '
Example 18

Preparation of hexadecagghenoxvz platinum phthalocyanine

_ The procedure of Example 2 was used except that platinum (II)
bromide (4.7 parts) was used-in place of the zinc chloride. Hexadeca
{phenoxy) platinum phthalocyanine was obtained as a green solid,
m.p. >250°C.
'Example 19
Preparation of hexadeca(phenoxy) platinum nhthaloéyanine hexadeca

{sulphonic acid) sodium salt

The procedure of Example 9 was used except that
hexadeca(phenoxy) platinum phthalocyanine was used in place of the
hexadeca(phenoxy) dihydro phthalocyanine. Hexadeca(phenoxy) platinum
phthalocyanine hexadeca(sulphonic acid) sodium salt was obtained as a
green solid, m.p. >250°C. - -

Example 20

2regaration-of'hexadeca(phenoxy) chlororuthenium phthalocyanine

The procedure of Example 2 was used except that ruthenium
(III) chloride (2.8 parts) was used in place of the zine chloride.

Hexadeca (phenoxy) chlororuthenium phthalocyanine was obtained as a
green solid, m.p. >250°C.

_._....‘.........
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The 1,2-dicyanobenzenes of Examples 24-36 are not a feature of
the present invention but are used as intermediates in the preparation

of phthalocyanines described below.

Examples 24 to 30

Further 1,2-dicyanocbenzenes compounds of Formula (5) were
prepared by the method of Example 1i) using equimolar amounts of the

appropriate substituted phenol in place of phenol as described in

Example 1i).

Example - ' Starting Phenol - Product 1,2-dicvanobenzene
24 2-methylphenol . "3,4,5,6~tetra(2-methylphenoxy)
25 3-methylphenol 3,4,5.6—tetra(3-methylpheﬁoxy)
26 l-methylphénol 3.4,5,6-tetra(4-methylphenoxy)
27 4-methoxyphenol ’ 3,4,5,6-tetra(4-me£hoxyphenoxy)
28 1-naphthol 3,4,Sié—tetra(l—naphthoxy)

29  2-naphthol 3,4,5,6-tetra(2-naphthoxy)
- 30 A-Chlo:oéhenol 3,4,5,6—£etra(4-chlorophenoxy)

Examnle 31

Preparation of 4-chloro-1.2-dicvano-3.5,G-pri(4-methvlnhenoxy)benzene

The procedure of Example 1i) was followed except that 4-methyl
phenol (121.8 parts) was used in place of the phenocl. 4~Chloro-i,2-
.dicyano-B.5.G-tri(4-methylpheﬁoxy)benzene (43.7 parts) was obtained as a
‘pale green solid, m.p. 142-145°C.

Examples 32 and 33

Further 1,2-dicyancbenzenes in accordance with Formulé (6)
were prepared by the method of Example 21 using equimolar amounts of the
appropriate phenol in place of the phenol described in Example 31.

Example Starting Phenol Product 1,2-dicvanobenzene
32 : 4-methoxyphenol 4-chloro-3.5.6—#:1(4-methoxyphenoxy)
33 4-nitrophenol 4~chloro-3,5,6-tri(4-nitrophenoxy)

REPLACEMENT SHEET
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Example 34

Preparation of 3,5,6~trichloro~-1l,2-dicyano—4-phenoxvbenzene

A solution of potassium hydroxide (1l1.2 parts) in water (22
parts) was added dropwise to a stirred solution of 3,4,5,6-tetra-chloro-
1,2~dicyanobenzene (26.6 parts) and phenbl (9.4 parts) in acetone. (100
parts) at 0°C. The solution_was stirred at 60°C for 2 hours before
-pouring into water (500 parts). The aqueous mixture was extracted with
dichloromethane (3 x 500 parts). The dichloromethane extracts were
washed with water (3 x 200 parts), dried over anhydrous Na2504, filtered
and the dichloromethane was removed under reduced pressure to leave a
brown solid. The solid was recrystallised from butan-l-ol.
3,5,6-Trichloro~1,2-dicyano-4-phenoxybenzene (17 parts) was obtained as
a brown solid, m.p. 147-150°C.

Example 35
Preparation of 1,2-dicyano-3—-phenoxvbenzene

A solution of 1,2—dicyano-3—nitrobenzene (2.77 parts) and
sédium phenoxide (2.79 parts) in diméthylformamide'(so parts) was
stirred at 120°C for 2 hours. The reactiop mixture was poured into
water and extracted with diethyl ether (100 parts). The diethyl ether
extract was washed with 5% aqueocus potassium hydroxide solution (2 x 200"
parts) and water (2 x 200 parts) and the diethyl'ethex was removed underl
reduced pressure to leave a solid. Recrystallisation of the solid from
a 1:1 diethyl ether:petroleum spirit (b.p .60-80°C) gave 1,2-dicyano~-3-
phenoxybenzene (2.1 parts, 60%) as a pale green solid, m.p .110-112°C.
Example 36 ' |
Preparation of 1,2-dicvano-4~phenoxvbenzene

The procedure of Example 35 was followed except that
1,2~dicyano—~4—-nitrobenzene (1.0 part) was used in place of the
1,2~-dicyano-3-nitrobenzene, 1.0 parts instead.of 2.79 parts of sodium
phenoxide and 20 parts'instead of 50 parts of dimethylformamide were |

used. 1,2-Dicyano—-4-phenoxybenzene (0.6 parts, 49%) was obtained as a
white solid, m.p .98-100°C.

REPLACEMENT SHEET
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Examples 37 - 39
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Further phthalocyanines of Formula (3) were prepared by the

" method of Example 3 using equimoclar amounts of the appropriate-i,z-

dicyanobenzene in place of the 1,2-dicyano-3,4,5,6-tetra(phenoxy)benzene

and the appropriate anhydrous metal chloride in place of the anhydrous
aluminium chloride:

| Metal | Product | zield
Example 1,2-dicvanobenzenel Chloridel M | gi | d 4 H 8 |m.p./°C
37 as Example 1) | Rncl;jomeen |16 o4 o 30]135-140
g as Example 1i) ] InBry [sr._xni Ph 16l 4 4 ss8]>2s0
39 as Example 1i) | sSccl, | oESd Pn | 160 4 4 22| 190-195
40 as Example 1i) | Gacl, | c1cal ph |16 4 4 55]>250
41 as Example 24 i _znc12-| zn |2-MePn |16 4 4 18]>2s0
42 as Example 25 l 2nCl, |2n | 3-MePnh |16 4 4 37| 139-143
43 as Example 26 | zoc1, |2n | 4-MePn {26} 4 4 13|>250
44 as Example 24 l A1C1, | c1a1] 2-MePh |26l 4 4 27]>250
45 as Example 25 | - Bl1C1y | c1a1| 3-meph | 16] 4 - 20 20s-207
46 as Example 26 | AlC1, | oBAY 4-MePh |16 4 4 26 >2s0
47 as Example 24 | MgCl, | Mg | 2-MePh | 18] 4 4 58] >250
48 as Example 25 | MgCl, | Mg | 3-#eph | 26] 4 4 40| 132-137
49 as Example 26 | MgCl, Mg |4-Mepn |26 4 4 55]|223-226
50 as Example 30 | 2nCl, |2n [4-ciPpn{1e]l 4 4 21|187-190
51 . as Example 27 | znCl, | 2n | a-omMern| 18] 4 4 73| 132-135
52 as Example 29 | MgCl, |Mg |2-wp |16 4 4 24]175-180
53 as Example 29 | alcl, |ciay 2-5p |16 4 4 79| 208-210
54 as Example 28 | znCl, |[zn |1-mp |16 4 4 18] 235~240
55 as Example 31 | 2nCl, | 2n | 4-MePh |12/ c)f 4 29 ]175-178
56 as Example 31 | ‘MgCl, | Mg | 4-MePh | 12l c1] 4 27| 210-213
- 57 as Example 31 | A1Cl, | ciall 4-MePh | 12| )] 4 65| 175-178
s8 as Example 32 | 2nCl, | 2n | 4-omePn] 12{ c1f 4 33| 189-191
59 as Example 33 | zmci, |zn [4-wo,er 12jcy 4 15]183-185
[REPLACEMENT SHEET
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Example 62

Preparation of hexadeca(l—-naphthoxv) zinc phthalocvanine

A mixture of 1,2~dicyano-3,4,5,6-tetra (1-naphthoxy) benzene (7.0
parts), zinc chloride (0.45 parts), urea (0;2 parts) and ammonium
molybdate (0.004 parts) in nitrobenzene (20 parts) was heated at 180°C
for 2 hours before cooling and pouring into ethanol {150 parts, 74 OP).
The precipitated green solid was collected by filtration, washed with

ethanol (10 parts, 74 OP) and dried to give hexadeca(l-naphthoxy) zinc
phthalocyanine (18%), m.p.235-240°C.
Example 63

Preparation of dodecachlorotetra(phehoxv) zinc phthalocvanine

The method of Example 62 was used except that '
1,2-dicyano-3,5,6~trichloro—4-phenoxybenzene (3.2 parts) was used in
place of the 1.2-dicyano-3.4!5,6ftetra(2—naphthoxy)'benzene to give
dodecachlorotetra(phenoxy) zinc phthalocyanine (20%), m.p.>250°C.
Example 64 -

Pfenaration of hexadeca(phenoxy) dilithium phthalocvanine

' Lithium (0.2 parts) ﬁas dissolved in refluxing propan-2-ol (20
parts) over 3 hours. 1,2~Dicyano—3,4,5,S;tetra(phenoxy)benzene (4.5
parts) was added to the refluxing mixture over S minutes and the
reaction mixture was refluxed for a further 30 minutes before cooling.
Methanol (80 parts) was added to the cooled reaction mixture and the
precipitated solid was collected by filtration, washed with methanol

{3 x 20 parts) and dried. Chloroform (50 parts) was added to the dried
solid and the mixture was filtered td remove inorganic material. The
chloroform was evaporated under reduced pressure to give

hexadeca(phenoxy) dilithium phthalocyanine (55%), m.p.>250°C.
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' Examples 65-68

Further phthalocyanines of Formula (3) were prepared by the
method of Example 64 using equimblar amounts of the éppropriate metal in
place of the Lithium:

| Product | |
Example Metall M |RY a o H Zield §m.n./°C
65 K llephl i6f 4 4 22 | »>250
66 Na |Na] Py 1] 4 4 24 | »>250
67 ca |caley1gl 4 4 33 | >250
68 Ba |Ba|pH16] 4 4 24 | >250

m 69 - 7

Further sulphonated phthalocyanines were prepared using the
method of Example 11 except that 3.0 parts'instead of 10% oleum were
used and appropriate molar amounts of the phthalocyanine were used in
‘place of the hexadeca(phenoxy) zinc phthalocyanine:

Exampnle  Phthalocvanine of Formula (3)'used Sulphonated Product

¥ | B | al x| » |
69 ca | e | 6] -| - _ (SO Na)
70 Mg | ph | 16] -| - (SO.Na),
71 zn | 2-MePh| 16| -| - (So;Na),
72 zn | 3-Meph| 16| -| - (S0Na),
73 zn | 4Mern| 16| -] - : (S0 ¥a),
74 OEAlL | 4-MePh | 16| -] - (S0 Na),

In all the above examples:
Ph

_ phenyl

2~MePh = 2-methylphenyl
3-MePh = 3-methylphenyl
4-MePh = 4{-methylphenyl
4-ClPh = 4-chlorophenyl
4-0MePh = 4-methoxyphenyl
2-Np = naphth-2-y1
1-Np = naphth-1-yl

4—NOZPh = 4-nitrophenyl
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The ultraviolet, visible and infra red Spectra were measured
in solvents such as chloroform and dichloromethane and H:O.

The singlet oxygen generating efficiencies s/ of
non-sulphonated phthalocyanines were measured in benzene, or
acetonitrile and of sulphonated phthalocyanines in water.

The A max values and SA values are shown in Table 1.

' Table 1

. 745 (CHCL,) 6
2 726 (caCL,) 43
3 750 (CEC1,) 36
4 726 (CECL.) 22
3 726 (CECL,) .
8 717 (CEC1,) s
7 772 (cEC1,) 47
8 730 (CHCls) 111
’ 739 (CEC1,) 30
X0 740 (cHEC1,) 46
o 720 (CHC1,) 110
12 723 (CECl;) 73
13 745 (CEC1,) 46
14 738 (H,0) 36
15 740 (8,0) .
16 701 (CE,CL,) 36
18 690 (CH,C1,) 55
37 694 (CH,C1,) 32
38 753 (CE,C1,) 51
. 782 (CH,C1,) 13
49 750 (cA,Cl,) 52
i 736 (CH,C1,) 45
12 727 (ca,Cl,) 38
43 725 (CE,CL,) 45

B pssrosmafin |
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Example No.
“

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

62
63
64

65
66
67

68
69
70
71

72

73
74

30

A max/nm (solvent)

758
742

753

721
723
722
710
751
725
752
736

693

705
742
702
690

736
693
772
742
714
741
717
742
732
726
724
705
736

(cxzc12)
( CHZCJ.Z )
( C:EZCJ.2 )
(Acetone)
(cx2c12 )
(C32c12)
(CHZCIZ)
(cxic12)
(CHCla)
(CHCJ.3 )
(szclz)
(CHZCJ.2 )
(Acetone)
(cE,c1
(CEC1
(Cﬂécl

U
2)
)

(cxic12)
(CEECIZ)
(CBCL,)
(CHZCl
(cE,C1
(CBéCl
(Eho)
(HEO)
(520)
(KZO)
(HZO)
(HZO)
(3201_

2)
2!
2)

34
40
14
- 13
21
13
10

17
67
52
39
62
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The stain removal aspects of the invention are illustrated by
the following examples.

In Examples 76-91 the following procedure was used.

Cotton cloth was cut ihto 7.5cm x 10cm pieces and the pieces
were stained by allowing them to scak for 2 hours in a tea solution
prepared from 2 tea bags and 1 litre of water. The cloth pieces were
dried in a tumbler dryer and stored in the dark until needed.

The wash tests were carried out in a stirred metal bath at
40°C using (i) 99 of a commercially available biclogical washing liquia_
(Aeriel Aeriel is a registered trade mark) per litre of water or (ii) 3g
of a commercially available
non—aqﬁeous biological washing liquid (from Marks and Spencer PLC) per
litre of water. 0.003g of a coﬁpound of Formula (2) or 0.003g of a
compound of Formula (3) was added per litre of water to provide a wash .
solution. Three cloth pieces were added to each wash solution and
these were stirred at 40°C for.lu minutes. The cloth pieces were
rinsed well with water and dried in direct sunlight. The effect of
each compound of Formulae (2) or (3) was assessed by measuring the
reflectance of each dried cloth piece and comparing it with an unwashed'
cloth piecé. Reflectance measurements were obtained using a Gardener

Colorgard reflectometer. The results were calculated using

A = R-TU x 100
o4

% improvement of washed versus unwashed cloth

where A

R = % reflectance of washed cloth piece

[=]
it

$ reflectance of unwashed cloth piece.
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The results are summarised in Table 2 below.

Table 2

{a) Biological washing liquid

Example . Compound added to wash solution a
76 None 0.8
77 ZnPc(z—naphthyl—O)l5 (e.g. 8) 25.7
78 OEAch(Ph-O)lS(Sosﬁ)l6 (e.g. 14) 14.1
79 03A1Pc(2-naphthy1-c)15(8033)30 {e.g. 13) 16.2
80 HZPc(2-naphthyl-0)15(8033)30 .(e.g. 15) 21.9
81 _ ZnPc(Ph-0)16(8035)16 (e.g. 11) 31.4
82 ZnPc(Z-naphthyl-O)16(5033)30 (e.g. 12) 31.5
83 Hch(Ph-O)ls(Soaﬂ)zd (e.g. 9 & 10). 27.5

(b} Non-aqueous biological washing liguid

Example Compound added to wash solution ' A
84 None 4.9
85 ZnPe(2-naphthyl-0), . ' (e.g. 8) 29.9
86 OHBch(Ph-O)ls(soaﬁ)l6 | (e.g. 14) 17.6
87 OKAch(Z—naphthyl-O)IE(SOBH)30 (e.g. 13) 18.1
88 Hzpc(z-naphthyl-O)15(8033)30 (e.g. 15) | 25.8
89 ZnPc(Ph—O)16(5033)16 (e.g. 11) 25.2
90 ZnPc(z-napnthyl-O)15(5033)30 (e.g. 12) 26.3

91 Hch(Ph-O)ls(SO3E)20 {e.g. 9 & 10) 29.6
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CLAIMS

1. The use of substituted phthalocyanines for the generation of
singlet oxygen in which at least one of the peripheral carbon

atoms in the 1-16 positions of the phthalocyanine nucleus (Mch)

of Formula (1):

Formula (1)

wherein:
M is selected from H, metal, halometal, oxymetal and
hydroxymetal; and
k is the inverse of } of the valency of M;
is linked via an oxygen atom to an aromatic radical and the
_ remaining peripheral carbon atoms are unsubstituted or substituted

by any combination of atoms or groups and sulphonated derivatives
thereof carrying from 16 to 30 SO,A groups in which A is H, a metal or

an ammonium or a substituted ammonium ion provided that the phthalocyanine

absorbs electromagnetic radiation at a wavelength'f:om 650 nm to 800 nm.

et
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The use of substituted phthalocyanines for the generation of
singlet oxygen in which from 4 to 16 of the peripheral carbon

atoms of the of the phthalocyanine nucleus (Mch) of Formula (1}:

2.

fbrmult (1)

wherein:
M is selected froﬁ H, metal, halometal, oxymetal and
hydroxymetal; and |

k is the inverse of % qf the valency of M;
is linked via an oxygen atom to an aromatic radical ahd the
remaining peripheral carbon atoms are unsubstituted or substituted

by any combination of atoms or groups and sulphonated derivatives
thereof carrying from 16 to 30 SO,A groups in which A is H, a metal or
an ammonium or a substituted ammonium ion provided that the phthalocyanine

absorbs electromagnetic radiation at a wavelength from 650 nm to 800 nm.
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3. The use of substituted phthalocyanines for the generation of
singlet oxygen in which all 16 peripheral carbon atoms of

the phthalocyanine nucleus (Mch) of Formula (1):

Formula (1)

wherein:
M is selected from B, metal, halometal, oxymetal and
hydroxymetal; and . _ | |

k is the inverse of % of the valency of M;
is linked via an oxygen atom to an aromatic radical and sulphonated
derivatives ‘thereof carrying from 16.to 30 SO;A groups in which A is H,
a metal or an ammonium or a substituted ammonium ion provided that the
phthalocyanine absorbs electromagnetic radiation of a wavelength from
650 nm to 800 nm.

4. | The use o? substituted phthalocyanines according to any one of

Claims 1, 2 and 3 in which M is selected from a group comprising

Zn, ClAl, OHAl, ClRh, OERh, ClIn, BrIn, OEIn, ClGa, OHGa, Pt, P4,

Li, Na, K, Ca, Ba, Mg, ClSc and OHSc.
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The use of substituted phthalocyanines according to any one of
Claims 1 to 4 in which the aromatic radical is an optionally
substituted phenyl or naphthyl radical.

The use of substituted phthalocyanines according to Claim 5

in which the optionally substituted naphthyl radical is
2-naphthyl.

The use of substituted phthalocyanines according to any one of
Claims 1 to 6 in which the aromatic radical is substituted by a
group selected from Cl_4-a1kyl. Cl_4
which A is H, a metal or an ammonium ion.

-alkoxy, -NO, and -SO_A in

2 3

The use of phthalocyanines for the generation of singlet oxygen
according to Claims 1 and 2 in which the remaining peripheral
carbon atoms are substituted by a group selected from -H, halogen

and -503A in which A is H, a metal or an ammonium ion.

A compound of the Formula (2):_

Ld][ I) C .( ().-f Ee ) a )(1) ' ( ES () 3 f\ ) d

Formula (2)

wherein:

ukpc is a phthalocyanine nucleus as defined in Formula.(l);
each R independently is an organic radical;
each X independently is halogen or hydrogen;

A is selected from H, a metal, ammonium or substituted

ammonium as described above:

REPLACEMENT SHEET]
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a is from 1 to 16:
b is from 0 to 15;
d 1is an average value from 16 to 30;

a+b 1is from 1 to 1l6.

10. A compound of the Formula (3):
1

Formula (3)

wherein:

M Pc is as defined in Formula (1);
Rl is selected from optionally substituted aryl and optionally
substituted heteroaryl:;
is halogen or H;
is 8, 12 or 16;
b is 8, 4 or 0; and
a+b 1is equal to 16;
M is selected from Zn, ClAl, OHAl, ClRh, OHRh, ClIn, BrIn, OHIn,
ClGa, OHGa, Pt, Pd, Li, Na, K, Ca, Ba, Mg, ClSc, and OHSc;

except for the compounds:

ClAlPc (2-naphthyl-0) gHg
Li,Pc(2-naphthyl-0) H,
ClGaPc (Ph-0) H, |
ClGaPc (Ph-0)4Cl,

ClAlPc (2-naphthyl-0),4Cl,

. ClGaPc¢ (Ph-0) ¢ | REPLACEI\AENT SHEET

ClinPc (2-naphthyl-0) T
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11. A process for removing stains from fabrics which comprises
treating the stained fabrics with an aqueous composition
comprising at least one compound of Formula (1), Formula (2) or
Formula (3) as defined in Claims (1), (9) and (10) respectively the

fabrics being exposed to daylight during or following the treatment.

12. A compouhd of Formula (la):

Formula (la)

wherein:

M is selected from E, ﬁgtal, halometal, oxymetal and
hydroxymetal: and

k is the inverse of % of the valency of M;

in which at least one of the peripheral carbon atoms in the 1-16

positions of the phthalocyanine nucleus is linked via an oxygen

atom to an organic radical, the remaining peripheral caibon atoms

being unsubstituted or substituted by any combination of atoms or

groups and sulphonated derivatives thereof provided that .

phthalocyanine absorbs electromagnetic radiation at a wavelength

from 650 nm to 800 nm for use in therapeutic treatment of a human
or an animal body. '

REPLACEMENT SHEET
23 AUG 1999




'S

Y

§ i
v H
' * c L [} [ *

13.

A compound of Formula (1a):

Formula (1a)

M is selected from H, metal, halometal, oxymetal and

hydroxymetal: and
k is the inverse of % of the valency of M;

in which at least one of the peripheral carbon atoms in the 1-16

~ positions of the phthalocyanine nucleus is linked wia an oxygen

atom to an organic radical, the remaining peripheral carbon atoms
being unsubstituted or substituted by any combination of atoms or
groups and sulphonated derivatives thereof provided that
phthalocyanine absorbs electromagnetic radiation at a wavelength
from 650 nm to 800 nm for manufacture of medicament for use in the

treatment of skin and subcutaneous cancers by photodynamic
therapy. '
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