L4

4-718996/ A Chel at e conpl exes and processes for their preparat g{g%me
" J.nvention relates to chel ate conpl exes conprising phthal ocyanin ’h(is

as conplex forners and certain organic derivatives of elenentq%qyﬁga
groups Il and IV of the Periodic Table of Elenments having an atlom c é&ﬁﬁﬁw
of from31 to 50 inclusive and of alum niumor rutheniumas central ato
to pharmaceutical conpositions conprising those conpl exes, to processes for
their preparation and to their use as,nmedicanments, in the purification of
bl ood outside the organismand for diégnostic pur poses. A nunber of
pht hal ocyani ne conpl exes are already known. In addition, the use of zinc-
pht hal ocyani ne i n phot odynam ¢ chenot herapy for the treatnent of tunours
has been described (J.D. Spikes, Photochem Photobiol. 43, 691 (1986)). For
exanmpl e, zinc-phthal o- cyanine was admi ni stered #d82%{Aritoneally to mce
or rats in the formof an aqueous suspension and a carci noma produced
beforehand in the experinental animals was irradiated with high-energy
light, preferably with directed visible |ight (LASER). I n phot odynami c
chenot her@imlate kemplesesiemtprotesses fof thelrergmanpioaxes in the organismis of
crucial inportance because during the treatnent the patients are extrenely
sensitive to light quite generally and nust especially avoid exposure to
sunl i ght . Tieoiavention relates éo chelate somplesenenreprising phithal6¢yadinesopponoids ashat  as
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node of admi nistration, selectivity towards tunours and/or residence tine

in the organism The invention relates especially to chelate conpl exes of
f or mul a |4 number of phthalocyanine complexes are already known. In addition, the use of zinc-

phthalocyanine in photodynamic chemotherapy for the treatment of tumours has been
described (J.D. Spikes, Photochem. Photobiol. 43, 691 (1986)). For example, zinc-phthalo-
Cyanine was administered intraperitoneally to mice or rats in the form of an aqueous
suspension and a carcinoma produced beforehand in the experimental animals was
irradiated with high-energy light, preferably with directed visible light (LASER).

In photodynamic chemotherapy the residence time of the complexes in the organism is of
crucial importance because during the treatment the patients are extremely sensitive to
light quite generally and must especially avoid exposure to sunlight. For this reason it is
also necessary to find compounds that as far as possible concentrate selectively in the
tumour and are present in as low a concentration as possible in the healthy parts of the
organism. In human therapeutic use the mode of administration also plays a part. Intra-
peritoneal administration is generally problematic because of the pain caused on penetra-
tion of the abdominal cavity and the high degree of skill required of the doctor. There is
therefore a need for new complexes that offer advantages over the known complexes from
the point of view of mode of administration, selectivity towards tumours and/or residence
time in the organism.

The invention relates especially to chelate complexes of formula I



-25- [err] wherein Mis an elenent of main group Il
or IV of the Periodic Table having an atom c nunber of from31l to 50
rnclusive, alumniumor ruthenium Rerr] is a radical of fornmula Il [err]
wherein mis O or 1, nis an integer fromO to 200 inclusive, R err] and
Rlerr] are each independently of the other |ower alkyl or unsubstituted or
substituted phenyl, and R err] is alkylthio having up to 20 carbon
atons, al kanoyl oxy having up to 20 carbon atons,
4-(2,3,4,6-tetra-0 acetyl -[err]-D gl ucopyranos- 1-yl oxy) - phenoxy,

chol est an- 3-yl oxy, chol esteryl oxy, unsubstituted or chol estan- 3-yl oxy-
or chol esteryl oxy-substituted R4aliphﬁhic hydr ocar byl oxy having up to 24
carbon atons in the aliphatic nnfﬁﬁahmn,
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wherein

M is an element of main group III or IV of the Periodic Table having an atomic number
of from 31 to 50 inclusive, aluminium or ruthenium,

R; isaradical of formula II

Rs
|
~(0-8i)x-(0-CH-CH; )p-R ()
|
Re
wherein
m isQOorl,

n is an integer from 0 to 200 inclusive,

Rs and Rg are each independently of the other lower alkyl or unsubstituted or substituted
phenyl, and

R; is alkylthio having up to 20 carbon atoms, alkanoyloxy having up to 20 carbon atoms,
4-(2,3,4,6-tetra-O-acetyl-p-D-glucopyranos-1-yloxy)-phenoxy, cholestan-3-yloxy,
cholesteryloxy, unsubstituted or cholestan-3-yloxy- or cholesteryloxy-substituted
aliphatic hydrocarbyloxy having up to 24 carbon atoms in the aliphatic moiety or,
when m is 1 and n is 0, aliphatic hydrocarbyl having from 6 to 24 carbon atoms, or



when mis 1 and n is 0, aliphatic hydrocarbyl having from6 to 24 carbon
atons, or -3 -
-unsubstituted or substituted phenyl, or is a radical of formula IIl [err]
wherein X is a bivalent aliphatic hydrocarbon radical having up to 23
carbon atons, Y 1is oxygen or the group -NH, Rerr] is cholesteryl,

al i phatic hydrocarbyl having up to 24 carbon atons or unsubstituted or

chol est eryl oxy-substituted aliphatic_gxdrocarbyl having up to 24 carbon
atons in the aliphatic noiety, and R err], R err] and mare as defined
above, R err] has the sane definition as R err] when Mis an el enment of

mai n group |dhsubstititdd of saREaidd pheny%?&d\ﬂah§aladff8}rﬁf[§'i'ﬁ of main group Il
or ruthenium R err] is hydrogen, [ower alkyl, - |ower alkylthio,

unsubstituted or | ower al koxy-substituted al koxy having up to 20 carbon
atons, tri-I|ower alkyhg |yl or halogen, and Rl err] is hydrogen, |ower

al kyl, lower alkylthi unsubstituted or |ower al koxy-substituted

al koxy havi ng up to §L a tonB tri-lower alkylsilyl or halogen, to
novel internediates éégﬁ?'ﬁ%gatlon of those conpl exes(lI)o

phar maceuti cal conposi} tions conprising those conpl exes, to processes for
their preparation and go their use as nedi canents, for the purification of
bl ood outside the organi sm and for diagnostic purposes. An el enent of
main group Il and 1V of the Periodic Table having an atom ¢ nunber of from
31 to 50 wherkiasi ve is galliun1 indiumor tin, and preferably germani um

s LY By R A S ook e, o0t o
t han 8 upYt dsanygdnnarithelgrogp28Bi-, n may al so represent the average val ues in
conpound gl Xk ¢h&8steryl, aliphatic hydrocarbyl having up to 24 carbon atoms or unsubstituted or
cholesteryloxy-substituted aliphatic hydrocarbyl having up to 24 carbon atoms in the
aliphatic moiety, and
Rs, Rg and m are as defined above,
R, has the same definition as R, when M is an element of main group IV, or R, is absent
when M is an element of main group I or ruthenium,
Rz is hydrogen, lower alkyl, lower alkylthio, unsubstituted or lower alkoxy-substituted
alkoxy having up to 20 carbon atoms, tri-lower alkylsilyl or halogen, and
R4 is hydrogen, lower alkyl, lower alkylthio, unsubstituted or lower alkoxy-substituted
alkoxy having up to 20 carbon atoms, tri-lower alkylsilyl or halogen,
to novel intermediates for the preparation of those complexes, to pharmaceutical composi-
tions comprising those complexes, to processes for their preparation and to their use as
medicaments, for the purification of blood outside the organism and for diagnostic
purposes.

An element of main group III and IV of the Periodic Table having an atomic number of
from 31 to 50 inclusive is gallium, indium or tin, and preferably germanium.

In a radical of formula II, n is preferably an integer from 0 to 20 inclusive, especially from
0 to 5 inclusive. When n is a number greater than 8 up to and including 200, n may also
represent the average values in compound mixtures.

Unsubstituted or substituted phenyl Rs or Rg is preferably unsubstituted phenyl or phenyl
substituted by from one to preferably not more than three customary phenyl substituents,
for example by lower alkyl, lower alkoxy, halogen, trifluoromethyl, lower alkoxycarbonyl,



Unsubstituted or substituted phenyl R5 or R6 is preferably unsubstituted
phenyl or phenyl substituted by fromone to preferably not nore than three
customary phenyl substituents, for exanple by |ower alkyl, |ower alkoxy,
hal ogen, trifluoronethyl, |ower al koxycarbonyl,

- 4- | ower al koxycar bonyl am no, benzoyl am no and/ or by di-I| ower
al kyl am no. Lower alkyl R err] and R err] is preferably nethyl or
n- hexyl . Al kyl thio having up to 20_garbon atoms R7 has preferably from 10
to 18, especially from10 to 14, carbon atons and is such a branched or
especially straight-chain al kylthio, such as especially n-dodecylthio.

Al kanoyl Q6Wehﬂkbi5@:abﬂbn}'ﬁnﬁﬂo,%hmmin@f£§dﬂ BY di-lower A& Tadiabl y | ower
al kanoyl oxy, for exanple acetoxy.

4-(2,3,4,6-Tetra-O acetyl -[err]-D gl ucopyranos- 1-yl oxy) - phenoxy R7 is the
radi cal deosweredkyl Rgrant Ryria pofaaklyynhethyllonhihexyl. Chol est an- 3-yl oxy R7 is
preferably 5[err]-chol estan-3[err]-yl oxy. Ali phati c hydrocarbyl having
from6 to 24 carbon atons R7 is an ali ghatlc hydr ocar bon radi cal havi ng

from 6 t cAlkylthisdpainigaip tp 20rcarhod alemeB; hawprofsrably om 14 a8, especiglly &pmsuch an
al kynyl ofp @rgf 8&691‘1 Xto?r{sl‘a)ﬁh 1Q§ucﬁ|a|§ﬂ'ﬂﬁ{dhe& 6?’&%@&1&1@%& R-dhMH ARy suépdi cal

preferabl%)t has . from, 1 18 carbon atons h ‘an kyI radical is, for
exanpl e CSBGCIMLY ‘bﬁ%‘i‘eﬁy“@@ch as n-dodecyl, n-tetradecyl, n-oct adecyl or
especi al | y n-hexadecyl, or branched, such as 1,1, 2- trinethyl-propyl

(t9t) . SHahodprhiiRYbe Esh h%@ﬁm@r@m‘ié%@ee%@ai%cara@ﬁa%?fs%ﬁsfo?”d B
-9, 11, 13-exampleacionyr i enyl . Unsubstituted or substituted phenyl Rlerr] is

preferably unsubstituted phenyl. Substituted phenyl Rerr] is especially
phenyl substituted by fromone to preferably not nore than three customary

phenyl subédBihfehesa-Oranetidsealiglucopyraposwtrylanykphenaxyiaris tewadigal degiveden,

tri- from tetra-O-acetyl-arbutin.
Cholestan-3-yloxy R, is preferably Se-cholestan-3p-yloxy.

Aliphatic hydrocarbyl having from 6 to 24 carbon atoms R, is an aliphatic hydrocarbon
radical having from 6 to 24, especially from 6 to 20, carbon atoms, that is to say such an
alkynyl or preferably alkyl or alkenyl radical. Such a hydrocarbyl radical preferably has
from 12 to 18 carbon atoms. Such an alkyl radical is, for example, straight-chain, such as
n-dodecyl, n-tetradecyl, n-octadecyl or especially n-hexadecyl, or branched, such as
1,1,2-trimethyl-propy! (texyl). Such an alkenyl radical has preferably 18 carbon atoms and
is, for example, cis- or trans-9-octadecenyl, -9,12-octadecadienyl or -9,11,13-octadeca-
trienyl.

Unsubstituted or substituted phenyl R; is preferably unsubstituted phenyl. Substituted
phenyl R, is especially phenyl substituted by from one to preferably not more than three
customary phenyl substituents, for example by lower alkyl, lower alkoxy, halogen, tri-
fluoromethyl, lower alkoxycarbonyl, lower alkoxycarbonylamino, benzoylamino and/or
by di-lower alkylamino. |

Aliphatic hydrocarbyloxy having up to 24 carbon atoms R, is hydrocarbyl bonded via
oxygen and containing up to 24, preferably up to 18, carbon atoms, that is to say such an
alkynyloxy or preferably alkoxy or alkenyloxy radical. Such a hydrocarbyloxy radical
preferably has from 1 to 3 or from 12 to 18 carbon atoms. Such an alkoxy radical is, for
example, straight-chain, such as n-dodecyloxy, n-tetradecyloxy, n-octadecyloxy or espe-



fruoronet hyl, | ower al koxycarbonyl, |ower al koxycarbonyl am no, benzoyl am no
and/ or by di-Iower al kyl am no. Al'i phati c hydrocarbyl oxy having up to 24
carbon atons Rlerr] is hydrocarbyl bonded via oxygen and containing up to
24, preferably up to 18, carbon atonms, that is to say such an al kynyl oxy or
preferably al koxy or al kenyl oxy radical. Such a hydrocarbyl oxy radi cal
preferably has from1 to 3 or from 12 to 18 carbon atonms. Such an al koxy
radical is, for exanple, straight-chakn, such as n-dodecyl oxy,
n-tetradecyl oxy, n-octadecyl oxy or espe-

-5- cially n-hexadecyl oxy. A preferred al koxy radical is also nethoxy.
Such an aﬁdiwhewec;adxﬁa& pmrwakwmﬂ&misammmxgt Such zmrulkerglom‘yor

ook, 18T P FaRl I AT RRY b b for & dmaBr LB S erbfony,
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[err]-posit ester

chol est arfbiy gliphajic hs@r@ﬁaréyloeiy péhauwwq/uape prPositing] Batis i wetem}mgclll)bw, such
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up to 24 saylag-rhexadecyldrdl. is to say such an al kynyl or pref erably al kyl
or al kenyl radical. Such a hydrocarbyl radical preferably has from12 to 18
carbon atons. Such an al kyl radical is, for exanple, straight-chain, such
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has preferably 17 carbon atons and is, for exanple, cis- or
trans- 9- hept Ades %ﬁﬁ’tlla’m h%lthlozcarbon radical X having up to 23 carbon atoms is a radical in
which the two free valencies may originate from the same carbon atom or from different,

preferably terminal, carbon atoms, for example such an alkynylene or preferably alkylene
or alkenylene radical. Such a hydrocarbyl radical preferably has from 11 to 17 carbon
atoms. Such an alkylene radical is, for example, straight-chain, such as n-undecylene,
n-tridecylene, n-heptadecylene or especially n-pentadecylene. Such an alkenylene radical
has preferably 17 carbon atoms and is, for example, cis- or trans-9-heptadecenyl, -9,12-
heptadecadienyl or -9,11,13-heptadecatrienyl.

Tri-lower alkylsilyl R or Ry is, for example, trimethylsilyl.
Lower alkoxy-substituted alkoxy having up to 20 carbon atoms Rj or R, is especially
lower alkoxy-lower alkoxy, such as especially 2-lower alkoxy-ethoxy, for example 2-

methoxy-ethoxy.

Hereinbefore and hereinafter the radicals designated "lower" contain up to and including



hépt adecadi enyl or -9,1 1, 13-heptadecatrienyl. Tri-lower alkylsilyl Rerr]
or Rlerr] is, for exanple, trinmethylsilyl. Lower al koxy-substituted
;al koxy having up to 20 carbon atons R3 or R4 is especially |ower
al koxy-1 ower al koxy, such as especially 2-1ower al koxy-ethoxy, for exanple

2- nethoxy-ethoxy. Her ei nbefore and hereinafter the radicals designated
"l ower” contain up to and incl uding

- 6- 7, preferably up to and |nclud|§ carbon atons. The conpounds of
formula | have val uabl e phar macol ogi cal propertles They can be used, for

exanpl e, in photodynam c chenot herapy This can be denonstrated, for

exanpl e, 7?%1;%&2?}%%?“8%@91 (B'B gcedure: The conpounds of

formula | |stere I nt avenous y or topically to mice or rats
havi ng transpl antable or chem cally induced tunmours or to hairless mce
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compound WYY RS in ProlGaeiS BherRerary- Tikedh GEognGushall B8, " ho °

si ngl e adwample bathedollowing axperpmamdl prbcédmrerul al, the tunour is selectively
irradiated with an "argon-punped-dye-|aser"” or titani um sapphire |l aser at a
wavel ength of, for exanple, 678 nmwith a |ight dose of 50 to 300, for
exanpl e fRhereonpounds cformule i e aﬁw@texshe]red inwavengusizoe tapidally domieeer fals each

case depqﬁd g 4RAG! 1@%?@11&{11% G& sé@&hﬁqrs%rf&ﬁmesg%mé%wg%aha In this

exper]! I’T’Eﬂt procedure npaoun formul a I.n ose of proxi mately
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renewed tumno
t her apy, fram 189 tq)lﬁih deulefenf* ofTkg | veavelepghh rpeuissdda eb‘é'l @s@dependQ hléOIt theat nent  of

di seases sﬁ@diﬁé‘fﬁlybééle\éte@b‘éﬁﬁ)ouﬁ&' eNfoRmuids. ﬁﬁﬂ?s%x éﬁi‘h@ r@é&i&é 'cB bitndd! DS,
for the thl gose of virus inactjvatiaon % In se o herpes
Al DS) of of formula Iin a dose of approximately fro 1t03m g, for example rom 0.1

1.0 mg/kg, bring about the complete disappearance of the tumour (tumour necromatised

after 3 to 7 days and mice completely healed after about 21 days). Under these conditions

the compounds of formula I do not cause any undesirable light sensitisation of the healthy

parts of the animals. During a subsequent observation period of 3 months under these

conditions neither general photosensitisation nor renewed tumour growth is observed.

In the context of photodynamic therapy, the compounds of formula I can be also be used
in the treatment of diseases caused by viruses, such as the Kaposi sarcoma occurring in
AIDS, for the purpose of virus inactivation (for example in the case of herpes, AIDS) of
stored blood, in the treatment of skin disorders, such as psoriasis or acne vulgaris, and in
arteriosclerosis. In addition, they can be used in diagnostics, for example for detecting
tumours.

Preference is given to compounds of formula I wherein

R, is cholesteryloxy, unsubstituted or cholesteryloxy-substituted aliphatic hydrocarbyl-
oxy having up to 24 carbon atoms in the aliphatic moiety or, when mis 1 and n is O,
aliphatic hydrocarbyl having from 6 to 24 carbon atoms, or is a radical of formula III
above wherein X is a bivalent aliphatic hydrocarbon radical having up to 23 carbon
atoms, Y is oxygen or the group -NH-, R; is cholesteryl, aliphatic hydrocarbyl having
up to 24 carbon atoms or unsubstituted or cholesteryloxy-substituted aliphatic



stored blood, in the treatment of skin disorders, such as psoriasis or acne
vulgaris, and in arteriosclerosis. In addition, they can be used in

.di agnostics, for exanple for detecting tunours. Preference is given to
conpounds of formula | wherein R err] is chol esteryl oxy, unsubstituted or
chol esteryl oxy-substituted aliphatic hydrocarbyl - oxy having up to 24

carbon atons in the aliphatic noiety or, when mis 1 and n is O,

al i phati c hydrocarbyl having from®6 to, 24 carbon atons, or is a radical of
formula 111 above wherein X is a bivalent ali phatlc hydr ocar bon radi cal
having up to 23 carbon atons, Y is oxygen or the group -NH, R8 is

chol esteryl, haddopiidyi I%ngﬁ&ﬁﬂZ@dﬂrbeﬁgxn the aughétﬁ éefaT bon atoms or

hatic

unsubsti t ut or, cho es er on s bstltu ed ali

-7 - ‘ﬁg’ﬁroél?ﬁ{rsﬂ eligg ??O&%r bon atonms in the aliphatic

noi ety, and the other substltuents are as defined above. Speci al

pref erenc 0 0 erein Mis gernmani um
Rlerr] angp@err (égaéx% ég%e{ée%%&sp%pﬁés@? ?léamﬁ‘gfe"bf formula Il wherein m
is 0 or 1Mnisgermanium, jnteger fromO to 20 inclusive, R5 and R6 are each

' ndependeRH Ia}rid ‘Rf eB&?r ?Pé&@ﬁts ltlfé"ﬁ&xe ra(?]lcaladf Ifé’x#mﬁ’{ IIW&E ﬁ&do &1, Lo

chol esteryl, | este B3R at ons,

al koxy havi ngﬂ%gf—rtf@nzﬁt%% Msa\teo% an%Rkémﬂaé&wdeamdegtlxupfthgomm lower car bon

atoms or [er mkypbp;bmymnd Whé'cﬁbié%byl fmsle@ﬁry;@xwa h&ﬁﬁg%nﬁé R in the
al koxy of  formula 111

wherein mi sc%flbg? X?ms&ag gxy havi rﬁk%n%‘ﬁ%afﬁgﬁﬁggﬁﬁ ‘B’? hayingdp Wi%dns, VYis
o>ﬁy|gen R Ier cz}rbamdtoﬁ[se)rrd-clwl&stewlohy-fahmmy lhaving uplto 24 ox¥d6n alokis! lgmtwa]%tﬁfd r] is
chol est er r S unsubst.i ed or

| ower al k)c/)xyms|,3[1 rteaﬁh l@bg{sgﬂﬁ%est rﬂe rﬁg\éﬁ oé?ﬁ%m{l%kéé/hgg’%gﬂ § lﬁnd
Rlerr] is hyahkbjkgéﬁ havingapyo g}é@@nban apomst ¥rie oxygens Rgand R e &aohrpbmn)dlsr of

formula | V\hwv@rwlhﬁd ?Eg@még[gr lR[ err] and R[err] each represents the
same radlg bsf formul a wherein mis nis an _ integer fromO
8i

to 5 incl ydg@ges - Weéﬁg(yé%lé’h‘)fdm‘%lﬁwn‘&?d P'b\%?ef alkpyy-sebsituted alkoxnol -

est eryl oxy, adu}mg(yp a20 ogbop atothsléndcar bon atons, ([ err]al kenyl oxy, al kyl

havi ng frﬁé qy og'fgg 18 carbon atons, [err] _chol est eryl oxy-{ err] al koxy,
| es

phenyl, -yl oxy,
4- (2, 3, 4,6-tetra-0O acetyl -[err]-D gl ucopyranos-1-yl oxy) - phenoxy,

 err] al kyeiypReial preferedc@WEbiveh FAOMPRYs o forMIfa 1S} M rein

M is germanium,

R; and R, each represents the same radical of formula Il wherein mis 0 or 1, nis an
integer from 0 to 5 inclusive, Rs and Ry are each phenyl or lower alkyl and R; is chol-
esteryloxy, alkoxy having up to 18 carbon atoms, C,galkenyloxy, alkyl having from 6
to 18 carbon atoms, o-cholesteryloxy-C,,_;salkoxy, phenyl, cholestan-3-yloxy,
4-(2,3,4,6-tetra-O-acetyl-g-D-glucopyranos- 1-yloxy)-phenoxy, C;q.4alkylthio or
lower alkanoyloxy, or wherein

R, and R, each represents the same radical of formula Il wherein m is 1, X is C;;_;7-
alkylene, Y is oxygen, Rs and R are each phenyl and Rg is cholesteryl,

R3 is hydrogen or lower alkoxy-substituted lower alkoxy, and

R4 is hydrogen. :

Special preference is given to compounds of formula I wherein

M is germanium,

R;and R, each represents the same radical of formula II whereinmisOor 1,nis 0,2, 3
or 5, Rs and Rg are each phenyl, methyl or n-hexyl and Ry is cholesteryloxy, methoxy,
n-hexadecyloxy, cis-9-octadecenyloxy, n-hexyl, 1,1,2-trimethyl-propyl, n-octadecyl,
w-cholesteryloxy-n-hexadecyloxy, phenyl, 5-a-cholestan-3-g-yloxy, 4-(2,3,4.6-tetra-



'R[err] and Rlerr] each represents the sanme radical of forrmula Il wherein m

is 1l Xis (err]- al kyl ene, Y is oxygen, R5 and R6 are each phenyl and
:R8 is cholesteryl, R err] is hydrogen or |ower al koxy-substituted | ower

al koxy, and R err] is hydrogen. Special preference is given to conpounds

of formula | wherein Mis germanium R[err] and R err] each represents the

sane radical of formula Il wherein mis O or 1, nis 0, 2, 3 or 5,

Rlerr] and Rlerr] are each phenyl, nmefhyl or n-hexyl and R7 is

chol est eryl oxy, nethoxy, n- hexadetyl oxy, cis-9-octadecenyl oxy, n-hexyl,

1,1, 2-trinethyl-propyl, n-octadecyl,

Ler 1) - ohol <4 St oK Rl BAREA. sty AASBN). ook 5l 6PRLRRY2Be dndie] O
O acet y| -K@and]R Bagh epsgsgnisibs same tadicp) offhomda {1 whearin ecig| 1t i is nopentec et oxy,
or wherein Regfiehe am o%gér{ ]R %@fk r&@é&ﬁgfr\kmtah&@m&&@éryﬁl of formula

111 wherein mis 1, nt a- | ene i s oxygen, Rlerr] and
Rlerr] afs éﬁﬁmrﬁﬁ%%zm?@w&?quréndchol esteryl Rlerr] is hydrogen or

2- met hox)R gtibaydrogénnd R4 is hydrogen. Very special preference is given to
t he conpounds of ?or mula | described in the Exanpl es. The conpounds of
formula | are prepared according to processes known per se. The process
accor di ngvVerg spévialipreferencois givenctathé exnpundsaef foohblvistesaibed ip therlkaafplésor nul a
V [err]

The compounds of formula I are prepared according to processes known per se. The
process according to the invention is carried out as follows: a compound of formula V

R, R,
P
Ry— c/25 22\c —R,
\N_ 7/
/C=C\
Ry N=C C=N fa
o Ao W L
\c/l\c/\\ l__snﬂ/\c/lS\c/
Yo M AN s b ™
gl e ¢ H”r'« ¢ \C/C\
¢ | N—c” Sc—N | R
R, \/ A,
AN
R—C38 1llc—ng,
N\
/c—-c\
R, R,

wherein

R;; is hydroxy or halogen, and

Rj, has the same definition as Ry; when M is an element of main group IV, or Ry, is
absent when M is an element of main group III or ruthenium,

and the other symbols are as defined above, is reacted with a compound of formula VI

R,-H (VD)

wherein R, is as defined above, or with a reactive derivative thereof having an activated
OH group.



Wherein Rlerr] is hydroxy or hal ogen, and Rlerr] has the same definition as

Rl err] when Mis an elenent of main group IV, or Rerr] is absent when
‘Mis an elenent of main group Il or ruthenium and the other synbols are
as defined above, is reacted with a conpound of fornula VI

Rlerr]-H (V1) wherein R err]

I s as defined above, or with a reactive derivative thereof having an
activated OH group. -9 -9 -
Hal ogen Rlerr] is preferably chlorine.” A reactive derivative of a conpound
of formula VI having an activated OH group is a derivative in which the
termnal OH group is in reactive esterified form for exanple in the form
of an ester with a_mneral acid, for exanple a hydrohalic acid or sulfuric
aci d, or &ldegendhiids prefedably GhIerias. p-t ol uenesul fonic acid. A preferred
reactive derivative is a halide, such as especially a chloride. Preferably
a conpound, of forpula.V wherein er.r.] i raxy is reac with. a
conpound. d Festith Fegive BUF o Pt e B BE an EehGRAOH SRS (1 o
conpound aerivhtévefiarwhithathBtemrihal DH Atdupris &t reaetive, esierified faris dorpexamipld in t o
react a c f . redn i I Ay e iye
derivati Vgﬁ'&gf&l@docf%}}gg@%%?a li{gl\grrfhg Iagld\ﬁ()'?%g:%é]la ag‘P{ Hg@f&ﬁ %(/é?gng} %‘iﬁb‘?"oﬁg‘%’ o¥or
exanpl e a asalfodis.acid, such as p-toluenesulfonic acid. A preferred reactive derivative is a halide,

such as especially a chloride.

Preferably a compound of formula V wherein R, is hydroxy is reacted with a compound
of formula VI having a terminal OH group, that is to say with a compound of the formula
R;-H. Alternatively, it is also possible to react a compound of formula V wherein Ry, is
hydroxy with a reactive derivative of a compound of formula VI having an activated OH
group, for example a halide.

In most cases it is preferable to carry out the reaction in a suitable inert solvent, for
example an aromatic hydrocarbon, such as toluene or benzene, an ether, such as especially
a cyclic ether, such as preferably dioxane, or a solvent mixture, it also being possible to
begin with a suspension of the compound of formula V in the said solvent. The reaction
temperature depénds inter alia upon whether R, is hydrogen or halogen and whether or
not the compound of formula VI is in activated form. Normally the reaction temperature
is from room temperature to approximately the boiling point of the solvent or solvent
mixture used, and the reaction may, if desired or necessary, be carried out under pressure
and/or in an inert gas atmosphere, for example under argon. For the preparation of
compounds of formula I wherein R, is a radical of formula II wherein m and n are each 0
and R, is aliphatic hydrocarbyloxy having up to 6, especially from 1 to 3, carbon atoms,
the corresponding alcohol of the formula R,-H may be used not only as reagent but at the
same time also as solvent.

Some of the starting materials of the formulae V and VI are known or they can be
prepared in the same manner as or in analogous manner to that described in the Examples.

The present invention relates also to novel starting materials and/or intermediates and to
processes for the preparation thereof. The starting materials used and the reaction
conditions chosen are preferably such that the compounds described in this Application as
being especially preferred are obtained.



In-nbst cases it is preferable to carry out the reaction in a suitable

I nert solvent, for exanple an aronmatic hydrocarbon, such as toluene or
benzene, an ether, such as especially a cyclic ether, such as preferably

di oxane, or a solvent mxture, it also being possible to begin with a
suspensi on of the compound of formula V in the said solvent. The reaction
tenperature depends inter alia upon whether Rlerr] is hydrogen or hal ogen
and whet her or not the conpound of fornula VI is in activated form
Normal |y the reaction tenperature is fﬂ%n1roon1tenperature to approxi mtely
the boiling point of the solvent or solvent m xture used, and the reaction
may, if desired or necessary, be carried out under pressure and/or in an

i nert gas atnosphere, for exanple under argon. For the preparation of
conpounds he inventdrarelateshaseiothRusy of| the sorapmtmsi's o&fomlﬂna‘ lmdutheicorespbrding n m
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nature of tbmposidemsse, for exanple the size of the tunour, the nature and
size of the species to be treated, and upon the node of adm nistration. For
exanple, a daily dose of from1l ng to 100 ng of a conpound of fornmula I
(with or wilhpphermpepetical compesitignsiacearding toeheiinyentionaes, ferrexpaiple, &1 y

| ntravenoughinteldl, Shchas E&ﬂébﬁﬁ?‘?ﬂrﬁ@h&&' adlaistdrign RO mBldehEd elinalROut 70

kg. The invention relates af so to pharmaceuti cal compositions conprising
t he conpounds of the present invention as active ingredients and to

processes Compobitions &Rakein phivtedynamischepmipueapyt dro BSpecially preferably those
which concentrate in the tumour tissue. Especially suitable for this purpose are liposome
formulations, for example analogous to those described in the European Patent Applica-
tion having the Publication No. 451103. Those formulations comprise, in addition to one
part by weight of active ingredient, especially from 25 to 100 parts by weight of 1-n-hexa-
decanoyl-2-(9-cis-octadecenoyl)-3-sn-phosphatidyl-choline (POPC), from 0 to 75 parts by
weight of 1,2-di(9-cis-octadecenoyl)-3-sn-phosphatidyl-S-serine (OOPS) and from 0 to
500 parts by weight of lactose. '

The following Examples illustrate the invention described above but do not limit the scope
thereof in any way. Temperatures are given in degrees Celsius. ' The numbering of the
carbon atoms of the phthalocyanine ring system used in the following Examples corres-
ponds to that used in formula L.

Example 1: 1 g (1.62 mmol) of dihydroxygermanium-phthalocyanine (prepared in
accordance with Joyner et.al., Inorg. Chem. 1, 236 [1962]) is suspended in 100 ml of
dioxane, and 1.89 g (3.24 mmol) of diphenylcholesteryloxysilanol are added thereto. The
mixture is boiled under reflux for 48 hours. After 20 hours about 20 ml of dioxane are



The pharnmaceutical conpositions according to the invention are, for
exanpl e, for parenteral, such as especially intravenous, admnistration to
:war m bl ooded ani mal s. Conpositions for use in photodynam ¢ chenot herapy
are especially preferably those which concentrate in the tunour tissue.
Especially suitable for this purpose are |iposone fornul ations, for exanple
anal ogous to those described in the European Patent Applica- tion having

t he Publication No. 451103. Those forItul ati ons conprise, in addition to one
part by weight of active ingredient, especially from25 to 100 parts by
wei ght of 1-n-hexa-
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about 20 4rbg eﬁ,sﬁ)ox.emgm%; 2.1-0 (several m'sObidiéstdr8OHPhpm, TWe 6BS Al &N M xture
concentrated to dryness by evaporation. 600 m of

is allowe co b@
hexane argégéﬁgéfﬂe 8[lzpre residue and the m xture is stirred for 15 m nutes
and filtered with suction. The filtration residue is washed thoroughly with

hexane a chr omat ogr aphed | um ni um oxi de..( Al ox . usin )
hexane/ t gﬂ}ea‘ﬁé%ﬁﬁ%éﬁ‘gﬁ‘é‘ﬁ%ﬂ%ogﬁi‘j“%‘ﬁﬁ‘? B“hs%milg FHakE 5’% f’soqrﬁ?%ﬁd ?%foélﬂgé'es si on
as eluants. The product-containing fractions are conbi ned and
recryst al & . ' vard ) i '
(di phenyl%ﬁé‘?g%r{?gﬁgélg%%@%%mjﬁ%%ﬁti@[%%égdﬁiqrﬁgg??gt%%gg%orl)r#%f bl ue
cryst al s:Phthalodipifrilein @P@ mljof qujprlipe{Bipkaspuriss.) i afylfonating Hask ahreem: g 32
En m 8H) h Fte%?efaﬁliréf‘ﬁ‘he &aaﬁ)&/rmx&h% is KbafQ slawiPih a gé%ﬁgmﬁém%l;ﬁ of 202€Qindsever al
s, cholesterol.- ; n err] = | rr err]).
The' d hy cRLBLES o FiphIsrRprbEeHar & Egurs: ok fisireis tenaos] <hatd and b Boftnar e
as fol | ovis filtered off using a suction filter. The residue is washed with dimethylformamide and
acetone. The blue crystals are transferred to a Soxhlet and extracted overnight first with
“ dimethylformamide, then for 6.5 hours with xylene and again overnight with acetone.
Drying under a high vacuum at 70°C yields dichlorogermanium-phthalocyanine [R.D.
Joyner and MLE. Kenney, J.Am.Chem.Soc. 82, 5790 (1960)]. The substance is virtually
insoluble in all solvents.

Step 1.2: 500 ml of pyridine and 500 ml of 30 % ammonia solution (techn.) are added to
27.8 g of dichlorogermanium-phthalocyanine in a 2 litre autoclave and the mixture is
heated at 100° for 12 hours, a pressure of 6 bar being attained. After cooling, the residue is
filtered off using a suction filter, five times made into a slurry with water and washed
neutral. After further washing with ethanol (twice), acetone and diethyl ether (once each),
the resulting powder is dried overnight under a high vacuum at 70°, yielding dihydroxy-
germanium-phthalocyanine [R.D. Joyner and M.E. Kenney, J. Am. Chem. Soc. 82, 5790
(1960)] in the form of a blue, microcrystalline powder. The substance is virtually
insoluble in all solvents.

The reagent, diphenylcholesteryloxysilanol, is prepared as follows:



Step 1.1: 40 g (0.168 nol) of germaniumtetrachl oride are added to 100 g
(0.78 nol) of phthalodinitrile in 200 mM of quinoline (Fluka puriss.) in a
sul fonating flask at roomtenperature. The reaction mxture is heated
slowy to a bath tenperature of 220[err]C and stirred at that tenperature
for 9 hours. The m xture is then allowed to cool and the product is
filtered off using a suction filter. The residue is washed with

di met hyl f or mam de and acetone. The blugycrystals are transferred to a

Soxhl et and extracted overnight first wth dinmethylformam de, then for 6.5
hours wth xyI ene and again overnight with acetone. Drying under a high
vacuum at gfper.3:] C yi el ds di chl or oger mani um pht hal ocyani ne [R D. Joyner and
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Synt hesi s ?B%‘Egterf; wﬁgg Chem 56, 670 [1991]): A solution consisting of

59 (23.1 n’m)li of di phenylsilanol, 4.47 g (11.55 mvol) of chole- sterol,
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(m 1H): 3. 484itith I domple®; BemikAFY RMRhedhS abdud 8D €SN stifted B further 4 to 5
hours. When the reaction is complete (monitoring by thin layer chromatography), the
contents of the flask are transferred with ethyl acetate to a separating funnel and the

" mp.

organic phase is washed with water and saturated sodium chloride solution. After removal
of the solvent, the residue is chromatographed on silica gel (hexane/tetrahydrofuran
[2.5:1]), yielding diphenylcholesteryloxysilanol, which is identical to that described in
Step 1.1.

Example 2: 200 mg (0.181 mmol) of bis(diphenylhydroxysiloxy)germanium-phthalo-
cyanine (prepared in accordance with Joyner et.al., J. Inorg. Nucl. Chem. 24, 299 [1962])
are heated at 165°C together with 500 mg of cholesterol in a bomb tube for 65 hours under
argon. After cooling, the residue is chromatographed on Alox B (eluant: CH,Cly/hexane
[1:1]) and recrystallised from CH2C12IheXane, yielding bis(diphenylcholesteryloxysiloxy)-
germanium-phthalocyanine in the form of blue crystals having properties identical to those
of the material obtained in accordance with Example 1.

The starting material is obtained as follows:

Step 2.1: 0.5 g (0.809 mmol) of germaniumdihydroxy-phthalocyanine and 0.524 g



Variant b: (J. Chem Soc. Chem Commun. 1987, 325): At roomtenperature and
I n the absence of noisture (argon balloon flask), a solution of 7.97 g of
.chol esterol and 1.62 m of pyridine in 150 m of absolute benzene is added
dropwise within a period of 45 mnutes to a solution of 4.19 m (20 nmol)
of diphenyldichlorosilane in 100 m of abs. benzene. After a short tinme a
preci pitate of pyridine hydrochloride is fornmed. Wen the dropw se addition
is conplete, the mxture is heated tojpabout 60[err] and then stirred for a
further 4 to 5 hours. Wen the reactlon is conplete (nmonitoring by thin

| ayer chromat ography), the contents of the flask are transferred wth ethyl
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ger mani u gh? cyanine in the formof blue crystals having properties
| denti cal rﬁ) KB¥  of the material obtained in accordance with Exanpl e 1.

The starting material is obtained as foll ows: Step 2.1: 0.5 g (0.809

mol ) of laundi hydr oxy- pht hal ocyani ne and 0.524 ¢
- 13)- ggggﬁgénl) of di phenylsilanediol in 10 m of benzene are boiled

under ref¥Yasiamta; 14618dur8yS mmpérof gomaniumdihydsoxe-ahthaloayansnarridonés g of et er ed
using a fdfrbﬂe uét'"l?orﬁ% phie, &dnté‘i‘mn Yaiph lﬁ&adecyloxa'sﬂa:}?l are b%ﬂed unXH
ger mani urrd Egal 0 (%/g)gl g@ I'S,_was I e
r emoval % g@lg’iﬁ topan QUISY T@"r@“\“}qnﬂﬁ aﬂ‘éw%‘ocﬁ()?]s%ﬂd/@éﬁfwﬂlsmg
CHerr]d 4 fritr ]Dhelrﬁuﬂmmd theifiritg &rheclﬂsdnteh&eﬁﬁdaﬁ tmitbﬂiltlirﬁ%mrﬁs{ foepzangrated to
about 20 ein t to stand a
t enper at uér%rld@ﬂﬁ Hggﬁe nﬁglﬁ L%ﬁ@u&/ ?hF gh %q@ bsr‘%ﬂ SRty ﬁgpﬂg);%q%@ng]dned
crystall |'m§1§r @bt \racdmIthapenmorqﬁltlwsubstamne(cjymmmgbut On.the élddmm?og H)NUC|8 "
Chem 24, ]
(m 8H) 6p g? f)ng M%@%%lﬁ)@ g}%hpxga?erg] e dééﬁleﬁ @m?ls ?%é%,d r’?’h%
prec1p1 te is filtered off, washed with methanol and dned Recrystalhsatmn of a sample
from hot tert-butanol yields crystals of bis(diphenylhexadecyloxy-siloxy)germanium-
phthalocyanine; m.p. 87-89°, NMR (CDCly): 5 = 9.62 (m,8H); 8.35 (m,8H); 6.68 (m,4H);
6.31 (m,8H); 4.96 (m,8H); 1.5-0 (remaining H’s, of the hexadecyl side chain) ppm.

The starting material for Variant a is obtained as follows:

Step 3.1: 1 mi (1.22 g; 4.8 mmol) of diphenylchlorosilane and 4.8 g of poly-Hiinig base
(diisopropylaminomethyl-polystyrene) are placed in 20 ml of toluene. At room tempera-
ture, 1.167 g (4.8 mmol) of hexadecanol dissolved in 25 ml of toluene are added slowly
dropwise over a period of 50 minutes. The reaction mixture is stirred for 4 1/4 hours at
room temperature. The polymeric base is then removed by filtration with suction and the
filtrate is transferred to a separating funnel and diluted with ethyl acetate, and the organic
phase is washed twice each with saturated sodium hydrogen carbonate solution and brine.
After drying over Na,SO, and concentration of the solvent there remains an oily, partially
solid residue which is digested with hexane. The solution is filtered with suction, concen-
trated and dried overnight under a high vacuum. The crude product contains inter alia the
desired compound diphenylhexadecyloxysilanol and is used in Example 3, Variant a,



Variant a: 1.16 g (1.875 mol) of germani undi hydr oxy- pht hal ocyani ne and
1.65 g of the crude product from Step 3.1, containing

«di phenyl hexadecyl oxysi |l anol, are boiled under reflux in 100 m of di oxane
for 18 hours. The solution is allowed to cool and filtered using a frit.
The residue on the frit, which is unreacted starting material, anmounts to
662 ng after drying under a high vacuum The filtrate is concentrated to an
oily residue and dried under a high v? uum a portion of the substance
crystallising out. On the addition of %éntane, a very fine,
mcrocrystalline precipitate of the desired product is formed. The

precipita of f, washed with nethanol and dri ed.
Recryst al I%ﬁtngtﬁ%é) riﬁcg[lggsaml e fromhot tert-butanol yields crystals of

bi s(di phenyl hexadecyl oxy-si | oxy) ger mani um pht hal ocyani ne; mp. 87-89, NWR
(CDA [ er r Mariah€s: rﬂg ﬁt ﬁ%&ﬁ&t&l‘ﬂydr@xfgﬁrrﬁmlﬁjﬁ%ml@d@aﬁﬁb%@ oild 3t redfi8H) ;

496(m8M5 i.nin adec aln ppm The
starting Oéll“’?l‘iﬂls %‘F‘P%"rﬂy“&xfl@%lﬁ’c’%ﬁlﬁéﬁl '&sZIde‘IIQf\%Gxa“e frdd purs. 1
Eé 22 g N&rMbilrspm(ﬁmgf@?ﬂﬂy@fﬁx@g&&ldnmlpﬁmdhoéyﬁngboﬁé aa@éwtﬂ%l gctmse
iisopro Q 0 ene) are placed i.n ol uene.
room tenp@ﬁxaln%{%lﬁg% X& ’go éylf‘il}% Fﬁ’ré‘l‘ 15 SP ogrerhedon b&?@é‘lﬂ“\’;’@ﬂ"‘? H’“QS n1 of
t ol uene afaloxdBlesbing muk hiexhne and hexane&e[hyhaq:mte 6t 1)pin sﬁacemmmhseluaﬂ'tb.él‘rreeactl on
m xture i r base
is then r rr(gf\}lg{j&ﬁﬂmpﬂétragi bis J}Q%lﬁbg{ﬁ%?ﬂ %g&@g@?@%@ﬁw?ﬁ '{Lels?és)é derred
to a sepaf@f P@Wrﬁﬁe?0°§nﬁlehimgjb'@§ Ciystals @ftm%ﬂlpé@@ﬂmmdefa’mymbxwgan| c
phase is yweshetuhWheRiRemnd t h saturated sodi um hydrogen carbonate
solution and brine. Aftér drying over Na2SO4 and concentration of the

solvent there remains an oily, partially solid residue which is digested
wi t h hexaffe réliigentsmbhﬂnynmm@c?lokyﬁraﬂdlMtl\/‘ansm(btxls(p afe@nmasrwm’ecﬂﬁ and

f'L'eeSeZ.V?éé“fgo%é%%%ga?%%@ﬁen324;3@5'9“%@%#3%% ST Ny

Vari ant aft.2H); 1.8-0.7 (various m’s, hexadecyl-H) ppm. - 14 - wt hout
purification. Variant b: 2 g (3.24 nmol) of

di hydr oxyger mani um pht hal ocyani ne are boiled at reflux with 2 equivalents
of di phen%ﬁ%wa&gw ly snExampleds bisiphemyhieis-P-0ntadesenytoneloxg)- After 24

hours, 50@emnﬂfmgihhmwc9%rﬁﬂﬁsfﬁbrulhk£& mmeégngy@mm@olﬁbﬁdxﬁﬂ’a@@lcxsﬁls@aeact I on
mxturela al | ra hed on basic

to co e 1S chromato
al umi ni um X x(%}a{}gl qu%?"ﬂg %?%Oﬁ@%ﬁfexwmahw tlayyanifeat at e (4: 1)
in succesﬁma@'@rwanmgthairdﬂe product-containing fractions are conbi ned and
concentrated. The residue is recrystallised frompentane at -20[err]C,
yielding blue crystals of bis(diphenylhexadecyl oxy-siloxy)-
ger mani un{bﬁﬁ%}majﬂmﬂes obtained as follows:

Step 4.1: Diphenyl-cis-9-octadecenyloxysilanol is prepared under Mitsunobu conditions
from 2 g (9.25 mmol) of diphenylsilanediol, 2.08 ml (4.62 mmol) of cis-9-octadecen-1-ol,
2.45 g (9.25 mmol) of triphenylphosphine and 1.88 ml (9.25 mmol) of azodicarboxylic
acid diisopropyl ester in 40 ml of tetrahydrofuran analogously to Step 1.3, Variant a.

Example 5: Analogously to Example 1, bis(diphenyl-octadecyloxy-siloxy)germanium-
phthalocyanine is prepared from 110 mg (0.235 mmol) of diphenyl-octadecyloxysilanol
and 73 mg (0.117 mmol) of dihydroxygermanium-phthalocyanine. Diphenyl-octadecyl-
oxysilanol is prepared under Mitsunobu conditions from 2 g (9.25 mmol) of diphenyl-
silanediol, 2.5 g (9.25 mmol) of 1-octadecanol, 2.99 g(l 1.1 mmol) of triphenylphosphine
and 1.93 ml (11.1 mmol) of azodicarboxylic acid diethyl ester in 40 ml of benzene
analogously to Step 1.3., Variant a.

Example 6: [In analogy to a procedure by Wheeler et.al., J. Am. Chem. Soc. 106, 7404 '



The reagent di phenyl hexadecyl oxysilanol for Variant b is prepared under

M t sunobu condi tions anal ogously to Step 1.3, Variant a; NVR (CDCl[err]):
7.8-7.0 (2 mMs,10H); 3.83 (t,2H); 1.8-0.7 (various ms, hexadecyl-H ppm
Exanpl e 4: Anal ogously to Example 1,

bi s(di phenyl - ci s-9-oct adecenyl oxy-si | oxy)- germani um pht hal ocyanine is
obtained from2.99 g (6.4 mmol ) of diphenyl-cis-9-octa- decenyl oxysil anol
and 2 g (3.2 mmol) of di hydroxygernanijgm pht hal ocyani ne; WJerr]: 674 nmin
met hanol . The starting material is obtained as foll ows: Step 4. 1:

Di phenyl - ci s- 9-oct adecenyl oxysil anol is prepared under M tsunobu conditions
from2 g (®gy 38el®.5ahmdl mwétagi-mﬂtem&o%n@an&6;563(0.‘3@4:&019&di-

ci s-9-oct %dgcen- 1-ol, 2. 459‘%&9..2 \ r%olé of triphenyl phosphi ne and 1.88

(9. 25 oy dHKYESBRMUR-BY andpg ig Y Mfpysidine ass ptared for 4hopss a5 p0°. The

t et Ir ahydr eblutiam isaawladgmuﬂl;erddmsﬁtgﬁa)sﬁltﬁn t"m.’ar(r;I 'fma}sol&ent is @nﬂmel deén $acuo, and

Anal ogous i IR -Qact adecyl oxy-si | 0x er, | um

ot hal ocyasg il o feRRieed aadtunt leR g i’ BUiGile SR fe WHUARE SRV

di phenyl - saqtionend|veashed fisshwiithaedae3they irf fortibis with 2P0 afl of acetone/water (1:1).

di hydr ox ¥ i 'g?;\;ed - 1 OXY S b i's

pre%ar edygﬁggﬁu%ﬁﬂgﬁﬁﬁﬁ%’%ﬁﬁ. omegﬁraotﬁgﬁg?ﬁ% ?ﬁ%@l‘é@‘gﬁ%ﬁw -

si | anedi oPoxblet figed of solveptang dged, yvigding distdimefhyl-pcodeqyl-silaxydgermaniuny

tr L phenyl phoﬁmaymﬁgamMR @ritiine(d5%:- sk mgd.si (xﬁfswi},zs).gisqﬁgi?gmi mgma& gx gi elt gyl6

ester in enzene. 0go ] 1.3, Var] , : ;
[ n anal oé& 5%4§EW88§8L§)e6bQ§krVﬁeQﬁé¥mgtng?‘%)\]' I%A \{G?eﬁ{'%o%?%eﬁ‘?yq?4o4

- 15 - (s@mﬁp::s)_.@rm (9.5 nmol ) of dinethyl-octadecyl-chlorosilane and 0.5
g (0.8 mml ) of di- hydroxyger mani um pht hal ocyanine in 50 ml of pyridine

are stirred for 2 hours at 50. The solution is cooled and filtered using a
sucti on f iAliearativelyebistlimetiyl-petadesybsibaxy)germanivm-phihalo@aningicanbe Ipeopared ar e
added to bhe 116 dfoxadd 8in b 2ChiRl 4 oSp 41 4 1 {.th
suction an.? @\Z\))/?? eld,fixr,st b\n&?lh%*k%‘irgggmnt?ﬁgtﬁhlﬁ)%%g{retsﬁngndslﬁ]\%&? ﬁo%%ec of

acet one/ Wi scribed ifely. £dyimy Actasd %7 { EHI30Br ni ght under a hi gh vacuum

then extracted with toluene in a Soxhlet, freed of solvent and dri ed,

oyt o ne g er A GRRGN g g BEb ol 5l G ORR T 3ot AR gt

0. 75- 1. 46silexyigesmanivins-phthalogginige is-obtad@d(from 0-765 &8 122)mmel) .08 dihydyaxy- 2. 48

(m  4XCH| gesdaniihIphthalocyanine and 1.646 g (2.44 mmol) of S-cholesteryloxy-3-oxa-pentyl-
oxy)-diphenyl-silanol in 80 m! of dioxane. The silanol is prepared under Mitsunobu
conditions analogously to Step 1.3., Variant a, from 1 g (2.1 mmol) of 5-cholesteryloxy-
3-oxa-pentan-1-o0l, 0.45 g (2.1 mmol) of diphenylsilanediol, 0.661 g (2.52 mmol) of
triphenylphosphine and 0.439 ml (2.52 mmol) of azodicarboxylic acid diethyl ester.

Alternatively, 5-cholesteryloxy-3-oxa-pentyloxy)-diphenyl-silanol can also be prepared in
accordance with Step 1.3, Variant b, from 0.441 ml (2.1 mmol) of diphenylchlorosilane,
0.184 ml (1.1 equiv.) of pyridine and 1 g (2.1 mmol) of 5-cholesteryloxy-3-oxa-pentan-
1-olin 50 ml of THF.

The starting compound for the silanol, 5-cholesteryloxy.-3-oxa—pentan—1-01, is obtained as
follows (see Bull. Soc. Chim. France 1960, 297; J. Chem. Soc. 1962, 178):

Step 7.1: 50 g (0.129 mmol) of cholesterol are dissolved in 250 ml of pyridine and cooled
to about 5°C with ice/water. Under argon, 49 g (0.258 mol) of tosyl chloride are added in
portions thereto. When the addition is complete, the mixture is stirred for a further

15 minutes with cooling. The ice-bath is then removed and the mixture is stirred for

2 days at room temperature to complete the reaction. The resulting fine suspension is



si de chains) ppm Al ternatively, _

bi s(di met hyl - oct adecyl - si | oxy) ger mani um pht hal ocyani ne can be prepared by
boi l'ing in dioxane di hydroxyger mani um pht hal ocyani ne and

di met hyl - oct adecyl - silanol (described in Helv. Chim Acta 59, 717 [1976]).
Exanmpl e 7: Anal ogously to Exanple 1,

bi s[ (5- chol est eryl oxy- 3- oxa- pent yl oxy) - di phenyl -

si | oxy] ger mani um pht hal ocyanine is obtained fromO0.755 g (1.22 nmol) of

di hydr oxy- germani um pht hal ocyani ne ank 1. 646 g (2.44 mmol ) of _

5-chol est eryl oxy- 3- oxa- pentyl oxy) - di phenyl -silanol in 80 m of dioxane.

The ST L2l SR kAL oM AP DA RO RARRS, FRELAHELON
3- oxa- pentwith sucion, Washed glqraughlymnnh)l-l@ arc grfednyyider 4 high daclum 6t £51The ( 2. 52
T8 oL SRR WRRASON AR B St dpy R W ckockorf O RABRRIY ' ©

acid dieth ester
5- chol est ed?t%‘x?ﬂ%ﬂﬁﬁgﬁéﬁpmwyﬂﬂ!eﬂh‘e‘wylméh Vaipo lonegawith (1 Noh ysleoghtarjsaacid! i n
accor dancend atgbhnShﬁDw&teB At‘t/éJ}Jr drfink oRer Ifwz%@) %Géén&htrﬁ@onlmrmgb}y Q\f/a(pé)rafo
di phenyl chl or osj | ane, S?il ?%&%Eﬂl ridine a fmol )
of 5-chol 97 Esiug IS resnysiallissd bt Clg/hexan gxe,lgmg)phoh:qtery “m‘létestartl ng
conpound fmup. 131319 anol, 5-chol est eryl oxy- 3-oxa-pentan-1-ol, is obtained
as follows (see Bull. Soc. Chim France 1960, 297; J. Chem Soc. 1962,

178) : Step 7. 1: éo. 129 mmol ) of chol esterol are dissolved in 250 nm
of pyri di rﬁi@ﬂ%@)él@%9 mrmubufclﬁldbmfyhos)dmw ¢33 mUie38 mngxbmfdﬁlahgleﬁ@ 258

1) O L @ydol G DS B @oZaERkalbiROY ek BBRed APt ieR sb g did On 1 ®

conmpl ete turels St tes w |ng The
ce bat h |09°{eﬂéﬂ UEOR S RXIenNe Y FRnCRRaled dhg @sxgw wrt@l@mmtnwadqmd@ma@mn

t enper at urtkret cinegMELEdieth yhahéne apdel ?Banid PRask @5whshed gwiﬁ:é Wr"th%@leﬂﬂ'
stirred for 30 mnutes The

LS i PN R Ark Bolihd D5 A0S Gl Rsval B s b s EWORAG |
and dri ed gmmi@d oa sthcglgel/wah thexate/etifl acethte (I15e 1),5id18ing5ccholestiirglox pBLdxa-
cont ai ns Be h fonﬂfof%y\{/égkﬁ}gdmdrocm oride, is dissolved In

CH[err]CI[err organi c ase 1's washed twice with water, once with
IN hydrochloric aC| d and again with water. After drying over Na2SO4 and

concent r alg,@MpIdE: q?xgﬂéﬂfugl@pg?g@i@r bxs[&*ﬂﬁe@ﬁﬁ 6‘9@12 B5:péfioraliRkhdeed Trom
CH2C e)i- oky slll%xyj ge%namum phthalocyamne is obtained from 40 mg (0.064 mmol) of
dihydroxygermanium-phthalocyanine and 50 mg (0.132 mmol) of diphenyl-(3,6,9,12,15-

pentaoxa-hexadec-1-yloxy)-silanol in 8 ml of dioxane; UV ., = 676 nm (CH,Cl,).

The starting material is obtained as follows:

Step 8.1: 19.02 g (0.116 mol) of triethylene glycol monomethyl ether and 21 ml (20.54 g =
0.26 mol) of pyridine in 110 ml of benzene are heated to reflux, and 19 ml (31 g=

0.26 mol) of thionyl chloride are added dropwise thereto. The mixture is boiled under
reflux for a further 20 hours. When the reaction solution has cooled, a mixture consisting
of 5 ml of concentrated hydrochloric acid and 20 ml of water is added thereto, with
stirring. The organic phase is separated off and washed repeatedly with water and brine.
The solvent is extensively distilled off using a Vigreux column and the residue is purified
on silica gel in hexane/ethyl acetate (4:1). The product-containing fractions are concen-
trated and the residue is distilled, yielding 3,6,9-trioxadecyl chloride (J. Am. Chem. Soc.
89, 7017 (1967)); b.p. 76°C/2 mbar, NMR (CDCls): 3.8-3.5 (m,12H); 3.37 (s,3H).

Step 8.2: Under argon, 630 mg (27.4 mmol) of sodium are added to 10 ml of diethylene
glycol and the mixture is heated for one hour at 100°C. At that temperature, 5 g



Step 7.2: 20 g (36.98 mmol ) of cholesteryl tosylate and 133 ml (44.38 mol)
of diethylene glycol in 275 m of dioxane (Fluka puriss.) are boiled under
reflux for 2 3/4 hours. The cooled solution is extensively concentrated,
the residue is taken up in water and extracted three tinmes wth diethyl

et her. The organic phase is washed twice with water and once wth brine.
After drying over Na[err]SOJerr] and renoval of the solvent, the residue is
chromato- graphed on silica gel wth jRexane/ethyl acetate (2.5: 1),

yi el di ng 5-chol est eryl oxy-3-oxa- pentan-1-ol in the formof a waxy

pr oduct . Exanpl e 8: Anal ogously to Exanple 1,

bi s[ di phen@74(Rmbl)DfBXK,erigetaaxhlobidy afkarided dropwise thereto using a syringe. The

ol ) ot B E R e B S PRL B th;’eﬁéf%@%?@f%%%@g%ﬁg%ﬁﬁ
gl phenyl - (D8, is 2akes up ipEht,Ebx washedavitic watey huskYrinesanidadwigd over ?aﬁ of

i oxane; = al I L q1s

obt ai ned ;%@rﬁéfaflgs\g\%@omgggﬂd‘éﬁéﬂ%?gfk Em?ﬁg-li%{)&ﬁﬁgngtﬁ?ﬁﬁt(ﬁ;#?ﬁle gl ycol
monomet hy | (Léstes ABmdClem. A0S0 ASSENMR(CDETAN #o1 ) (B0 1.4 i’ 110 i of
benzene are heated to reflux, and 19 m (31 g = 0.26 nol) of thionyl

chl ori de e d dropwi se thereto. The m xt I's boiled under . refl ux
for a fur M%iﬂ’gﬁ? its CLOHQ‘UPB%I@EQ%HY%@I’#%?%A§TP5§ta8’6%P@Efge%ilfﬁl'xt ure
consi st i ngoxy)fsilandtlis citained araidbgaisioo Syely 8L MVariam aafrioch 2p¢7.88 mrholdbf wat er i s
added t her M h tgnring T | ' enar f.f, ;and
tmshed  epgleeit - BneiNaieapoatt e 58221 &0 BURGF of dpRERRIAREoR bt
distill ed @bf66unmol of tphenglphogphiinerandia2imd k317 g5l Bt emal) pliazodicarboxyhicsi | i ca
gel in hexaaebaldprbpyReabAne 0l of wanyaf RaAINFIR @IREIY: 71179 81AS phef\d -1y ©
concen- trat eg %apy?héet resiodﬁeoi S %ﬁg@t&f Paebl, yi el di S?g 3, 6, é-t r'}pogrg%elg{’ll
chloride (34-3sp{m&h-CEhy 3. Bo(6.3450€H:)0.067)): b.p. 76/ 2 nbar, NWR
(cbdferr]): 3.8-3.5 (m12H); 3.37 (s, 3H). Step 8.2: Under argon, 630 ngy
(27.4 mol ), of sodium are added to 10 of . diethyl en | ycol,.ang .t he
bt ur e 1 sAlEmaBERy gFe Sirke fistRoust Sad ks bagoiainefl it Hereast vt S 1 Bom
- 17 - ( @iphehybehddrpsitdne 3nd 3%,9,12,03-pdrmyta-hevadedadel ianke padsinde of pyridiae
thereto using a syringe. The mxture is stirred overnight at 100[err]Cto
conplete the reaction. After cooling, the reaction solution is taken up in
CH er r] O [Example 3adnalogonsihtofaxagrple hobisldiphendrid-aholeserdoxycarignyl-nipser r | .
R]§”0V3| , Ffdéchf‘-yﬁﬁb)@iﬂﬁxﬂge@in%iu?h-ﬁhtﬂal%@yalaﬁ‘reﬂ?Bbﬁﬁfééfﬁﬁﬂ@ﬂ‘ﬁéﬁﬁ%eﬁﬁnim form
or an ol phthalocyanine and diphenyl-(e-cholesteryloxycarbonyl-n-pentadec-1-yloxy)-silanol. The

silanol used is prepared under Mitsunobu conditions analogously to Step la. The

preparation of the starting compound for the silanol, cholesteryl-1-hydroxy-palmitate, is

effected using the tetrahydropyranyl ether protecting group, with subsequent removal in

accordance with analogous procedures from the literature (Lipids 14, 816 [1979];

Synthetic Commun. 16, 1423 [1986]).

Example 10: The following compounds are obtained analogously to the processes
described in this Application:
di(w-cholesteryloxy-n-hexadecyloxy)germanium-phthalocyanine,
bis[(e~cholesteryloxy-n-hexadecyloxy)-diphenyl-siloxy]germanium-phthalocyanine
bis[(8-cholesteryloxy-3,6-dioxa-octyloxy)-diphenyl-siloxy]germanium-phthalocyanine
and

di(8-cholesteryloxy-3,6-dioxa-octyloxy)germanium-phthalocyanine.

Example 11: A mixture of 242 mg (0.2 mmol) of 1,4,8,11,15,18,22,25-octakis(2-methoxy-
ethoxy)dihydroxy-germanium-phthalocyanine, 350 mg (0.6 mmol) of diphenylcholesteryl-
oxysilanol (see Step 1.3), 3 ml of pyridine and 30 ml of abs. toluene is heated at reflux for



(Li ebigs Ann. Chem 1980, 858); NMR(CDCl [err]): 3.8-3.5 (m20H); 3.75

(s, 3H). Step 8.3: Under M tsunobu conditions,

-di phenyl - (3, 6,9, 12, 15- pent aoxa- hexadec- 1-yl - oxy)-silanol is obtained

anal ogously to Step 1.3., Variant a, from2 g (7.83 muol) of

3,6,9, 12, 15- pent aoxa- hexadecanol , 3.39 g (21.63 nmol) of

di phenyl sil anediol, 4.11 g (15.66 mol) of tri phenyl phosphine and 3.2 ni
(3.17 g; 15.7 nnDI) of azodlcarboxyllc acid diisopropyl ester in 70 m of
tetrahydrofuran; NVR(CDC [err]): 7.1=%¥88 (m's, phenyl-H; 3.4-3.7

(m OCH2-CH2); 3.35 (s,3H,OCH err]). Alternatlvely, t he sane conpound can
al so be obtained_jn accordance wi

th Ste f d d
B 800, 0" o0 b Tb ARG SneRPoReE e ant SR he RsNed RIS 5
ﬁ\_”a|[ SQOES kdhef m@wasﬁehﬁo?r ,times with water. 'Il;he solvent is evaporated off and the residue is
i s[ di phen err 0 e r rbon
oo 1- Y1 o SUPTATERAINRERD Bt Bha s RBO0 i Gl RI0E ) v CHCL, The green
di hydr oxy ghntesniafreedosit soteot yrahing eesitvg is crystallised from diethyl ether, yielding
di phenyl - ([ £¢ ﬁhﬁ'l%'z%szs%a{hg qﬁgd?% Hx)ﬁed?%@{}ﬁgnﬁcﬁﬂlé%@@loiydﬂ%w The

silanol uséd™ Yepare u con anal ogously"to Step
|l a. The prgemumcﬂhthﬂloqmmgt@m iLhgr é&mbﬂur{@HlCés (M | anol |
chol esteryl -1-hydroxy-pal nmtate, is effected using the tet rahydropyranyl

et her protectin group ent renmoval in accordance with

anal ogous Tﬁﬁeé %ﬁq&’%“qt&quggﬂ?‘ﬁ?e (Lipids 14, 816 [1979];: Synthetic
Commun. 16, 1423 [1986]). Exanpl e 10: The foll ow ng conpounds are

obt ai ned al usly. 1o r [

o). SRR e TGS Pk 00 ) o

bi s[([err]mwambmsstﬂyémlmm&ﬁgde@yl ?ﬁféz% GO mbe@yi{géﬁwﬁ’ﬁmmwﬁt hal o
cyani ne stirred under nitrogen for 2 hours at 85°. The mixture is then evaporated to dryness in

bi s[ (8- cho? est erg oxy-3 di oxa- octa/ oxgt) P X& %xersqgr manj + pht hal o
cyani ne arygcuo, an 400 ml of1ce water and 400 ml of CHCl; are added to ue an

di (8- chol egix@iry iPpilerad. OFdi filkat Gt leyid0X i) Washsdhovdsughhyt wiah QEICGIRI The filtraioanpl e

il 4, é Tl)(tfgsr1 Ox%élzréét ﬁgl[di(% i?M—h{%ﬁgyy-ethoxy)phthalodinitrile (analogous to J.

et hoxy) di g SpcgRerkeTiransn 988 HA58e58mipe 1 5235 %y (0. 6 mmol ) of
di phenyl chol esteryl - oxysi | anol (see St ep 1.3), 3 mM of pyridine and 30 m
of abs. toluene is heated at refl ux

- 18 - ditep hbdr 4.4BHO.Hibxmel) ef 3.6- ttlﬂaﬁn@b@xmth@@/dphtbala(ﬂtym@éaaﬂagqqﬁéo
residue i sy gingRokyedetin HhRL 1948, 2453-58) are added to a solution of 1.1 g (0.16 mol) of

lithium in 120 ml of ethylene glycol monomethyl ether and heated at reflux for 2.5 hours.
When the reaction mixture has cooled, 80 ml of acetic acid are added dropwise thereto
with ice-cooling. The mixture is stirred for one hour at room temperature, evaporated to
dryness in vacuo and the residue is dissolved in methylené chloride and washed with 1N
hydrochloric acid and sodium chloride solution. After the solvent has been evaporated
off, the residue is chromatographed twice over aluminium oxide, the first time in tetra-
hydrofuran/chloroform (1:1) and the second time in tetrahydrofuran, yielding 1,4,8,11,-
15,18,22,25-octakis(2-methoxy-ethoxy)phthalocyanine; m.p. 156°, UV ;. = 760 nm
(CHClLy).

Step 11.3: A mixture of 1.1 g (1 mmol) of 1,4,8,11,15,18,22,25-octakis(2-methoxy-
ethoxy)phthalocyanine, 3.7 g (10 mmol) of tetrachlorogermanium-dimethylformamide
complex (prepared from 7.3 g (0.1 mol) of dimethylformamide, 2.1 g (0.01 mol) of
germanium tetrachloride in 50 ml of diethyl ether) and 60 ml of dimethylformamide is
boiled at reflux, with stirring, for 22 hours under a nitrogen atmosphere. After cooling and
being left to stand at room temperature for 24 hours, 1,4,8,11,15,18,22,25-octakis-
(2-methoxy-ethoxy)dichlorogermanium-phthalocyanine is obtained in the form of black



et’her and washed four times with water. The solvent is evaporated off and
the residue i s chromatographed over 60 g of basic al um ni um oxi de (Al ox B)
‘with CHO [err]. The green eluates are freed of solvent and the residue is
crystallised fromdiethyl ether, yielding

1, 4, 8,11, 15, 18, 22, 25- oct aki s( 2- met hoxy- et hoxy) - bi s(di phenyl chol est eryl oxysi
| oxy) - germani umt pht hal ocyanine; mp. 117-118[err], [err] (CHO[err]):
750nm The starting material is obtained as follows: = Step 11.1: A

m xture of 32 g (0.2 nol) of 2,3-dicydfle-hydroqui none, 104 g (0.24 nol) of
4- (2- met hoxy- et hyl ) -t ol uenesul fonate, 126 g of K[err]CCIerr] and 600 m of
dinmethylformam de is stirred under nitrogen for hours at 85[err]. The

mi xture i §DsHAhhaxiagsmetabc sheepr Piedd’ ﬁ%vémro7 Shpam @HICIgL of ice-water and
400 M of CHCl [err] are added to the residue and the mxture is filtered.

-rrggi I:Iijet f%melséggfg, Tﬂ@m@ ogﬁgﬁ é_lg‘ugr %ggh%wgﬁ% "dﬁ‘;’&? ‘EiFﬂ'lllpg-at i on

(anal ogougetmanjumieimloSaoine Aer $hakdr wits 150 888f cRbESomBand hOpml dHPN154.

Canal ogouOH 56t i dTR0dm motelufy, 20 RS Y S HOMPRNORYRE Pt ' ©
sol ution &P mlof sgturged Daghsqluden. | After thersolvent 28s béeneivapirhiptl offe 1418tht
Txture has a2 BSlse Atdly EROLMAord ol ApnRaRolRREIARE ]

m xture has c¢ool e eret
i ce- cool i MM %%"W?(ft?nh“gh% igpbtaingd; Hpr (GHelaid0? nBX room tenperat ure,

evaporated to dryness in vacuo and the residue is dissolved in nethylene

chl ori de dro or| chl orj e sol ution.
After t hew;h@"ﬁ% IYe{g §FLH‘“&H&C %éaﬁg}sﬁsﬁﬂgﬁi togr aphed
twce ovemﬁﬂlwtnhom)dmb'dwxyigwnamumtpmlnaim:yamne esee&emympsw arg/ (¢ mhmobf or m

géi % ggdgg?@gfﬁﬁﬁa%raﬁe J00 hEbf & &g}i,ﬁﬁ e B zd}n?'oﬁbrb@co}mé erd'ﬁtretbv[

, 18, 22, 'hox ani ne,
= 760 nm fendchows, §le ml&#éﬁow%flen@vamrmeﬂmﬁen@gs in vacup a(nﬂ them’ﬂs upfis
1,4,8, 11, iksdiRedt & Pémlét &{dzwmwﬂwume& W&Lﬂ%&@hﬁ@ymm A?rg? g (10

mml) of tetrachlor I met prepared from 7

g (0.1 molsyiBE omrﬁgﬁﬂgw P fai iy aorakon,of e SQlvReh IhosrSiga IREHPAFAT L2 hours

E) et Ir aghl omt 8@' urmleb9 high ua‘cu@lneuﬂnmlsf mhdng)hﬁwﬁ obthifdd DA, 8dinnest iRy27, ps-mmuﬁe i's
oi l ed at Q ours. u a nitrogen ere.
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1,4,8,11, 7560 181.22, 25- oct aki s-

(2- met hoxy- et hoxy) di chl or oger mani um pht hal ocyanine is obtained in the form
of bl ack

Example 13: Analogously to Example 12, 1,4,8,1l,15,18,22,25-octakis(2-m-eth%>?cy-
ethoxy)-bis(texyldimethylsiloxy)germanium-phthalocyanine is obtained from 1,4,8,11,15,-
18,22,25-octakis(2-methoxy-ethoxy)dihydroxy-germanium-phthalocyanine (see Step 11.4)
and texyldimethylchlorosilane; a,,, (CHCl;): 750 nm.

Example 14: A mixture of 121 mg (0.1 mmol) of 1,4,8,11,15,18,22,25-octakis(2-methoxy-
ethoxy)dihydroxy-germanium-phthalocyanine (see Step 11.4), 2 mmol of triphenylsilanol,
3 ml of pyridine and 25 ml of abs. toluene is heated at reflux for one hour. The mixture is
then evaporated to dryness in vacuo and the residue is dissolved in diethyl ether and
washed four times with water. The solvent is evaporated off, yielding 1,4,8,11,15,18,-
22,25-octakis(2-methoxy-ethoxy)-bis(triphenylsiloxy)germanium-phthalocyanine;

m.p. 149-151°, 1., (CHCl3): 759 nm.

Example 15: 2.5 g of the crude product from Step 15.1 and 1.32 g of dihydroxy- -
germanium-phthalocyanine are heated at reflux in 100 ml of dioxane for 50 hours. The
cooled solution is filtered with suction and the filtrate is concentrated to dryness by
evaporation, and hexane is added to the residue. The desired germanium compound is



crystals having a netallic sheen; mp. 272[err]C, UW[err]= 781 nm

(CHC [err]). Step 11.4: 1.6 g (1.3 nmmol) of

71, 4,8, 11, 15, 18, 22, 25- oct aki s( 2- net hoxy- et hoxy) di chl or o-

ger mani um pht hal ocyani ne are shaken with 150 ml of chloroformand 100 m of
IN NaOH for 3 mnutes at roomtenperature. The aqueous phase is then washed
once with 50 ml of saturated NaCl solution. After the solvent has been
evaporated off, 1,4,8,11,- 9

15, 18, 22, 25- oct aki s( 2- met hoxy- et hoxy) c?i'hydr oxy-ger mani um pht hal ocyani ne
having a nelting point of 214-216 is obtained; [err] (CHC[err]): 762 nm
?Z”g' iljp%%c@uﬂéd(f n4hé f&f’n nifz;il an&rQSt&lle@BB\)/d&fwhxch is filtered off with suction,

met hoxy- ét/%b&‘@ w;abbwh@ém&rﬂmrﬁiﬂﬁﬁtﬁwf@f&%rﬁuﬂﬁcq@@ethacwpqzqndﬂ)s 319 ny

(1 nmol ) reéry @thlh@é@frbmf@mﬂl?lhhm; yéﬂﬁnms fpHenjefshychat g 3853tbx ~sﬂ$xﬁf

[err]- pICO| ne iIs ted af refl o

evapor at &3 1My W@@O?Yﬁnvﬁcﬁ‘& z}% igﬁﬁ %{f}é‘fﬁl &gt@ﬁmg (pi) ePﬁyI

et her andn slmaﬂl.S#l(mézand 884 (mi; edchshiHyplthadeydaite); 507 (th), 6128 (Af)tamd 400 ¢m;ng over
sodi um sqg‘!&ft poration of the solvent, the residue is dried for 12
hour s at ' a high vacuum 1In this manner there is obtained

1,4,8, 11, 15, 18 22 25 OCtakl S-

(2- met hOWeflf‘QXWso%tﬁﬂdﬂzré mmfbolzbt;& s@eﬁ{-iﬁi& égml:ntmgmsa/@ie'aa&d [err]

(102 8[ (irlr wige gbroom tgpypgrat %2"‘?\‘9”{ mna OL(I)?]I' %/o a solution of 1 mi (4.9 mmol) of
et hoxy) - ligiengiylodosimhd xhd i b@@ﬂcﬁi@bmpyluﬂﬁrwmém@ﬁp@lyﬁpteﬂ@ il 20 AoRidKRGef r OM

1,4, 8,11
1. o, 25 THBiEqtion Suixtues i A 054 SUaiRG 4 POV 2LMOPTLEMBREsNTE e SIRRE ( see
St ep 11. 4hatfonng isXiltetidndt ayd thefdirate iid diheed with efhy{ &dEit¢,evashdd twibdearhn

Exanpl e 1gin ﬁtﬁ?aﬁéﬁ%éﬁﬁuﬁi tgéﬂ&e&%aﬁ%&m%mt%n Qhd saturated sodium chloride solution

1,4, 8,11, 15, 18, 22
et hoxy) ditRg drisd yv@ré}falﬁmm”ﬁhqmlmt @scrymwe@ar(%waw isprddad w)the gesidvel Tae

tri phenylrssdlmgoarec@uﬂb i9fi1161¢8 bff wigh mOi%éndﬂheQ‘ﬁu@@%s cc}n%ﬁt?d%@db yeviplLd at
reflux faqr m xture is vapor at ed yness I n"vacuo and
the resi 3{?8 d&egggq:x%ggn PRdeTiadtigh, Yacé‘PWer r\'ﬁs‘%}\%@éﬂ% ‘?Eﬁ?ﬂu‘ft i ROCGiseh wat er .
The sol vduithérsvichoapfurthiee gurdfidationj EMR QD)4 1.8, &t 1.68,1836 and 3.85.

22, 25 oct aki s(2- net hoxy- et hoxy) -bi s(triphenyl sil oxy)ger mani um pht hal ocyani n
149- 151 err], [err] (CHC[err]): 759 nm Exanple 15: 2.5 g of the

orude. pr rOBneg (0L Simpnod) of diipydgoxyfeenianium qphthalocyanine and 154 mg
f 50
Boure ThE '@aﬁ‘bé“h%l?*ﬁ??aéﬁfﬁ%t’?@’f [ertied fiaktitaine tith RlendPdt380.547°]

concent r gf%]@?]: ye edtad yadesyedpaisdsmi eftolugnel fasdRdwurs. Theeended sadutionsisr esi due.
The desi figregiedndane fitatOROHEEShtiatd to dryness by evaporation and the residue is

recrystallised from CH,Cl,/hexane, yielding bis[4-(2,3,4,6-tetra-O-acetyl-g-D-gluco-
pyranos-1-yloxy)-phenoxy]germanium-phthalocyanine; m.p. 250-252°, UV =677 nm
(CHCl3); NMR(CDCly): 5 = inter alia 9.75 (m) and 8.55 (m; each 8 H, phthalocyanine);
5.39 (d) and 2.67 (d; each 4 H, phenyl); 2.12 (s), 2.08 (2 x s) and 1.98 (s, total 24 H, OAc).

Example 17: A mixture of 121 mg (0.1 mmol) of 1,4,8,11,15,18,22,25-octakis(2-methoxy-
ethoxy)dihydroxy-germanium-phthalocyanine, 202 mg (1 mmol) of n-1-dodecanethiol,

3 ml of pyridine and 25 ml of absolute toluene is heated at reflux for 1 hour. The mixture
is then evaporated to dryness in vacuo and the residue is dried under a high vacuum at 75°
for 1.5 hours, yielding 1,4,8,11,15,18,22,25-octakis(2-methoxy-ethoxy)-bis(n-1-dodecyl-
thio)germanium-phthalocyanine; ,, (CHCl;): 776 nm.

Example 18: A_nalogously to Example 17, 1,4,8,11,15,18,22,25-octakis(2-methoxy-
ethoxy)-bis(n-hexadec- 1-yloxy)germanium-phthalocyanine is obtained from 1,4,8,11,-



- 20 - precipitated in the formof a mcrocrystalline powder which is
filtered off with suction, washed thoroughly with hexane and dried. For
further purification, the conpound is recrystallised from CH2Cl 2/ hexane,

yi el di ng bi s(di phenyl-[5[err]-chol estan-3[err] -yl oxy]-sil oxy)-

ger mani um pht hal ocyani ne; mp. 279-280[err], U/ = 678 nm (CH2Cl 2); NWR
(CDCl[err]): [err] =inter alia 9.54 (m and 8.34 (m each 8 H,

pht hal ocyanine); 6.7 (n), 6.28 (m anq 4.9 (m total 20 H, phenyl). Step
15.1: A solution of 2 g (4.9 mol) of é[err]-chol estan-3[err]-ol in 25 m
of toluene is added dropw se at roomtenperature over a period of 1 hour to
a solutio : | I i f

di i sopr opg g%%o%?ﬁ%lag{@%b %/’F}g%télg%(ﬂgg@ﬂ#ﬂ%po@ F@%‘?lh@@[ﬁ#ﬁce}’%@g%{] ?(%nher)r(lakt ure
is sti rrede‘F%Oliémﬁiﬁdﬂfng):Z%(ﬂms at room tenperature. The precipitate that
forms is filtered off and the filtrate is diluted with ethyl acetate,

sat ur at ed Examlil vh i Oh P00 mman pEaad bh FRABIBAS GBI Vent | s
][ielmt)\éregdambtlf@yaaboiysdi_hglgmdytgmt-mm?x:hlq?itlgltlmyaﬂ“ﬂne, r@ﬁgsl&i@qﬂ @K‘disu'hyntle_ i fi o
ond ar i oo 2050 olRRedfid A ES idfns g A or s SORBIK A s Al PRI

pr ocessed 30uminhtes. Thet hixuerefisithen evaponated foodryness,; dridiiR¢ TH0irder a high vacaumm at
7.68, 7. 3%&%@&1@9’% fronngé}Pﬂi&ﬁn dtver ﬁ%ﬁ%@’g 1%?3,%;§s,mbgsg<§rlct(as1§s(%?nemoxy-

di hydr oxyger meni um pht haf ocyani ne a ny equl val

t et r aacet )¢FWMhPIS@'F7p?%Ye@h‘PW)$&%b’Mﬁ6émwntnht egyanmgamR. 125d22%47
(1912)] ang, heM@):yosiam.reflux in 25 m of toluene for 50 hours. The

cool ed solUtion i3 filtered and the filtrate i s concentrated to dryness by
evaporation and the residue is recrystallised fromCH err]d [err]/hexane,

yi el di ng Bxambla 20: 208 nfe ofel,4,3;10; 5Ck, 34,2 Hofakik(2emethoxy-ethoxy)dihydroxy-

o e SRS VMBI AR SRt il o)
each 8 H, sknlliigapoled.canidrikg resallipg crysialsard fiedd offl yieddiop 14,841 1,pHeB2RR25- 2. 12

, 2.08 o o _ I . ot ¢
150" g (0 S ANSCR meBtity oty Ameltth lacifiafium i alocyambBlie 174360, m xture ©

et hoxy) di Fsekr lg)e?%ﬁl‘hm pht hal ocyani ne, 202 ng (1 mol) of
n- 1- dodecanethiol, 3 m of pyridine and 25 m of absolute toluene is heated

at refluxdor Jr. The Jmi xt.ure is then evaporated to dryness in vacuo
and the r@%ﬁﬁ%@%ﬁ&%i gh vacuum at 75[err] for 1.5 hours,
yih_el ;ii ng Indngnhes drﬂlld@uﬂm_ IZ?JE%mcﬂbdds’ﬁ?hmﬁﬁfopeam—lﬁﬁdmﬂpbﬁbﬂ%ﬂra&k@aﬂecyél -
thi o) ger t s 1o o :
anal ogousty RN BTGB s bifireqn T8t byt ik ERAA o)
et hoxy) - biwgightieé a gampound oicfoymulednhparts phweightoaflamhexadeeanoyl-2i(Aeis-oetam
1,4, 8, 11, decenoyl)-3-sn-phosphatidyl-choline (POPC), 10 parts by weight of 1,2-di(9-cis-octa-
decenoyl)-3-sn-phosphatidyl-S-serine (OOPS) and 200 parts by weight of lactose.

Example 22: Liposome formulation

In a manner analogous to that described in the European Patent Application having the
Publication No. 451103 there is obtained a liposome formulation comprising one part by
weight of a compound of formula I, 70 parts by weight of 1-n-hexadecanoyl-2-(9-cis-octa-
decenoyl)-3-sn-phosphatidyl-choline (POPC), 30 parts by weight of 1,2-di(9-cis-octa-
decenoyl)-3-sn-phosphatidyl-S-serine (OOPS) and 200 parts by weight of lactose.




-21 -

15, 18, 22, 25- oct aki s( 2- net hoxy- et hoxy) di hydr oxy- ger mani um pht hal ocyani ne and
1 -hexa- decanol; [err] (CHC[err]): 761 nm Exanple 19: A m xture of 121
nmg (0.1 mmol ) of 1,4,8, 11, 15, 18, 22, 25- oct aki s( 2-

met hoxy- et hoxy) di hydr oxy- ger mani um pht hal ocyani ne, 148 ng (1 mol) of

di et hyl ene gl ycol nonoacetate, 3 ml of pyridine and 25 ml of absolute
toluene is heated at reflux for 30 migputes. The m xture is then evaporated
to dryness, dried at 75[err] under a high vacuum and crystallised from
petrol eum ether, yielding 1,4,8, 11,15, 18, 22, 25- oct aki s(2- net hoxy-

et hoxy) - M@mﬂ@xy et hoxy) et hoxy) ger mani um pht hal ocyanl ne; mp.
121-122, [err] (CHC13): 763 nm Exanpl e 20: 200 ng .of .

1,4,8, 11, 15,18, 22, 25-oct aki s( 2- nethoxy-ethoxy)dlhydrox -

ger mani urk pHROMAYEY Shfomuiak boiled in 10 m  of nﬁmﬂzlmﬁml Hm nut es,
filtered and slowy cool ed, and the resulting crm ed off
yielding 1,4, 8,11, 15, 18, 22, 25- R, R,

oct aki s( 2- net hoxy- et hoxy) di nmet hdgﬁy ef mani um pht hal ocyani ne; mp. 127-130,
[err] (CHC[err]): 761 nm Exarya 31 Li posonme fornulation In a manner
anal ogous to that described Rga-¢he topean Patent Application having the
Publ i cati on No. 451103 there is \obt a/ned a |iposone formul ation conprising
one part by weight of a conpound 6t Gornula I, 90 parts by wei ght of

1- n- hexadecanoyl - 2- (9- cfs- octyg=cdece ) -3- sm;—phosphatl dyl -chol i ne (POPQC),
10 parts by wei ghtgof 1]2-di(|9- C|\sno’cta

decenoyl ) - 3- sn- phosp 2¢] ﬁyé & seri en( ),ﬁ?@ parts by wei ght of

| actose. Exanple 22 L pq \for I on Sranner anal ogous to that
described in the Eurgpean CE’at gynt pI |Qat| gnlga\):l ng the P&Blication No.
451103 there is ob AI"&Q/ a @ﬁ’oqrrprl sing one part by

wei ght of a corrpourfd of | for -ad/ 7‘Q;_p rts by wei §nt of

1- n- hexadecanoyl - 2- ( 9- cis- oct a- ece/ﬂoyl) 3- siy- phosphati dyl - chol i ne (POPC),
30 parts by wei ght of 1,2-di(9- mcs—ancta-

decenoyl ) - 3-sn- phosphatl dyl - S—s r8| nql\‘gOCPS) and 200 parts by wei ght of

| act ose. / -22 - What is clained
is: c—c

wherein

M is an element of main group IIl or IV of the Periodic Table having an atomic number
of from 31 to 50 inclusive, aluminium or ruthenium,

R, is aradical of formula II

Rs
-(O-Si)yy~(0-CH,-CH, )R, m
|
R¢
wherein
m isOorl,

n is an integer from O to 200 inclusive,

Rs and Rg are each independently of the other lower alkyl or unsubstituted or substituted
phenyl, and

R; is alkylthio having up to 20 carbon atoms, alkanoyloxy having up to 20 carbon atoms,
4-(2,3,4,6-tetra-O-acetyl-g-D-glucopyranos- 1-yloxy)-phenoxy, cholestan-3 -yloxy,



[err] wherein Mis an elenent. of main group Il or IV of
the Periodic Table having an atom ¢ nunber of from31 to 50 inclusive,
ralumniumor ruthenium Rerr] is a radical of formula Il [err]
wherein mis O or 1, nis an integer fromO to 200 inclusive, R err] and
Rlerr] are each independently of the other |ower alkyl or unsubstituted or
substituted phenyl, and R err] is alkylthio having up to 20 carbon
atons, al kanoyl oxy having up to 20 -&3rbon atons,
4-(2,3,4,6-tetra-0 acetyl -[err]-D glucopyranos- 1 -yl oxy)-phenoxy,

cholestan 3-yl oxy,
chiolesteryloxy, unsubstituted or cholestan-3-yloxy- or cholesteryloxy-substituted

aliphatic hydrocarbyloxy having up to 24 carbon atoms in the aliphatic moiety or,
when m is | and n is O, aliphatic hydrocarbyl having from 6 to 24 carbon atoms, or
unsubstituted or substituted phenyl, or is a radical of formula III

Rs

-(O-Sli)m—O-X-CO-Y—RS ()

» //ll/ll///fl!llll!/llllll//ll/

wherein

X is abivalent aliphatic hydrocarbon radical having up to 23 carbon atoms,

Y is oxygen or the group -NH-,

Ry is cholesteryl, aliphatic hydrocarbyl having up to 24 carbon atoms or unsubstituted or
cholesteryloxy-substituted aliphatic hydrocarby! having up to 24 carbon atoms in the
aliphatic moiety, and

Rs, Rg and m are as defined above,

R, has the same definition as R; when M is an element of main group IV, or R, is absent
when M is an element of main group III or ruthenium,

R; is hydrogen, lower alkyl, lower alkylthio, unsubstituted or lower alkoxy-substituted
alkoxy having up to 20 carbon atoms, tri-lower alkylsilyl or halogen, and

R, is hydrogen, lower alkyl, lower alkylthio, unsubstituted or lower alkoxy-substituted
alkoxy having up to 20 carbon atoms, tri-lower alkylsilyl or halogen.

2. A compound according to claim 1 of formula I, wherein

R; is cholesteryloxy, unsubstituted or cholesteryloxy-substituted aliphatic hydrocarbyl-
oxy having up to 24 carbon atoms in the aliphatic moiety or, when mis 1 and n is 0,
aliphatic hydrocarbyl having from 6 to 24 carbon atoms, or is a radical of formula III
wherein X is a bivalent aliphatic hydrocarbon radical having up to 23 carbon atoms,
Y is oxygen or the group -NH-, and Rg is cholesteryl, aliphatic hydrocarbyl having up
to 24 carbon atoms or unsubstituted or cholesteryloxy-substituted aliphatic
hydrocarbyl having up to 24 carbon atoms in the aliphatic moiety.

3. A compound of formula I according to claim 1, wherein
M is germanium,



T-23 - chol esteryl oxy, unsubstituted or chol estan-3-yl oxy- or

chol esteryl oxy-substituted al i phatic hydrocarbyl oxy having up to 44
-carbon atons in the aliphatic noiety or, when mis | and nis O,

ali phati c hydrocarbyl having from6 to 24 carbon atons, or

unsubstituted or substituted phenyl, or is a radical of formula IIl [err]

wherein X is a bivalent aliphatic hydrocarbon radical having up to 23
carbon atons, Y is oxygen or the gro2p--NH, Rerr] is cholesteryl,

al i phati c hydrocarbyl having up to 24 carbon atons or unsubstituted or
chol esteryl oxy-substituted aliphatic hydrocarbyl having up to 24 carbon
atons i nRy ked R, each represente thegpiae yadiepd of fyramiq IT wieesin m iaAPrth Bikams def i ned
above, Rler Iidtegeaasrogge tS20cHRive R} am\g\&r&%h@f frnhe;ydlaaéhdy!t ¢f&?a8th_e+ RARAL ml‘l |
mai n group L. Or i S sen is an men in.group

or ruthent uAKY RS Skl e Shetswen ! ahRitenosder R Tataom BiRedbst i Fut ed
or | ower al karbyn awohst alkotyehaving uptdiarbavitoms, wkenglox§ haeinpap talens,
tri-lower a ' r 4, ] 0 | 5, 1 Oower

Al kyl £ o, - cagapelats R e RIS Aok b I 7 B Eoo BB B ke
to 20 car bomagtpmy,each reprasenss thel sagiegiadigal of formallagbwhereirpm 190 oo hpXund
accor di ng t Gk Mavinghipt@b5hBoh atothe¥al BxyfZeni R, SRORSAESAM Hieh
unsubsti t ut eé&or ?hoflgspery?gx ?sﬁt())st i tut e’éﬁéﬁ p?"lat i c® hy%r ocar b?/l o oxy
havi ng up t v kvl gedRadselssierylhe ali phatic noiety or, when mis 1 and n

is O, R, alks Ipfiadden, i Ibwee alkylilyhervinggbstitned ér loweldik6:/-htitted@kodr 1S a
radi cal 019 in X is a bivalent aliphatic hydrocarbon

}‘or.rml a.l &é V\@erel
radi cal hav ﬁﬁ"%ﬂpt‘% §ar33?3 HSy# , Y i s oxygen or the-group.-NH_,
and R8 i R,chothyelsogeny| , al i phatic hydrocarbyl having up 4 carbon

atonms or unsubstituted or chol esteryl oxy-substituted al I’m,wl(ﬂﬂﬁ’"""mu ,m
hydr ocar byl having up to 24 carbon atons in the aliphati | J
conpound4of compeundiof fosmularldiceryding te climliwhemsiy ein M i s germani um ° *
M is germanium,
R, and R, each represents the same radical of the formula II wherein mis O or 1, nis an
integer from O to 5 inclusive, Rg and R¢ are each phenyl or lower alkyl and R, is chol-
esteryloxy, alkoxy having up to 18 carbon atoms, Cgalkenyloxy, alkyl having from 6
to 18 carbon atoms, o-cholesteryloxy-C,,_jgalkoxy, phenyl, cholestan-3-yloxy, 4-
(2,3,4,6-tetra-O-acetyl--D-glucopyranos-1-yloxy)-phenoxy, C, (. 4alkylthio or lower
alkanoyloxy, or wherein ' '
R, and R, each represents the same radical of formula IIT wherein m is 1, X is Cy.17-
alkylene, Y is oxygen, R5 and Ry are each phenyl and Rg is cholesteryl,
Rj is hydrogen or lower alkoxy-substituted lower alkoxy, and
R, is hydrogen.

5. A compound of formula I according to claim 1, wherein

M is germanium,

R, and R, each represents the same radical of formula Il whereinmisOor1,nis0,2,3
or 5, Rs and R¢ are each phenyl, methyl or n-hexyl and R, is cholesteryloxy, methoxy,
n-hexadecyloxy, cis-9-octadecenyloxy, n-hexyl, 1,1,2-trimethyl-propyl, n-octadecyl,
o-cholesteryloxy-n-hexadecyloxy, phenyl, 5-a-cholestan-3-ﬁ-yioxy, 4-(2,3,4,6-tetra-
O-acetyl-p-D-glucopyranos-1-yloxy)-phenoxy, n-dodecylthio or acetoxy, or wherein

R, and R, each represents the same radical of formula IIf wherein m is 1, X is n-penta-
decylene, Y is oxygen, Rs and Rg are each phenyl and Ry is cholesteryl, .

R; 1is hydrogen or 2-methoxy-ethoxy, and

R, is hydrogen. |



-+24 - Rerr] and R err] each represents the sanme radical of fornula II

wherein mis 0 or 1, nis an integer fromO to 20 inclusive, Rerr] and
“Rerr] are each independently of the other |ower al kyl or phenyl and R7
is cholesteryl, cholesteryloxy, alkyl having from6 to 24 . carbon atons,
al koxy having up to 24 carbon atons, al kenyl oxy having up to 24 car bon
atons or [err]-chol esteryl oxy-al koxy having up to 24 carbon atons.in_the

al koxy nmoi ety, or each representgstihe sanme radi c ”y la 111
wherein mis 0 or 1, Xis al kyl ene having up to l/m ﬂles
oxygen, R err] and R err] are each phenyl or | ower & kyl 's

cholesteryl, R3 is hydrogen, tri-lower alkylsilyl or unsubstituted® or | ower

nycr ogens RAHEACERE o SRUEARHRck B RoLAERREN BN oMY ' 1
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8. A pharmaceutical composition comprising a compound of formula I according to any
one of claims 1 to 7 together with a pharmaceutical carrier.

9. A compound of formula I according to any one of claims 1 to 7 for use in a method for
the therapeutic treatment of the human or-animal body.

10. The use of a compound of formula I according to any one of claims 1 to 7 for the
preparation of pharmaceutical compositions for use in the photodynamic chemotherapy of
tumours.

11. A process for the preparation of a compound of formula I according to claim 1,
wherein a compound of formula V
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bi s(di phenyl - oct adecyl oxy- si | oxy) ger mani um pht hal ocyani ne,
bi s(di met hyl - oct adecyl - si | oxy) ger mani um pht hal ocyani ne,
bi s[ (5-chol est eryl oxy- 3- oxa- -26-
pent yl oxy) - di phenyl - si | oxy] ger mani um pht hal ocyani ne,
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bi s[ di phenyl - ([err] - choIesteryI? v- ﬁarbonyl n- pent adec- 1
-yl oxy) - si | oxy] ger mani um phghal \dm;Rl 4,8, 11, 15, 18, 22, 25-
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preparation of a R?JHJOUI’]d of formula I according to clainy vvherel n a
conpound of formula 26 -

wherein R; is as defined above, or with a reactive derivative thereof having an activated
OH group. '



' [err] wherein R err] is hydroxy or hal ogen, and R[err]/
~has the sane definition as Rlerr] when Mis an elenent of main group IV, or
. R12 is absent when Mis an element of main group Il or ruthenium and

t he other synbols are as defined above, is reacted with a conpound of

formula VI Rlerr]-H
(V1) wherein R err] is as defined above, or with a reactive derivative

t hereof having an activated OH group.

4-18996/A
Chelate complexes and processes for their preparation
Abstract
Naphthalocyanine-chelate complexes of formula I
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are described which contain as central atom M aluminium, gallium, indium, tin, ruthenium
or preferably germanium and in which the remaining symbols are as defined in claim 1.
The complexes can be used inter alia in the photodynamic chemotherapy of tumours.



