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PROCESS FOR PREPARING CHLORIDES OF PHTHALOCYANINE
DERIVATIVES COMPRISING AT LEAST A QUATERNARY AMMONIUM GROUP
Field of the invention

The invention relates to the field of organic synthesis, and in particular to a
process for preparing chlorides of phthalocyanine derivatives comprising at least a
quaternary ammonium group, having general formula (1) given hereinafter.

State of the art

Molecules containing the phthalocyanine chromofiuorophore macracycle are
known to produce reactive oxygen species, in particular radicals or singlet oxygen,
by interacting with visible light.

Because of these properties, phthalocyanine compounds have long been used in
photodynamic therapy (hereinafter referred to by the abbreviation “PDT") for both
therapeutic treatment and diagnostic purposes.

Examples of said compounds are described by Ben-Hur E. et al. in Int. J Radiat.
Biol., Vol. 47, pp. 145-147, 1985. Other photosensitising agents useful in PDT are
the Zinc phthalocyanine complexes and their conjugates described in US patent No.
5,965,598, in the name of the Applicant. These compounds have proven to be
effective photosensitising agents in PDT treatment for both tumours and microbial
infections because, after administration, they accumulate in tumour cells or in micro-
organisms and, following irradiation with visible light, generate reactive oxygen
species in sufficient quantities to damage the cells in which they are located.

As far as the Applicant’'s knowledge extends, processes for preparing substituted
metal phthalocyanines described in the literature to date, such as the process
described in US 5,965,598 ui Eutupean Patent No. 1 164 135 both in the name ot
the Applicant, are not suitable for preparing cationic phthalocyanine chliorides such
as the present compounds of formula (1).

in EP No. 1 164 135 for example, a process was described for preparing cationic
metal phthalocyanines by reacting the corresponding neutral compounds with an
alkylating agent. This type of process has however proved only suitable for
preparing cationic phthalocyanine iodides, whereas if the product of interest is the
chloride, this synthetic path is not suitable for their preparation with acceptable
yield and purity.



WO 2006/117396 PCT/EP2006/062059

2

Given that the chiorides of cationic phthalocyanine derivatives appear to be
particularly suitable as photosensitising agents due to their limited toxicity and also
possess high solubility in water and excipients used for formulations, the need was
strongly felt for an efficient process for preparing said derivatives with high purity.
Summary of the invention

The Applicant has now established a new process for preparing chlorides of
phthalocyanine derivatives, comprising at least one quaternary ammonium group
and having the general formula (I) given hereinafter, which enables final products
of high purity to be efficiently obtained. ‘
Therefore the present invention provides a process for preparing chlorides of
phthalocyanine derivatives of formula (1)

P2

R

)

in which

R is chosen from H, groups containing at least one quaternary ammonium
substituent, and groups suitable for conjugation to specific carriers,

R4, being the same as or different from R, is chosen from H and groups containing
at least one quaternary ammonium substituent,

R, and R, being the same or different, are chosen from H, groups chosen from
alkoxy or thioalkoxy groups having from 1 to 10 carbon atoms, and groups
containing at least one quaternary ammonium substituent,

with the proviso that:

a) at least one amongst R, Ry, Rz and Rs is a group containing at least one
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quaternary ammonium substituent and, when R, Ry, R, and R; are groups
containing at Jeast one quaternary ammonium substituent, or R and Rz are groups
containing at least one quatemary ammonium substituent and Ry and R3 are H, said
groups containing at least one quatemary ammonium substituent are the same;

b) when R and R; are both different from H, they are in positions 1,4 or 2,3,
whereas when only one of R and R is different from H, it is in position 1 or 2;

¢) when R, and Rj are both different from H, they are in positions 8, 11, 15, 18,
22, 25 or 9, 10, 16, 17, 23, 24 whereas when only one of R and Rj is different
from H, it is in positions 8(11), 15(18), 22(25) or in positions 8(10), 16(17), 23(24);
said process comprising the following steps:

i) reacting a phthalocyanine of formula (II) with a suitable alkylating agent to obtain
the corresponding salt of the phthalocyanine of formula (1):

A
\

2%

Rj

(I

in which R, Ry, Ry and R; are as defined above, while R’, R'y, R’2, R’3 are groups

containing at least one amino substituent corresponding respectively to R, Ry, Ry,
and R; when R, Ry, Ry and R; are groups containing at least one quaternary
ammonium substituent, while being the same as R, R4, Rz, R; in all other cases,
with the proviso that at least one of R’, R'y, R'; and R’; is a group containing at
least one amino substituent and that the positions occupied by R’, R’y, R';, R’3 are
the same as specified above for R, Ry, Rz and R;3;

ii) treating the ammonium salt of the phthalocyanine of formula (I) coming from

step i) with a suitable ion exchange resin to obtain the corresponding
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phthalocyanine of formula (1) in chloride form.

A further subject of the invention are the aforesaid intermediates of formula (i1), in
which R' = Ry’ = H and Ry’ = Ry’ = 4-N,N-dimethylamino phenoxy or R’ = Ry’ = Ry’
= Ry’ = 4-N,N-dimethylamino phenoxy and the iodides of said phthalocyanine
derivatives of formula (1), in which R = R; = H and Ry = R3 = 4-N,N,N-
trimethylammonium phenoxy, or R = Rz = Ry = R3 = 4-N,N,N- trimethylammonium
phenoxy, as process intermediates.

The characteristics and advantages of the invention will be illustrated in detail in
the following description.

Detailed description of the invention

The iodides of the phthalocyanine derivatives of formula (l) in which R = Rz = H
and R; = Rs = 4-N,N,N-trimethylammonium phenoxy, or R = Rz = Ry = R3 = 4-
N,N,N-trimethylammonium phenoxy, and the corresponding compounds of
formula (1) in which R' = Ry’ = H and Ry’ = Ry’ = 4-N,N-dimethylamino phenoxy, or
R' = Ry = Ry’ = Rs’ = 4-N,N-dimethylamino phenoxy, which form as intermediates
in the process of the invention, are new products never previously described.

The process of the invention has been provided by the Applicant for preparing the
aforesaid chlorides of the phthalocyanine derivatives of formula (1), in particular the
derivatives of formula (l) and the corresponding intermediates of formula (ll) in which:
-R =R =R; = Ry = H, Ry = Ry = group containing at least one quaternary
ammonium group and Ry = R3' = group containing at least one amino group
corresponding to said guaternary ammonium; or

- R = Ry = Rz = R3 = group containing at least one quaternary ammonium group
and R* = Ry = Ry = Rs — group conlaining at leasl vne aminu yroup
corresponding to said quaternary ammonium; or

- R = group containing at least one quaternary ammonium group, R’ = group
containing at least one amino group corresponding to said quaternary ammonium,
Ri=Ri{=HorRi=Rand Ry =R’,and R;=Ry'=R3=R3 =H; or

- R = R’ = group suitable for conjugation to specific carriers, R1 = Ry = H, Ry =
group containing at least one quaternary ammonium group, Ry’ = group containing
at least one amino group corresponding to said quaternary ammonium, Rz = Ry, H
and Rz’ =Rz, H.
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In the case of tetrasubstituted phthalocyanine derivatives, the process of the
invention can be carried out either on isomeric mixtures or on a single isomer,
they being obtained for example from the starting isomeric mixture by using the
separation process described in International patent application No. WO
03/037802 in the name of the Applicant.

Within the scope of the present invention, the expression “groups containing at
least one quaternary ammonium substituent’ means for example a (X),Ra, where
X is chosen from the group consisting of O. -CHs-. CO. S, SO. and -NRs where Rs is
chosen from H and C1-C15 alkyl; and Rs is

(Redn
Z//(R7)w
N Rl

(Rg)u

(Y

in which

Y is selected from the group consisting of C1-10 alkyl and phenyl, possibly
substituted, or forms with the Z group, to which it is bound, a saturated or
unsaturated heterocycle, possibly substituted, which may contain up to two
heteroatoms selected from the group consisting of N, O and S;

Z is selected from the group consisting of N, -CHzN and -CONHCH;CH,N;

Re and Rz, equal or different from one another, are selected from the group
consisting of C1-15 alkyl and phenyl or form with the Z group, to which they are
bound, a saturated or unsaturated heterocycle, possibly substituted, which may
contain up to two heteroatoms selected from the group consisting of N, O and S§;
Rg and Ry, equal or different from one another, are selected from the group
consisting of H and C1-15 alkyl;

m, n, p, w, t and u, independently from one another, are 0 or 1; and

v is an integer comprised between 1 and 3,

with the proviso that only one from n, w, t and u is simultaneously 0,

while the expression “corresponding group containing at least one amino
substituent” means for example the corresponding (X),R4 group defined as above
in which two of
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n, w, t and u are simultaneously 0.
Of the groups containing at least one quaternary ammonium substituent, groups

chosen from the following are preferred.

D Q. 0
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Of the corresponding groups containing at least one amino substituent, groups
chosen from the following are preferred:

- O O D

o

— —\ — S
2 R R S

O O O O O
—N /—N\/ __/—N\/ N< _/—NCNJ_SOSH _CN‘CwHZS
S a a /T

——QCONHCH;CHZNHZ ——@—CHZCHchNHCHQCHzNHz

CONHCH,CH,N(CH;),

—@—-CONH(CHZ)sNHz —O—CHzCHzCONH(CHz)sNHz

CHRCH,CONHCH,CH,N(CH3),

_Q—CONH(CHz)sN(CHs)z —Q—CHzCHZCONH(CHz)sN(CHS)z
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Particularly preferred are the following groups containing at least one ammonium

N
O 3
N o
N~ ~
/\
and the corresponding groups with amino substituents:

O< Q
/”\

The term “saturated or unsaturated” heterocycle means preferably a heterocycle

substituent:

selected from the group consisting of morpholine, piperidine, pyridine, pyrimidine,
piperazine, pyrrolidine, pyrroline, imidazole, aniline and julolidine.

The term “group suitable for conjugation to specific carriers” means any group
suitable for binding, by means of covalent bonds, bio-organic carriers such as
amino acids, polypeptides, proteins, antibodies, polysaccharides and aptamers,
able to facilitate transport of the phthalocyanine to very precise targets: and
preferably means a group selected from the group consisting of —~COOH, -SH, -
OH, -NH,, -CO-CH2-Br, -SO,Cl, maleimide, hydrazide, phenol, imido, biotin,
possibly bound to the phthalocyanine nucleus through a suitable spacer (X)p-W,
where X and p are defined as above and W is chosen from C1-C10 alkyl, aryl, and
C1-C5 arylalkyl.

When R is a group suitable for conjugation to specific carriers, as defined above,
preferably Ry = H and R; and Rj are chosen from H and groups containing at least
one quaternary ammonium substituent, provided that at least one of Rz and R; is
different from H.

The phthalocyanine derivatives of formula (ll) that comprise the starting products
of the present process can be prepared from commercial products with known
procedures, already described for example in US patent No. 5,965,598, in
European Patent No. 1 164 135 and in European Patent No. 1 381 611, all in the
name of the Applicant.
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One of the known processes describes for example the base-catalysed
condensation of suitably substituted phthalonitriles, in suitable ratios according to
the final product required. This process was optimised by the Applicant to obtain
the compounds of formula (ll) which constitute the precursor intermediates of the
ammonium salts of formula (l), by using as starting products the following two
dinitriles of formula (I1I) and (IV)

. CN R CN
R
R'1/ \/KCN ’ = CN
() (v

where R’, R, R’;, R'3 are as defined above.

As extensively described in the literature, to obtain centrosymmetrical
phthalocyanines (i.e. compounds in which R’ = R’ and Ry’ = Ry') the condensation
is undertaken with a single phthalonitrile of formula (lll), while to obtain non
centrosymmetrical derivatives the phthalonitriles of formula (lll) and (IV) are used
in a (11):(1IV) molar ratio between 1:1 and 1:10, preferably equal to 1:3.

The compounds of formula (i) and (IV) can in turn be obtained from commercial
products by subjecting them to different reactions depending on the substitution
required, but in any case using procedures commonly used and known to any
expert of the art.

The condensation reaction between the dinitriles of formula () and (IV) is carried
out in the presence of a base, in the presence or absence of a solvent and
subjecting the reaction mixture to heating. In a subsequent step, or preferably
simultaneously with the condensation, the central metal is inserted by adding a
suitable Zinc(ll) salt, preferably Zinc(ll) acetate or Zinc(ll) chloride.

The preferably used bases are strong organic non-nucleophilic bases such as 1,5-
diazabicyclo[5.4.0]non-5-ene (DBN), 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU)
and 2-dimethylamino-ethanol (DMAE), but metal alcoholates or hydroxides can
also be used.

The solvents are instead preferably chosen from high boiling and water miscible
organic solvents, such as dimethylformamide (DMF).

The reaction can be carried out either in the presence or absence of solvent, in
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this case using the base also as a solubilizing agent; for preparing non
centrosymmetrical phthalocyanine, use of solvent is preferable. ’

Reaction times range as a function of the scale of synthesis, while the reaction
temperatures may range from 100 to 250°C, preferably between 130 and 180°C.
Optimal results for preparing centrosymmetrical phthalocyanines are obtained
when the condensation and simultaneous metal insertion reaction is carried out in
the absence of solvent or in dimethyiformamide using DBU as base in a quantity
comprised between 1 and 10 equivalents, and adding Zinc(ll) acetate in a quantity
comprised between 0.25 and 2 equivalents with respect to the phthalonitrile of .
formuia (Ill), at a temperature between 130 and 140°C.

The crude metal phthalocyanine is then obtained by treating the reaction mixture
with water or mixtures of water and water miscible solvents, filtering or centrifuging
the suspension and washing the recovered solid several times with water and/or
water miscible solvents, preferably alcohols.

The crude product can be purified by column chromatography followed by re-
precipitation from the solvent, prior to undergoing the subsequent step. For the
chromatography, the stationary phase is for example a silica gel or alumina, while
the mobile phase is a mixture of organic solvents, preferably composed of two or
more solvents chosen from chlorinated solvents, THF, methanol, ethyl ether, n-
hexane and DMF, where a high percentage of chloride solvents or THF is always
present.

For the re-precipitation of phthalocyanine with 4 or 8 substituents,
dichloromethane may for example be used as the solvent and n-hexane as the
precipitant, while for mono- or di-substitutcd derivatives, mixtures of DMF are
preferred with precipitants such as ethyl ether, either alone or mixed with other
ethers.

The term “suitable alkylating agent” in step i) of the present process means for
example an alkyl bromide, iodide or sulfate, being preferably a C1-C5 linear alkyl
iodide. According to a particularly preferred embodiment of the invention the
aforesaid alkylating agent is methy! iodide, used typically in a quantity between 1
and 20 equivalents per amino group to be methylated, preferably in a quantity
comprised between 5 and 11 equivalents.
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Moreover, the alkylating reaction is typically undertaken in a solvent, preferably
selected from the group consisting of DMF, dimethylsulfoxide (hereinafter
abbreviated to DMSO) and N-methyipyrrolidone (hereinafter abbreviated to NMP).
Preferred is the process whereby alkylation step i) is carried out using a quantity of
methyl iodide between 5 and 11 equivalents per amino group, and NMP as the
solvent.

The reaction process comprises a fundamental step in the synthetic process, in
that, if undertaken as described hereinafter, it guarantees an adequate removal of
both the impurities and residual solvents from the intermediate quaternary
ammonium salt and therefore a purity higher than 98% of the final chioride.
Specifically, the reaction mixture must be diluted with a suitable solvent, preferably
an alcohol, and the solution thus obtained treated with a precipitating solvent,
preferably chosen from ethers.

In accordance with a particularly preferred embodiment of the present process,
the ammonium salt of formula () not in chloride form is precipitated from the
solution in NMP with ethyl ether or isopropy! ether in a quantity of 4-8 volumes
relative to the volume of NMP, after having diluted the solution in NMP with
methanol in a quantity of 1-2 volumes relative to the volume of NMP.

Where R’ specifically contains an additional alkylable group in addition to the
group or groups destined to be alkylated, by treating with the alkylating agent
provided in step i) of the present process, protection of the functional group prior
to alkylation at step i) and subsequent deprotection thereof is preferred. Said
poséible protection and deprotection reactions are carried ouf in accordance with
procedures commonly uscd in organic synthesis and known to any expert in the
arnt.

The ammonium salt intermediate of formula (1) is then transformed into a chloride
by treating the product in solution with a suitable resin.

lon exchange resins suitable for undertaking the present process are strong basic
resins with quaternary ammonium functional groups, for example a polystyrene
based resin with a degree of cross-linking between 4 and 10% such as Amberlite®
IRA-400 (CI) resin.

The exchange of ammonium salt for chloride at step ii) of the present process is
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preferably undertaken by chromatography of the aforesaid ammonium salt
solution through the resin and recovering the product from the solution by
evaporation, lyophilisation or precipitation.

In accordance with a preferred condition, the salt to be exchanged is dissolved in
an alcoholic solvent, preferably methanol, or in a mixture of said alcoholic solvent
with water or other solvents: if a mixture is used, the alcoholic solvent preferably
comprises at least 70% of the mixture.

In accordance with a preferred embodiment of the process of the invention, step if)
is carried out by chromatography of a solution of the ammonium salt, different
from the chioride, of the phthalocyanine of formula (I) in methanol through a
suitable resin, then treating the eluate with ethyl ether to precipitate the required
chloride of phthalocyanine (}).

According to a further preferred embodiment of the process of the invention, when
the ion exchange resin is used, step ii) is carried out by chromatography by using
a suitable resin and the phthalocyanine (1) iodide solution in a mixture of methanol
and a solvent with high solubilizing power such as DMSO or DMF, preferably so
that the co-solvent constitutes 1 to 20% by volume on the total volume of the
methanol/co-solvent mixture, and re-precipitating from the eluate the obtained
corresponding chloride by treatment with ethyl ether.

A preferred aspect of the process is the use of an eluent based on methanol or an
aqueous mixture of water miscible solvents, rather than being exclusively
aqueous, for the ion exchange chromatography in step ii). In this respect, with the
aforedescribed process, the final chloride is found to be further purified from
relatcd compounds prescnt, achicving a HPLC purity higher than 98%.

The following non-limiting examples of the present invention are given by way of
illustration.

EXAMPLE 1

a) Synthesis of 3-(4-N N-dimethylamino-phenoxy)phthalonitrile

To a solution of 3-nitrophthalonitrile (140 g, 0.81 mol) in dry DMSO (2 [), 3-
(dimethylamino)phenoal (165 g, 1.2 mol) and dry K,CO; (370 g, 2.68 mol) were
added and the suspension stirred and warmed at 40°C for 2h. After cooling to

room temperature, the reaction mixture was poured in water (5 I) and, after 1 h of
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stirring, the obtained suspension was filtered. The solid was dissolved in CHzCl>
(650 ml) and washed with NaOH 0.5M (650 ml). The organic phase was treated
with charcoal and Na,SOs, fittered and the solvent eliminated at reduced pressure.
The residue was finally treated with diisopropyl ether (550 ml) at 35 °C for half an
hour, then cooled at 4°C for 48 h and filtered to give 204 g of 3-(4-N,N-
dimethylamino-phenoxy)phthalonitrile as a yellow solid (yield:96%).

'H-NMR (200 MHz, DMSO-ds) &, ppm 7.83-7.80 (m, 2H), 7.33-7.21 (m, 2H), 6.67
(dd, J = 8.3 Hz. J = 2.3 Hz. 1H). 6.57-6.54 (m. 1H), 6.43 (dd, J = 7.9Hz, J = 2.0
Hz, 1H), 2.93 (s, 6H).

3C. NMR (75 MHz, DMSO-ds) 8, ppm 161.12, 155.53, 152.95, 136.57, 131.31,
128.39. 122.22, 116.38, 116.35, 114.19, 110.39, 107.43, 105.10, 104.35, 40.59.
EI-MS m/z 263 [M'].

b) Synthesis of Zinc (1) [1.8(11).15(18),22(25)-tetrakis-(4-N.N-dimethylamino
phenoxy)] phthalocyaninate

Under nitrogen atmosphere 80 g of 3-(4-N,N-dimethylamino-phenoxy)phthalonitrile
(0.3 mol), obtained as described above in point a), are dissolved in 460 ml of DBU
(3 mol).

28 g of Zn(AcO), (0.15 mol) are added to the solution thus obtained, then the

reaction mixture is brought to 140°C and maintained at this temperature, shielded
from light, under nitrogen atmosphere and under vigorous stirring for 22 hours.
After this time, the mixture is brought again to room temperature, then treated with
14 | of deionised H,O; the suspension is filtered and the solid wéshed with H,0 (2
x 2 1) and MeOH (1 x 1 I). The product thus obtained is purified by silica gel
chromatography (mobile phase: CH,Cl/MeOH from 98/2 to 95/5) followed by re-
precipitation from the solvent, achieved by dissolving the product derived from the
chromatography in 0.5 | of CH,Cl, and re-precipitating it by adding 4 | of n-hexane.
After filtering, washing with n-hexane (2 x 1 1) and drying, 60.1 g of product are
obtained found to be the title product (yield = 72.3%). The product was
characterised by '"H-NMR analysis and mass spectrometry.

'H-NMR (300 MHz, DMSO-dg): 8 = 9.20-8.75 (m, 4H), 8.18-7.96 (m = 4H), 7.59-
6.70 (m, 20H), 2.93-2.90 (m, 24H) ppm.

ESI-MS: m/z 1117 [(M+H)"].
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c) Synthesis of Zinc(ll) [1.8(11),15(18).22(25)-tetrakis-(4-N.N.N-
trimethylammonium phenoxy)] phthalocyaninate tetrachloride

60 g of Zinc(ll) [1,8(11),15(18),22(25)-tetrakis-(4-N,N-dimethylamino phenoxy)]
phthalocyaninate (0.054 mol) obtained as aforedescribed in point b) are dissolved
in 1.5 | of N-methylpyrrolidone (NMP).

150 ml of methy! iodide (2.4 mol) are then added and the solution maintained at

room temperature, shielded from light, under nitrogen atmosphere and under
vigorous stirring for 72 hours.

The reaction mixture thus obtained is diluted with 3 | of MeOH then treated with 12
| of isopropyl ether. The suspension so obtained is left under stirring for % hour,
allowed to stand for 1 hour, then filtered and the solid washed with isopropyl ether
(2 x2 1) and ethyl ether (2 x 2 1).

94.7 g of wet product are thus obtained, used as such for the next step after sub-
dividing them into two sub-batches.

This product, found to be Zinc(ll) [1,8(11),15(18),22(25)-tetrakis~(4-N,N,N-
trimethylammonium phenoxy)] phthalocyaninate tetraiodide, was characterised by
'H-NMR.

'H-NMR (300 MHz, DMSO-ds): & = 9.49-7.31 (m, 28H), 3.67-3.55 (m, 36H) ppm.
The 2 sub-batches of Zinc(ll) [1,8(11),15(18),22(25)-tetrakis-(4-N,N,N-
trimethylammonium phenoxy)] phthalocyaninate tetraiodide obtained as
aforedescribed, each equal to 47.2 g, are processed as follows.

47.2 g of the aforesaid product are dissolved in 2 | of 4/1 MeOH/DMSO. The
solution is subjected to column chromatography, whose stationary phase is
prepared with 470 g of Amberlite® IRA 400 (CI) resin, previously washed with an
aqueous solution made acid with 0.5 M HCI and conditioned with 4/1
MeOH/DMSO. 12 | of ethyl ether are slowly added to the eluate, maintained under
stirring. The suspension obtained is left to stand for 1 hour, then filtered and the
solid washed with ethyl ether (4 x 0.5 ).

From the two procedures, 31.1 g and 32.1 g of wet product are obtained which are
combined and re-precipitated by dissolving in 3 | of MeOH, and slowly adding 12 |
of ethyl ether to the solution obtained, while maintaining under stirring. The

suspension is left to stand for 1 hour, then filtered and the solid washed with ethyl
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ether (4 x0.51).

After drying, 57.8 g of product are obtained, characterised as follows.

"H-NMR (300 MHz, DMSO-dg): § = 9.46-7.29 (m, 28H), 3.70-3.57 (m = 36H) ppm.
3C-NMR (75 MHz, DMSO-dg): & = 160.36 160.23 158.78 158.64 158.51 158.26
153.90 153.29 153.12 152.7 152.43 152.19 151.60 150.03 149.65 143.33 143.08
142.90 141.90 141.67 132.12 131.66 13126 129.25 129.05 128.48 128.19
123.76 123.16 121.37 120.85 120.48 118.88 117.59 117.31 57.24 57.09 ppm.
UV-vis (MeOH/MHa0 50/50) Amav(%): 690 (100), 622 (18), 340(23).

ESI-MS: m/z 294,1 [(M-4C)*'].

EXAMPLE 2

Svnthesis of Zinc(ll) [2.9(10).16(17).23(24)-tetrakis-(4-N.N.N-trimethylammonium
phenoxy)] phthalocyaninate tetrachloride

By following the procedure described in Example 1 above and using 4-

nitrophthalonitrile in place of 3-nitrophthalonitrile, the title compound was
prepared.

EXAMPLE 3

Synthesis of Zinc(ll) [2.3.9,10,16,17.23,24-octakis-(4-N.N,N-trimethylammonium
phenoxy)] phthalocyaninate octachloride

By following the procedure described in Example 1 above and using 4,5-
dichlorophthalonitrile in place of 3-nitrophthalonitrile, the ftitle compound was
prepared.

EXAMPLE 4

a) Synthesis of Zinc(ll) [1.8(11).15(18).22(25)-tetrakis-(3-N,N-dimethylamino
phenoxy)] phihialucyaninate

55 g of 3-(3-N,N-dimethylamino phenoxy) phthalonitrile (0.21 mol) are dissolved in
300 ml of DMF under nitrogen atmosphere. 18.3 g of Zn(AcO); (0.11 mol) and 150

ml of DBU (1 mol) are added and the reaction mixture is brought to 130°C,
maintained at this temperature, shielded from light, under nitrogen atmosphere
and under vigorous stirring for 12 hours. The reaction mixture is then brought to
0°C, treated with 1.8 | of deionised H,O and maintained under stirring at 0°C for

half an hour, then the suspension is filtered and the solid washed with H2O in
portions (1.3 | in total) and MeOH (1 x 750 ml + 1 x 180 ml).
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The product is then subjected to chromatographic purification on silica gel (mobile
phase: 50/1 CH,Cl/DMF) followed by treating the purified solid with ethyl ether
(200 mi) for 1 hour, filtering, then washing the solid with ethyl ether (2 x 25 ml).
The product thus purified is dissolved in 0.5 | of CH,Cl, and re-precipitated by
adding 4 | n-hexane. After filtering, washing with n-hexane (2 x 1 1) and drying,
60.1 g of product are obtained.

'H-NMR (300 MHz, DMSO-de): 3 = 9.30-8.68 (m, 4H), 8.22-7.89 (m = 4H), 7.77-
7.37 (m = 4H). 7.20-6.40 (m. 16H), 3.02-2.79 (m = 24H) ppm.

FAB-MS: m/z 1117 [(M+H)"].

b) Synthesis of Zinc(1) [1,8(11).15(18),22(25)-tetrakis-(3-N.N.N-
trimethylammonium phenoxy)] phthalocyaninate tetrachloride

34 g (0.03 mol) of Zinc(ll) [1 .8(11),15(18),22(25)-tetrakis-(3-N,N-dimethylamino
phenoxy)] phthalocyaninate obtained as aforedescribed in point a) are dissolved in
850 ml of NMP, then 85 ml (1.4 mol) of Mel are added and the solution is
maintained at this temperature, shielded from light, under nitrogen atmosphere

and under vigorous stirring for 96 hours.

The reaction mixture is diluted with 1.7 | of MeOH, then treated with 6.8 | of ethyl
ether, obtaining a suspension which is left under stirring for haif an hour, allowed
to stand for 1 hour then filtered; the recovered solid is washed with ethyl ether (2 x
0.5 1) to obtain 60 g of wet product, found to be Zinc(ll) [1,8(11),15(18),22(25)-
tetrakis-(3-N,N,N-trimethylammonium  phenoxy)] phthalocyaninate tetraiodide
characterised by mass spectrometry and 'H-NMR.

"H-NMR (300 MHz, DMSO-ds): § = 9.49-7.19 (m, 28H), 3.67-3.53 (m = 36H) ppm.
ESI-MS: m/z 2041 [(M-41)**].

60 g of this product were dissolved in 5.5 | of MeOH and the solution passed
through a chromatography column having 500 g of Amberiite® IRA 400 (CI) resin
as the stationary phase, previously washed with an aqueous solution made acid
with 0.5 M HCI and conditioned with MeOH. Ethyl ether (24 |) is slowly added to
the eluate (about 6 1), maintaining under stirring. The suspension obtained is
allowed to stand for 1 hour then filtered. The recovered solid is washed with ethyl
ether (2 x 250 ml) and dried on a filter for about an hour. 36 g of the title product
are obtained.
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"H-NMR (300 MHz, DMSO-dg): 8 = 9.45-7.23 (m, 28H), 3.77-3.58 (m = 36H) ppm.
UV-vis (MeOH/H20 50/50) Amax(%): 698 (100), 628(18), 346(21).

ESI-MS: m/z 294.1 [(M4Ch)*"].

EXAMPLE 5

a) Svnthesis of Zinc(ll) 2 {2-(dimethylamino)-1-[(dimethylamino) methyllethoxy}

phthalocyaninate
Under nitrogen atmosphere 48 g of 4—{2-(dimethylamino)-1-[(dimethylamino)

methyljethoxy} phthalonitrile (0.18 mol) and 68 g of 1,2-dicyanobenzene (0.53
mol) are dissolved in 420 mi of DMF.

32.4 g of Zn(AcO) (0.18 mol) and 136 mi of DBU (0.90 mol) are added and the
reaction mixture is brought to 130°C and maintained at this temperature, shielded
from light, under nitrogen atmosphere and under vigorous stirring for 20 hours.
The reaction mixture is then cooled to about 50°C and treated with 800 mi of
deionised H,O: the suspension thus obtained is filtered and the recovered solid is
washed with H,O in portions (2 x 400 mi) then with 8/2 acetonelethyl ether (2 x
500 mi).

The product is subjected to chromatographic purification on silica gel (mobile
phase: THF/DMF 9/1), followed by re-precipitation from DMF (400 ml)/Et,O (1.6
I)/n-hexane (12 I) to obtain 35.6 g of product (yield = 27%).

'H-NMR (300 MHz, DMSO-dg): § = 9.28-9.25 (m, 6H), 9.14 (d, 1H, J = 8.4 Hz),
8.87(s, 1H), 8.21-8.19 (m, 6H), 7.79 (d, 1H, J = 8.4Hz), 5.17 (, 1H, J = 5 Hz) 2.86
(d, 4H, J =5 Hz), 2.5 (s, 12H) ppm.

ESI-MS: m/z 721 [(M+H)"].

b) Synthesis ot Zinc(ll) _2-{2-(trimethylammonium)-1-[(trimethylammonium)
methyilethoxy} phthalocyaninate dichloride

302 g (0.042 mol)y of Zinc(ll) 2-{2-(dimethylamino)-1-[(dimethylamino)
methyllethoxy} phthalocyaninate obtained as aforedescribed in point a) are
dissolved in 900 mi of NMP. 60 ml of Mel (1 mol) are added and the solution

maintained under room temperature, shielded from light, under nitrogen

atmosphere and under vigorous stirring for 72 hours. The reaction mixture is
diluted with 1.4 | of MeOH, then treated with 5.5 | of ethyl ether. The suspension
thus obtained is then left under stirring for half an hour, allowed to stand for 1 hour
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then filtered. The recovered solid is washed with ethyl ether (4 x 0.5 1) to finally
obtain 47 g of wet product, found to be Zinc(!l) 2—{2—(trimethylammonium)
[(trimethylammonium) methyllethoxy} phthalocyaninate diiodide.

TH-NMR (300 MHz, DMSO-dg): § = 9.46-9.43 (m, 7 H), 9.19 (bs = 1H), 8.29-8.27
(m, 6H), 8.17 (d, 1H, J = 10 Hz), 6.20-6.10 (m, 1H), 4.22-4.04 (m = 4H), 3.41 (s,
18H) ppm.

10.1 g of this product are dissolved in 250 ml of a 4/1 MeOH/DMF mixture. The
solution is passed through a chromatography column having 500 g of Amberlite®
IRA 400 (Cl) resin as the stationary phase, previously washed with an aqueous
solution made acid with 0.5 M HCI and conditioned with 4/1 MeOH/DMF. Ethyl
ether (2 1) is slowly added to the eluate (about 500 mi) while maintaining under
stirring, and the suspension obtained is allowed to rest for 1 hour at 4°C then
filtered: the recovered solid is washed with ethyl ether (4 x 500 ml) to obtain, after
drying, 6.9 g of the title product.

"H-NMR (300 MHz, DMSO-dg): 5 = 9.43-9.40 (m, 7 H), 9.19 (bs = 1H), 8.26-8.22
(m, 6H), 8.17 (d, 1H, J = 10 Hz), 6.20-6.18 (m, 1H), 4.19-4.17 (m = 4H), 3.42 (s,
18H) ppm.

BC.NMR (75 MHz, DMSO-dg): § = 156.20, 154.40, 154.17, 153.95, 153.63,
153.08, 141.07, 139.09, 138.93, 134.42, 130.18, 124.72, 123.15, 120.31, 111.04,
69.36, 67.42, 54.57 ppm.

UV-vis (DMF) Amax(%): 672 (100), 606 (9), 341(11).

ESI-MS: m/z 375 [(M-2CI)**]
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CLAIMS
1. Process for preparing chlorides of phthalocyanine derivatives of formula (l)

in which

R is chosen from H, groups containing at least one quaternary ammonium
substituent, and groups suitable for conjugation to specific carriers,

R4, being the same as or different from R, is chosen from H and groups containing
at least one quaternary ammonium substituent,

R, and Rs, being the same or different, are chosen from H, groups chosen from
alkoxy or thioalkoxy groups having from 1 to 10 carbon atoms, and groups
containing at least one quaternary ammonium substituent,

with the proviso that:

a) at least one from R, R, R, and R, is a group conlaininy at ieast one quaternary
ammonium substituent and that, when R, R1, R; and R3 are groups containing at
least one quaternary ammonium substituent, or R and Rz are groups containing at
least one quaternary ammonium substituent and Ry and Rz are H, said groups
containing at least one quaternary ammonium substituent are the same;

b) when R and R, are both different-from H, they are in positions 1,4 or 2,3,
whereas when only one of R and R is different from H, it is in position 1 or 2;

c) when Rz and R3 are both different from H they are in positions 8, 11, 15, 18, 22,
25 or 9, 10, 16, 17, 23, 24 whereas when only one of R, and Rj is different from
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H, it is in positions 8(11), 15(18), 22(25) or in positions 9(10), 16(17), 23(24);
said process comprising the following steps:
i) reacting a phthalocyanine of formula (11) with a suitable alkylating agent to obtain

the corresponding salt of the phthalocyanine of formula (1):

Rg
R /§\
>
/NN
VRN
N N
Rz\" N \N N \ R
Ty N
/\/ \Q/
3 R

R
(i )
in which R, Ry, R, and Rj; are as defined above, while R, R’;, R, R'3 are
corresponding groups containing at least one amino substituent, corresponding
respectively to R, Ry, Rz, and R; when R, Ry, R; and Rz are groups containing at
least one quaternary ammonium substituent, while being the same as R, Ry, R;
and Rz in all other cases, with the proviso that at least one of R’, R’y, R2and R'; is
a group containing at least one amino substituent and that the positions occupied
by R', R’4, Rz, R’; are the same as specified above for R, Ry, Rz, Rg;
ii) treating the ammonium salt of the phthalocyanine of formula (I) coming from
step i) with a suitable ion exchange resin to obtain the corresponding
phthalocyanine of formula (l) in chloride form.
2. The process according to claim 1, wherein R=R' =R, =Ry =H, Ry =Rz =
group containing at least one quaternary ammonium group and R¢' = R3’ = group
containing at least one amino group corresponding to said quaternary ammonium.
3. The process according to claim 1, wherein R = Ry = R; = R3 = group containing
at least one quaternary ammonium group and R’ = Ry = Ry’ = R3’ = group
containing at least one amino group corresponding to said quaternary ammonium.
4. The process according to claim 1, wherein R = group containing at least one

quaternary ammonium group, R’ = group containing at least one amino group
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corresponding to said quaternary ammonium, Ry =Ry’ = HorRy=Rand Ry =R,
and R, =Ry =R3=R3 =H.

5. The process according to claim 1, wherein R = R’ = group suitable for
conjugation to specific carriers, Ry = Ry’ = H, R, = group containing at least one

group containing at least one amino group

quaternary ammonium group, Ry’
corresponding to said quaternary ammonium, Rz = Rz, H and Ry’ = R, H.

6. The process according to claim 1, wherein said group containing at least one
quaternary ammonium substituent is a (X),R4 group, where X is selected from the
group consisting of O, -CHz-, CO, S, SO, and -NRs where Rs is chosen from H and
C1-C15 alkyl; and Ry is

(Re)n

//(R7)w

(00 V4
N~
(Ro). (Ra)

in which

Y is selected from the group consisting of C1-10 alkyl and phenyl, possibly
substituted, or forms with the Z group, to which it is bound, a saturated or
unsaturated heterocycle, possibly substituted, which may contain up to two
heteroatoms selected from the group consisting of N, O and S;

Z is selected from the group consisting of N, -CH,N and -CONHCHzCH;N;

Rs and R;, equal or different from one another, are selected from the group
consisting of C1-15 alkyl and phenyl or form with the Z group, to which they are
bound, a saturated or unsaturated heterocycle, possibly substituted, which may
contain up to two heteroatoms selected from the group consisting of N, O and S;
Rs and Rg, equal or different from one another, are selected from the group
consisting of H and C1-15 alkyl;

m, n, p, w, t and u, independently from one another, are 0 or 1; and

v is an integer between 1 and 3,

with the proviso that only one from n, w, t and u is simuitaneously 0.

7. The process according to claim 1, wherein said corresponding group containing
at least one amino substituent is a (X),R4 group as defined in claim 6, in which two
of n, w, t and u are simultaneously 0.
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8. The process according to claim 1, wherein said group containing at least one
quaternary ammonium substituent is chosen from the following:

. N
2 N
/\
o Q. Oy
I\
/ 7~
4 7\ /' e
AN
TN\ /SOH I\, SO4H
e\ /N\_/N\_/_ /_Q
-
A A

— {:_ /—NL _/_NL N{l— -—CN:'C“’H23
|
K o S S
—_N— N— N:- N—
) 5 ) .
N\ N
—N ™
7 +
) , ) .
/—N:— N( p{d AQ\/ N_\
— ; e —{N’ N
N B y; \ A Y e
/N\\ > NS > L + N

+
+
-—@»CONHCH:CHzN(CHs)s —@—CH,CH;CONHCH,CH,N(CH:,):,

. +
—O—CONH(CHz)sN(CH:g)a _Q—

CH,CHCONH(CHg)sN(CHa)3

9. The process according to claim 1, wherein said corresponding groups
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containing at least one amino substituent are chosen from the following:

o, O~ OF

> 4 ocp g
e /J“C° O /_FND —(O+ f/@
A A A O e
/S /T Van /S

—Q-—CONHCHzcnzNHz —< >—CHZCHZCONHCH20H2NH2
~©—c0NH(CH,)5NH, ‘@‘CH-‘;CHZCONH(CHQ)5NH2

"@‘CONHCHzCHzN(CHa)z -—@—CHZCHchNHCHZCHzN(CHs)z
— )—-conmicrynehs, —{ Y -chicrconncraNcH;

10, The process according to claim 8, wherein said group containing at least one
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quaternary ammonium substituent is chosen from the following:

7~
/ N
‘@'”V e

11. The process according to claim 9, wherein said corresponding groups
containing at least one amino substituent are groups chosen from the following:

/”\

12. The process according to claim 6, wherein said saturated or unsaturated
heterocycle is selected from the group consisting of morpholine, piperidine,
pyridine, pyrimidine, piperazine, pyrrolidine, pyrroline, imidazole, aniline and
julolidine.

13. The process according to claim 1, wherein said group suitable for conjugation
to specific carriers is selected from the group consisting of -COOH, -SH, -OH, -
NH,, -CO-CH»-Br, -SO,Cl, maleimide, hydrazide, phenol, imido, biotin, possibly
bound to the phthalocyanine nucleus through a suitable spacer (X),-W, where X
and p are defined as in claim 6 and W is chosen from C1-C10 alkyl, aryl, and C1-
C5 arylalkyl.

14. The process according to claim 1, wherein said suitable alkylating agent in
step i) is selected from the group consisting of alkyl bromide, iodide or sulfate,
being preterably a C1-C5 linear alkyl iodide.

15. The process according to claim 14, wherein said suitable alkylating agent in
step i) is methyl iodide.

16. The process according to claim 15, wherein said methyl iodide is utilised in a
quantity comprised between 1 and 20 equivalents per amino group to be
methylated, preferably in a quantity comprised between 5 and 11 equivalents.

17. The process according to claim 1, wherein said alkylating reaction in step i) is
undertaken in a solvent chosen from dimethylformamide, dimethylsulfoxide and N-

methylpyrrolidone, preferably in N-methylpyrrolidone.
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18. The process according to claim 17, wherein the reaction product in step i) is
precipitated from the solution in N-methylpyrrolidone with ethyl ether or isopropyl
ether in a quantity of 4 to 8 volumes with respect to the volume of N-
methylpyrrolidone, after having diluted the solution in N-methylpyrrolidone with
methanol in a quantity of 1 to 2 volumes with respect to the volume of N-
methylpyrrolidone.

19. The process according to claim 1, wherein said ion exchange resin in step ii) is
chosen from among strong basic resins with quaternary ammonium functional groups.
20. The process according to claim 19, wherein said resin is a polystyrene based
resin with a degree of cross-linking comprised between 4 and 10%.

21. The process according to claim 1, wherein said treatment of the salt in step ii)
is undertaken by a chromatography process by using a solution of said salt of the
phthalocyanine of formula (1), different from the chloride, and said ion exchange
resin, and recovering the phthalocyanine of formula (1) in chloride form by
evaporation, lyophilisation or precipitation.

22. The process according to claim 21, wherein said chromatography is
undertaken by passing through the ion exchange resin a solution of the
phthalocyanine salt of formula (1) in an aicoholic solvent, preferably methanol, or in
a mixture of said alcoholic solvent with water or other solvents, in which the
quantity of alcoholic solvent is preferably at least equal to 70%, and re-
precipitating from the eluate the phthalocyanine of formula (1) in the chloride form
by treating with a precipitating agent, preferably chosen from ethers.

23. The process according to claim 21, wherein said chromatography is undertaken
* by passing through the ion exchange resin a solution of the phthalocyanine salt of
formula (1) in methanol, or in a mixture of methano! with a solvent of high solubilizing
strength such as DMSO or DMF, then treating the eluate with ethyl ether to
precipitate the phthalocyanine of formula (1) in chloride form.
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24. The process according to claim 1, wherein said phthalocyanine of formula (1) is
obtained by condensation of the substituted phthalonitriles of formula (llI) and (V)

R.H\\ CN R-SH\\ CN
Ry
R 7 en Z en
) (V)

in which R’. R’s. R’ and R’ are defined as in claim 1, in the presence of a base
and possibly an organic solvent, preferably a solvent miscible with water, more
preferably DMF, and subsequent or simultaneous metal insertion by treating with
a suitable Zinc(ll) salt, preferably Zinc(ll) acetate or Zinc(il) chloride.

25. The process according to claim 24, wherein when said phthalocyanine of
formula () is non centrosymmetrical, said phthalonitriles of formula (lll) and (IV)
are used in a molar ratio comprised between 1:1 and 1:10, preferably in a molar
ratio equal to 1:3.

26. The process according to claim 24, wherein said condensation reaction is
carried out at a temperature comprised between 100 and 250°C, preferably
comprised between 130 and 180°C.

27. The process according to claim 24, wherein said base is chosen from 1,5-
diazabicyclo[5.4.0]non-5-ene (DBN), 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU)
and 2-dimethylamino-ethanol (DMAE).

28. The process according to claim 24, wherein said condensation reaction is
carried out in the absence of solvent with DBU as the base, and at a temperature
equal to 140°C.

29. The process according to claim 24, wherein the crude product of formula (il)
obtained from the condensation is precipitated by treating the reaction mixture
with water or mixtures of water and water miscible solvents, filtering or centrifuging
the suspension then washing the recovered solid several times with water and/or
water miscible solvents, preferably with alcohols.

30. The process according to claim 24, further comprising purification of the crude
product of formula () obtained from condensation by means of column
chromatography followed by re-precipitation from solvent, before undergoing step ).
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31. The process according to claim 30, wherein said column chromatography is
undertaken using silica gel or alumina as the stationary phase and a mixture of
organic solvents as the mobile phase.

32. The process according to claim 31, wherein said mixture of organic solvents is
composed of two or more solvents selected from the group consisting of THF,
methanol, ethyl ether, n-hexane, DMF and chloride soivents, provided that said
mixture always contains a quantity of chlorinated solvents or THF greater than
30%.

33. Compounds of formula (Il) as defined in claim 1, wherein R* = Rz' = H and R¢’
= Ry = 4-N N-dimethylamino phenoxy, or R = Ry’ = Ry’ = Ry’ = 4-NN-
dimethylamino phenoxy, as intermediates of the process defined in claims 1-31.
34. lodides of the phthalocyanine derivatives of formula (I) as defined in claim 1,
wherein R = R; = H and Ry = Rs = 4-N,N,N-trimethylammonium phenoxy, or R =
R, = Ry = Ry = 4-N,N,N-trimethylammonium phenoxy, as intermediates of the
process defined in claims 1-31.
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