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The present invention relates to novel derivatives of chlorophyll and
bacteriochlorophyll, their preparation and their use in methods of in vivo photodynamic
therapy (PDT) and diagnosis and in vitro photodynamic kilfing of viruses and
microorganisms.

10
DEFINITIONS AND ABBREVIATIONS
BChl = bacteriochlorophyll a (the Mg-containing 7,8,17,18-tetrahydroporphyrin of the
formula (a) in Scheme A hereinafter wherein M is Mg, and having a phytyl or
geranylgeranyl group at position 17°, a COOCH; group at position 13% an H atomn at
15 position 132 an acetyl group at position 3, and an ethy] at position 8). |
BChl derivative = a derivative of BCh! with modifications in the mac;rocycle, in the c;antra]
metal atom and/or in the periphery.
BChlide: bacteriochlorophyﬁide a (the C-17*-free carboxylic acid derived from BChl).
BPhe = bacteriopheophytin a (BCh! in which the central Mg is replaced by two H atoms).
20  BPheid: bacteriopheophorbide.a (the C-17>-free carboxylic acid derived from BPhe).
Chi (b) = chlorophyll a (b} (the Mg-containing 17,18-dihydroporphyrin of the formula (b)
in Scheme A hereinafter wherein M is Mg, and having.a phytyi group at position 17°, a
COOCH; group at position 13%, an H atom at position 132, a vinyl group at position 3, a
double bond at positions 7-8, and either 2 methyl at position 7 and an ethyl at position 8
25  (Chl a) or a formyl group at position 7 and an ethyl at position 8 (Chl b)).
Chlide: chlorophyllide a (the C-17*-free carboxylic acid derived from Chl).
DMF: dimethylformamide; ESI: electro spray ionization; et: ethyl; gg: geranylgeranyl;
glc: glucose; HPLC: high pressure liquid chromatography;  FITC: fluorescein
isothiocyanate. |
30  [M]-BChI = BCh! derivative in which the central Mg atom has been replaced by a metal M

as defined hereinafter.
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BACKGROUND OF THE INVENTION
Chlorophylls and Bac.:teriochlorophylls, the ubiquitbus pigments of photosynthesis,
have been studied intensively in order to understand their photophysics and photochemistry
0  (Scheer, 1991). Together with the more readily available but spectroscopically less
informative porphyrins, they have also been used to gain a more general insight into energy

‘and electron transfer, the mutual interactions of large aromatic molecules with central

I ﬁ"“"n

metals, and of the central metals with extra ligands. ‘

Photosensitizers are of interest for utilization in photodynamic therapy (PDT) of

S5~ tumors. This technique utilizes a combination of a non-toxic drug that absorbs light at a

suitable wavelength with non-hazardous photosensitizing irradiation of the patient following
administration of the drug.

Porphyrins have been shown to accumulate in tumor tissue and, upon irradiation of

the tumor tissue, to absorb light in sifu, providing a mean to detect tumors by location of

0 the fluorescence. A crude derivative of hematoporphyrin, known as hematoporphyrin

derivative or HPD, has been proposed both for detection and for photodynamic therapy of

tumors. A form of HPD said to be more effective comprises a portion of HPD having an

2
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850 nm) and their ready degradation after treatment, chlorophyll and bacteriochlorophyll

20  derivatives have been identified as excellent sensitizers for PDT of tumors.

Complexes of cyclic tetrapyrroles with metals other than Mg were studied in.the
porphyrin and 17,18-dihydroporphyrin series to understand’ their spectrocospic and redox
properties (Hynninen, 1991). Bacteriochlorophylis are of potential advantage compared to

 the chlorophylls because they show intense neﬁr—infrared bands, i.e. at considerably longer
25  wavelengths than chlorophyll derivatives.

PCT Intemational Application Publication No. WO 90/12573 to Dougherty
describes derivatives of bacteriochlorophyll-a or -b ar of the corresponding bacteriochlorins
devoid of the central metal atom or in which the central' metal atom may be a non-
_paramagnetic metal selected from Mg, Sn°* and Zn™, and the C-17%-carboxyl group is

30  esterified with a saturated or unsaturated hydrocarbyl residue of 8-25C, for thé manufacture .
of a composition for use in a method to effect the destruction or impairment of undesﬁed

target biological substrates, which method comprises photosensitizing said substrate with an
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Chi or ophyl 1 - der EYERHCPLRReusepofan AABHAPIRIN: OS50 asFme ARTIGHERD, VIO
90/ 12573 t qnddeieptication describes new conjugates of chlorophylls and bacteriochlorophylls at
0 the C-17° position with amino acids, peptides and proteins for use in PDT therapy and
diagnostics. The amino acid, peptide or protein residue is linked difect]y or via a spacer to
the C-17%-carboxyl group of the chlorophyll or bactérioéhlorophyll molecule. These
conjugates _ére prepared by methods which are mild enough to retﬁin the acid-labile central
Mg atom. '
5 The C-13%-carbomethoxy group of chiorophylls and bacteriochlorophylls is
biosynthetically derived from the C-13 propionic acid side chain and part of the reactive §-
ketoester system present in most chlorophylls at the isocyclic ring. However, unlike the C-
17 propionic ester side chain, no methods have been available for either chemical or
enzymatic transesterification at the C-13* position. The only reaction previously known for
0 this gréup was its cleavage, leading to the 132-demethoxycarb6hyl- or pyro-chiorophylis.
German Patent Application No. DE 4121876 and PCT Publication No. WO 97/1908 1, both -

assigned to the present applicant, propose bacteriochlorophyll derivatives with modified
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and pyro-derivatives thereof wherein the radical COXR,; at position 13 is absent,
30 wherein
Xis O, Sor NH;

M is a central metal atom or represents two H atoms;

5.



conjugates are prepared by methods which are m|d enough to retain the;
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their physiol ogi cal duyﬁeésidneafaﬁm&ﬁ’afd%oﬁg@ebﬁawampkﬁuddcdne@mﬁpw been
found in accordance wth the present invention that novel C-132 esters,

t hi oesters” and BifrerySraiProf 1é9¢‘@ﬂxq@eﬁp%9§leetﬁ§ ogy th grouR cesisting af efteini des -
of chlorophyll [ r I ely
transesterifyi né{ %P%getéfglf, 9%;&%99%?&& s atﬁjlmrrlé}l"?yt!af?&it @ggacgrﬁorret ftlJg)éiiy
group of chl or ofhaebf isdlintied atheeCOOT siduo phible| Cid ex B ideeeatige threugnbahe or
together with the C 17ﬂProp| onic acid side 15 chain under anhydrous and

anaer obi ¢ condi YUEHY BB he presence of excess al cohol, nercaptan or am ne
and usipg tetraethyl Jm?atréshﬁe%m paﬁu&%ahﬁiﬁamtﬁblmarmﬁei@m irgsidilelvih 2 €NOUGh
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pi gments |ike t@eCoatydiasariy)- E@dﬁﬁa‘?dﬂnn@ whirein 6pifyC1HGs spEtdoseunseNaeh ar e
novel chlor Ophyilydr&ag)yp ASled | B&J}mﬁ)f le;%.luled by one or more radicals selected from

halogen, oxo (=0), OH, CHO, COOH or NH;, or such a residue interrupted by one
or more heteroatoms selected from O, S and NH, or by a phenyl ring is further
) substituted by an end functional group selected from OH, CGQH, or NH;;
(tv) a residue of a cell- or tissue-specific ligand selected from an oligo-
peptide and a protein directly linked to the COO" residue or via a C;-Cas hydrocarbyl
as defined in (i) ﬁrhere'm said C;-Cys saturated or unsaturated hydrocarbyl residue

optionally substituted by one or more radicals selected from halogen, oxo (=0), OH,

It

CHO, COOH or NH;, or such a residue interrupted by one or more heteroatoms
selected frdm O, S and NH, or by a phenyl ring, is further substituted by an end -
functional group selected from OH, COOH, or NH; ; and

v)a reéidue of a mono-, oligo- or polysaccharide or from polyoxyethylene
directly linked to the COO" residue or via a C;-Cys hydrocarbyl as defined in (j)
o] wherein said C;-Cps saturated or unsaturated hydrocarbyl residue optionally
substituted by one or more radicals selected from halogen, oxo (=0), OH, CHO,

COOH or NH,, or such a residue interrupted by one or more heteroatoms selected
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ether or ester of said 1- r Qxy radical; R4 is nethyl or fornyl; the
dotted Be at posig?%gﬁpé%@p%séﬁaﬁa?ﬁﬁmional doubl e bond; and i Ril
and R2, the w5aie ffovikblth 1§ M not Mebhyb Rh&OR F eft Codd | &L 10, O
B TS ot 0K A0S Db SN

(i) a C-C25 hydrocarbyl radical that may be S
saturated &f 2naBEoRcist 2peptidp pr ALY oxafiserivativestliersgf. one or nore radical s

sel ect ed<from ha = .NH2 r Jnterrupted: by
one or mbre het etl(glgt% grr?go%gf)g?@e%la R 8 %iéaingngl’%,ls I@ﬁ%@“fﬁ?‘@@c@t’? i".&ly r
het er ocycl i andahetdoasd lifle (st i posisionse Sisd wpraaéntarn. AsdblO bewd, Chre aRe AbiiGEAPQPLE de
or a polypeptide containing a. hydroxy group or of a derivative thereof
sel ect ed fr&HOffrPéw i) bcfﬁﬁgff%fi’ffqhg“@fméﬁ’f’wg of forgnuig. hwbereint Riis deetyly By i/ es,
V\hereinsaiqne@égirgy' ' li6hR" 7. de L VRS 4 efeof, ig 1inked to
the COO iesidue o? %%@opﬁBgﬁl& grr{\g/aﬁev@d# S’i‘}%‘ﬂ é%i g’e %WP{G]W oup;
5 (iii) a r bsdtenirehlviophylbepti de as defined in (h) linked to the COO residue
via a gb-CZS hy%ocarb I 'gi def.i ne&i-i ng}é) erein said Cl-C25 saturated or
unsat urdted hydrm8¢&FBH mr@sHamMIp feshRPPyrdaifermulat way by absert, ey o the
radi cal s sehgnieadg af@ioe (hanBaed chiBXophiIFRH, bal¥RiSHir ISE?H? Hg, ; ha
resi due int eyruptgd by one or ﬁorfgahéterpatorrs secl)e t E?%e?gmgb‘,tg'@@% NH,
or by a phe#ivrlent mefai ssleptgd fioay the group consisting of Pd, Co, Ni, Cu, Zn, Hg, Er, It, Eu, Sn

and Mn,

The present invention also relates to a new transesterification process for the

15  preparation of the synthetic chlorophyll and bacteriochlorophyil derivatives of the general
formula I abuve, wherein X is O, said process comprising the steps of:

(a) reacting an appropriate (bacterio)chlorophyll, metal-(bacterio)chlorophyll or
(bacterio)pheophytin derivative carrying at position C-13* a COOCH; group and at position
C-17* 2 COOR; group, with an alcobol R;OH, wheréin R, and Rj are as defined above,

20 with the proviso that R, is not methyl, in the presence of tetraethyl-ortho-titanate, wherein
the reaction is performed either in 2 solvent such as peroxide-free tetrahydrofuran (THF) or
dimethylformamide (DMF), in which case the C-13%:COOR;, C-17>-COOR, diester is
preferentially obtained, or the alcohol R;OH is used in large excess and serves as the
solvent, in which case the C-13%-COOR;, C-17°-COOR, diester is obtained; and

15 b separﬁting the desired products from the reaction mixture.

For the preparation of compounds of formula 1 wherein X is S, the corresponding
mercaptans of the formula RiSH are used, and for the compounds wherein X is N, the
corresponding amines RyNH, are used.

_’I‘he procedures of the invenfion can be used in combination with other known

‘0 procedures for the modification of the molecule, for example conjiigation at the C-17°

position as described in EP 0584552, modifications at the periphery of the molecule and/or



substituted by an end functional group selected fromOR COON, or NH2; (iv)
a residue of a cell- or tissue-specific |igand selected froman oligo-
peptide and a protein directly linked to the COO' residue or7 s Al - C25
hydrocarbyl as defined in (i) wherein said Cl-C2s saturated or unsaturated
hydr ocar byl residue optionally substituted by one or nore radicals

sel ect ed 11 QRBLAGRN forWifuflc & destbean H97RO8R1. OfrelthBly, Qeméthidindlont €51 due
interrupted by one or nore heteroatorns sel ected f romOY, S and NH, or by a
phenyl ri ngexch@géqﬁthmt!@lmﬂ'pmtl@@nnﬁﬁoahb@rémsmﬁmﬁcmml group sel ect ed
from OH COON, 0,

pol ysacchari de S?he:‘\}g g"nghé)og{;ﬁlg ?egiﬁ!élﬂ&gg’hlyﬂ ﬁ'nglgg t‘%&g I3

or via a Clus€abplvdentaerdyd thaspeaiaé amieiiagnnsn@lagent.a/\ﬂoeaemplmmdst@hnc@ﬁd

saturated or unsatura drocarb |o I .substituted by one
or ore s adeeECLBnENE desh e geTing i, SR R baded S R
or such a rpghgkiiSues B W&l kv Gh 1Y aRREPDT aﬂ@@tﬁeﬂpﬁbm@ﬁhmmﬂleitm& ed 6 2 7 MAY

2004 WO 01/-40232 | LOO/.00811 and NH, or. by a phenyl ring, is
further substi tu%ggr{{)ftgﬁlfgﬁ&Sﬁeﬁ‘nﬁﬁ'edﬁ%FPV‘d@ﬂ%‘iﬁﬁ'S?éq“é“éftﬁ)& fPom é? COO%I or

NH2 ; with lgrggespfo@tﬂe%?eﬂaﬂﬁgn E? a kﬁlﬂﬂﬁé HIBLPI MBatedihlofopRlINMrvalitydey |

ger anyl geranyl or resid an amno ‘acid, a peptide or a proteln or
of derlvatlﬁegﬂﬁﬁéﬁﬁnﬂaIS The conpounds of formula | wherein R3 is vi nyl ,
R4 is nmethyl or fornyl, RS is eth and thegdotted |ine at positions 7-8
i i A chlorophyll-a and b,
respectively. The conpounds of for't. « k,n R3 is acetyl, R4 is
methyl, R5 is ethyl and the.po q #sogenat ed, are the
derlvatlves of bacteria chloroph . 6. central nmetal atomMin the
conpound of forrmula | may be absept, ‘ native My atom of the
natural chlorophyll and bacteri &% p'o'-nts or it may be a
dival ent netal selected fromthe aing of Pd, Co, INi, cu, zn,
Hg, Er, It, Eu, Sri and M. The presg i ye 12on al so -relates to a new
transesterification process fo 3 eparAtion of the synthetic
chl orophyl | and bact eri ochl or ophyt of the general formula
above, wherein X is 0, said prgge 5 the steps of:

resi due

wherein _
M is a cenfral metﬁl atom selected from the group consisting of Pd, Co, Ni, Cu, Zn,
Hg, Er, It, Eu, Sn and Mu or represents two H atoms; - |
R; and Rs are each, independently, acetyl, vinyl, ethyl, 1-hydroxyethyl or an ether
or ester of said 1-hydroxyethyl radical, : .
R4 1s methyl or formyl,;
the dotted line at positions 7-8 represents an optional double bond; and
Ry and R; are different and are selected from the group consisting of:
(i) 2 C1-Cas hydrocarbyl radical that may be straight of branched, saturated
or ‘unsaturated, optionally substituted by one or more radicals selected from
halogen, oxo (=0), OH, CHO, COOH or NH,, or mterrupted by one or more

heteroatoms selected from O, S and NH, orby carbocyclic or heterocycllc moieties;



(a) reacting an appropriate (bacterio)chlorophyll,

net al - (bacterio)chl orophyll or (bacterio)pheophytin derivative carrying at
position C 132 a COOCH3 group and at position 0-172 a CODR2Mgy qup, W th an
al cohol RIOH, wherein R and R2 are as defined above, 20 with the proviso
that RL is not nethyl, in the presence of tetraethyl-ortho-titanate,
wherein the reaction is perforned either in a solvent such as

per oxi de-free t e(ii)aesidad oF aniindladid Odn olibo | rﬂgg?e' %%H-m' whi ch
case the C 132:C(OO?|, C- 172- COOR2 did’estel?E ?gémgr&é?ere tﬁg?el(y obta %ed, or

t he al cohol hidrexy goup seef 3 derivativrthescobsalectertifrom theegrongs corsisting of wsedrs, i n

whi ch - 139 .- 172- 000RL. di ester is obtained; and ?5 (b
Soparating PG NGRREI ddthaives VARSI poid B aRiitsd isRp st ok graise
pr epar at i ontiefeof HigksAd® tBE JOUebidud oPIRy @hl”o?%bﬁwi’eﬁ\;aﬂ@e ﬁﬁgé&j\%@&‘di ng

mer captans of the fornmula RLISH are used, and for the conpoun erein Xis
N, the corhﬂiﬁéhmoh@l am nes RINH2 are used. The procedures of the

e oar T cat i onGiiPEftsidle SPERLARE R eithddindil Bl i oOR Blbgtics 375"
posi tion asCae€sshydiochrbyd akkefpd @) wiBdid i£810, % s?thrattéie?rp&x{sia gLy of the

nol ecul e and/or 7 2 7 NMAY 2004 transnetal ation, for exgirrg e as described in

WO 97119081 hydwpeshylassidue gptignally substituted byesterrimgereoradicals selestedofiiomet al

atomis cargj 0 t S i fieation.. . The new chlgrophyl | and
bact eri ochl %%lgg?%? F*f“’ g%ﬁn% g%% J'Esﬁg’f é@@ Pltnl\k/]gﬁ’t +ro%°%P éﬁtgure e pia@ b},'pon\é
phot osensi t be gldte AstetdABINBPSIMAR] ROt O SEIPISNEL 02®9H phdigd ridxdRHighatgai nst
cancer and age-rel ated macul ar degeneration, and for killing cells,

vi ruses andswutitused by anend fapqtienalgreup selegtaddfrom QILLOQH, weNHzknown i n t he

are of PDT and o}.ber osgnsi i zer. applications., cording to first
aspect, there i sbgf%\f?%g& (zfa? rcgﬁ'sggtué?'%?ﬁpgg c&g%gg%t%d%?rﬂt%eo@goépar ation
of a synt heptidehh@l QpRgbﬂtémOdirdéﬂ?tMe_ﬂCfﬂ FHOOO! réleddevat 1vig DiC,-the
general formula |: | 00C wherein Mis a central netal atom selected from
the group’ cbydpearbylgavfdefiped an, (INwharein zaid HgCofrsaturated Bur, ugsateragd vh or
;?E;F,Seg'f ﬁyg*'v%%é;aéﬁﬁgr@g?e@a%tﬁ%ﬂd %¥ ?&bs?ilﬁﬁe(? %%r}inel or}drg l%nr%&%fsys’ele%%gt%lnﬁ vinyl,

- halogen, oxo (=0), OH, CHO, COOH or NH;, or such a residee interrupted by one

or more heteroatoms selected from O, S and NH, or by a phenyl ring, is further
substituted by an end functional group selected from OH, COOH, or NH; ; and
(v) a residue of a mono-, oligo- or polysaccharide or from polyoxyethylene
-directly linked to the COO" residue or via a C-C;s hydrocarbyl as defined in (i)
wherein said C;-Cps saturated or unsaturated hydrocarbyl residue optionally
substituted by one or more radicals selected from halogen, oxo (=0), OH, CHO,
COOH or NH, or such a residue interrupted by one or more heteroatoms selected
from O, S and NH, or by a phenyl ring, is further substituted by an end functional
group selected from OH, COOH, or NH3;
comprising the reaction under anacrobic conditions of a (bacterio)chlorophyll, metal-
(bacterio)chlorophyll or (bacterio)pheophytin derivative carrying at position C-13% a
COOCH3 group and at position C-17% a COOR, group, with an alcohol RyOH, with the
proviso that R; is not methyl, in the presence of tetracthyl-ortho-titanate, wherein the
_reaction is performed in an aprotic solvent such as peroxide-free tetrahydrofuran (THF) or
dimethylformamide (DMF), thus obtaining the desired C-13’-COOR;, C-17-COOR,
diester, which is then separated from the réaction mixture.

8a



or ester of said 1-hydroxyethyl radical; R4 is nethyl or fornyl; the dotted
line at positions 7-8 represents an optional double bond; and Rl- and R2
are different and are selected fromthe group consisting af7 ay)2os C - C25
hydr ocar byl radical that may be straight or branched, saturated or
unsaturated, optionally substituted by one or nore radicals selected from
hal ogen, oxo (=0, OH, SZOCJI—| or NH27 or interrupted by one or nore

het er oat ons sel ected f r%%o,r lggé}nadseﬁﬁ-rf!a‘ agpech {hereds provided ¢ ransestorficationcy el i ¢
noi eti es; Gpraceds MPhe Podpdralion pf Asynbticl Uido@phynordatBcliblophylPderihdv@pept | de
or a polypeptide containing a hydroxy group or of a derivative thereof

sel ect ed f ri8n®eRd GFeUdLconsi sting of esters and N-protected derivatives,
wherein said hydroxylated amno Rgid or demgyative thereof is linked to
the COO residue of the Chl -or Bghl degivatfive through said hydroxy group;
(iii) a residue of a peptide_asg defErtthg\ig )., i nked to the COO residue
via a Cl-C25 hydrocarbyl as dewt e%ei n said Cl-C25 saturated
or unsaturated hydrocarbyl resi¥ude by substituted by one or nore
radical s sel ected from hal oggps oxo ), »fPHO, COON or NH2, or such a
residue interrupted by one or N nms selected fromO, S and NH,

or by a phenyl ring is further 19 HET | an end functd onal group
selected from OH, COOH, or NH2Z.{ (i fgi dye—of a cell- or
ti ssue-specific ligand sel ected qgTad ps peptide and a protein

directly linked to the COO restfue dP\mtalg! G -C25 hydrocarbyl as defined
in (i) wherein said d-C25 sppurated oy unsgturated hydrocarbyl residue
optional 'y substituted by .onejfor REd®Cr adi c&s selected from hal ogen, 0Xo0
(=0, OH, CHO COON.or NHR,00C such a residue interrupted by one. or nore
het eroatons selected fromO, S and NH, or by a phenyl ring, is further
substitutvd®rddy an end functional group selected from01-, COOH, or NH2 ;
and (v) a resh\gue of ‘a ol i go-.  or pol ysaccharide or from

nono-
pol yoxyet hyl ene’® ‘HF‘?‘”&'@% W@?Eﬁ%ﬁlm%@n&mp&mﬁ@g o iPd, Go,aNi, CA57n,
hydrocarl]%]gg,qt,@,ﬁ_gﬁggdmgg, mm@{)t% afde .Cy-C25 saturated or unsaturated

hydr ocar b resi due optionall substitu by one or nore radicals
sel ected fromRaainddemre exdh, (mdependettly,Gldelyl, vinyl, ethyl, 1-hydroxyethyl or an ether

or ester of said 1-hydroxyethyl radical;

R, is methyl or formyl;

the dotted line at positions 7-8 represents an optional double bond; and
R, and R; are identical and are selected from the group consisting of:

(1) a C-Cys hydrocarbyl radical that may be straight or branched, saturated
or unsaturated, optionally- substituted by one or more radicals selected from
‘halogen, oxo (=0), OH, CHO, COOH or NH,, or interrupted by one or more
heteroatoms selected from O, S and NH, or by carbocyclic or heterocyclic moieties;

(ii) a residue of an amino acid, an oligopeptide or a polypeptide containing é
‘hydroxy group or of a derivative thereof selected from the group consisting of esters
and N-protected deﬁvaﬁvcs, wherein said hydroxylated amin(; acid or derivative
tbereof is linked to the COO" residue of the Chl or BChI derivative through said
‘hydroxy group;

8b



COOH or NH2, or such a residue interrupted by one or nore heteroatons
selected fromO, S and NH, or by a phenyl ring, is further substituted by
an end functional group selected fromOR COON, or NH2; conayi gng the
reacti on under anaerobic conditions of a (bacterio)chlorophyll, netal-
(bacterio)chl orophyll or (bacterio)pheophytin derivative carrying at
position C-132 a COOCH3 group and at position G172 a COOR2 group, with an

al cohol Ri OH, wi(ii) atrésidueuraries@dd RodefRed kS i the pr.esence of
tetraet hyl _Sﬁ[(éeg%_pft i tanat e, \\/\ﬁﬁgr ein the ?ﬁl@%&?ﬁgﬁ%g (grr%g“qpﬁa&n aprotic

sol vent su drogambyfloas dafimed dn (i) twitreif said rC (ThFat@ited S WREANhfeqr maM de
(DMF), thu %Eﬁg’ i esi,red -132- COOR1, C-172-000R2 diester, which
is then se%gr'a'te ﬂf%#?ﬁ%%‘?&&*ﬁ#%iiﬂr%e @ qmore maflieyls 2eBdteddomn di ng to a
second aspbalbgen, logo ¢=0% QH,CHJEC PREE Sk | i on_ process for the
preparation of a Sént h)étic chl org;?r%f’r or"%)rgsyfﬂe%?%E:‘#Wd?tgﬁm}'ieﬁ?’éfé’l“?vative of
the gener aPt fFFliFroatons selestedi fiomDj 8 and¥H] baby EplayPHARS gk ed rom

t he group %ﬁ{ugd oJudP 'COI Ni , Ol,l Zn H& Er, It, Eu,. Sn and M or
represents two H atons: cRmalgroup selegtedifrom Qb CENM o NH ;acet yI , Vi nyl
ethyl , 1-hydr oxy@f)hy kestlueast £cBRY or AsiRSHELAL Tighfd Jetds xyet hyl radical ;
R4 is nethyl or fornyl; utehe (;Iotte(c)lr I isne%-gt lggél ti og%l%%rogb)ré%sozﬂé?'s an
optional ddRfpfide Asdga pratein iregly linkedrto tide OO atesidnd 6 fiasal from

g??a?;ﬁgpofwﬁm : O]:sisﬁ%ia?%%)- g\ﬁ?h%fﬁ%g%at%fgé'géz{s ézﬁr aﬁdlatﬁéca;pw'i‘;ﬂg’%@d tGUt ed by
R, o st sk aptoslty a0 B ¥ fuke AT 45,2,
or by car bd@Rgen.coxsr(—Rhi @HoEHE), IGOOHi e iNTs or fich)a @sides insifupdéd ByoM NO
Gor i vat i ve TSNS Ba SHPRPLMORLO. & b NEbifsitges plrol cise: brihand N
hereof s ploq oot e Bk AL BRI B9 Vet b ough
saj d | W) _a residue of a mono-, oligo- or polysaccharide or from polyoxyethylene
- directly linked to the COQ’ residue or via a C1-C;s hydrocarbyl as defined in @)
wherein said C;-Cps saturated or unsaturated hydrocarbyl residue optionally
substituted by one or more radicals selected from halogen, oxo (=0), OH, CHO,
COOH or NH,, or such a residue interrupted by one or mofc heteroatoms selected
fiom O, S and NH, or by a phenyl ring, is further substituted by an end functional
_ group selected from OH, COOH, or NH,:
cc_)mpxisingAthe reaction l;nder anaerobic conditions of a (i)actedo)chlorophylL metal-
.(bacterio)chlorophyll or (bacterio)pheophytin derivative camrying at position C-13% a
COOCH; group and at position C-17* a COOR; group, with an alcohol RyOH, with the
proviso that R, is not methyl, in the presence of tetracthyl-ortho-titanate, thus obtaining the

desired C—132—COOR1, C-17-COOR; diester, and wherein the alcohol R,QH may be used
as the solvent. ’

8c



hydroxy group; 8b 2 7 MAY 2004 (iii) a residue of a peptide as defined in
(ii) linked to the COO residue via a Cl-C25 hydrocarbyl as defined in (i)
wherein said Cl-C25 saturated or unsaturated hydrocarbyl resj 9004
optionally substituted by one or -nore radicals selected from hal ogen, oxo
(=0, OR, CHO,  COCH or NH2, or such a residue interrupted by one or nore
het eroat ons sel ected fromO, S and NH, or by a phenyl ring is further

Z”PZ?L&”“: RED iR RFpoN P TBR AR e !ESESdSL{ES‘tS&' from an ol igo.
pert . 2 B LEL, o Wil R b P AR Bnt ay e

hydr Ocar%&e&f&i ﬂ)ﬂzﬁ gah&Hé‘lcleﬂ's S ShédbdfiGiEvith HBEPRBPHRASbY %ﬂA}?&bﬁ el ect ed

from ha 0XO0 . CHO COOH or NH2, or such a resid
interr umﬂdud}meoﬂm) Bd Bbheid-eh€1E), amnmmls(lﬂal Semmefwwmeoadtﬁdandlpummcﬁ by a

From o Catpibmansiserminitioy [ HAOERE IEOmOrHaRdo DNGY | g0 of -
o Via 4 cl. %g"%ﬁ%?%%%ﬁm@tw*ﬁﬁ - Sl gl ooty S Fffiat oof cue

sat ur at egle (bIuAS Audfeat) it by Pd BRYelayder lighti(blaek ﬁﬁhgte&)aﬂkﬂt (viitestiadglésy@f by one

or nore radi caI s selected from hal ogen, oxo (0% COON or, NH2, or
such a reedstid:R melanempcald. el iahility wandetermiaed by HE &W@é%e-a@aporﬁwm 0, S
and NH, or by a phenyl ring, is further substituted by an end functi onal
group selected from OH COON, or NHZ2; conprising the reaction under

anaer obi Q%Fﬂ PRI qimpm I'l, metal -

(bact er.ﬁf‘ ﬁEF or (%iaqg?grl o)pheogg?/tgm deri vatlve carfying at,
position C— 13]2heaprﬂﬁﬂdﬁﬁengomuplamadoate“p&13 rﬁﬁ)@qlﬂzlb—m apdoCGpl3™wi th an
al cohol the

ety not thPRa ﬁbiﬁ@%& %ﬁ@@séﬁg@lﬂmbﬁ{ ‘i’%&'&l E’Pf?&@ “osmgquads of

C 172- 00‘959 t d wherein'the al cohol RLOH nay be used as the
sol vent %)gﬁl\%@ 1§84 BRI EF DESCRI. PTI ON OF THE DRAW NGS

In one cmbodxment of the invention, R; and Ry are 1dentlcal, in auother émbodlment,

they are dlﬁ:'erent _ :
In one embodiment of thc prcsent mventlou, R, and Rzmay be a hydrocarbyl radical’
" As used herein, “hydrocaxbyl” means any straight or branched saturated or. unsaturated-

'mcludmc, aromauc hydrocarbyl radlcals preferably of 1-25 caxbon atoms ‘such as alkyl,
preferably of 14 carbon atoms, e.g. methy], ethyl propy], butyl, or a.llceny], alkynyl,
cycloalkyl, aryl such-as pheuyl or an ara]kyl group such as benzyl or subsututed benzyl, e.g.

: 'tert-butylbenzyL When R; and R, are dxﬂ'ercnt, Rl is preferably methyl, the radical present
in natural Chl and BChl compounds aud Rz is prefcrably ethyl ora radlcal derived rom
“natural Ch[ and Behl compounds €8 gerany{gcranyl 2, 6—d1methyl 2 6~octad1enyl) or
phytyl (2,6, 10, ,14-tetramethylhexadec-14-en-16-yl). When Ry and R, are diffecent R; and R,
may also be a hydrocarbon chain substituted by one or more radicals selected from halogen

gd



Figs. 1A -1-D show toxicity in the dark (black squares) and

phot ocyt ot oxi_Ci white squares) to M2R nel anoma cells af t & TiNRuBSt i on
with tbb-Pd- Bﬁ%ei/‘&’ b (1A), tbb Pd- BPheid-me (IB), Pd- BPhetGIENIOGIC)
control (1D). Sensitizers were added in |liposones.. Cell viability was
det er ni ned by sichHs-1, HTiCHi2R@ 1] HCOED @%@{+-0)) GHO.OCOMN of NBY,, 8r S1R8WS dplishaliyt Y
in the dark (- + -) “and. photocytotOX|C|ty of Pd- BPhei d- I\(EIC bl ack
squares) and &sbsiigtegiivdrogabprchpingpreramedapk Oy £ioa NYLarsglerabiyy it Rz is an

135 Ehym i neli SRRl el SRR o83 1 p ol sy @%@ﬁa@yﬁ%ﬁﬂ@
present invenbi m_,ncaiﬂﬁ:lcmlzese & .cphasyly di—hit&ﬂ)cﬁﬂMMg Iﬁdd)?l,?mﬁ@'(ﬁz and C 132- COXR, ,

C-172- COXR| derivagives, of hI .0ro nd bacteriochl orgphyl| co ounds
whet a1y (i 50, clagmoRye? e s i Y OF AP FuR CF B Smiee SHORDt & o

i dentical; inpgnmt quﬁgoe&bﬁxﬂyﬁesﬁae) coﬁtlamﬁgaer Byddboly’ 868H subl 29 8&in8 fTéh?éHnm% of

t he present |nvent|on hydro carbyl radi cal use
herein, "hydr gesitsybr pqmdmoamnm ﬁhemgrrrta dsrivigivgrad lseid anmamdanr@pmde selected

unsaturated, _'i nc udi Lng {i c radl aI S ef er of 1 25
carbon at ons, ﬁg’ﬁ?ceﬁ N ?%@’fl esterse i era Ft&%?!rtpe}llw ArDe a{{]'gﬁspr tga}b"g

ethyl, propyl forbexhiple teft-batyikaRry barbeuehmyl or wcmahéi& |hydx@fq)i£ted$ uﬁﬁhoascuﬂ)faﬁnyl
or an aral kyl group such as benz I or substituted benz

t ert - but yl®enpsatide o slgrivetive shereafds fpked 4p the PO erogp pgﬁﬁr@fl@rml# degvatiye |

t he radi cal [
preferably et f]h?ﬁ?\}”ggptsg&@@%ﬁ%&ﬁﬁ@ﬁ\;&%%ﬁ%ﬂh@% ;c}éﬁgﬁrve@ﬁ}g g?un rﬁeﬂclyrlrﬁ%ﬁrnds
e.g. geranyl gHr:mmbhtchﬁqyﬁarhhuybsdmh 2N@ritgEdenide eryty) ester, pjrytiyd methyl ester, and N-

2,6, 10, |h dec- ff
KL and o malpraREEOTRIoan B St o8 2 SCpIB G PR B BB -GHONGES
radi cal's sel ee%@eaﬁ%mal GOETEG ol M3 0003 OG5SO HORA0P11

such as F, Br CR ox0 , Or suc

optional | }/5 semm&mmedlehw oc BBl dQﬁY&ﬁl‘ﬂP 1Sn§=écnﬁ§ptwdhliy-s@1neSo:omﬁil—lN-tert—
preferably O, I's an ol igooxyethyl eneglycol residue of 4 to
10 carbon at o@‘gwﬁaf*%{ﬁ?&%“ pent aoxyet hyl enegl ycol , or by carbocyclic,
e.g. phenyl, or heirneet ﬁﬁm} Ieﬁxbodinﬁnt RY raind R, lml%tﬂl@&esl&xdéf@i)@ﬁﬂ&r(ohgo or
enbodi nent, R, _and be the residue of an amno acid or of a peptide

(oligo or pol I}fﬂm%ﬁé)hﬂ&%i‘ai‘hﬁ‘l QY o Bt threysly e fupCasslivdrrcadyk mdlicpleas defined

threonine andabove, in which case the hydrocarbyl radical serves as a spacer for said peptide or

20 polypeptide/protein and has an end functional group selected from OH, COOH and NH,,
through which end functional group the peptide or protein is linked by an ester or amide
bond.

In another further embodiment, R; and R, may be the residue of a cell-specific or

tissue-specific ligand selected from peptides and proteins, which are exemplified by, but not

- 25  limited to, hormone peptides, e.g. melanocyte-stimulating hormones (melanotropins), and
antibodies, e.g. immunoglobulins and 'tumor~speciﬁc antibodies. - Also in this case, the
peptide or protein may be linked to the Chl or BChl through a C,—Czs hydrocarbyl radical as
defined above, in which case the hydrocarbyl radical serves as a spacer for said peptide or
polypeptide/protein and has an end functional group selected from OH, COOH and NH,,

30  through which end functional group the peptide or protein is linked by an ester or amide
bond.



tyrosi ne, or peptides containing them or a derivative of said amno acid
or peptide selected fromesters, e.g. alkyl esters, and N prot eéﬁd
derivatives wherein the N-protecting group is for exanpl e? tTeWAY yl QXy,
car bobenzoxy or trityl, and said hydroxylated am no acid or 10 peptide or
derivative"PH#f®8% is |inked to the COO group of the ChlPGK/IIHERISLL

derivative through its hydroxy group. Exanples of such amno acid - .:

derivatives arepsgdl Dudfel MibodiRi! R, aﬂ&'l{zeﬁ'fa?" BL the! RUNEASRO0RM¥he-S Bligdl6r
N-trityl-serine nethyl ester, tyrosine nethyl ester, and N

t ert - but oxpolyyaceksride direatiylickesktoghe CORY™ efnthe Lahey BCHimderale o thepugh dCii-s
N- car bobenzoxy-, ser. erd n hyl ester | f &hem.,prepared.as, .
Nocar ad Ko s GrainthusdBh R SotRd Mdvet il Frerofied etod MR BE RBRLAC ARG 4
derivative ghtosusdis i fed wth L-serine or with N-tert-

but yl oxycarbonyl -serine. In a further epbodj nen R, . and may be, the
rest duedof a pepP Hueqton; fgihes relatph oy RyEpAeryRives o @Gﬂﬁl@ﬁ@?m\mﬂs@ﬁ

through a Gl fanubyy 800y BYberbadboRdR A HEtbaRNSy (OIS Iripsh the

hydr ocar byl serves as a spacer for said peptl or i
pol ypept i deatprabt@il rand RCH aompounda ds freplased diad Fyatoop BhebecpyrederivativesGlse  COON

[ nied by SHeBRcRos, Bt TaD=CtT PR GG, b, TerCURRE ALCORR 3y ro
may be t he dieg&isdifeheThventiGihy pysdlesd WitlS pyidinei(iee Suleensg®®)ci fi ¢ | i gand sel ected

from peﬁgi des and proteins, which are exenplified by, but not 25 |imted
to, horRone pepFpuths, prepagatiopf dhe exters -of itheinvention d comrquade whereit) XnistPopi ns) |

and anti bedj&srer | ogh | _ lf %hpg@i Al so ¢
in this case, t %ﬁ”g%%?i eeg? g?%%ﬁ?ﬁ“ﬁgemﬁﬁﬁﬁ?ﬂkeﬁ PéhfW§%_ ”o#QEEEI

t hr ough a BChUEZ51 Ry GrIGE dieltyit dermdiicatarying adeftive egrbabethexy gnouphit e €S2 t he
hydr ocar byl r.adica eryves .a r for. said pepti or _

ol yoept | daPHRGt &ith B ey Systeh B0 whPERoR b BUEeRTeE e PresrcAl coon
and NH2, 3@ettaRhQUarFoMhikaRe, it et feddtidh 10 peERmbd e RERHOHE sOfveRt! RELLY 1S
linked by an ester or amide bond. 9 | 2 7 MAY 2004 01/ 40232

PCT/ | L08/ o@erpxidpres ttptrabydrofian (IHE)epm digiethgifermamidesMIRp Seusrabesterhavaresi due
i “or BonPrheteacoy His AICRE HAEHEP ok R echdeBh PRl WL dcpa ct”
above. | n aropasdleerdaitybxpebompidering el sepieosaccharide i s
In another embodiment, transesterification at both C-13° and C-17° positions is
performed simmitaneously with an alcohol R;OH-. The synthesis follows the above
0 procedure, but the alcohol is used as a solvent'. Several esters were prepared by this
method as described below including tbb, Pr, NtBoc-Ser, aﬁd ser esters.The reaction time
for the para-tert-butyl-benzyl alcohol and for n-propanocl were 48 and 12 h, respectively.
The type of alcohol and the temperature determine whether esterification will occur
more at the C-13° position or at both the C-17° and C-13* positions. Large R,OH alcohos
5  will preferentially esterify the C-13° position while small alcohols will esterify both the C;
- 17and C-13° positio.ns.
The preferable solvent according to the invention is THF. DMF is used when the
alcohol is insoluble in THF. The reaction mixture may be kept at 75 °C for several days s
such as in the cases of 1-propanol, para-fert-butyl-benzyl alcohol and N-tBoc-serine.
0 The separation of the products from the reaction mixture is carried out by standard

methods, for example by addition of diethyl ether and water untii phase separation occurs,

! Not applicable for MBoc-ser, which is a solid.
10 .



gl ucosamine. 5 The invention further relates to pyroderivati VF';M Qf 2%6 ail
and BChl "conpounds of the fornulas IV and V in Scheme B her A i ch

t he car bonet FWR#ABOCH3) group of natural Chl and BChl corfi§Hide/nss

repl aced by a H atom These. pyroderivatives are obtained fromthe

C- 132- COOR!, fereb A31AQLAARZ N B fre Lol PRase @nﬂ7aa:e90@d§in§ oF @8t Rnsbitdd §B&nic

I nvention by pyrolysis with pyridine (see Schene For the preparation
of the est er sphafestwith NaGle svaporatioe of fsumbrsnhvin gaaiupy, )@m@abgrf the excess alcohol in

by ohcy 161 R 1S AR RO U R, W BUERRLCCH S e SBE Y
native car borst ey ofEehpn girofnleg@pily33 position with the deS| red al cohol

Rl OH, vvhereln R, is not nmethyl, in the presence of
tetraethyl ortho-titanate, wherein the reaction is performed in an aprotic

sol vent such as 5 REnextdRTHECEn! LY dhat of aR ikvEhon escfﬂ&gé} dﬁJbPﬁfafWi@ﬂ de

(DMF). Several esters were ‘prepared by this nethod as ow Wi th
et hanol , t er tpyhiding lt devared tempayathel tp clepvanﬁtheﬁ-lf@anbohnuﬂmkpmﬂae Iamchiohnsml ne

175  hooi 11 cHEs PeraTe R Ramoes R ek ian G bR Hfoppuls Hg om
- 17 ositi i n
Syt hesi 5. 1 ol Qi RnddioSed BidkiaE e te W poddisy APCONOl | 5 used as a

solvent'. Several esters were prepared by this method as described bel ow
i ncl udi nglOt bb, Pr ThNtCBd)an@BElﬂ demitiatives olfemed by ik prasgdureHeant hemsed ftimmstlves

Patpect vely % B seR AR R BF-lh of b PATRSFESH Eoiediitle kover

esterificati gpitadid lholeaﬂégrtol‘ﬁﬁy@]m(:h”ﬂ&;r&yiﬁ3 p05| tion or at both the G173
and C 133 positions. Large Rl OH al cohos preferentially esterify the
G133 position whiWkenggster iidesired j2ad Wﬂlqeﬂ@étpsvfiwrmtﬁmttﬁée@ﬁa@s} taypee ¢ 133

posi tions.. The pp %{i}cﬁ(;'{saipld%vﬁﬂ)lq\f%@tlgﬁﬁﬁ?l]s& {Aﬂaﬁxﬁgaﬁ% cﬂi"?é&fdh@”thbsc.'%lgﬁr E'QMF 'S

used vvhenthea 'S I NSo reaction mxture
at 75 C fl6r seacescgtle gy Sirst beditked <o ianeddeer amsﬁherdiydmxpk-maﬁmhg residue, or with

para-ter.t-butyl|-benzy| al cohol and. N tBoc:serine. The, separati of the
products frorf ‘iqli’@atfvééhfrle‘ﬁfrc]ghﬁﬂ'ﬁﬁt cén%?ﬁ"i%&afb‘{?t Cwog?@nﬂ%y§5t?fl§2%°f f or
exanpl e by aqgy &dr&@pdﬁfdmd'fﬁtelﬁ?ﬁhs ghmaé oﬁ%ﬁh&@tﬁﬂ tum,se hd@ teﬁﬁe%eatum& t
occurs, ' Not applicable for oc-ser, which is sol i d. WO 01/ 40232 2

7 NAY 2004 the macrocycle through thls amino acid residue.

Compounds of formula I wherein X is NH at one of the C-13* or C-17° positions,
20 may be obtained by catalytic condensation of a Chlide or Bchlide derivative with a
- compound Ry-NH,, e.g. an amine or the terminal amino group of a peptide or protein, in the
presence of TBTU in DMF at pH 8-9. One particular product is the amide conjugate of Pd-

BPhlide with N-glucosamine.
When a Chlide or Behlide derivative is reacted with a peptide or protein comprising
25  amino acid moieties containing hydroxyl, mercapto and/or amino radicals, it may not always
be clear whether the conjugation will be through an O or an NH group, but all such
conjugates are encompassed by the present invention, independent of the identification of

their structure,

For preparation of metal-substituited Chl and Bchl derivatives, the native Mg
30  central atom is replaced by the desired metal M prior to conjugation of the pigment to the
amino acid or cell;speciﬁc ligand. The substitution of the central Mg atom in chiorophyll
and its derivatives with Pd, Er, Cu, Ni, Zn, V, Co, Sn, Hg and other divalent metals is

11



PCT/ 1 LO0/ 00811 three-fold extraction of the aqueous phase with ether, |
drying of the conbined organic phases wth NaC, evaporation of the
solvent in vacuum renoval of the excess alcohol in high \(/ﬁcm@nzpéflmé
Pa), and recovery of the desired, transesterified Chi or BchMAdef?Vat i ve :
by HPLC orWOM4Z chronat ography. The transesterified ChPCHHSOOEHA] esters
of the invention can be further treated with pyridine at elevated . ..

tenperat ur g,1i9y %hﬁ?ﬁ/ §aRihld frb&edfred 32s.C ﬁwﬁgg?]é;%%%ﬁ&mng %e@%ggﬁ il 4 a8

pyro-derivatives of" fornulas |V and Vin B herein. pi gnents of
fornul a | Vofahe desiredumetakere.g.r &hsstEter PF i@ acataie Jn atbseluisy etipnal Ategmbient

position 173. 10 The- Chl J i hV | ures
can be use%‘?ﬂ?&%ﬂr&r@%@ %h‘?,g@gg,i(?ﬁnzrgtrﬁé, g%i:l?)'r S’?Bh%bgtagé hec?ﬁeéehﬁ#:bc@hgfﬁtg hey
can be serye REvaived, itH 4Ry atomn Ichm be cuibstituted by tZh |G oD Pechyt @ssititart he

Chl / BChl macrocycl e Wen an ester, . is desire nd the desired peptide  or
ot ot o1 15t 0 PERSSAICE AETRIINE GBETbEh 0. (b f | B deras QU (e 3h devaied
hydroxyl-c%;%?ae} A AL MR fRiWo'Epicdde, the Chl or Bchl 15 macrocycl e may

first be linked to a serine or any other hydroxyl-containing residue, or
with a derivati WhetHar Bof sutistituteda L fit deayi enmtayt ap tead fapetiosak sigyBunds

b terificatj.on.of .th i ' ljid i de),
ond T he pepiepu Bt ts WaSHf SRR ALY HLRGRE RSt bt arblills, [F)
am no aci d fgraei By eeacGONBOEIMES theftediniaNchiboty] WheipeifR vittsad\iydedxyd geoupfoft he

C- 133 or C- 173 positions, 20 may be obtained by catal ytic condensation of
a Chlid8 orngherdompoensssuctns arcamipq Acid ot s fasehaRde R oNjhe teringl hydde. sk eBPor t he

term nal amj oyp ' elg ' ' gl Uin ¢
ot pi B 50 PRE U atlor) POR oF SalanPE’ okl bl BmidD O e By T
with N gl ugesast ofthe \Wreiinabcdthdxytgronp dBdh iwitheandeming gtdupevfiagothemcdmpbumit h a
peptide or protein conpr.isin 25 am no _acid noiglies.containi hydr.oxyl ,
mercapto a AITHEC Atk Fafsthe i aRsP BWals™ HEC % ng??gﬁ %he
conj ugat i 0fnMhdrlcoRBolddsB4HOR an afdhoac an NH group, but all such * conjugates
are enconpassed by the present invention, independent of the identification
of thebr structhe aewrrsters raagidasaandofuiqesterseek thesigwention (hawe) tieh satap Pk |

derivatives, the native . 30 : ' I e i red
ety e g e S8l LGP el PR i

cel | - speci bhee tesigimpovithiththe Stéatet itissite] dre mfv Che and Behhkstdl ant @qpetted to be
chlorophyl|l _and its_der,j vativeﬁ1 with Pd, Er, Cu, N, Zp, V Sn,. Hg and

ot her di vaFSisientphotpdynpmic agents. They can thus be useful as' photosensitizers 'as therapeutio

and diagnostic agents, and for killing cells; viruses and bacteria in samples and living tissues,

0 as well known in the art for HPD and other photosensitizers. These compounds are usefirl,

for example, in sensitizing neoplastic cells or other abnormal tissue to destruction by

£

irradiation either in vivo or ex vivo using light of appropriate wavelenght. It is believed that
- the energy of photoactivation is transferred to’endogenous oxygen to convert it to singlet
. oxygen, which singiet oxygen is considered to be responsible for the cytotoxic effect. In
5 addition, the photoactivated forms of the (bacterio)chlor{-)phylls fluoresce, which
fluorescence can aid in localizing tumors or other sites to which the (bacterio)chlorophylls

are administered.
Examples of indications, known in the art, that can be treated with the new
(bacterio)chlorophyll derivatives of the invention, include destruction of tumor tissue in
0 solid tumors, dissolution of plaques in blood vesseis (see, e.g., US Patent No. 4,512,762),;
- treatment of topical conditions such as acne, atblete’s fobt, warts, papilloma, and psoriasis,

and treatment of biological products (such as blood for transfusion) for infectious agents.

12 .



11 WO 01/ 40232 2 7 MAY 2004 PCT/1L00/00811 carried out by standard
procedures, e.g., treating the corresponding pheophytin wi t h2d 8 t20%f t he
desired nmet aWOWAR2 7y acetate or Cu acetate in absol ute et OTaLOGISANDI ent
tenperature (Hanbright, 1975; Hynn| nen, 1991). In the case of

bact eri ochl or ophyl a t centra at om_can . be
substituted by Zn %hbig%cﬁe“ﬁg&b Y\gl&rrm’ ves Bfglc?éﬁ'ﬁsregt 1“3%109#"@ forpalatedeinto
with Zn, CQu @halfshagtRbaical wm@maﬁgfw adthinBtratiat 10 dhe palERESBippi@btotd in vitro
descri bed in WD 97/19081, Wen R, |s a substitut ed hydrocarbyl, it may
contain an er¥SeiHg teshaiaugs WelbknowR iR iYn athnfos |§xquple s Spramagized dn Bemingtasd her
desired resi gijes, e r orlrgﬁgl1 b a

either the term naf: gglr ggigg%ee rh%{l}k ga;lﬁﬁmg @ﬁP li:a§mildrox ga}t%&d 9&1#‘8{1 e
anot her cénpcumgogticl cas bamdmnustcreécsysﬂelmcalla, mammaﬂard"e' mjecmxfn, toneah && Risedl
hydr oxyl. grou of R, with a carboxyl group of said another conmpound; an
am de group itpically e d by reaction of the term nal carboxyl group of R
with an amino grogg efa%@d%et BRI (bEQBRHISropBNCHLR SRR nif B20usaE lafbne Ur ot &%&1
term nal am no group R a wth.a carboxyl group of ™ another conpoln
such as an ah%bdamﬁhd radjoiFotepmenpthendstestingneane as lalﬂdvntihth%?s!t ers of the

et o oo hdnd RSBk L5 Her R RRRRY HARA B VR RN E it s secprtingy g
wi thin the t&@ﬂic%ipéﬂei&&&mﬁxﬁl@teﬂ%ﬂther@ﬂﬂnhﬁﬂﬁﬂ us@&hﬂFBTad’xﬂ vl ReEt Rfeddmgbe

efficient photodynam c ents. They can thus be useful as photosensitizers
as therapeut Pé th%lﬁ}épl@ﬂ ‘a@ %ﬂ@tﬂgé‘ﬁﬁdsas aghve maredient, thergenditiondo be; treateds thend

bacteria in 3 aaffiadabibh Mo o2 3HF Sondhidol il il hd o' BEeclich (PEeD™

and ot her pho osenS| I Zzers es€ conpounds are
sensi tizing peefdiastic cells or ot her abnormal tissue to destructlon by

irradiation either_in viyo or IVO | i appropri.ate
wavel enght. It is ]H’él?’@(?éﬁg}ltlfgt’“a%{‘ p@f‘gg?%l"g"%%tt? it phej maximum
transferped Lo ARdaosNA ﬁbaeeemgﬁmo}@hﬁppycﬁégengnﬁze} O SRRV walieh @R, ?%’

si ngl et .oxygen 1s considered to be ‘responsible for the cytotoxic e
5 addition, thesopipotmizcan mdlbfcberd@tqmned ﬁomets(ab@mtmspéqtmmr ophyl I's
fluoresce, which ot her sit

E es ence | Z
Lo whi oh the. (bacluHuRnaT Shgrs ¢ GpaetditroBhBe HIRkS e dhgion eah®
i ndi cati ons, bk ue¥Nini the Hemmt of mbRtals anvibe tbERhAthiv vifdsdsNe iWious agents,

such as harmfil bacteria, For example, blood and —blood plasma to be used for future

In

20 transfusion can be treated with a compound of the invention and irradiated fo effect
sterilization,

The conjugation of proteins, e.g., hormones, growth factors or their derivatives and
antibodies, and of cell nutrients, eg. tyrosine, to the Chl and Bchi moiety 1s meant to
increase their retention in tumor and treated sifes. Increasing the red shift allows for a

25  greater depth of penetration while keeping the ubiquity of the natural system. Replﬁcement
of the Mg by other metals is meant to optimize the intrinsic and metabolic stability of the
Chl or Bchl moiety and its intersystem crossing to the excited triplet state, and also opens
the possibility for new diagnostic procedures.

Tumor-specific antibodies will preferentially target the Chl and Bchl moieties to ihe’

30  tumor or treated site, while hormones and cell nutrients may also be taken up by the normal
non-transformed counterparts. However, the cells selected as targets to hormones and celt

nutrients, such as melanocytes, are scattered among other cells under normal conditions and



(bacterio)chlorophyl|l derivatives of the invention, include destructian of
tunor tissue in solid tunors, dissolution of plagues in blood vessels '
(see, e.g., US Patent No. 4,512,762),: treatnent of topical M&ndldtions
such as acne, athlete's foot, warts, papilloma, and psoriasis, and

treat ment BPBUBBgi cal products (such as bl ood for transPGEHSRPISH,

i nfectious agents. 12 ' WD 01/40232 2 7 MAY 2004 PCT/I1L00/00811 The .
(bacteri o) chhaf eRhMbimedenty dhdiyRmt Uelld hgusdrean solid \WaRik ON A" £ deqiimubat ed
into final pharmaceutical conpositions for adm nistration to the patient
or applied ewmcemratian \oft the Phaiesgatitiags ip gthe Mg ctissye iy exprstad 1 Rdseaser t |
for exanple .S l.zed i, ] on'. C | CJ S ck
publ i shi ng. (Al RS 1 ERLRALER i, oo ARRER-AMAG SOhert DR nelfD 0
admi ni st er edisgeyset cassirivigl aynplificatipa of the FDAT effegt innheetuirop site. OThicanbles efiatide
topically. For diagnosis, the (bacterio)ch]qrophyll derivatjves may pe used
al'one or et ikt gase R aF AR bre dgrape ropal gt thgppramal Efé%élmsr{admﬁge as
known i 1t e ithe spkhfly HeRLRin N ik BBEIcC Th AUGREOLERAY |y URGe Mok Bkl (e

adm nistered wll "be according 10 to the experience accufful ated with ot her
por phyri ns siteedirected ODT or Bkl dn/be veed fpr Heayesserion debeling of ke tomor site(s) for bther
derivative used as active ingredient, the condition to be treated, the
mode of adnPH® ration, the age and condition of the patient, -and the

j udgement of thevehhoed Gimbrs e sviRbR! Grghtat@bnti withdikat hevg ChDMndi Behl
preferably chosen_ to match_the_ maxi rum 15 absorbance of the

(bact er 1) cphososspyiiiaers ofibie dnverting for seeral Tengonsy(a) 2b erlvwaass dppmmergatidny of
t he conpoungs: WY ' ' -0, Erum.In
addi 1 on t el ARl SERTLRGE o O shorfUIER) BT OM) DRGSR
i nventi on ctharappesings gden light hewtll satomesitiondl clertotireraply and radiotherapythaveialldd
harnful virusgs.or jnfectiqus a s, .such as harnful . bacteri For
ol e, bl Dottt h e BPo p e, () i8S SR HOT SRS AT PelAfors STt an be
treated W t{haBcamQnipetide pRbtokdusitiking aidtdnpihtAihd nimdrodite Adndqd} thebsé 8€the long
sterilization. The conjugation of praqoteins, e.g., hornones, growh factors
or theils devixelarethezxcitghly Chinand Rkl aaoietigs és ¢rpected fo gygrcpme fhesshogtcemings efosi ne,
to the Chi - ' ﬂ.sﬁizgﬁ : | &E@'r fon in tunor
and treat edﬁg ??lgghﬁ?dr%@g%gfng t ’2‘0 él(e;%@%%b?}% [agﬁilsdg\s/vs 3rar%§\&&ﬂgd‘

Melanoma tumors evolve from carcinogenic transformation (including UV-induced -

-

mutagenesis) of melanocytes. Normal melanocytes. comprise a few percent of the normal
human skin cell population and are normaily found in the basal cell layer between the
20 epidermis nad the dermis where each of them is surrounded by 30-40 keratinocytes and one
Langerhans cell. PDT faces particular difficult challenge with melanoma tumors since the
melanoma tumor cells’ may contain the insoluble black eumelanins {poly-5,6-indole
qm'nones), which have a broad absorption band around 540 nm and therefore compete with
any photosensitizer for the radiation at wavelengths shorter than 650 nm. In addition, the
25  melanin molecules can quench those oxygen radicals that have been formed and thereby |
prevent the intoxication of vital cell organelies. Consequently, PDT of melanotic
melanomas with-the commonly used HPD is not very promising. However, having their
maximum optical absorption at wavelength above 650 nm, excited Ch1s and Behls and their
synthetic derivatives should not be shaded by the melanin. Furthermore, melanoma tumor
30 cells (ie. transformed melabocytes) consume considerable amounts of tyrosine during the
synthesis of melanin, have -high affinity to melanotropins (the pituitary o-, B-, and y-
melanocyte stimulating hormones (MSH)) and to several known antibodies. Therefore,

14 _



25 greatern, depth of penetration while keeping the ubiquity of the natural
system Replacenent of the My by other netals is neant t(%prmi(niu@,e t he
intrinsic ﬁg‘g Q@t%bolic stability of the Chi or Bchl nmoiety and iIts

i ntersystem of ng to the excited triplet state, and als F/8081Y he
possibility for new diagnostic procedures. Tunor-specific antibodies w |
preferenti alyl.y i -Bc l.et.es to. 5 unm t r.eat ed
site, whil tY b0 lobd fark o %??‘&e’%%%ﬁ%r 2 gté‘g‘{hgkcg’:iﬂq’ﬁ%e%ﬁFFﬁ{es 8y
non- t r ansf oBog providddethgiathe sonpdtien dogs roh stranglyl feseligat ectogbitiba by @liescello
hor nones and cell _putrjents, such 2 m@n%%t.es, are s%attered anong

ot her cel | sTeGFRIEE e COBFAIRROH ST BR grelpgocysEs nqpasesbiha fagger of paplysd in
PCT/ | LOO/ 00@2 IndMifhatsit8GEINVERE noRthA sER tis@iRR ke SIR)tbSynatlcdhsl is 'eﬁl?]&teﬁ%' d
tunors. As a result, the concentration of the photdsensitizer I1n the

mal i gnant tinsease drssticaliject ed to increase dramatically relative to its

concentration i h J £ re_nore di sper.sed
assuring anplif Pglgetfr 8%8{(’) %nﬁéﬁ%%gﬁ%g% E%r%g‘%éffgca?ﬁ%?os&“{?é.°°$Rj§n%?1%ll es
effective & Bafl drivhthghof dRIseentibe e rphbladyhatnitethemya gt Bevekdl Rl OF darbr t he

normal tissue, thus reducing the need for spatially well-defined
i rradi at i onBclpding deAin, io¥anany BEpH ing digjors @pd sian. fiheg, caepiagrseandthiadder cancers

site-di rectéﬁo%rhgﬁ[gglgg nstfd difodsed for fluorescence labeling. of the

tunmor site( or ot far get's. | anoma tunors are suitable for treatnent
with th#® new Ch In caedmBodimént, 1@ iphotios etsést to b dghaniit ereatmentst dfamlibodnt

several reasqgns: ( at, early .stgges.(,non netastatic), ,malignant nmel.anoma
and ot her s’Raﬁn%ﬁTg‘h? Iﬁ’i"é"a‘{y@@c g%éé’g{]ﬁlcgm%‘mgbﬁ m&”b‘%"f%a%a’& gt cellsifer apy
usi ng gr eenplrofindP&IWRithredS FHARPRE lF ABMatitRaRR! Harsed 1ok Hadhabher APy
have failed so far in nelanoma treatnent; (c) there exist, however,

several el conimgates o€ €kt joc Behl deraativasivath e-melapoiropin, Jinked trhthe psgomait tmazsty g

noi ety into_.the .t r. Si . . . f.the |ang 15 wavel ength

excit abl e ﬁﬁleﬁﬂﬁﬂg%ﬁllng’r%rﬁ ?gxglyléugé I'ee%(lglgegté gg’ngl&'h 3'€eelr°u FHY gRBPt comi ngs of
t he conuenti onal Thelpbheseasichll epssitioniof theGit@ntich willl RAUMIHRREGE B 1he Patithe
screened. Melanoma tunors evol ve _from carcinqggenic transforpation :

(i ncl udi ng W\VEaKadgwaceduies difdivEP) The amenatvb egmpanndp beadministererbangithe

conprise a fy 4 ,"nﬁﬂ&tgﬂfo (i BR0AI B ninell YBBRGiSE 18 £ kind RETMLEL | re
normal |y fou% (lpfﬁ Gt e asgl cell Iayer‘a bet wee% t he epi c#g?}msg&ﬁgdgq?ﬁe
derm s wherdiseese hgedndthiesith ¢ondsiony mﬁihﬂmi.emyt_nﬂ(?vﬂl@e kach {dvwren eyeh esrrently wed
Langer hans cell R RS PoPRH heg TS ULy ShEL! SRAS, ML BLANS

!0  administration are intravenous or direct injection mnto the solid tumor of the aqueous

"]

solution of the active compound comprising conventional pharmaceutically acceptable
carriers and additives, and topical treatment of sl-c‘in tumors with suitable topical
compositions. : ,
The invention further relates to a method of photodynamic therapy of cancer which
15  comprises administering to a patient afflicted with a solid tumor cancer a pharmaceutical
composition comprising a Chl or Bchl derivative according to the invention, and thex;
irradiating the tumor site with strong light sources at 670-780 nm.
Several applications are thus foreseen for the Chl and Bchl derivatives of the
invention, such as for photodestruction of benign or malignant cells or tissue by site-
10 directed photod.ynamic therapy (SDP). The conjugate carries the Chl or the Bchl molecule
to the cells that cluster in tumor tissues upon transformation, but are well separated from

each other in normal tissues (€.g. melanocytes in melanoma). As a result; the photodynamic

15 .



mel anoma tunor cells may contain the insoluble black eunel ani ns

(poly-5, 6-indole quinones), which have a broad absorpt|097bﬂnp2anound 540
nm and therefore conpete with any photosensitizer for the radiation at
wavel engt Rgo eiMetdzer than 650 nm In addition, the 25 nelqﬂhg%ﬂa&ﬁﬁples can’
guench those oxygen radicals that have been forned and thereby prevent the
I ntoxication of vital cell organelles. Consequently, PDT of nelanotic *

mel anonas  wHeds Oft%PJé%@ﬁWf osthg thopr Fap ?R)Plgb‘@'r‘?b’ Qﬁdélfﬁ@ TpegnitpdeEhag its
h th
e t o Cries EL TR Bl FoRPRRAR g Blholf Al R BRTK iRl

shaded by tHeeumert amxpectdauo bherdvoedeto anfeveh Hanis monrdesm&ﬁvezéirltbe fornml tissue,

transforne noc consuyne co 'Lde abl .unt tyrosine during
the " Synt nUSHE Brenicamtaicon e BROGDE PGt Fl £6 HFRied o1 o Srmer piayeven
pituitary ander héu-spedfid iYadiaiiBh. alwaﬁpﬁcaifbh S ol papeeule cé PpthodNht O
several known antibodies. Therefore, 14 7 NAY 2004 01/ 40232

PCT/ | BOO/ Omﬂmqﬁﬁbleéﬁwﬂﬂ@uaﬂ@é%Warget to tyrosine-, melanocortin-, or
ant i body- conj u {9% B NrOV] t on does
not. strongly a p}glgséng’hﬁp#@ﬁmgﬁﬁ?&%géf‘%l@glrde%%{pﬁ%pwq%éiﬁce t he
concentr at anmhamfwayhm mérﬂmheyam ofnsengteatan iy the hecdRyr Thé higdainkey-sddlerhn  t he
mel anonma sites (relative to n skin tis the odypam c_effect is
expected ¢ ORI et b0k Ghiaatd BERY gemeltuss A dBNt 1onduleraf G AT des
phar maceut ialptie® HARStheh Y8 o8l BiddRaRd fi¥ thilinodbf B 1 derl vatives of the

i nvention for photodynam c therapy of several types of cancer, including

brain, ovari an, Thsr ecamgatenafl theripventiomaresisornsefuli iy, photodpsrengtion aﬁ@olmaé@der
cancer I n he
cancers UMl 0% SEAoLE LY Skttt . LIWR0SAAIRP IR spbe

phot ody nanémblkdef eictiaf pHohvelesarepau nfleeriai types dfodetisl ipeultisd anpfEtioehdentst N
tunors and ceII cul es of, de atives_ that c n be ysed for this
pur pose ar for t48 E@&@O@PY@] ’GFY"BéPFF"tB‘LF‘?%h prbmeatqf, for B8t n,

l'inked to élhgclﬂ' ﬂa?ﬁ@tco Yo sfdciiiShoiypeptidel,Ssut!dsMormbYdsOst BieP feckyin} ne
residues or through the term nal amno group. [5 The pharnmaceutica

conposi t i oigamés tPh@Eﬂr ey eitssieon sHerific atibadigsners te atlker tligandse q@; lesties; foy

and the  1RFECHE Shliagtlelih BHpilfy ARl pSRERS I Bebhioty, BARES\ e

of tunor, aiddgdnstfal dgpications; and for fluorescent labeling of animal cells or microorganisms or

particles for laboratory, diagnostic or industrial appiications. They can replace several of
b the currently used fluorescence tags, such as fluorescein isothiocyanate (FITC) or
phycoerythrine, due to their superior extinction coefficients and higher fluorescence yield.

For diagnostic purposes, the Chl and Bchl derivatives of the invention, can be L
radioactively-labeled by standard procedures, e.g., with “Ga, "I, *'T1, *mTc, and the
radioactive diagnostic agent is administered to the patient, preferably by i.v. injection. After
some hours, the locus of the cancer may be imaged by standard procedures.

The expected benefits of PDT using site-directed sensitizers as those of the
invention consist in dramatic decreases in side effects and in the applied doses of sensitizers.
Some particular advantages of using the proposed Chl and BChil derivatives of the
invention for PDT are as follows:

. A previously inaccessible functional grénp of the Chls and BChls, i.e. the C-13°
ester group has been rendered accessible, alone or in combination with the C-17° ester
group, for transesterification, thioester formation or amidation. The obtained pigments

16



di sease, age and health conditions of the patient, but will be nuch | ower
than currently used dosage of Photofrin Il of about 20-40 j1p ‘:@D@lﬁg body
wei ght. The rg;erable routes of 10 administration are intraven r
direct injeCPi%t"%hto the solid tunor of the aqueous sol uBCEALW00gHe
active conpound conprising conventional pharnmaceutically acceptable

carriers anggfdhdi VRRrabl dbdodiichabnd! b@ad BEtal @hd Hckifedt HARY Sropkdils, Swhdeabl e
topical conpositions. The invention further relates to a nethod of

phot odynamni ellqvieg &p;hedxetteraadﬂetmwﬁ pEydropbilishydropaabic balpere F@j{‘e‘rtﬁﬁgﬁ'ésa a
patient aff |cte t aabgg& i on
conpri sing flhe‘% IBH]% '?fpdrl Vative acconc&ﬁl[:ng to P e%?;%/%v%%b%tﬁgq%ﬁr%gét E’Ien :
i rradiati ngop&tel ibamﬁoxﬂaﬁ@umddhymmvgmmammUesgmaﬁedecabasﬁs?((ﬁétr-&seo nmin 8ever al

licati thyus f t h, ch] d ft
Pvent | oh. | Semers TR Nt FoAPILEE BriBr G BT GESrERFUn HESEE] FEh o
tissue by Shé(??as@m%gﬁ?%ﬁ %@%Mﬁﬁ@l@wtghﬁféw?ﬂl bnetrhi6n 6°fHe W@ bELless

carries the or t ol ecul e to the cel at cluster in tunor
t i ssues upointdosansifeapermive Gght sbutcesar e wel | separated from each other in -

| ti I I
phot odynam & 15, T oRRABOTRTR 17 5o 90 PaH) FEBUR o HPBH PRy e e

phot Osensitiazg‘ehuaﬁtﬁdaeomagbxpawmsbﬂnbm@wpld@ydﬁfrd!@‘ls of magnitude than its
effect in the normal tissue. Consequently the threshold of illumnation

that i sl@estr uct Thecprpegdure i anild gropst © wiggulle aatiedMp @tqre Flemyer, substituting|
that is nongdgs ef{eg&ﬁ Mgna}@ﬁbg@xmte Iéb HR- andtéaﬂ%hm@%&wefdcmgaces

t he phototOX|c e tunmor site even'5 under

non- speC|f|cxmﬁnpdﬂaﬁumnbeThmﬂmapphumanuemd¢m&mephnaﬁmmnuraminmpnﬂnhmce
for tunors that ar Lnag sible to conventional surgery. Photodynam c

t herapy usi Hg cBmBeRAdS fise! ﬁPﬁ tesses (Leupold and Freyer, 1992) is another

way to extegd th&éeﬁgﬁn@hceﬁ&%ﬁm&%faﬁ ihRulidYE sHYARY didgfay Tmerekaeamp
system crossing rate of the Chi and Bchl derivatives and their [ong

wavel entfi h fosrecogrition of @U@lﬂepwlbrﬁﬂd;aﬂbéfef%dﬁwer@sgﬁow“@dmﬂuﬁﬂl% fgrogellt hi s

node of PDT. The n ygat & e f

phot odestr Tiaadein Cff)l nor r’r%’lt%1 érlﬁflsdd)%}é ﬁﬂgﬁé}%%{“%ﬂjiﬁ EFH% JJ# aggpleefmﬂy

m cr oor gani gssd ﬂhﬂro?hkh’eym nitdyi Eheeufore ﬁd}madncaﬁSIquthezeippEﬁamgs sel ective

phot odestruction o of .cell]s in culture or I nfecti ve agents;

certain types
for targetifg ofTh%aﬁSo?OB}?fFP‘ﬁ%ﬁBihé?thtaoh@eFlﬁw rate plcceginfeh e €S of
for exanpl egof tg"ﬂ;ody (Spikes and Bommer, 1991).

20 7. Usually, the irradiation in PDT is carried out with laser sources such as Ar-pumped

dye laser tuned to emit at 630 nm or gold-vapor laser (pulsed) that emits at 628 nm. The

high cost of this equipment limits the application of PDT to Iarger medical centers. The use

of red or near-IR absorbing photosensitizers according to the invention opens the way to

more conventional and low cost means, such as Xenon flash lamps, halogen lamps, diode
25 lasers or direct solar radiation.

8. Radioactively or actively labeled Chl and BChl derivatives can be used

simultamoﬁsly for both diagnostic and therapeutic purposes.

The invention will now be llustrated by the following non-limiting examples.
30
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or Bchl-serine conjugate to specific pol ypeptides, such as hornones or,

other receptor ligands, to cell- or tissue - specific antibodies or to
other ligands, e.g., lectins; for fluorescent |abeli ng/t;@gbiw 29_9" ,’ _
ol ecul esybQhu@aal ytical purposes in |aboratory, di agnostl & ! 81|1ndust riaf

applications; and for fluorescent |abeling of animal cel 'S Or _
m croorgani sns or particles for | aboratorg, di agnostic or industrial =
applications. They can repl ace sevEXAMBEESt he currently used fl uor escence
tags, such as {I uor srcei n i sothi ocyanate (FITC) or phycoerythrine, due to -
their supm% on coefficients and higher fluorescence yield. For

di agnost i g)purpRses, préfrefiily ansbdBet| adethev aCilgescabioxylie adidemtdupn,ofcan be

radi oactivel y-| abel ed by standard proceduyes, g., with 67Ga, Mn, 20}T1,
99niTc, anthaetdo)chigepbrbderiyaives @@ﬁ%ﬂ@@ﬁ%ﬁm@e Flloxiie meedr eq o the

patient, pref %&bg,ggb%@k%%{rgﬁw'r&%&%-(s Ahd & 1 oRDE dRQIFER in138m] @GUBGOT the

cancer may be 1'ma d procedures. The expected benefifs of PDT
usi ng si t perdiidefte tbtrslyusifuiaz §FHF péor tith dieethytfoxamide gAY inghe camesif JEE-n

dramati c degreases, i i ect doin | j es..of itizers.
Sone par tﬁ“ﬁ‘ﬁ\’hj‘? a%@k} t}gg@o'ﬁoﬁg ast E’Saﬁ?ﬁé""g‘r’lo%?sgg‘ ?&M? §%t%%h&%r§%ét i ves
of the i fiufdé hendies toRbreactnasiution. IThesnixture idkgptay 7HEG Fyt 2, Barddsiayy| e
functional group of the Chls and BChls, .i.e, the C 133 ester group has
been rend@r E¥caplc dsRIPPAEL 24T Gﬁ‘”é"'Bﬁ‘t%‘]l?P“EﬂnﬁlF‘?E’& i an%(ﬁﬁ"ﬁ's?‘i@év CEFPRCIeSt o
group, f : ﬁgﬁ%ggi ' [ ' t hsfombt r 1 datd e

obt ai nedo%?%ﬁgﬂt-s 6 }afév\%ﬁ%ﬂﬁgr%g“ug%? E?Ma/ 20((5)%5 %@th ﬁ%%}%%g’ﬁ*&}%‘;%i n

t hei r f avplmabsapambion opturs fi)ahedold ertragion o8 Rqeeods phest wath ethent @v)pitvipert i es,

while allpown or,the .better ] . Lm” rephi lic/.hyvdr ophobi

bal ance a‘f‘i{gf;ﬁ%rcg?‘é’l’lﬁ%fjfgﬁ%‘f’ p&?sesr%%gé\y aci%:%g%%ags "é@gp%ﬁffﬂr‘{uérln%%? rcar s

absor pt i ofi)atmeail of eedshkolid & gl Reuum i Cata)absor pti on/ at t enuati on by
human/ ani mal tissues greatly decreases (660-830 nmin the 5 nononeric form

and up to_1000.nmin.di ners. qr hi r agoregates). Together. wth a.decrease
1 Bt “@ar BeREe Rt ahJart AP o el apta b G HEB or ¢ he
use of | eggordiddtBNBLRNE pRCARRS Wi thé Hifferehodiheeihie aBohol RAiskd 84 kdledak’0N

coefficients in the visi gl e and near-1R are approximately. ten times |arger

t han t hosEhefeagtion timerfohthe pag-textroutirbenzykaigsihol and feior-propanol are 48 and 12 b,
respectively.

Several esters were prepared by the above methods (2) and (b} using, for example,
methanol, ethanol, propanol, ferr-butyl-benzyl alcohol, fers-butyloxycarbonyl-serine and
serine. Examples of such esters.of formulas I, II and IIT according to Scheme B can bé
found in Table 1 herein. These derivatives can be used themselves in the application of the

~ invention or they can serve as bridge/spacer to link other snitable molecuies to the Chi and

BChi macrocycles.

(c) Treatment of the transesterified esters of formulas I, IT and 1T obtained as above with
pyridine at high temperatures provide the pyro-derivatives of formulas [V and V in Scheme

B, exampies of which can be found in Table 2 hereinafter.

Example 1: Pregaration of _13’-tert-butvl-benzyl-Pd-bacteriopheophorhide-a-17°-
methvl ester (tbb-Pd-BPheid-me) ( R, — tbb; R, .CH3: M — Pd).

2 Not applicable for MBoc-ser, which is a solid.
18



10 4. The procedure is mld enough to retain the native My atom However,
substitutl on of the central My atomby other netals is posgitbigs 2@ can
enhance the yield of singlet oxygen production due to a higher triple
state yiel 8"%?1’1"% phot osensitizes and can stabilize the eOMEN0moE1
significantly. 5. The Chi and Bchl sensitizers of the invention should

di spl ay i ncr eas qeysReGihd Shid prbBedl () &&n?&ﬁgosm{afn&emwegee}eaﬁgé%&mand’?

therefore, |ower ose§ ient for” cel necr osi s
addi tion, tAyuldefspiraytershpiyitienzyl pirohdclibh)i dder 4o oqcags tthesnmn/prodmam;bb-Pd-

resentl ed fluoro th ref re be practi. I n ot her
gppl i cat ?/or%ﬁ] %—mq.ﬁvgféo%?eg 'ggﬁg}i r r%y?ff O&Q“Hﬁ"@ﬁ“ |aésfr°a?(8%uqnat e of
certain Chls; Mv)arhe/aiasterf 1réiiaﬁ—b@tyme@y1-é@adtaﬁopﬁed¥h8&ﬁm 172289yl -

Usual ly, the irradiation in PDT is carried out with | aser sources such as
Ar - punpéd  esfge(thbyBd-BRbgiddbb)wasdsalatedas afwoptefiesior gol d- vapor | aser (pul sed) .

that emts 3 t of this equipnment linmts the
_em t r@%pﬁé@g&@‘foﬁﬂﬁ Pd*ﬁ}ﬁﬁé CS:

applicatio ar ger caI centers. The use of red or near-IR
absor bi ng meI@SmsbﬁI—ﬁ’ECssyaemcIMJ g 0120 dnhﬂlcammbd:texﬁut@ﬁﬁﬂ& 5he to
nore conventional and | ow _cost means, such, as Xenon flash |anps, hal ogen

| anps, di od@"VisM g Eunk(Aep asvignenant 5582 (0-p DB aBpd MP-5B BroH) Gk iQeeT3f @)

actively |I'gpel ed Chi and BChl derivatives can be used sinultaneously for
bot h di agnostic and therapeutic purposes. The invention will now be

i 11 ust r at edHBYMRNE [fmb] (thmgcltypmssﬁgnmenﬂ)H@ﬁkan@J}BSS 63(19 18- m WGM@(ZB-Q{M WO
01/ 40232 | 500/ 0 er al edure

pr ef er ent %&dﬁ B {h AEC_ EaFrBﬁ&ﬁioﬁtbgéti r)oﬁréz&? T3 'H) 5.53
(bacteri o) ghhet. en@ywﬂdarmwm VES7 (1B, 'bﬁ, ar}@mrﬁqn@ys Hjes S&hf Bt hod:

The (bacteri o)chl orophyl |l ‘derivative (3 nyg, “in 15
m dry and3.08dB0%0GEES), r%‘bl és,eiz-gmzhrwazrc%m |2qu (z;m (m, mﬁectmj 163|@m,m de

(DVF) in-t F- i i 00-fol d surplus.of

al cohol 29‘5@3 (ﬁgﬁf %H }@e? 'ggifﬁf}hgr’?ﬁuéékf?tﬁg ate are added to the

reacti of SMSJ&UG}) Mhesm A i(calenldted Bapt fad “Ta I My G R 066dl% (Thays M -
COO-tbb); 7133 (18 %, M" - thb); 877 (30 %, addition of O and H ); 819 {17 %, addition

. of O and H plus loss of HC(CHg)s).

Example 2. Preparation of 133—tert-butvl-beg_zgl-l’d—bacterioui_!eophvtin-a—l’?’-

)  geranvigeranvl ester (thbh-Pd-BPhe-os)

3 mg Pd-BPhe-gg was transesterified with 250 f of para;tert-blrtylbenzyl alcohol
(tbb). After 14 days at 75 °C tbb-Pd-BPhe-gg was isolated in 63 % after chromatography
on silica with acetone/toluene = 5:95 (v/v).

Analytical data for tbb-Pd-BPhe-gg: t, = 16.3 min on HPLC (silica, gradient 3-10%
A m B, with A= toluene, B: toluene/methanol/n-propancl = 100:4:0.5 (v/v/v), flow rate = 1

w1

ml/min); 1y = 0.63 on silica with acetone/toluene = 5:95 (vw/v).

UV/VIS: donax {000} (Aret, assignment) = 332 (0.51 By), 384 (0.42, B,) , 528 (0.45, Q,) , 756

(1, Q.

'H-NMR: & [ppm)] (owultiplicity, assignment) = 9.58 (s, 5-H), 8.67 (s, 10-H), 7.49 and 7.24
) (2m, o- and m-H of 13°-tbb), 6.53 (5, 13%-H), 5,54 (5, 13°-CHb), 4.3?, 4.14,4.11, 3.97 (4m,

7-H, 8-H, 17-H and 18-H), 3.08 (s, 3-COCHj), 3.41 (s, 12-CHy), 3.39 (s, 2-CHz), 3.50 (s,

17°.COOCH3), 4.61 (ni, ge-OCHy), 5.15 (m, gg—OCHz—CI;I); 1.63 (s, gg-CHj), 2.59-1.98
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I n case of 1-propanol, para-tert-butyl-benzyl alcohol or N-tBoc-sering, ,
respectively. Reaction m xtures are usually worked-up by: i%addition of
di et hyl ether and water until phase separation occurs; (izié r88 fold
extractio eous phase with ether; (iv) drying of Lhed
organic p&a‘ggléﬁ\?#th NaCl ; (v) evaporation of the sol vent tl{&ﬁ'ﬂ\?/‘g@@h% and
(vi) renoval of excess al cohol in high vacuum (10-3 Pa). (b) i -

Tr ansest er (4m,cEt-CHy), at18ket B> GG M), U@ Tamy DBzpR-CHE e d st fldstafeous| y
accordi ng b%%l,hﬁﬁag)ove procedure, with the difference that the al cohol is
used as a éritZ? The reaction time for the para-tert-butyl-benzyl

al cohol angzd GAR)\NITORATEG (cAlcElated =and 8.6 2o ?C,, KR 1e £10 YEbY), oBeves Bl Mest ers
were prepared by the above nethods (a) and (b) using, for exanple,

met hanol , €O&&#8)., propanol, tert-butyl-benzyl alcohol,

tert-butyl oxycarbonyl -serine and serine. Exanples of such esters. of
formulas I, Il and Il according '"to Schene B can be found in Table 1
herein. Thgse derikvaiives.. 3 | e Rof-he L. Lon eof the
i nvention ﬁxa E: 5. %l‘iL, aétl&?rbf . §' &'Q%i%k‘% ﬁ IELISL hﬁ?@;ﬁtﬁe %’l@

nol ecul es &stert fpe-Fd-BPhang) BChl macrocycles. (c) Treatnent of the

transesterified ester f formulas |, .11, and. 1| t ai ned ,as ove with
pyridine at hi gﬁﬂfgeﬁﬂ%f’ @g@gﬂf;#gﬁ%&ﬁﬁ%ﬂﬁp}&hﬁ?p@pr’yﬂ%@ 1 B _fnés |V
and V in Seheneand 12xaspl es BPCWh-PH-BraB-obewho Usklatkd Aakb ev Jigd eifpaf ter.
Exanpl e 1: Preparation of

133-: t ef t - uespptopraphy en PhicaysEh aseioppNlusBRT AT d¥Vh- 173- net hyl ester

(t bb- Pd- BPRhej:d- ol B - o p%ll'! -

Nt Boc- ser,ﬁmﬂ?%%?%@stgg’ rsﬂd? IPBFﬁi?heEg%‘ ZM#@L%W %)eb&o g%g‘%&‘kméne ‘

PCT/ 1 LOO/ 0883 {v/v). Fol | ow ng the general procedure (a) above, 3 ng of

Pd- BPhe- ne re reacted wth 250 Ix], of -1ert- | benzyl_ al .cghol

(tbby AT ¢ BPVES Tyl Chen diepingb o2 P g It e 047 Badeht | 65

%vyield af Elebﬁfhr omat ography on silica with acetoneltoluene 5:95 (v/v).
1733

The di ester -tert-butyl benzyl - Pd- bact eri opheophor bi de .
a- 173- t &r t 7HORR b fpppl] (mbitiphicity; agsignimem)l =BRie(sd5Hhb3.60ds 103, & Bdsaks’a

by-producty, NGl %d°8leed76? f A7 1P 8T YA 1585 3.08 3Lcocm), 3.42 s, 12-
CH), 339, (s, 2-CHy), 4.71 (m, gg-OCH at 17°), 5.46 (m, gg-OCH-CH at 17°), 1.62 (s,
gg-CHs at 17°), 2.59-1.98 (¢ m, 17"%-CH;), 1.74-1.56 (m, propyl-OCH,CH, at 13%), 0.98 or
0.62 (m, propyt-CHs at 13%).

) MS (FAB) M' = 1014.4 (calculated 1014.4 for Cs;HmnN,Os'*Pd), 927 (<3 %) (M - COO-

. pr).

-
£

Example 4. Preparation of 13’-tert, -butvloxvcarbonvl-servl-Pd—BPhéid-a—1 7-methvl
ester (N-tBoc-ser-Pd-BPheid-me)

5 50 mg of zert. —Eutydoxycarbonylserine (N-tBoc-ser) were added to a pigment-
solution of Pd-BPheid-me in DMF. After 14 days at 75 °C N-tBoc-ser-Pd-BPheid-me was

isolated in 7 % yield by partition between water and ethyl-acetate and chromatography on
- silica with acetone/toluene = 5:95 (v/v).’ ’
Analytical data for N-tBoc-ser-Pd-BPheid-me: r; = 0.03 on system silica with
I acetone/tqluene = 10:90 (v/v)." ,
UV/Vis: (CHCls) Ammax [nm] (A, assigoment) = 332 (0,45, By), 387 (0,34, B,), 537 (0,16),
764 (1, Qy). '
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tr = 16.3.mn on HPLGC-systemH |I: rf = 0.27 on silica with acetone/tol uene
= 5:95 (v/v). W/ Vis: X[nm (A ,i) assignnment = 332 (0.27.% Y g 5 (0.53)
Bs, 530 (0..19) % 755 (1) Qy O "H-NWR 5 [ppn] (multipli '#ﬁa@ ghment )
= 9.57 (s, BOMJA2E 57 (s, 10-H), 8.63 (s, 20-H), 7.48 andPGIHE00@8lY 3JAB
="JAB = 4 Hz, o- and mH of tbbat C13), 6.52 (s, 132-H), 5.53 (s,

133 CH2) , 4_ | 2~8-1 an

(173- CCII:HASA%'? (Eéntl)‘@' (39011&@5’?1,?‘“@. 4?6](@,%‘-"? Cd-g)“’l% h@ dsPag %33‘5 5405%60 -
2.01 (m 11&dxﬁoﬁ:b£}){ andltﬁaofC(Cﬂs)ﬂsm—B)jl,o 3, &ﬂht(du,of‘mﬁmﬁloss of MBodj; 668H3) ,

1 18 (s, 3}) %%1339 5 M5 (FAB): M = 860.0 (cal cul ated 860.4 for"’

' 2CA6' Hso7XMASBSS r)6693(35% IVI' - COO-tbb); 713.3 (18 % M -
tbb); 877 (30 % addltlon of 0 and H); 819 (17 % addition of 0 and H plus
| oss of HC(CH3) 3). Exarrple 2. Pr;oaratlon of
133-terf-b fohge acterio Rpriidess et :

(t bb- Pd- BPhg- = ﬁpeFI’ A= BPhe- gg was transesterlfled vmth 250 pl of

par a- tert-%@nm—?—a’rcih | (tbb). After 14 days at 75 C tbb-Pd- BPhe-gg

was isol ated i nTée pPétédiionprauiprodtint cogipamityof Examplel4 was okédvid affdlyordditibabpene =
= 16,3 mn on HPLC

(5SI9;5I f:\é/ Vz; ﬁ”@%ﬁ%ﬁ%ﬁ%%@%ﬁp&; bﬁ%ﬁﬂfiﬁ&%ﬁﬂw The triflucroacetic-acid was
t | | /, f ;
ol uenel met, PARPLy :é? 3080 46rOmp ard'th¥ ré!s]qu\e;)&% d’?‘I S_eﬁ}%l%r thrFén‘r]FI]ﬁE%?A | rr

= 0.63 on SI |ca acet one/t 6l uene = 5:95 . : .
assi gnnént with SB2- a(;ﬂats An@Bypter, 384ne(d)se4-2d~m’heyd~me 628 %)0fras PdcBPheid-me5The (1, Q

. "HNW .5 m ltiplic ass| gnnent 8.67 (s, |
ng) 7.49P ge’éﬁl’ ‘%ﬁ% Siiga %‘Cﬁ%PF’ ifoepe s %%%‘3 3@8‘@%&(’5?"%“%‘ caI5(54
(s, 133-CHg} leﬂ.%tﬁ%f céhsibdratidn felthe&e&ﬁoﬁﬂf@er—l’ﬁ-ﬁﬂheiﬁ rﬁegl7 H and 18-H), 3.08
(s, 3-COCH3), 3.41 (s, 12-CH3), 3.39 (s, 2- CHB) 0 (s, 173- COOCHS)

4.61 (zn, @g«m@)datg for germPd-ERbeideme) ir, =1 063 8, Cggravems-phasesgilica ogthi o r 2
7 MAY 2004 W\ 14,00/ 00811 (4m 17-CH2), 1.18 (s

133- t bb- qﬁﬁ%"‘%’”‘é’l@‘%‘g‘%%}( 5 = 7 He, (18 CH3) 0)98 (t, g?n =7 He,

81- CH3-§ MEH/PABICHIEL Akl fitn] (’(A(uf;absisnhﬁh@dﬂ% 10.18.1,),f 387 (0.29, By), 534 (0. 09

12C51Hg(c) 14N416 106Pd 9927 (<5 % -
Hg( )Qx) ey ) ( 0

MS (EST) M" = 801.2 (calculited 801.3 for *Ca5'H4 " “N5'°0 5'%Pd); 698.3 (10 %, addition

of H and loss of serine).

)  Example 6. Preparation of 13’-methvl-Pd-bacteriophesphorbide-a-17°-n-propylester
(me-Pd-BPheid-pr) -
Using 7 % n-propanol in THF, the by-product pr—ﬁd—BPheid—me.was isolated during
the synthesis of pr-Pd-BPheid-pr in 5 % yield after chromatography on silica with
acetone/toluene = 5:95 (v/v).

Y

Analytical data of me-Pd-BPheid-pr: rr= 0.42 on silica with acetone/toluene = 10:90 (v/v).
UV/Vis: (DE) Amax [nm] (A, assignment) = 332 (0.50, B,), 385 (0.38, B,), 528 (0.15, Q,),
755 (1, Qy). 7

'H-NMR: & [ppm] = 9.57 (s, 5-H), 8.95 (s 10-H), 6.50 (s, 13%-H), 4.32, 4.24, 3.88 3 m, 7-
H, 8-H, 17-H and 18-H), 3.87 {m, propyl-OCH, at 13%), 3.07 (s, 3'-COCHj), 3.43 (s, 12-
) CHs), 3.38, (s, 2-CHs), 2.62 - 2.09 (m, 177°-CHy), 1.72-1.56 (m, propyl-OCH,CH,, at 17°-
' CHy), 1.68 (m, 7-CH), 0.98 or 0.63 (m, propyl-CH; at 17)
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CoO-tbb). 5 Exanple 3: Preparation of

133- propetl - Pd- bact eri ophegphyti n-a- 173- geranyl geranyl ester (pr-Pd- BPhe-
%W_) 6 my Pd-BPhe-gg were transesterified with 1 m of 1-pro@hd#h(prar) in
20 M  TER:d¥iassz14 days at 75C, pr-Pd-BPhe-gg was isol at‘?q'é% &Pu% yield -
after O chromatography on silica with acetone/tol uene = H‘{/

Anal ytical data for.tbb-Pd-BPhe-gg: rf 0.44 on the system S|I|ca Wi t h-
acet one/ t U EBSY):-M" 5 BB.6((edlvylated) Y5&(B Sor ’f@sq‘H@#Nd‘o é"gBd)gﬁmaﬁt(W% 382 (0, 50,
Br), 384 qu 44 Bl) 528 (0,47, Q), 756 (11 @). 5 '"H-AMR b [ppmM

(mul tipli Q Qsmgnrrent) 959(5 5-H), 8.66 (s, 10-H), 6.53 (s, 13t-
H), 4.38, 3. 90 3.89, 3.97 (4 m7-H 8-H 17-H and 1841), 3.08 (3" -COCH3),

3.42 (s, 12- CHS) 3.39, (s, 2 CHS) 4.71 (m gg OCHZ at 173) 5.46 (m gg
OCHZ- CH atExlaifdle Drefiars O ' : ‘ propytespor
1.74-1.56 L _ : _ rcic) -CH3 at
133). D MSF o 4. 4 for C57H7/nNAG6106Pd) , 927

(<3 % (M - leovﬁiﬁg the@eﬁmﬂl ;ﬁoéleduﬁ‘r @p avaveiand stafting from BChl with a 100-fold

éL ggct g; - PHI%LOX%;%;%%Q%@?P?%%PFFEEF%PSJ‘faf? %’B%@Pﬁﬁn&f@zﬁ'ﬁé&% t48oc- ser)

were adde hys 64 | vt phikeBERe AR ghididalVbs fd%efplidsd Aays at
75 CN th/ctaggl??fg(bjﬁgBﬁgﬁpfne@lwgs e| sgl ated in 7 %gﬁalel d by pa(re{pltion

bet ween WATEIESHRQHLL0 piMmptd  4).cobasaB csetondlt ogr aphy on silica with
acetone/tglu al yiA4-C 0 C %TE}%%F i d- ne:
rr = 0. 03%@%3%0%51"(8\(%&%' I} Dyota’{:e ong/torLe éhea%—glﬁ%ggﬁ VIV ﬁg%l VI's:
(CHC13) 1(20 @AM, pti¥.5)yacamsé gn68stY/vE 332 (0,45, Br), 387 (0,34, Bl), 537
(0,16), 764 (1, gr%ﬂ 20 VO 01140232 2 7 MY 2004 PCT/ | LOO/ 00811

Uv/Vis: (DE [nm] (A, assignment) = 357 (0.78, B,), 392 (0.52, B,) , 574 (0.23,

Qx)s 77] (11 QY)

TH-NMR: § [ppm] (multiplicity, assignment) = 9.51 (s 5-H), 8.65 (s 10-H), 8.54 (s, 20-H),

6.57 (s 13%-H), 4.35 (m, 7-H, 8-H, 17-H and 18-H), 3.99 (propyl-OCH, at C-17* and C-

13%), 3.11 (3'-COCHy), 3.57 (s, 12-CHs), 3.46, (s, 2-CH;), 2.62-2.09 (m, 17%*-CH,), 1.63

(m, 7-CH:), 0.81 (t, *Jas = 7 Hz 8'-CHj)

MS (ESI): M" = 702.4 (calculated 702.4 for "C & H "N <'°0 6**Mg); 616.4 (addition of H

and loss of COOC;H5).

_ Exﬁmnle 3. Prénaration of 13°-tert -butvl-benzyl-Pd-bacteriopheopherbide-a-

17-tert.-batyl-benzvl ester (tbb-Pd-BPheid-tbb) “

The reaction of the Pd-BPheid-me in para-terf-butyl-benzyl alcohol for 48 h yielded .
tbb-Pd-BPheid-tbb (50 %) after chromatography on silica with acetone/toluene = 5:95 ’
(V).

Analytical data for tbb-Pd-BPheid-tbb: t, = 10,8 min on HPLC (silica, gradient 2-10% A in -
B, with A= toluene, B: toluene/methanol/n-propanol = 100:4:0.5 (v/v/v), , rr= 0,50 on
silica with acetone/toluene = 5:95 (v/v), flow rate = 1 ml/min).

UV/¥i5: (DE) Amax [00] (Am, assignment) = 332 (0.49, B,), 385 (0.36, By), 528 (0.15, Q,),
755(1, Qy).

'H-NMR: 3 [ppm] (multiplicity, assignment) = 9.58 (s, 5-H), 8.75 (s, 10-H), 8.63 (s, 20-H),
7.50 and 7.26 (2 m, o- and m-benzyl-H at C-13), 6.53 (s 13%-H), 5.53 (s, CH,-group 133j,
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M5 (ESI) M = 901,2 (calculated = 901.4 for "2C 43'H 4914N 1i 60 10106Pd),
845,4 (40 % addltlon of H and loss of C(CH3)3; 801,5 (10 gfl%ﬁtk' on of H
plus | oss of NtBoc 669 (11 % | oss of NtBoc-ser)_ 5 Exa

Prepar at i oW@P4P2R o se 1- Pd- bact er i opheophor bi de- a- 173- e W@"@@?&!i

O ser - Pd- BPhei d-ne The protection-group of the conpound of Exanple 4 was,

cleaved of fsBy 29di410ns6f (4 2 Mrieih] 49708521 fs AUAd 8, Ve sdity 178 ang

N-t Boc- ser - BPhei d e tri Iuo bacetic acid was® renmoved Wt
mn by an anga&) SUGQamIaI&DHJ),eB Aegs, dGeCHN 3,38, (e 2-CRER AR4 §m, tITF2EH), et o

Pt Bene . . B g oot B i B (&5 et b [F568% drctel B -

40: 60 (v/v) C(@ﬂ;%her purification can be left out of consideration for t he
reaction to ser-Pd-BPheid-ne). AnaI%/tlcaI ,data for serePd-BPhei d- ne: =

0.65 on i sMSe(RSk & phaga3 dralewlaied P42 foreihartbi Nol Qenebd; 501§5(2@v/ﬁ,v1)4”5

UVI VI s: 1, nnment) =334 (0.36, By), 387 (0.29, Bx),
534 (0. quﬁéf')zoﬂ,gglﬂ “’E])‘qﬁ&ﬁi@lgm) M= 801.2 (cal cul ated 801.3 for
12C3s' H41' 4N5160 s' 06Pd); 698.3 (10 % addition of H and |oss of serine).
Exanpl e 6. Prepar atlon of . o~
133- net hyl - Esamaleids Krepargton g FRag 3RS me- Pd- BPhei d- pr)
Using 7 % nypro eétEE- l;ili;d_maﬁ:e,ﬁ) T r oduct pr-Pd BPhel d-nme .was isolated
during the rd-pr in. 5 %yield after chromat ography
on silite with 'ﬁbfetrammmﬁcamm Sragtsd (withy Pd-BBheid-gigyin| prapangh follogfing the

Vi vi s ¢ Disenrl prapdin. ARE, B by iR aibduly BERLMIEEE G ortaigd 1807116 Yibg)
?(%8 (0. 15, Qfar’chroﬁiﬁ)'%a?phy@)smcalﬁtﬂ-a&kdneholﬁeﬂeWS ﬁrlﬂ 57 (S 5-H), 8.95 (s
H), 6.50 (s. 132-F) " 4.32, 4. 24 3.88 (3 in, 7- 17-H and 18- H),

3.87 (m prApgiyticaiiea for prBdBPhe-py7c 9,54 Pu sicrmnh aceaonséolclgne 2 $0:98 (¢/3) |
o ooy etk o gt M R ssHUf W T . 09030
propyl - (}B al).173) 21
IH_NMR: 8 [ppm] = 9.58 (s, 5-H), 8.75 (s, 10-H), 8.65 (s, 20-H), 6.50 (s, 13°-H), 4.38;
3.97, 3.89, 3.80 (4 m, 7-H,"8-H, 17-H and 18-H), 3.07 (s, 3'-COCH), 3.89-3,83 (m, 2 H,
propyl-OCH; at 17%), 3.42 (s, 12-CHz), 3.39, (s, 2-CHz), 2.80 - 2.00 (m, 17"*-CHy), 1.74 -
© 1.56 (m, H propy-OCH;CH, at 17° and 15%), 1.63 (m, 7-CHs), 1.70 (s, 18-CH), 0.98 and
20 0.62 (t, *Jas = 7 Hz, propyl-CH; at 17° and 13%).
MS (EST): M* = 784.7 (calculated 784.4 for °C 40'H "N +'°0 ¢/*Pd); 697.5 (17 %, M -
COOGH:). |

Example 10: Pyro-bacteriochlorophvllide-a-17°-n-propylester (pyro-BChlide-pr)

25  ( formula V in Scheme B, central metal Mg instead of Pd)

After 6 days pyro-BChlide-pg vyielded pyro-BChlide-pr (30 %) after
chromatogrﬁphy on silica with acetone/toluene = 5:95 (v/v).
Analytical data of pyro-BChlide-pr: 1e = 0.76 on Cyq reverse phase silica with HEPES/KOH
(20 mM, pH 7.5)/acetone = 15:85 (/).
30 UVWVis: (DE) Ame [nm] (Ac, assignment) = 357 (0.75, By) 391 (0.52. B,) 575 (021, Q)
771 (1, Qy)



2 7 MAY 2004 WO 01/40232 PCT/1L00/00811 M5 (ESI): M = 756.6 (cal cul atged
756.3 for '2C 381H 4214N 4160 6106Pd); 697.5 (27 % M - COOCH3). Exanple
7. Preparation of 133-n-propyl-bacteriochl orophyilide- 1732n? L0 ﬁester
r-BChli deg, Hétral nmetal Minstead of Pd Following th C o lprocedure
(b) above an& arting fromBChl with a 100-fold surpluS o propanol

t he product pr-BChlide-pr was obtained after 3'days in a yield of 40 %

after chro i i 14£50-4.85 (4 10%
(phase A AR Sutigid) REBRAPES & (4 SIDIEEP & mi%ﬁ%cm Gata of

pr - BChl i desp?-H, 8= 70H a8d d#rH wéaﬁg‘r q),rﬁa&tssmma) msh(st WEFB - (20

mM pH 7 t 15: 85 '
aSSI I(fy)nmant% 6&8(3 ??Hr%upséy;%ﬁ%w ?fl((g%gl &&% 7(% %s.’ n%&ﬁb 1'55 (miﬂ (1,
"H N fjul tiplicity, assignnment) = 9.51 (s 5-M 8.65 (s
0-B 6.57 22135 14 Mg 7 H, 17-H and 18-H),
3 99 (proWﬁ@%r)@ﬁﬁ@‘aH&@ %3@%.?16 3] '5“ .57 (s, 12 CH?,),H)
3.46, (s, 2-CH3), 2.62-2.09 (m 17''2-CH2), 1.63 (m 7-CH3), 0.81 (t, 37M
"7 Hz 8'- CHB)S(ESI) _I\/{702 4(galculated702 4f or 12C 40' H 46' 4N

|.73-tert. ' ; t bb The reaction of the
Pd- BPhei d- ne i qgap ﬁ-otmr-BPMa-mbvbnemezpteda‘bxcwhImfh)pa.rﬁ’erf-butylbeizglbﬁicohol to

t bb- Pd- BPhei d-tbb (510 /a fter chromato on silica wth
acet onel tdF‘ﬂ@R&?’O‘P sBBkpid- 87) Stasfing Lem Py1o- g%tﬁggfvl?-s& e -PRRAvEPHaT aRipipes ¢

10,8 min {il(vﬁgé id%fi’uc bédieft u?-vé%@lem fter a,mwhﬁo@mﬁgy LRl HRDSwirtB:
ano

t ol uene/ ne n- propano = 100: 4 Cvlivliv); 50 on silica
Wit h acetcnaeifohdtalme"ﬁ%(%r)(v/v) flowrate =1 m/mn). WJ,-.s. (DE

[am] (A, y,}na%%%a%ge oqlp%mPg Eghe%) tb%gff %VQS o siiea s acetone/?dluegg 8 5(95‘ (1%’) Q)

st e UV/Vis: (DE) Asy [nmm] (A, assignment) = 332 (0.50, B,) , 384 (0.37, B) , 530 (0.15,
Q.), 755 (1, Qy)
"H-NMR: § [ppm] (multiplicity, assignment) = 9.63 (s, 5-F), 8.73 (s, 10-K), 7.31 (5, o- and
m-benzyl-H at C-13°), 5.09 and 5.18 (dd Ty = 12 Hz, 15%H), 5.12 and 5.17 (dd, *Tay =6
Hz, CH, C-17%), 4.8, 436, 425, 402 (4 m, 7-H, 8-H, 17-H and 13-H), 3.07 (s, 3"
COCH;), 3.48 (s, 12-CHz), 3.40 (s, 2-CH), 2.78-2.33 (m, 17°*-CH,) 1.58 (m, 7-CHz),

1 0.99 (t, *Jap = 8 Hz, 8-CHs), 1.68 (d, *Jap = 7 Hz 18-CHs), 1.17 (1tbb-C(CHs)s)

MS (FAB): M+ = 802.1 (calculated 802 4 for °C 4'H s"*N 40 *°Pd).

Example 12: Preparation of Pd-bacteriopheophorbide a-17°-N-glucosamide
(Pd-BPheid-Nalc) (formula VI in Scheme C)

i Another reaction mechanism results in derivatives where the ester group at C-17° is-
replaced by the more stable amide bond (see Scheme C).
| In a carefully dried apparatus, 60 mg (88 pmol) of the free acid Pd-BPheid were
dissolved in ﬁO ml dry DME. After the flask was cooled to 0 °C, 70 mg (324 pmol) of -
glucosamine hydrochloride were added. The pH-value, was adjusted to 3-9 with 31.2 pl

} (317 pmol) of diisopropyl-ethyl-amin. For measuring the pH, a drop of the reaction mixture
and a drop of water were mixed on a strip of pH-indicator paper. 30 mg {91 umol) of
TBTU (2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyiuronium tetraﬂuofoborate) were

2% -



"H NWVR 5{ppn] (nultiplicity, assignment) = 9.58 (s, 5-H), 8.75 (s, 10-H),

8.63 (s O=H), 7.50 and 7.26 (2 in, o- and mbenzyl-H at g—133) nm6.53 (s
132- g;, ﬁﬁ 2 group 1) 3), 22 WD 01/40232 2 7 MAY BJoMAY'Z
PCT/ILOO/O 0 Y7482 .16, 5,13, 5,03 (4 a S. 17 -CH2), 4. ZADAUe81L 4 15

3.97 (4 in, 7-H 8H 17Hand 18-H), 3,06 (s, 31-COCH3), 3,41 (s,

%]Z-AgH%) 7 Hfg‘i'é]ﬁ g.ta_%"tjz fask ?dd'elgﬁz{pm Jﬁ?_il%p %Q CE‘%FB Ea%_kl- v\%mﬁ%v%‘g)ﬁr%%‘?S (t

C(CH3) 3) 5 tdBoduEinperdiire ovAARBhE TheateatiiontmistudORadpértitiontd GefiGdh chldfofdind 160
6106Pd): 1015 (20 % M+ + Na),.801.4 (24 % % co& Exa le O.
Pr epar at | oARGWAES3ARY FEdEDS PEHIPB%FEP’@FF%%‘@SW tipn. Soe qrjerofp Wast er

r- Pd- BPhelgE ep tﬂzﬁﬁﬁ;&&%@%&a ith GRROIGR a MetEvabbar tmel Wdﬁ& @@nﬁ%@@lﬂ-gg

i n propano PO ow n general procedure. After ﬁ t he product

pr - Pd- BPhead"/ﬁ)meldm’ceodtrammfearaphﬁ’mth%W%maﬂ after chromat ography on silica

0.54 on i PreoY o SLRABRERPaIdbi DTobbe o o et sy T 11

t 3 8 1, 15
51 oL Kol G PR 508 0353 SRR, ST,

(s, 132 H)Qx)a,zfs(l V97, 389 380(4|n 7-H'8-H 17-H and 18-H), 3.07

(s, ) 8 oro ),
3.3 9 (s, g@@)g?ﬂp @6““”]"?%66“’(%%"’“‘ g ), 547, I@E‘%&éﬁ %&ﬁm
prOloy' §CHsGH. (sai3? 4a31d 4143 3,331(:45&, eds: 8 sZHCITBH add TOH)S3. 0135 @113)001@3)98 and
20 0.62 (t, 33 E = at 173 and 133). Qé = 784.7
(cal cul at ed. 438(4, 12- CHB) :3'25@, @iﬂ% Lu$d 4n.6bCE0 ), g% @13') 3P MO(m,
COOC3H7) . § 10 Pyro hact eri ochl oronhyl | i de-a-173-n-Propyl estcr
(gyro- _ BChllde p formula. Vin Schene B, central netal My instead of
Pd) After @/SIgssD): M@ﬁﬁh] ite {gRuliied | 8766 foy 76 HEhbI'He i TBY); 898. hiver+
chromat ography on silica with acetone/toluene = 5:95 (v/v). Analytical data
of gyro BCA% be-pr rf =.0.76 on C's reverse phase silica with HEPES/ KOH

Example 13: Phototoxicity of M-BChl derivatives to melanoma cells in cultures

Liposome preparation
L-a——Dipalmltoylphosphaudylcholme (DPPC) liposomes as carrier system for pigments
b insoluble in water were prepared according to Toledano, 1998 and to Cuomo ef ol 1990.
1.4 x 10® moles (= 130 ug) of the phatosensitizer and 5 mg DPPC were dissolved in 400 pl
chioroform. Onto this were layered 250 ul H>O and 250 pl phosphate buffer (pH=7.2; 1,5
mM KH,POy; 7,6 mM Na;HPO;; 0,15 M NaCl), The chloroform was removed within 5 min
with a rapid stream of argon, while the mixture was sonicated and maintained at 45 °C.'
5  Sonication was continued for another 20 min and the liposomes loaded with' pigment were
recovered in the supernatant after centrifugation (16 000 x g, 10 min). The liposome
concentration was determined photometrically at 750 mn (according to Grossweiner and

Grossweiner, 1982).

0 Photodynamic activity in monolayer cell culture

MR melanoma cells (mice) were cultivated as monolayers in 96-well microtiter-plates in

DMEM (Dulbecco’s modified Eagle’s medium)/F1> 1/1 (v/v) at 37 °C in a moist atmosphere
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(20 MM pH 7.5)/acetone = 15:85 (v/v). 30 WIVI's: (DE) [nn] (A 1i
assignment) = 357 (0.75, By) 391 (0.52. Bx) 575 (0.21, x)__771 (21, Q) 23
P WD 01/40232 2 7 MAY 2004 . PCT/1L00/00811 'H-NWVR b [ppn12(7nﬁﬁi?5’I‘i city,
assi gnnentwoau4238 (s, 5-H), 8.65 (s, 10-H), 4.50-4.00 (4pciAnsndest 8- H s
17-H and 18-H), 3.11 (3'-COCH3), 3.57 (s, 12-CH3), 3.46, (s, 2-CH3), 2.73 -

2.09 (m 17-CH2-qgr 63 - ..0.81 (s, 8- 70(s,. . "~
18- CHE%) , 1?‘7@“‘_“{“%? $|%§b3'p%9 &ég‘}“a&%‘%) B ?‘%%‘T‘?ﬂtw 9’%%5@% ch&ﬁé%(%t ed
616. 3 f or - 1), JetalkboAihbAbiid (FBAD) %), dixadiive 2 IdM), penicillin (0.06 mg/ml) and
Pyr o- Pd- bact eri ophegphorbi de_a-173-tert-butyl - bbenzyl ester . .
(PYr 0, - Pd- BPREPHRYH{f) 1 H@Mﬁ@w Fhhrsche gall density yocpgsed. fopm HpAQ) e 2810
ted f i - ] e o VZ =V - M

by o- P BPRa oD Kb A AR RoRE: oP e e R Soth g B Eblderveive
obt ai nedl wwtkepddst hter thieseells. dd@tBREeid-eo nati Pé-BFbeiil Vg0 witre/ iadded af tedhanolic
chromat ogr g ORA3ild ca,with, acetone/toluene =595 (v/v). Analytical
ot o of  py A0 o S e FGEBNE R e iimBel ¥ 57140 QAP s 05
(0,37, BL) rag0 (a5 T oy N BT oLl Pt

.15, 9% ,. 75! . NVR: multiplicity,
assi gnment §f &esh mpegiiym, and then W@d(%qm%éowtbrwgblhe(@ﬁ%gl ofy ﬂplﬂtﬁﬁamiﬁh]zy%/- H
t CG13"), nRe L ovith T - W oA P d, 3J,
2o e, BIRRSY Tl gt TS (- 106 nEp Bkl D AR 6 7
3.07 (s) 3tm” @@chi®yided dudhg a irddatiRiRime 6f UDmins Afigr GHENitioRal P8-Windke ddoh,

171' 2- CH2) M. 4=CH3),, 0.99,(t, .3JAS =.8 Hz, 8- , .68 (d, .3JAn
7 H 18- 0%)]375% %W‘Bﬁ“é%dﬁ?)"?ﬁ“ y B§9°pws£e‘§t92§i% 1 SR %65, 4
for ' 2C 44¥ia F5i}4lynddied imédp6Rtibn kX6 He! N A 2Chdrr &2 BA11884)0R010the Jatter, cells were )

Pd- bact eri opheophor bi de a- 173- N- gl ucosami de _ ( Pd- BPhei d-Ngl ¢) "(fornula Vi
i n Scheme &5ubaicah dhe eadpfithe, mnediRatios diy @) T with | eCifmbif HY thymidies @n t he

ester grouga@l) hdy/weleSthen washed twice with phosphate buffer, incubated with 7.5 % cold
3 trichloroacetic acid for 30 min at 4 °C, washed again with 95 % ethanol, and finally treated
with 200 ud IN NaOH for 10 min at 37 °C. 100 pl of the final suspension in NaéH were
removed, neutralized with 100 ul 1IN HCl, mxed with 4 ml scintillation liquid (2u:8 (v/v)
Xylene : scintillator Lumax mix) and 5 ml imidazole-buffer (O.i M).

l

The results are shown in Figs 1 and 2. Three of the sensitizers shown in Figs. 1 aad

) 2 were phototoxic to mouse M2R melanoma cells (Pd-Bpheid-et (LDgg = 0.02 uM) and
tbb-Pd-Bpheid-me (LDg = 1.1 uM)), Pd-BPheid-ser (LD = 0.1 uM). tbb-Pd-BPheid-tbb
and Pd—BPheid—Nglc are ineffective under these condiﬁon§ because they formed aggregates %,

in the liposomes which are ineffective for PDT.
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repl aced by the nore stable am de bond (see Schene C).
60 ng (88 tinol) of the free acid Pd-BPheid werey
dry DMF. After the flask was cooled to 0 C, 70 ng (324 nol) of

appar at us,
20 ail

S

In a carefully dried

ljved in

gl ucosam n&QYPMIBRh| ori de were added. The pH-val ue,, was aBFHUMBAED §-9
measuring the pH, a

with 31.2

drop of t[gglerleﬁf@]
pHi ndi cat or paper.

1,1

(2- (I Hbenzotriazol -1-yl)-

(317 nmol) of diisopropyl-

LBPR fndstiiBied @Mstivelf 5D 197 orifiAfandRER 26CXEd 288 GRIEBLTi p Of
30 ng (91 }Inol) of

et hyl -am n. ~ For

TBTU

1, 3, 3-tetranet hyl uroni um tetrafl uoroborat e)

were 24 'IiﬁOT'OO?ﬁ goged; Fthe flask kept
for 16 h Was @altfowdd to Warmup to room
tenperaturfe overni ght. Ther [ esuhemeB)m xturel was gartitijoned petween

chl or of or m__and_wat er An\/ resul.tj ng—p eci pl at-e—\as—r-efpved y filtration.
The chl orofMefB(Eiﬁazge was revaed and { 18 p| gH’Ent vas dfiM8 with toluol in
a rotavap r-oduct btarned Qe70 YT eraafger ¢hr omat ogr aphy
on the sys%@lﬁpﬁjﬁﬁﬁl yti ca dat a of 5(%“ BPh;ela Ngl c: rf II 0.Y5 on C18
rever se- pHagg_ mLBPKAM t h nef hanol . W\ggs (ﬁHCl )- X, k] (A ,,,,
assignrrent) 334 (0,32, RY)l 388 (Q 2 ) 537 (011 k) 763 (1,
Q). IH NN R)b-Bd-ﬁ@pnitbt(nultlpmcity aaibtgnment) 4 thbsgi @ 5lH), 8.95 (s,
10-H), 8. 20~—H) s34 51— IL313 m 7-H,
8-t 17-H lRPREBERCTE 07 (s P, o "ie 3. U3 (s, 4 5 9 ala7, (s,

2- CH3) , 1.'b«pbg_pa_3phg;lg§) 3.8pu( s, 132- :@-B > 2.8®52.0Fan,| 171, 2- CH2)
M5 (ESI): |ME = 875. 1 m z (calculated 8 3 flor 12¢ 411H14714N : 160116Pd) ;
898.1 (M +NtBtla)spr-Bd-BPan=|mee 18 Phot ot pxieci tly- of NFBTh1|d¥%ki vhtives to

mel anoma de etH-ttres sorre—preparatjon

L- a- Di pal ‘iﬁl‘ibmﬁﬁﬁatl dyl chgqri ne (DPP& |ijposond as X i e system for
pi gnent s Ttﬂerﬁpgﬁgg I'n watkg were prepared accordphelg {@drol pdano, 1998
and to Cugmp_et_al. 1990, _1{4 x 10 moles ({130 ¥1g) of the

phot osensi |t Pzkd-BRhelgh ny DPPCIINere di S>@Bved tn 4Qcrg | | Bs$hl ofoform Onto
this were IG]ZBQE_'E‘[_FI-LJC P26 fﬂf 250 }f)l;iuafT‘l_qfc 'Lugrf et (Niigﬂ' 712, 1,5

Table 2: Transesterification products of pyro-[M]-BPhe.

Compound: formula R, R; - M
' (Scheme B)
Pyro-BChl-gg v gg Mg
Pyro-Pd-BPhe-gg v gg Pd
Pyro-Pd-BPhe-tbb v - tbb Pd
Pyro-Pd-BPhe-pr v - | pr Pd
Pyro-BChl-pr v - pr Mg
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mM KH2P04; 7,6 nM Na2HPO4; 0,15 M NaCl ), The chl orof orm was renoved wthin
5 mnwth arapid stream of argon, while the m xture was soni cated and i
mai nt ai ned at 45 C. 5 Sonication was continued for anothery 2@y nim and.t he

|'i posones yl, %vvlth- pi gnent were recovered in the supgy, msﬁfter
centri fugatl on f6 000 x g, 10 min). The liposone concentratlon Wwas
determ ned photonetrically at 750 nm (according to G osswei ner and -

G osswei ner, 1982). .0 Photodynanic activity in nmonolayer cell culture MR
mel anona ceIIs (mce)_\:were cultivated as nonol ayers in 9b welt
mcroliter-plates in ~OVEA (I begco's nodified Eagle's nediunm/F12 1/1
(vlv) at 37 Cin a m pere 25 2 7 MAY 2004 WD 01/40232
PGT/ 1 LO0/ 00811 cont aN 3N . The nmedium (pH 7.4) was suppl enent ed

i o . fahal -bovi ne-seniyn (FBSkridéa %), @Fhebani ne (2
mMVM), penicillin (0.0§ streptomycin (0.1 ng/m ). Wthin 24 hrs,
the cell density hRGyeas | x104 to 2x1Q4 cel |l sg400 |I. | nmyeasing
anounts of the |ipaéops et ATT on coMtal ni na t he BChI-derivative 5 were
added to the cells. . ifd-ser or Pd-BPheid-Nglc were added as
ethanolic soluti on S<Esuch that the maxi num concentration of

et hanol was <1% Te ceI Igoo re first kept in the dark for 4 hrs, washed
with 100 pl of t rredl um®tPeated with 100 pl of fresh nmedium and then
irradiated from wthrough t he bottomqi- the plates with a russian BS

LS3- PDT | anp, f|tte 300 nm. A light-dose of 10 m\ x
s x| cmz was provided ri 7.d]_lt,.,adlaanontlme of 10 mn. After an
additional 24 h in the darkeat cell viability was' determ ned by

m croscopi ¢ i nspection (cell size and shape) and via [3H)-thym di ne
incorporation into the DNA (Chen et aL 1988). For the latter, cells were

i ncubat ed the en e wnthlpCl/m (3H|
t hym di ne a?ltsﬁucgvg?é’??%c’f?fgh "\/%Q&E '{%E'rﬂlfpméa(gh l(?qb ﬁ%s?&erﬁh phosphate buffer,

i ncubated with 7.5 %cold i trichloroacetic acid for 30 mn at 4 C washed
again with 95 %ethanol, and finally treated wth 200 pl IN NaCOH for 10
mn at 37 C. 100 I. of the final suspension in NaOH were renoved,
neutralized with 1.00 pl] INHC, mxed with 4 m scintillation liquid (2u.
(v/v) xylene : scintillator Lumax mx) and 5 m imdazole-buffer (0.1 M.
The results are shown in Figs | and 2. Three of the sensitizers shown in
Figs. | and 2 .were ph@t ot oxiyc to nouse M2R nel anoma cel | s ( Pd- Bphei d- et
(LD9o = 0.02 M and —C“;i

Behla Bchiidea Boheoa
M= Mg Mg - 2H P

R=  Phytyl H Phyty!

b} Structure of Bacteriochiorophyli a

Scheme A



t bb- Pd- Bpheid-nme (LD9o =.1. | V K), Pd-BPheid-ser ((LD9o 0. | .

t bb- Pd- BPhei d-t bb and Pd- BPhei dNgl ¢ are ineffective under éﬁes 2@ ditions
because t'hey forned aggregates in the |iposones which are rve for
PDT. 2 7 NAXO@@OZ32\WD 01/40232 PGI/1L00/ 00811 Table | [M - BRIPIL00/60811
transesterified.selectively at G 133 or si mul taneously at C 133 and G173
Conmpound: formul a R2R, Rt M ( Schene 3 -ggl ggrre- My

Me- Pd- BPhe- el nenme- Pd Me- Pd- BPhe- T FD

Tbb- Pd- BPhe- nel | me-t bbPd Tbb- Pd-
Nt Boc- ser - Pd- BPhe- nel I.me- ser Pd Pr -} |11 pr-prPd | pyridgine
Me- Pd- BPhe- pr | yiPr - BChl
Transesterifi

Tabl e 2:

TR -COo0
3% O |
17°COORy COOR}
|
R.["-—"CH3
4 , pyridine
-COORy
i 0
COORy COOR{
1
+
4 , pyridine

0
COOR4 COORy
111 . v

Scheme B: Reaction scheme for preparation of bacteriochlorophyll derivatives

transesterified at C-13° and/or C-17°.



2 7 NMAY 2004 PCT/1L00/00811 Chia Chlidea Pheoa o=c 1T1 M= My My 2H a)
Structure of Chl orophyl|. a and the I UPAC nunberi ng system Bchl a Bchli dea

Bpheoa M = I\/g R = Phytyl H b) Structure of Bacteri ochﬁigWﬁU Scherre
A Phytyl %%"% MAY 2004 WO 01/40232 It 11 "Il 172 13 0 1 R
pyri di ne f&?ﬂ di ne RI=CH3 Schene B: Reaction schene fBY'T “é' %At on of ’

bact eri ochl orophyl| derivatives transsesterified at C 133 and/ or CG173.
PCT/1L00/ 00811 A, pyridn e V -coo

V1 - R4 is the residue of glucosamine

Scheme C - Coupling of glucosamine to C-17° of Pd-Bpheid -

o
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and Y. Sal onon (1998) Bacteri ocbl orophyl|-based PDT of solid tunors relies
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solid nel anoma tunors by vascular infarction and perfusion arrest in

bact eri ochl or ophyl | -seri ne base photochenot herapy, Cancer Res. Submtted. 2
7 NAY 20041.@0idVB 1. A transesterification process for the preparation of a
synthetic chlorophyll or 5 bacteriochlorophyll derivative of the general
formula I: 10 R200C | 15 wherein Mis a central netal atom selected from

t he group, consisting of.Pd, Co, N, Cu Zn, , Er, 1t, Eu, Sn and M or
represent’ t I—P'%llfsg%r,‘ﬁ%go’é RIosess 4Pe t@%c?ﬁ‘?l’afngép%é aeﬁ‘?‘mﬁ“c a“é’i?rwl}ﬁl/ iRyl ,
ethyl 5 1- : I f said 1-hydroxyethyl radical;
20 R45i S lhrfB\eét yIM%%Jﬂeglrl%T%tvﬁte)bﬁlgtgtegﬁaﬂe@%gﬁlg?' positions 7-8 represents an
opti onal double bond; and Rl a R2 are different and are selected from
the group consisting of: (i) a CI2C25 hy far byl radical that may be
straight or branched, saturated 2 s Ated, optionally substituted by
one or nore radicals sel ected—¢ Rsox0 (=0, OH, CHO, COOH or
NH2, or interrupted by one or selected fromO0, S and NH,
or by carbocyclic or heterocycl iﬂii) a residue of an am no

aci d, an oligopeptide or a poR ) ffing a hydroxy group or of a
deri vt ive thereof selected frq . nsisting of esters and
N-protected derivatives, whereiy xylzat ed am no acid or derivative

30 thereof is linked to the €33 e~ /t/ge Chl or BChl derivative
t hrough said hydroxy group; (it ,1 f a peptide as defined in
(ii) linked to the COO residt%e Ji H -5 hydr ocar byl as defined in (i)
wherein said Cl- C25 sat ur at et

R,00C

15  wherein
M is a central metal atom selected from the group consisting of Pd, Co, Ni, Cu, Zn,
Hg, Er, It, Eu, Sn and Mn or represents two H atoms;
R and Rs are each, independently, acetyl, vinyl, ethyl, 1-hydroxyethyl or an ether
or ester of said 1-hydroxyethyl radical; .
20 R4 is methyl or formyl;
the dotted line at positions 7-8 represents an optional double bond; and
R; and R; are different and are selected from the group consisting of:
(i) a C,-C;5 hydrocarbyl radical that may be straight or branched, saturated
or unsaturated, optionally substituted by one or more radicals selected from
25 halogen, oxo (=0), OH, CHO, COOH or NHj, or interrupted by one or more
heteroatoms selected from O, S and NH, or by carbocyclic or heterocyclic moieties;
(11) a residue of an amino acid, an oligopeptide or a polypeptide containing a
hydroxy group or of a derivative thereof selected from the group consisting of esters
and N-protected derivatives, wherein said hydroxylated amino acid or derivative
30 thereof is linked to the COO" residue of the Chl or BChl derivative through said
hydroxy group;
(1ii) a residue of a peptide as defined in (ii) linked to the COO' residue via a

C;-Cys hydrocarbyl as defined in (i) wherein said C;-C;s saturated or unsaturated
34



34 2 7 MAY 2004 hydrocarbyl residue optionally substituted by one or nore
radi cal s selected from hal ogen, oxo (O, OH CHO COOH or NH2, or such a
residue interrupted by one or nore heteroatons selected from P8 ggd NH,
or by a phenyl ring is further substituted by an end functional group
selected fromOH, COOH, or NH2; 5 (iv) a residue of a cell- or

ti ssue- speci f i eydrocgehydl residuecensionaiio pabishitubed by -onp optmere radigals spleefedifpm

directly link t ' ' ' - C25 rocar byl .as defi ned
"0 wher of ity & Gl O TR SO0 N (o shdie refiite SBed B aPE e

optionally sunﬁtmbtetEaelbytoﬁﬁeseweﬂtﬁ&nr@gdisc‘aahm,ebﬁsmdpﬁmgnﬁngaé @@eHer . OXO
(=0, OH, CHO COOH or NH2, or such a residue interrupted by one 10 or nore

het er oat ons s efubstituigd by ameod fimctiprpl Wroupcelested dropn Ol ICOQH gor NHo:f ur t her
substituted by an functional oup..sel ected fro or NH2 ; and
() 8% esi due of 2 (b elce B BE SR aBHaRr JeRB) Vgt gt Ry diRy i ene
directly |inkegkptie t4a oteirf difdbly Ainkl atod tel COF PyRfiecer Ryl s2€, defi ned
in (i) wherein said O-C25 saturated or unsaturated hydrocarbyl residue

optional |y 15 hydbarbylit asd definadnan ofi) rwdreeein ashid aC sCsselsafvtatetl foronmdatiraigén,

=0), OH,. or NER i due interrupted b
mor e hel er ont JaReartab reite oy by bY 3heiss mot radichls Sflegba 1k
further subst iﬁdlﬁ%ﬂ,_&bb @0)e0H, CHB;ICOOR! or HOUR saél @fésm%e][iﬁtgm@eh bkl or

NH2; conprising the reaction under anaerobic conditions o o
(bactléy i 0) chl cwopbsel heternatonns -seRoted e €),i S pod NHLopHyyt & pbenyl ting, is further

bacteri h t erivati.ve.carryin t | t] <132 roup
nd at pos. 11 ooty b R e G ey e ekiel e QB CRCH, o B ©
proviso that Rl is @ph ré&hRYdfa tBnd-NBligY-StdBRaGharide or from rr%ocliyoxyeﬂ'lylene

tetraethyl -ortho-titanate, wherein the reaction is perfor IN ah aprotic

sol vent such adireotly dnkeibid theeCOOK resilndrarf da anC(-ChiFydoecartyil metdefihéd iméii de
(DMF), thus obtaining.th sired C 132- I -172-000R2 . 25 di ester,
Wioh’ i 5t hen WBRERARY Fiof (HETHEL AT, BPAMR e Brasaryl, raiftas PRRPR At | on
procegs for thepaieRaH! d R oChof mm%le%teﬁrﬁ&ﬁquﬂ &o =(%) OH,_CHO
bact eri ochl orophyl| derivative of the general fornulal: 3 5 277 MAY 2004

COOH or NH,, or such a residue interrupted by one or more heteroatoms selected

from O, S and NH, or by a phenyl ring, is further substituted by an end functional

group selected from OH, COOH, or NH;;

comprising the reaction under anaerobic conditions of a (bacterio)chlorophyll, metal-

20  (bacterio)chlorophyll or (bacterio)pheophytin derivative carrying at position C-13° a
COOCH; group and at position C-172 a COOR; group, with an alcohol R;OH, with the
proviso that R; is not methyl, in the presence of tetraethyl-ortho-titanate, wherein the
reaction is performed in an aprotic solvent such as peroxide-free tetrahydrofuran (THF) or

dimethylformamide (DMF), thus obtaining the desired C-13%-COOR;, C-17-COOR;
25 diester, which is then separated from the reaction mixture.

2. A transesterification process for the preparation of a synthetic chlorophyll or

bacteriochlorophyll derivative of the general formula I:

30
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5 R200C | 10 wherein Mis a central netal atom selected fromthe group
consisting of Pd, Co, Ni, Cu, Zn, Hg, Er, It, Eu, Sn and M1 or represents
two H atons; R3 and R5 are each, independently, acetyl, vinyl Q éﬂﬂ#

1- hydroxyethyl or an ether or ester of said 1-hydroxyethyl rzadlce 15 R4
is methyl or fornyl; the dotted line at positions 7-8 represents an

opti onal double bond; and Rl anR;R2 are idqntical and are selected from
the group consisting of (i) a CI3025 hdroarbyl radi cal that nay be
straight or branched, saturated /e&yunsa 3 opt| onal Iy substituted by
one or nore radicals selected fpm {20 halo gen, “oxo (=0, OH, CHO COCH or
NH2, or interrupted by one or npre ter, tafs selected fromO, S and NH,
or by carbocyclic or heterocyghihc noi Rfies; ,»{ai) a residue of an am no
aci d,éan ol i gopeptide or a polypt| de \Qont gining a hydro group or of a
derivative thereof selected frdf e opsi sting of esters and
N-protected derivatives, wherei( ditoxyt-at ed am no acid or derivative
25 thereof is linked to the Cd§ € 0 /{he Chl or BChl derivative
through said hydroxy group; (iil] AEF d

(i) linked to the 0007 resi gue 25 hydrocarbyl as defined in (i)
wherein said Cl-C25 saturated jor Bif@@Curat ed” hydrocarbyl residue
optionally substituted byRe@®Cor nore radicals selected from 30 hal ogen,
oxo (=0, OH, CHO COOH or NH2, or such a residue interrupted by one or
nmor e 19et ewleaxtinns sel ected fromO0, S and NH, or by a phenyl ring is further

substituted by .an end. functional gro selected from OH NH2; 36 2
7 MAY 2004 (i W88 CgRtr] qetelatom selfeted fpim the SRIP SHBRMEST R EuN e e

froman o g9 PeRly dﬁdq@ﬁl A fégglﬁjsav W H&hsy |inked to the COO residue or
via a Cl- C%S h{’%?oélar byl gsr efi ned &i a?‘%‘ ‘wherein said Cl-C25 saturated

or unsat ur at edRz imddRoewrdagh, méq:leddmlﬂgpaaeqﬂavmyl, sthys t i-hytrexyelthyl onen @thenor e

radicals sel ect;r%gte; BP Sr;lid 1-hydroxyethyl radical;

15 R4 is methyl or formyl;
the dotted line at positions 7-8 represents an optional double bond; and
R; and R; are identical and are selected from the group consisting of:
(1) a C4-Cys hydrocarbyl radical that may be straight or branched, saturated
or unsaturated, optionally substituted by one or more radicals selected from
20 halogen, oxo (=0), OH, CHO, COOH or NH,, or interrupted by one or more
heteroatoms selected from O, S and NH, or by carbocyclic or heterocyclic moieties;
(ii) a residue of an amino acid, an oligopeptide or a polypeptide containing a
hydroxy group or of a derivative thereof selected from the group consisting of esters
and N-protected derivatives, wherein said hydroxylated amino acid or derivative
25 thereof is linked to the COO’ residue of the Chl or BChl derivative through said
hydroxy group;
(iii) a residue of a peptide as defined in (i) linked to the COO" residue via a
C1-Cys5 hydrocarbyl as defined in (i) wherein said C,-C;s saturated or unsaturated
hydrocarbyl residue optionally substituted by one or more radicals selected from
30 halogen, oxo (=0), OH, CHO, COOH or NH,, or such a residue interrupted by one
or more heteroatoms selected from O, S and NH, or by a phenyl ring is further
substituted by an end functional group selected from OH, COOH, or NH;
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5 hal ogen, oxo (=0, OH CHO COCH.or NH2, or such a residue interrupted by
one or nore heteroatons selected fromO, S and NH, or by a ppgyl I ng, |s
further substituted by an end functional group sel ected frc? )

NH2 ; and (v) a residue of a nono-, oligo- or poI ysaccharide or from

pol yoxyethylene directly ]inked to the COO 5| due_or  via a Cl-C25
hydrocarbyi as defi(Hed F§sidugyof %LGelj)Vn%"r Sﬁwessa% @Ihg@%!')s%ﬁ‘ftﬁ‘ﬂﬁ% agroligo-

unsaturated h r ! Y, t ed. . O If

radi cal s sel e%ﬁgﬁa@?ﬁ %a‘ﬁ‘é{g‘%e&‘“%@o" ((m%ﬂé1 t&&cﬁg& %@xogp%,a gi:l)(%ﬁch a
resi due inter rhydteeerblyy andefidedmin iheitridnat siid SeCaCkatratdd @ Gusafarétsdd NH,
or by a phenyl ring, is further substituted by an end functional roup

sel ected frombodroceshyresiuergupionally suhstifutad hy opper ﬁecaetra@iﬁalﬁu seleeted 208t obi c

condi tsi ons of a¢ 02 16 t
‘ (bacttejrl 0) pheop ﬁ élg)eq'_@/) {ﬁqge Cd?’tli’d))ll %@aﬁh 0@% éé%ﬁ?'l‘tg%%@%roup
and at positi @y rﬁorbﬁﬂatﬁoﬁﬁﬁﬁ&e@ét@d HrorkMQ, I8 and Mﬁiothqby RbGehyl wirlg) i Rether
proviso that R _is not neth in the presence

t et r aet hyl - or tSybstitpied hyen eng funstions! grovpreglepied %Qﬁ, P g NIBOGR,
e S O L e e e e e

solvent. 3. A proc actord

met aI sel ect eCﬁufeE:ﬂﬁ]lmkétBtcgﬂ;@llDOQOi’ési(ﬁkldigv@fa @QCzsﬂ@ydr@hb}Nas defined/th (i}10,
Er Eu, Sn and Wnh. 25 4. A process for the prgﬁaratlon of a chl orophyl|

corrpd@nd accordiergint 8aid| Gi-fest safurated %Bﬁ%‘tlﬁatﬂé k aﬂ;Ml resilug soptionblly or

fornyl, RS is e dotted.li 11,0

doubl e bond. SQ%B%%%tregc%gsoanf orm?lf?eraglrc %5aSF it tegorﬁ hgpoggl&t%o {S"%ﬁr pr@?r
conpound accorGhOod é:ONBb,airBuciBl rdsidife idtertdpRKieyor8ori HordARterbatorRé sélscté®t hy! ,
R5 is ethyl and thec§p05|t|ons 7-8 are _hydrogenated. 37 2 7 MAY 2004 6. The

process accor dieg Q.6 ¥1dNR, 51 byiaeheny] ning is ﬁldﬂleHUbﬁﬁmtedrhy puend freetignal and

Fort - butyl bonZfunidiiid R L ISR ERLD I %™ The"pr ocess accor ding to

cl ai msS, whapr@diny Mhd feabBon ndérSaeRPYd conditibis bf a GRAERAYIHREGHIAL metal-
(bacterio)chlorophyil or (bacterio)pheophytin derivative carrying at position C-13% a
COOCH; group and at position C-17* a COOR; group, with an alcohol R;OH, with the

proviso that R, is not methy], in the presence of tetraethyl-ortho-titanate, thus obtaining the
desired C-132-C00R1, C-17>-COOR, diester, and wherein the alcohol R;OH may be used

20  asthe solvent.

3. A process according to claim 1 or 2, wherein M is a divalent metal selected from

the group consisting of Mg, Pd, Co, Ni, Cu, Zn, Hg, Er, It, Eu, Sn and Mn.

25 4. A process for the preparation of a chlorophyll compound according to claim 1 or 2,
wherein Rj is vinyl, R4 is methyl or formyl, Rs is ethyl and the dotted line at positions 7-8

represents a double bond.
5. A process for the preparation of a bacteriochlorophyll compound according to claim

30 1 or 2, wherein R3 is acetyl, Ry is methyl, Rs is ethyl and the positions 7-8 are
hydrogenated.
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10 9. The process according to claim5, wherein Mis Pd, Rl is Ntert-
but yl oxycar bonyl seryl and R2 is nethyl. 10. The process according to claim
5, wherein Mis Pd, R is Oseryl and R2 is nmethyl. 15 11. Tiveyar opRsSS
according to claim5, wherein Mis I\/g R is propyl and R2 is propyl. 12.

The procegs acgording to claimb5 rt but y| benzyl
and R2 is™ terf‘h gﬁﬁ@ﬁ%ﬁ-‘r‘gi‘bc TW e‘iﬁPbMe’é? aBtb’irtHﬁti’g‘tl"f'EF”&VIaﬁqﬁln
wherein Mnbﬁlyfd’ R is propyl and R is propyl. 38

7. The process according to claim 5, wherein M is Pd, R, is tert-butylbenzyl and R; is
5  geranylgeranyl.

8. The process according to claim 5, wherein M is Pd, R, is propyl and R, is

geranylgeranyl.

10 9. The process according to claim 5, wherein M is Pd, R; is N-tert-
butyloxycarbonylseryl and R; is methyl.

10.  The process according to claim 5, wherein M is Pd, R, is O-seryl and R; is methyl.
15 11.  The process according to claim 5, wherein M is Mg, R, is propyl and R; is propyl.

12.  The process according to claim 5, wherein M is Pd, R; 1s tert-butylbenzyl and R; is
tert-butylbenzyl.

20 13.  The process according to claim 5, wherein M is Pd, R; is propyl and R; is propyl.
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