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{57) Abstract

Metalated bacteriochlorophylis
of the formula [M])-BChl, wherein M
is a metal atom selected from divalent
Pd, Co, Ni, Cu, Zn and Mn, trivalent
Fe, Mn and Cr, and tetravalent Sn and
Pt, and Bchl represents the residue
of a demetalated natural or synthetic
bacteriochlorophyll  derivative, are
prepared by transmetalation of the
comesponding [Cd)}-BChl  derivatives
carrying at position 17 a group
COOR;, wherein Ry is a C) - Cgs
hydrocarbyl residue, and further optional
transesterification of the 173-COOR; of
the obtained [M}-BChl. The compounds
are for use in photodynamic therapy
and diagnosis and for killing cells and
infectious agents, e.g.  bacteria and
viruses, both in biological products and
in living tissue. Preferred compounds are

(r)

those of formula (I") wherein R’; is a residue selected from (i) optionally substituted hydrocarbyl; (ii) hydroxy-containing amino acid
or peptide or a derivative thereof; and (jii) hydroxy-containing peptide or a cell-specific ligand. e.g. peptide or protein, linked to the
COO-group via a spacer as defined in (i).
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My- cont ai ni ng (bacterio)chlorophylls ((B)Chl) and their free bases t he
(bacteri o)pheog@;tl ns ((B)Phe), are essential to photosynthegi %% ﬁé act
as antenna or box pi gnents enabling Iight-induced charéér tion
within the reaction center. The 5 pi gnents are also potentially useful
pHot osensiti zers, e.g. in photodynam c tunor therapy.

Por phyrins have been shown to accunulate in tunor tissue and, upon

irradiation of the tunor tissue, to absorb light in situ, providing a
nmean to detect tunors by |ocation of the fluorescence. A crude
derivative of henmatoporphyrin, known as hemat oporphyrin derivative or

HPD, has been proposed both for detection and for photodynam c therapy of
10 tunors. A f orSYNTHEFICMETALSUBS T ED BAGCTERIQCHPORORYLbor t i on of

HPD havi ng an aggr egat t he subject of US
Pat ent No. 4,649, 151. HPD ofnwﬂ&leﬁgﬁwgggmh?s have been descri bed

in US Patent No. 4,753,958 for topical treatnent of skin diseases. and
in Matthews et aI., 1988, for sterilization of biological sanples
containing infectious organi sns such as bacteria and virus. 15 I n

order to optm of the porphyrin drugs in therapeutics
and di a ' phyrin derivatives have been proposed in
whi ch, fas exanpl Bhe tphsé inventioh Srelatesent & alewreietod 260 preparaiore ¥ dndtalatedie
four pyrrole rings, and/or the peripheral substituents_ of the rrol e

rings are noBeqrioshlgraphyl deryatives dorgisg in methedspfiin wve phatedyeamic sherapy (P
derivatives L ) an@ /s

(bacteriochl équclb ngﬁd}& pulllin btk Mﬁ#ﬁg&g&ﬁﬂg o \@%}E aﬁ%@r‘?ﬁ{’/‘lﬁ}r‘(’gﬁ% al\xflelitt

met al s ot her sethamovebmesel-substitutdd battériochlomphyll derpom\phyrl n and

17, 18- di hydr opor phyrin series to understand their spectrocospic and redox
properties (Hynn| nen, 1991). Bact eriochl orophylls are of potenti al

advant agqs C OGR! ARBR N Is because they show intense
near - i nfrared at consi der ab | onger wavel engt hs t han

chl orophyl | &&hl \mbamcfﬂmmsdbn (the;i Mlgi-ﬁenflam MIIVA&-tﬂt@hxﬂTMh)’hy of 3he

avai | abl e on_bac | raph MWD £ant netal s, oth

PCT | nt er nat ¢ aefA&)ﬁ‘fm%f% |(‘)’Jo%ﬁl>é %II g\éﬁl \/QS%W‘X‘E%‘?%Y 2 E&%abr}%’y
descri bes deRl;‘ifs'iIHlR@St]ibfsmbﬂsﬁﬂcewtiﬂdmtpﬁmdnm—ﬁem?l) b or of the
correspondin bact eri ochl ori ns dev0| d of. the central netal atomor in

which the ce dexjgative =2 derivauye of BChl with modifizations inthgmasrpevclepthgreni®l ect ed
e o, B P SR B o Y

is esterl ‘nsat ur residue 8- 25C,
for the II’.rIHhhérmhﬁBre of a composition for use in a nethod to effect

t he destructiqQn or. inpairnment

2 strd 'B?’he balct o;;heo ytin a (BChl in which the central Mg is replaced by two H atoms).

Chl = chlorophyll (a Mg-containing 17,18-dihydroporphyrin derivative made of a

macrocycle consisting of 4 pyrrole and one isocyclic ring that are conjugated to each other

and linked to the atom of Mg). Chiorophyll a has the formula I hereinafter wherein R, is

phytyl, R,is COOCHj, R;is H, R, at position 3 is vinyl and at position 8 is ethyl.
[M]-BChl = BChl derivative in which the central Mg atom has been replaced by a metal
M as defined hereinafter. '

PDT = photodynamic therapy

N
i

30  Phe = pheophytin a (Chl in which the central Mg is replaced by two H atoms).
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PCT/ 1 L96/ 00161 of undesired target biological substrates, which

nmet hod conpri ses photosensitizing said substrate with an effective
anount of said derivative, followed by irradiation of the target

substrate wWW@IHE81ati on in a wavel ength band absorbed by seairaLodensyative
for a tine effective to inpair or destroy the substrate. In addition,
t he conPOUSISCRGROBND OP THEE INVENTEONUl i n phot odynam ¢ therapy and

di agnosti cs. t 1s to be noted that although Sn;lerr] . .and Zn2

conpl exes of badher Mgesrntginingh (pacterio)shlorgphylise (BNGRpad thelrs freghasgs, the
derivatives . have no € Lk P)Q@% N¥hdieidod hRhnd BEI T
preparati or{b%f:é%l)%géwlﬁg f@iﬁ%} égrsggéee%{“*lﬁggp%s 0 s%a)irdaﬁat enta application
WO 90/ 12573edox pigments enabling dighvindiced Ichard® Séparatiers evithinethf Peicti@Chénteantihe

[ Cu] -BChl conplexes said to be 10 prepared by direct netal ati opn of BPhe

wi th Pd Sbermigments ae alsp posehiplly HéefFerhS‘%g’rslé‘é?fFO%Ig' in Ph&?ﬁl’f‘?‘B‘ééﬁ"HrtHWWh a
concentrated sol gt i an;Qf eh&hbwm kd'adtBiIRRCh tuhEISRREE A uon fHQMRMET . thi's
publication | ackg&gg{lgglhg%@ t he net h?)d of pr ep‘ér ation and i(z:‘har acterization
of the met adf the tumot cisgue ctoabsorb/ighton ity pronddipg emeanito defeciftumers by beati@Th|
conpl ex according to Losev could. . t be repeated by us. 15 .

Under nor me?f Bgi “9‘@?‘?“‘&?02‘(1?‘?8%H?fvale%PP$W$?P§ B Koy Oa}sli})e)rglféygﬁrpgym} oom

t enper at ur eqRehi P Gl dBden I prdpobedsditdlfok idereQiontahé fdd@hbtodPiatdic GRrapyef | abi | e
and have somewhat | ower quantumyields for triplet state formation,
when comparteehos. thform of HPD said toenmerssiegivg oompritss ianoriapecf Higpphavipg a v er |
their possible initiation of.biologi NGAGLd40171S . fIRYQF abl e
spectr al ch%???%r‘?’%% |t8§ga@dK€%§4drlgF%§élb egtgégg%g?tflgrﬁ?n'dv?’r\}o Tesult in the
20 pot ent i @tive ¢papohisthivebeehalescribed thUS PatehyNo.s4, 1556358 dohwepicalanatoend's,

e.g. porphyrins and chl.orophylls, f PDT t hera d .di.agnostj cs and
for killi ngofpﬁklealqegges,ﬁqdugeMaWSb%{&le_rl%& o 5‘¢Pﬁ”§‘§ﬁ;ﬂﬂ’é°‘3¥fagisﬁmf’1‘*6i ng
Lissue.  Chegdahin Mt dibicrifer®d subREd siclens BiARNY| S |'s expect ed to
further inprove their properties, but this has been very limted due _to

| ack of 1suit abl eln order towiptimize the performaneecpfathe Pohyda dEigs fin thseRpERticg and

bact eri ochl qr ophyl s nni nen., 1991) ., 25 . .

Appl i cat i onP sﬁ%éﬂgawhw.deﬁ%%ﬂ%%_%&avgfbe?“rpem ogﬁdralng)%]{lo |’g§%’f{ Bﬂﬁg’%%rf the .
present appls gadehfsl FHGEE atoRf ToMPMxED Y WgR RS ®frroldh kings) chnBoh | thevipetiptendl no

aci ds, peptides and proteins for use in PDT thera%y, %&d di a n%stics.
The ani no ashstitugetpof the RyFrole rings gregnedified andor fae macrpeysiedy SHVAREETRFSIP via a
spacer to t srivhtides h9hrdbehaltl 1§ BEh(dtkivaives (bacteRbdMlorii®). ecul e.
These conj ugglé%ﬁé{rlgersééh]e%g{sg@%%a ?ret Hoé‘s whi ch ar!(\a, rﬁelgl enough r_itﬁg’. 30

retain tbhe aci d- Camplerescafiyclid telvipyanotan witnmetals ather dloampig vesse sifdied imEhsphy | |

a-1rferr]- S%{Jrlpggerrin and 17,18-dihydroporphyrin series to understand their spectrocospic and redo§

properties (Hynninen, 1991). Bacteriochlorophylls are of f)otential advantage compared to
the chlorophylls because they show intense near-infrared bands, i.e. at considerably longer
wavelengths than chlorophyll derivatives. However, little information is presently

25  available on bacteriochlorophylls with centrai metals other than Mg. '
PCT International Application Publication No. WO 90/12573 to Dougherty
describes derivatives of bacteriochlorophyll-a or -b or 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
30  group is esterified with a saturated or unsaturated hydrocarby! residue of 8-25C, for the

manufacture of a composition for use in a method to effect the destruction or impairment

2
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PCT/ 1 L96/ 00161 met hyl ester were al so described therein, but no

nmet al at ed bact eri ochl orophyl |l nor a nmet hod for their preparation was
descri bed therein. German Patent Application No. DE 4121876
descri bes bact¥ 9@ or ophy! | derivatives in which nodi PFEH-964916F s at

positions G 13[err] and G 17[err] are obtained under mld 5 condi ti ons by
rapi d al kal i nef undesisesistacget biotoglidab sybstrhtes; wrhich fnethbd eomprises gpbetosgnsitiripg said
I socyclic rin il e.retaining the. central by, whi ch .t he pi gnent
absorption i ss‘ébﬁfr?t?@’d_ @&FS{?E’W an_m“gbfbthﬁﬁm ?ﬁ@lvﬁpgﬂP¥3¥P%Wa§fa§’8n ﬁﬁﬂ}egﬁrﬁ%
netal conpl ex@sps@ite SRt rddedion AR Td Watdletgth YaddNabbbrbed by said Bbrivali forod Gime
conpl exes were _not exenplified nor a nethod for their preparation was
descri bed t heefqtive 10 impair or destpy thesrbstre. Meaddition) thet compounrlsr are said to be
even | mprove BRI ReByabanis b Sheiiier  dyitly 86 H5l54, RpHbighl 8"
BChl s whi | e opid Zh?i dvgnpldxes bf piaériveRliofiphiilh g -Batecélhinl, tesenmlklal derivatives
i nproving their chem cal_stability and optim zing their physiol ogical
lifetimes. Tr BASnRathesn icxemplidisd) qos was any methpd for their preparstien idgscrifed dh s cal
reactivity an b L }gﬁ.‘% Whigph35¢ i nportant 15 for new
nodi ficati onsg% if.% éAdn%fZSraéﬁg/%{}ga n Ltt?%evglegrbl/ szZral substituents, and in
particul ar f oLosept ¢tnalzilA9P, t describet [PaidGhi tand t[EulBChhgompldxdsi sdidgo dsel
lifetime and m nim zing toxic.side ef.f s. Trapnsnetal ati.on al so
resul ts in0di BIPAEE _Zbé'h‘gfﬁ‘jbg‘ﬁa#“f’ﬁé’.fe%?&et‘é‘g‘ B }F@Z"ngge‘g&e@%‘%“e in a sty ffdi ng
tri gl e: yiel gnaﬂgeﬁ b \?itlth FeoncBeR&SIoRitloh by CEL, %&@ﬁﬁn&%@éﬁe@tﬁs eB. @foﬁéver?ﬂ%@d
~production o ~cytotoxic oxygen speci es. ] Several methods
are known for pvllicaten tanl_csndet@heof)c/*gnmﬂodrm"tmmlomanﬁ chasaqserizations of the mgtalee
B e 1ot pom BN S8 SR oG P B e DS b Lol
met hods are knevee repuatediby@et or indirect netal ation of chlorophylls. Strell
and Urunmow, 1977, describe [Cr}-Chl and [M].-Chl conpl exes prepared by
transnet allati on of Under permal delivern| canditionss xi-q obt Bienp@senge of aevieem abf rophie
denet al at ed byati ] : ' |- 3
oyt i ne) wi ¢ 1Rt b Sndb ol tigh GRS, BF B Sndi ek BB ol pave
N2 at nospher e soni¢wist tlowersquahtima yiells fortripha state &aindtidy when sontpateti ewit, e, f or

Cu, Zn, Co and Pb, conpl exe f chloro |1 deri.vatives,, .but, not . for
Feferr], N aHEONGPOTPRNEA Ve (LY Hgwsieh dhai possfle iepetaoriologp Edes
can be prepar %ic@éhsgfab%ﬁﬁlg %cﬁi;&laéhhﬁ&eﬁﬁfc@ a:%"tﬁeilr ta8y &Qradafii AARVOYEddn BR

advant ageous only for The aut hors al so descri be preparation
4 20 potential superiority of bacteriochlorophylls over other compounds, e.g. porphyrins and

chlorophylls, for PDT therapy and diagnostics and for killing of cells, viruses and bacteria
in samples and in living tissue. Chemical modification of bacteriochlorophylis is expected
to further improve their properties, but this has been very limited due to lack of suitable
methods for the preparation of such modified bacteriochlorophylls (Hynninen, 1991).

25 European Patent Application published under No. 0584552 of the same applicant
of the present application describes new conjugates of Chl and BChl with amino acids,
peptides and proteins for use in PDT therapy and diagnostics. The amino acid, peptide or
protein residue is linked directly or via a spacer to the C-173-carboxyl group of the Chl or
BChl molecule. These conjugates are prepared by methods which are mild enough to

30 retain the acid-labile central Mg atom. Zn and Cu complexes of chlorophyll a-17°-serine

L



WD 97/ 19081

PCT/ 1 L96/ 00161 of the [My]-Chl conplex by direct netal ati on of Phe
in acetone with My acetate in di et hyl sul f oxi de. Little
information is presently avail able on bacteriochlorophylls with central
nmetal s wobzresthan My. Metal ati on of bacteri ochl or ophylrtsaissesspwn t o
be nore difficult than that 5 of chlorophylls due to their decreased
reactivity fgfy ﬁ@&@x] %feoﬂs@'agschﬂéif B BiRaR! ndlalayedS &fctenochlor%b}@ﬁ h&agtions.
A specific rret% I nsertion of My i'nto bacteri opheophytin a has been
descri bed (m&péfmwrenmm)lwaﬂdescm@stbmlm nventors have tried the direct
nmet al ati on and t|on r tives
descri bed by St rgfrfnaﬁn nta’qe Fgen Ro. iflﬁuiﬁ?se{?grdg F%%r %&XA'{Chﬂ?{ﬁh\rﬁgl exes
of bact eri ogévariahy Whic@iddifedd es@fs, at Bositiank IC- mﬁ:mp:m’m obtaideunder mild
unsuccessful . The direct netal ation of bacteriopheophytin derjvatives did
not workS condijjonp by rgpidhalialing pransesterdication a %‘?'lns::}“éh?a changes,pifh¢ SOENiEy

ot herwi se i f t t [ at ed
oxi dat 1 on prBBHE Hafs i coneal M By AL B b R UG 9 SiRGY BB L0
OF THE | NVERDOD a®y. The apphcatlon alslotmémsnmwabmrplémm nﬂsandnBeid cdonmcsewmh Zh the
present inventjon th p| of bacter hloro h

deri vati ves°tdk tb'és't’)‘ tcam!? ae-‘b‘g)'e’& *}%a{‘g ng‘??é’ﬂr Bfnett or e"t‘?’ﬂﬁé%’ﬁ?ﬂaét i on
process for jogligddhéem. of chlorophyl| derivatives publi shed by Strell and
Urumow, by using appropriate netal salts and sol vents. The
present nventi ol wmbqﬂsuah&%tqmemrm pr‘é@@d@‘F‘B\eXl‘iSWéB}ﬁh«lzﬁaﬂ%ﬂ indPhf

synthetic . et xrlxaa}éﬁlg oté)aeggne{n;ptgg‘}ytgg &Qg&é&lo B %k H(@%lo%?}ca ﬁl—ggefrg Ly a

[ M - BChl rep res nts ue of a

denet al at ed BTGhts! fdlie O ti&Mﬂhh&hmﬁ p%tosenbmihgrpomhxhbra@pbw las deuprowatgl their
carrying at osition 7err a group -COOR] e I wherein Rerr] is a

Jerr] - ?chﬂmbéﬁhﬁwpptf@@}“ﬂd@“ eiwalologlcal ifetimes. Tragsmgiglation FsWlisinpet g
with an i On' fsgﬁ?t yr%t EmhL @ﬁerﬁlbﬁ@ezfchéﬁy 2fa s%ll(tfl '69&19 BGhisS ¥hkh are impdRbdl M

bei ng sel ecte e group consisting of dival ent netal selected from
t he 15gr dermesomsdi§ititions of thPanacfocycléland da pedphemh dubistituents,tand ympasticularet al

I d f hy d I
et al - sel cotBPRRUNE HET D re dg e g iolosca iR anf miiaft RS

CONMpri Ses: effects. Transmetalation also results in distinct changes in the excited state properties,

including triplet yield and lifetime, accessibility of higher excited states, and production of
cytotoxic oxygen species.

20 Several methods are known for variation of the central metal atom in porphyrins
(see Buchler, 1975). Porphyrins are readily accessible and chemically stable, vet spectrally
and physiologically unfavorable.

Few methods are known for direct or indirect metalation of chlorophylls. Strell and
Urumow, 1977, describe [Cr]-Chl and [Mn]}-Chl complexes prepared by transmetalation of

25 the [Cd]-Chl complex (obtained by reaction of the demetalated Chl derivative with
cadmium acetate in methanol or pyridine) with the acetate of Cr or Mn™ in methanol
under N, atmosphere. This transmetalation method is said to be suitable also for Cu, Zn,
Co and Pb complexes of chlorophyll derivatives, but not for Fe**, Ni and Mg. However,
since the Cu, Zn, Co and Pb- complexes can'be prepared by direct metalation into Phe, the

30  method would be advantageous only for Cr and Mn. The authors also describe preparation
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(i) reacting an appropriate bacteri opheophytin derivative carrying at
position 17[err] a group -COOR[err] as defined above, dissolved in
di-met hyl for th dehydrated Cd acetate in Ar at s her e and
recovering th| : }WB conpl ex fromthe react ion mxture 6700161
chronat ogr aphy. under redUC|n condi tions; (i1) dissolving the thus
produced [ COf-theiMe &&%P@%plax sBy|direet mﬁalavqn af 8he b achitans with Me 266888 4R at e
dehydr at ed %g&ym‘ﬁ@me.sel ected frommetal Mchloride, acetate and

acetyl -acetonate” 1 n Ar atnosphere; and (ti1) recovering the

desi red netal at ed,iftMiniBﬁimiodéspresanﬂy/araﬂaldmm basteriveltotophylls withndentraimaetald 0

OGRS P Y SN N SRR Y O
[err] 5 [cﬁrchiorophylls @k to their decré@sed reactivityfr metalation and increased reactivity for
side reactions. A specific method for insertion of Mg into bacteriopheophytin a has been
described (Wasielewsky, 1977). The present inventors have tried the direct metalation and
transmetalation procedures for chlorophyll derivatives described by Strell and Urumow for
the preparation of metal complexes of bacteriochlorophyll derivatives, but all attempts
10 were unsuccessful. The direct metalation of bac;teriophcophytin derivatives did not work
with any metal tried, except for Cu and Zn, and resulted otherwise in a mixture of

unreacted bacteriopheophytin and metalated oxidation products of the 3-acetyl-chlorophyll

a type.

15 SUMMARY OF THE INVENTION
It has now been found in accordance with the present invention that metal
complexes of bacteriochlorophyll derivatives can be obtained by a modification of the
transmetalation process for metalation of chlorophyll derivatives published by Strell and
Urumow, by using appropriate metal salts and solvents.
20 The present invention thus relates to a new process for the preparation of synthetic
metalated bacteriochlorophyll derivatives of the formula:
[M]-BChl
wherein |
BChl represents the residue of a demetalated natural or synthetic
25  bacteriochlorophyll derivative carrying at position 17 a group -COOR, wherein R, is a
C, - Cy5 hydrocarbyl residue, and
M represents a metal with an ionic radius smaller than that of Cd (r=95pm), said
metal M being selected from the group consisting of a divalent metal selected from the
group consisting of Pd, Co, Ni, Cu, Zn and Mn, a trivalent metal selected from the group
30 consisting of Fe, Mn and Cr, and a tetravalent metal selected from the group comprising

Sn and Pt, which process comprises:
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10 wherein Rerr] is a (Jerr]-Cerr] hydrocarbyl residue;

Rlerr] is H OHor COORerr], wherein Rerr] is (err]-Cerr] al kkyl or
C err]-d er O8¥¥IYal kyl ; Rlerr] is H OH or Cpermpe/@err |

al kyl or al koxy; R4 is each i ndependently selected fromthe
group consi stingy ‘Péacﬂx'@éﬂ appfipidte, badteRéphleaphl/fin derlxaube/fhi'@mg@t Iwintxémw]ei hers
and esters thereof MTrepresents a net with an ionjc

radi us snalgreup {GQQRnt watde@med@bom ossplivpd ms@lmﬁ‘hyl fonnmdawm drbydrgted Gdoct ed

fromthe gro | g q t : group
consi sting 8%‘%15 Wq%r%nd n"g‘ﬁ‘l‘&%[@ %qlégl%@%%ﬁgn%‘t 1[@'éléet gcntme{ $rom
the group by chx&ﬁﬂi@grﬁ;ihyﬁ@dﬁfred'?ﬁmgwbmhﬁd\sg and a tetraval ent netal

sel ect ed from t he group comprising 2

F h
above [M - BChl di)rfiselvingde thus prmdierdd §dk§EPF°°£FP&CX| digsolvgd indry a&"é?'{e\cl)"gfpfﬁ vgs
can be obtgjn ?p‘?: %a{er aé?ﬁ@r%{e@r&xéthlcﬁf ké?f‘séféctéﬂoﬁ'bﬁl' Qfktal N1edhldrid@NEcetdidind | N

anot her aspec invention relates to a pr ocess for the preparation
of conpoundiewi-adekumaltedn Ambhmsosphere;lahd and Ll

(iii) recovering the desired metalated [M]-BChl derivative from the reaction

mixture.

10 In one embodiment, the process of the invention is applied to the preparation of

metalated BChl derivatives of the formula 1, I or I1I:

15

n
20 Ra H
H
Ra
H
25
H COOR;3

¢oOR; COCOOR;
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COOR;

wherein R, is a C;-C,5 hydrocarby!l residue;

R, is H, OH or COOR;, wherein R; is C,-C,; atkyl or C,;-C,, cycloalkyl;

R; is H, OH or C,-C,. alkyl or alkoxy;

. Ry is each independently selected from the group consisting of vinyl, ethyl, acetyl.
1-hydroxyethyl and ethers and esters thereof; and _

M represents a metal with an ionic radius smaller than that of Cd (r=95pm), said
metal M being selected from the group consisting of a divalent metal selected from the
group consisting of Pd, Co, Ni, Cu, Zn and Mn, a trivalent metal sejected from the group
consisting of Fe, Mn and Cr, and a tetravalent metal selected from the group comprising
Sn and Pt.

From the above [M]-BChl derivatives of formulas I, II and III further derivatives
can be obtained by transesterification at position 17° and thus, in another aspect, the
invention relates to a process for the preparation of compounds of the formulas I’, II’ and
I1’:



20 25 wherein R[err] is selected fromthe group consisting of:
(i) aderr]-Cerr] hydrocarbyl residue optionally substituted by hal ogen,

oxo (=0), OH, CHO, COOH, or NHerr], or such a residue interrupted by
one or nore heteroatons sel ected from O S and NH, or by a phenyl ring;
30 (i iIWOR”¥988i due of an amino acid or of a peptide cect/moeIE a
hydr oxy group or a derivative thgreof selected fromthe group

consi sting of esters angh
PCT/ | L96/ 00161
thereof is linked to th

N-protected derivatives, WO 97/ 19081
ein sHi d, hydroxyl ated anino acid or derivative

3 t hrough the hydroxy group:;
(iii) a resi due of a3t erdll i n (ii) linked to the COO residue
via a spacer as d|Na hBein said CJerr]-Clerr] saturated or
unsat urat ed hydrocarbyl/ res\dué 5 optionally substituted by hal ogen, oxo,
OH, CHO, (OOCH, or NHZ9Qor suMl\a r edPdue

H 19 N N 11

10
) COOR; COCOOR,
20
COOR)|
25
wherein R’ is selected from the group consisting of:
(1) a C,-C,5 hydrocarbyl residue optionally substituted by 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 pheny! ring;
30 (ii) a residue of an amino acid or of a peptide containing a hydroxy group or a

derivative thereof selected from the group consisting of esters and N-protected derivatives,

8



i nterrupted by one or nore heteroatons selected from0O, S and NH, or by a
phenyl ring, is further substituted by an end functional group
selected fromOH, COOH, or NH err]; and (iv) a residue of a
cell-specific ] selected froma peptide and a protein directl

| i nked to thewﬂﬁgsi due or via a spacer as defined in (i)Pﬁfﬁ@ﬁé%W‘kai d
Cerr]-Cerr] saturated 10 or unsaturated hydrocarbyl residue optionally
substituted byhergin szjéhydroxdatedrminoHeid or derivaivertheseof ij-inked to therCOQt rsidupt ed
by one or norg heteroa selected fromO, S and NH, or by a phenyl
ring, is furt@é’?ghﬁ'ﬁg?'?r;gﬁﬁﬁug’y an end functional group selected from OH,
COCH, or NH[err]; (iii)aresidue of a peplid¥ dsldefigedtih (DHinkéd CGRILOOF tesidub iai spadef er r ]
S C[err]-C[err‘]j al kyl gr Cerr]-Cerr] cycloal kyl; 15 Rlerr] is
H OH or (] eras]defmedip €) Wereg} sgidExfrps saturated or unsatupgted ,hydqogarggcﬁesxdue

I ndependent | y, u | St V| , |,
1"y oxylet 1GOREE SURTE VGl B U8, EHOME 0N oM, & Sk RERLY
represents a inetraptetvby bneawr meraheteroawdinsselscted from Q,!Scand NHtor bf aPher(yl s |
sai d met al M bei Hg sel ecte romthe group, consjsting of _a_dival ent

f
metal sel ect YrtherSHbSifEedRy an eafl Sipstieral grovp Seigctest frpn OFeG OQeh, ordiiz 8 and wh,
a trival ent netal (ﬁvgthgfsﬁcﬁﬂ o%aem-sﬁe@ifﬂrlgﬁxgl selected 3ORSA %ﬁ&@ﬁaﬁszeimr&ggptch

and a tetraval ent selected fromt group conptising Sn an
whi ch pr ocesdinkedmpy ihs €200- residue or via a spacer) asrdefioed ingi)awhesgin sz O 41, o saturated

A L R R A e AR
wherei n R er r¢o0$, 8r RH,, or Ghteriptedyedelor Mo RGabRYIs sQ&kdUfom ¢, Skl wafl ok n

di net hyl formami de, with dehydrated Cd acetate in Ar atnosphere, and
recovering the sehewd pingdisnfprtherdjubsiited duran end functinnahgronp selectedh from OH.

m xture by ckt?ﬁgﬁt glg!(,gphy under reducing conditions; (i)
reacting the us " prodéted [ Cd]-BChl conplex dissolved in dry acetone with
an appr opri atre, i ENPE GGOORE tvhkre BAk C,-<5] dRfled Ci-Coeyamakyl; M chl ori de,
acetate and acetyl- 30 _acetonate in Ar atnosphere; and

9 15 o 151 96y €,-C,2 alkyl or alkoxy;

PCT/1L96/ 00161 : : | ol Sed : t [M.-8Chl
derivative recoverRe“d‘ F?cgrhnﬁ?éﬁdehay géri‘eacttlfl’(;?lmr%i T@S%H%&?ﬁrm;%g{ﬂﬁfo rllc#y%) i;%t he
formul a R [ er¥-hydroidthyl metbethdrs anlssetsahertofc abd on conditions, to obtain

d of f la I', 11 LI . wh in R ' fi h :
' a breferred onfUdPERES 3 MES] Wit arigicany arele in Liy fyOBERPaR: 9! ve
5  wherein Rhetr M béin®belédd R6mARE gAMb QSﬂsi’éﬁ}iF of Bld#¥aldnt infetdCENeE L froh the
Rlerr] is H Rerr] at position 3 is acetyl and at position 8 is ethyl

and the n algrinp eonsistingof Pd\iCo, 8b, Cuzdnand M .a trivalent gudtad selected from the group
consisting of Fe, Mn and Cr, and a tetravalent metal selected from the group comprising
Sn and Pt, which process comprises:

(i) reacting an appropriate baétexiopheophytin derived from a bacteriochlorophyll
derivative of formula I, Il or III carrying at position 17 a group -COOR, wherein R, is a
25  C,-C,s hydrocarbyl residue, dissolved in dimethyl formamide, with dehydrated Cd acetate
in Ar atmosphere, and recovering the corresponding [Cd]-BChl complex from the reaction

mixture by chromatography under reducing conditions;
(ii) reacting the thus produced [Cd]-BChl complex dissolved in dry acetone with an
appropriate dehydrated metal M salt selected from metal M chloride, acetate and acetyl-

30  acetonate in Ar atmosphere; and



preferred enbodi nent, the nmetal Msalt enployed in step (ii) is a netal

chl ori de. : I n anot her further enbodi nent, steps (i) and (ii) can
be conbined into one single step, i.e. the bacteriopheophytin
derivative is reacted with an excess of the appropriate 10 dehydrated
metal M sal WOR/188lnetal chloride, in the presence of cat alcifiLsscereunt s of
t he dehydrated Cd salt, e.g. Cd acetate, in dinethylformm de or
acetone . (iii) reacting theapotiived mepated [M]*Bﬂ}brdes'earttveimwmtetld'mm éhtat es to

new mnet al at ed, ) baCt&el ochl orq r}.ytll!J éder Y tiv of th :
and 111" cEacHiop; HHe 5Bte? CB‘BE” % cP ?13 o‘l‘ﬁ%ﬁ esb? or rrul a I
wherei n Rl &hhichs t&%‘%coﬁ{;&ﬁ{d]off&mblaﬂ%f hr ai'he&‘?@Rt 985 Rfindd atose.acet yl

and at position 8 Is ethyl, and errr}vl 3/ or et hyl and Mis Pd or
Rlerr] is phytyh a prefermddemqugnem; the [M]-BChl envatrmqgs rp_e&M]—BChl derivative

| ob d f. I,
o SRR ORU b BB Sl DAL, Al

t her apeut i geefid @ndldtFEIESH B 65 ethyl and gRMHidal MiPd, @, Ni IQd, ﬂg afi®@Mrs In afiotheses and
bacteria in sanples and living tissues, as wel | known in the art for
HPD and otprefenpﬁemb@@mmt the éteéal M salt emplovmrraﬁﬂjei;em petebghlesdeTHE DRAW NGS

Fig. 1 shows t

([ Pd] - BChl - i “‘?‘%‘?‘ Jéffllﬁi%’fimi‘?{“ f’]"]“% ?‘ﬁaﬁ%#’m I”‘M gjfﬁtg@gel
bacterial s RQnﬁieOcSh‘éteﬁf) Heoplattinedesivaid®e is reacted with i exceds Gmthmpblhpnate
phot otoxicity of [Pd]- BC%I -Ser on M2R ne] aponma cel lBES‘(‘% cul ture by

[ [ err] Mt hyehydrard mﬁeloMp%Fa% g-gRetal chloride, infiher piesgnes YieriRfn-ofrig
| NVENTI ON ba@Sin tgﬂf&m“dg% atbnehl orophyl I's, the
di rect matd draf)ercll% sag ég act gl‘l ocC rﬁ%r ophyl'l's |§ difficult. The nethod of
t he present i nviant ametheal Iaspest t lthe olptesentti dnvention relates to new metalated
10

PCT/ | L96/ OBE%T""hmmphlﬁlz dﬁ@f“&‘l"gﬁ af; thsa farmplay, di 1 8%% ay, defined P00u% Py ng
i nproved pegpgiitd @e cf)&lf:odl'ﬁ?oﬁﬁlnnula 1 WRBRIPRERTOOCHEY, SRpu H.rR&posidbasi on of

t he correspondi ng} derivatives. cordi ng.to the

pr esent!s i niseasetiyban {tm]smscﬁlls et prdRe is Ryt OaF'éer@dlellilpd or Ry icptyddi bl e by
t he acet at%/‘ ' Eﬂyl formam de nethod, can be transnetalated in excellent 5
yield to t er met al conpl exes under m | d conditions. The easy

t ransnet al at i onThshevgmetalobacteriochlorophyil derivatives of the invention of the formulas I’,
II’ and III’ as defined above are for use as photosensitizers as therapeutic and diagnostic
agents, and for killing cells, viruses and bacteria in samples and living tissues, as well

20  known in the art for HPD and other photosensitizers.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows the phototoxicity of [Pd}-BChi-1 7 -seryl methyl ester ([Pd]-BChl-
Ser) and BChl-17°-seryl methyl ester (BChl-Ser) on bacterial suspensions of S. qureus.
25 Fig. 2 shows the phototoxicity of [Pd]-BChl-Ser on M2R melanoma cells in culture

by [-JH]thymidine incorporation.
W&Mﬂﬂm
In contrast to porphyrins and chlorophylls, the direct metalation of

30  bacteriochlorophylls is difficult. The method of the present invention allows the obtention

10



[ Cd]-BChl as precursor is surprising and probably due in part to the |arge
lonic radius (l[err]) of Cd[err] (95 pm) conpared to My[err]
(rlerr]=72 pm). A second factor is the solvent (acetone) in

conmbi nation wth the rret als' counter ions (chlorides) used for the
reaction. DuriWg®"1981 ¢ ansnetal ation, CdCl2 and [M-BChl ar ePCTALSAM161N
equilibriumw th the educts, and the 10 very |ow solubility of Cdd[err]

i n acet one shiff metatated bamnﬂopldpmphyll (Ilenlmxvss dmvmg iniproved opfoparties for use as

I n one enbodi nent of. th prese L nvent i .ai ght or
br anched, ph°§’é‘f‘l§?“§r?é§y Trdalet lﬂ"é’?g?f °°Fﬁ§ﬂ° @Q%ﬁ‘éﬁ%"a W§Pdr ocar byl

radi cal , preferablicc@iding 4 the reseacr liwam%o ].gwah caﬁxpek&ylmatahi@efeamly
phenyl, preferably a |ower al kyl of rr at ons. st

preferabl y etamsszb@rbsathp@dﬂmdm@hymmam rmenmch can beemsn@@%@mwdewe!éeng 15

| . d h
05 o074t apet . B R b B’ k4 Rl RSV ey yranseraarion using ;g
for Rlerr] o d[cd;»mcss Frediysbe wﬁmg@hagfbbswm Intﬁaﬁdoﬂit % ionic x’a&h@gﬁm

atom sel ecte mF, Br oxo, or NH2,

such an qf;ﬁd oi94ipm) cgmerpql to Med (hyd? @eawbwcomhéﬁcwr isthesalvast @aetgge)on S

or NH, prefer s [ Y. o] I due

of 4 to 10 caf E-ldb\l’nnag %ﬁ”sl% ;t)}}ee gtraa Ic;?/J E]é%r Kﬁ’s }é@bge cgﬁgg*hg%?&%&h buﬁﬁé

R [err] servesansmetalatipmd®dCif aid pMPBEOhI aieformemimt@xmbram oizth Iti[t@diucts, andhﬁé ein,

it wll have an end functi group sel ctedf om CH, NH[ err]

through 10 mwwm&:&% E’Gﬁﬁhlgﬁ@eﬁéw iprifun EPr‘h‘bf“g eﬁatﬂeped ‘?t?lked by

~an ester or amde h Ciambodr ent of the P%séh?%ﬁﬁﬁor?rﬁ)oﬂ'dﬂg%m ofbrdnched, t he
resi due of an am no acid or a pept Cont ai ni ng a mydr oXy group,

such as seri nturdted @oninsauated, ur;ahmimgqarormnc,pbmroddwl caditahi prefegat?p oft hdf or

a derivative of, said am no acjd, o ptjde, sel rom . al kyl
esters, cé‘ﬁtl?"l\??)‘Pﬁtsé‘& a‘%@*’a@?"elv b 1F}{’ltyhae omew@tytg{ Eh&‘é‘?o i's
for exanple tgpd- BreF@ably ethyl, &aabﬁua&talz%ﬁvar ftdm tdaturala BEhS &ompbirds 0%). at ed
amno acid or peptide or derivative there s linked to the Coo

group t hr Bughsaranylgesanybiés- QWWIQMF@ED &f PRI 2 &ni0rd-teteanapthylhexadec-14-
derivatives ror B € sine
met hyl ester, el an%l?é’oznl%l\{?;eerQ %QL ggﬁ)e? for § o({e‘f lgrlé&c}lre %‘P&S%E P‘?Q“‘ esﬁﬁs%tecf %’r 2
of such a pephlsien lamni\bﬁlfctdﬂdhﬁmipnum andl oseyxaln sens iQHO,FEOOH| or 88H,£ 61 su&hl of

t hem prepared as des ed in EP 058455 WO
97/ 19881p an opuonal u%st?tuted hydrocarby cha%in 1nt&=.rruptgc‘iD by O, S or NH, preferably O, e.g.

PCT/ 1 L96/ 001 , he LB )
[ Pd] - BChI oot s 2 RERGEHAELBIRGH Bl o rfy@ toMioBeltbor! ettt pieherkly

anot her eRbodientaoxyetiiylénsglypoli ¥heh eR’r e@vmm aoefpaq:r daid p@péc; prf protefin gsadtzﬁned

selected fro es an rot re Lfi but not
T ted tor st SRR bR AR RS dhun skt RO SR i HELYthrebigh
(mel anot r opi N&hich amdfuattidnBDgb@Sthe SePtidd d@tﬂag liPlnKed BFan ester oAfiide bond.

tunor - speci fic antibodies. -BChl derivatives of the
i nvention of the fl8rangthsr embagimest, R'M Fsschrfe%ﬁiuecaf an aminepgcigher Hf paemideal so

by direct metgkliffa Aol gAGHFuA & &EnBHteodlfd intdio¥ifie, 3% poftifet t&fiAining

25 them, or a derivative of said amino acid or peptide selected from esters, e.g. alkyl esters,

and N-protected derivatives wherein the N-protecting group is for example tert-butoxy,
carbobenzoxy or trityl, and said hydroxylated amino acid or peptide or derivative thereof
is linked to the COO- group through the hydroxy group. Examples of such amino acid
derivatives are serine methyl ester, N-trityl-serine methyl ester, tyrosine methyl ester, and
30  N-tert-butoxy-tyrosine methyl ester, and an example of such a peptide is N-carbobenzoxy-

servl serine methyl ester, all of them prepared as described in EP 0584552. In a most

i



hereinafter in Exanples 1 to 4. 10 Sone of the nmetal conpl exes of
bact eri ochl orophylls are very stable and thus nmay be used for further
nodi fications in the periphery of the tetrapyrrole ring systemthat

invol ve strong conditions such as the use of acetic acid or of a strong

m neral aci Wa 97keos1 hydrochl oric or sulfuric acid. Thuspciasbédors: €- J-
optionally substituted al kyl or aryl esters, - can be fornmed by reaction
of hydr oxy pgHfedasembsimént 2 tHe! PMBBCRIO&érivagve al A} BCM edeefifiéd Iwithvl séridehe 15
correspondl ng al i phatic or aromatic acids, acid chlorides or am no acids,
and et her s mgthyl gster. same positions are obtained by reaction with the

o oy or ouy at BUTIE ERReaReBITe: § e reyidle SRR spe RIERLAAA Scibd B
derivati vegeptites ahd proteids] whicl at[cQE(é&phﬂkdg&y, HJ.BE\BIY liriuted%'l- lﬁﬁnbnd}ﬁﬂpu&ﬁst ¢. ges are

avai l abl e by standard procedures (see Struck Qefé 1992,
Hi nni ned, MPCY‘FﬁUIaH’GMB bwmomﬁe(mfé&na fomipy). andcanuibogties, £-2; Mgt @Ph@nd

ger anyl ger gpy sgéf@gmggaéglon 17[err] can be transesterified by acid
catal ysis to other est’ers e.g. to ethyl ester, by reaction with the
correspondi ng alThe{d}-BChl derivaives of thebisientioncofite formulb& WirreinMisekh dricho t he
macrocycle ring by Wttig reaction of ur al roups, such
3-acetyl i MaAw P’%P”‘?S‘raﬁse%@rﬂ“@&tl W?’QPVRW%‘%GR&%? PMR‘@%@&P&? géads
esterified depifafiddin BSmBRL I 164 by OXI dative coupling of OH groups to form

3
et her |inkages at 25 C—?ﬁ err] , by acid catal yzed esterification of OH
groups,l0e. g. at S@z@[oéthe]metﬂ cm:[phep:cq of bastetsjohlorgphylls arp very stablecand $ysymayc

aci ds. . Ahet e hery
of the tet P&p¥Fe &Pt ﬁﬂhﬁrgmg 'tc%?ﬂng in Yhe Pés%g% &J hé {balp?gaf e n%(tg tﬁ?’a{hhp

My- cont ai nijfebiCitdond @ohdifibnsVsicas EHe dsd oﬂem”i:&bﬂtdraﬂ a strong mineral acid [lkee BChl
derivatives of fornmulas Il and Ill herein may be obtained fromthe 30

cor r espondibygrashlotie ar pylfusie agidr Ths. eRteeS: e PPU%EWIV é%bsﬁf“t?do?lhﬂl% apyl gsters,

gi-gscr | bed pcraﬁ\{)k %%)ﬂ éay /riag:ggﬁgf flﬂﬁ'&y érggpg for example at position 3! or 13°, with the

PCT/ | L96/ O0Qb6rgsponding ahphatic or domatoagds, acdd clipridds @r amireracidsnandiethess 31 4R [ err ]

is a residue of an. amno acid, .a . _Pept] or a protein,.e. qg. "|t|body,-

e pr epar CaTEHoRMoRhaR pafbih bR mEietian B o rapdinR efiphiic PRl

i nvention, AReh8RZCBMbbnds hanae at iididxly Cg?]éuwa Msiion t3hee, %n:;’-w@omh@r-gahyl | ase

or by catal ytic condensatjon of,the a pI’OpI’I ate bacteri ochl orophyl l'ide

(the free aieriyatBEs, mmosn}mnaa . e@o0Rf-Oli- BEhk SRSTVAeS.03rg |aneilableaby Fandsed d
eptide or | I ak

N Py r oxy s ReRte? (8% Rt 674, Y402 bid pinninet ﬁ%ﬁ. Lo g gl

descri bad |dtcﬁHn@5:ﬂ§i:55&;d gara:kyygmryljems a ptmmbnrlé can begwamsesteriftddebyadoddl by My

Corrpl exes | Ia@?vs?sﬁél (%lthq;eqsﬁerseﬁ g, i ethyl ester, yagcactmn wgﬁh %eog?r%gp%rnldx?xg f;llcoﬁolphyl |

derivatives®
Other substituents can be introduced into the macrocycle ring by Wittig reaction of natural

CO groups, such as 3-acetyl in BChl a, or chemically introduced ones like ketoalcohols
esterified to C-17° as well as by oxidative coupling of OH groups to form ether linkages at
25 C-137 , or by acid catalyzed esterification of OH groups, e.g. at c-3! , c-13', C-13 , with
carboxylic acids.
In an alternative, the modifications in the periphery of the tetrapyrrole ring system
is carried out in the natural Mg-containing BChl derivative prior to demetalation.
The BChl derivatives of formulas II and III herein may be obtained from the
30  corresponding naturally occurring BChl derivatives of formula I as described previously

(Struck, 1990).



10 photosensitizers as therapeutic and diagnostic agents, and for killing
cells, viruses and bacteria in sanples and living tissues, as well
known in the art for HPD and ot her phot osensiti zers. These conpounds
are useful, ﬂ%r ?xa le, in sensitizing neoplastic cells or ot her
abnormal tissH@%8%bstruction by irradiation either in vivd@CIALEsONALy o
using light of appropriate wavel enght. It is believed that, the, energy

of phot oacti vati ohh eompponds ef thepnyention Wherrdm Boniua residig ol aeamigaasid 3 ¢ to
si ngl et oxygen.: i L t en..l ' : bl €
or “the oyt oPTolOL £ Brovily £landipdPic'pheppiRl SHEABE Sadshetalajop Hock SR M R

bact eri ochl opepdny inventidny by eszenatinhiansestetiicatios cathctbe eazymei ciilarephyfassl ardiyng
tunors or other, |, ites to which the netal ajed,.bacteriqchl or lls are
i ni st er odtaltic condihsation of the APBOPHRS tHEF B PIOGTRYT O 14t HEBGHI T ha
can be treat eehomyt ithD e RYUrIBARLL andtd aciB2peRIdeOSN pRIAR Wil ARNLIGRGIYES Of
the invention, include destruction of tunor tissue in solid tunors,

di ssol uti on cérbpdismjde (DIAC)b| and dNshydmaysic¢inipade ENHS) dpSHHaetindanNoopyridine

4,512,762),; treat nenf. l.cal condi.ti ons such. as _acn thlete' s
foot wart 5. EMAR a5 Aascatjndk, ps5Z or 67 SetuscuahZedtchions Ottty e
products (sugémplexddlikedadwrB¢riansfusi on) for infectious agents.
The met al obacteri ochl orophyl| derivatives of the present invention are
fornul ated 25 i nThe mEWanepiobactrioshierophyll deningsxest oloths ipvantian Brafart ¥sgt #%on to
t he patiept LI V] ’ e ' chpl
wel 1 Cknows. i RPqiRlipis b8 iikpelhic and bR bARS bod WNAURE UL, Mififes ana
Phar maceut i CBhctépid i esifiplesVamk liAnb | tisskesnas @ell, kroaat mnthe Ren fud. HPD adn@sdther
edition. The conpositions can be adm ni sher ed systemcally, in |?ar,t i cul ar
by inj ect i onphepsensitizery gihesrcomnoynds i wsgfilyfor gggmple, in sensitizipg neqplagf S8ltss,
the net al obagi GHLOBALRELBENGE o SRIMMBh bY GFadii¥n R FEAVAG YIS usFBight of D€
| abel ed with a radi ol sotope or other déetecting nmeans as known in the art.
13 appropid@ 9arde@di It is believed that the energy of photoactivation is transferred to
PCT/ 1 L96/,00161 The appunt . of net al pbact erj ochl or ophyl |
dori vati V8 t SHSESIRORYETP SHNE pinelel oxyarn WaR RugletoTRes misErtaRt e

o : 5 |
accumul at ed vk trBspRhiiBle foRTtROiiofbkiclefétti Ih RidltionS tRe pR&tdactivatbd forms YRlkbe
dependi ng on the choice of the derivative used as active_ ingredient, the
condi ti on t obacteriochiorephyls Buorescrewhigh dlupesegtien eansaid i logalizinghwmerreorpilier
condi tion of ' t >l . hysi ci an.
The wavel engﬁ'{t(é}g? Ia'lﬁﬁérh gﬁ% o ?ﬁgdlblg‘gﬁ'?mﬁs&%?gﬁa{r}ég%m% gesdgn to match the
maxi num abs oEkamples off indibstions tkabwh ircthe art ahdtlcan bpingdidd wikiothe aewsndtalaer .
The suitabl e wavel enght for . . any of the conpqunds can readily, be |,
determ ndf { PERiFRAcEIozRpSH ﬂerlwvgi)eﬁheuwemon’ include destyugtionyaf fymas 4ssuS 1 vi vo

use. the et ShRPRRGR! WRESIRIR e IR HIGAIENER (RE, ¢ 12U BprchNEDL107m60RN be

used in the treatnent materiral's 1n vitro to har viruses or
treatment of topical conditions such as acne, athlete’s foot, warts, papilloma, and psoriasis.

and treatment of biological products (such as blood for transfusion) for infectious agents.
* The metalobacteriochlorophyll derivatives of the present invention are formulated
25  into final pharmaceutical compositions for administration to the patient or applied to an in
vitro target using techniques well-known in the art, for example, as summarized in
Remington’s Pharmaceutical Sciences, Mack Publishing Co., Easton, Penna., latest
edition. The compositions can be administered systemically, in particular by injection, or
can be used topically.
30 For diagnosis, the metalobacteriochlorophyll derivatives may be used alone or may

be labeled with a radioisotope or other detecting means as known in the art.

P

13



I nfectious agents, such as harnful bacteria. For exanple, blood and bl ood
pl asma to be used for future transfusion can be treated with a
conmpound of the invention and irradiated to effect sterilization.

The invention thus further relates to pharmaceutical conpositions

conpri si ng tWiR9INB0stet al at ed bacteri ochl orophyl | derivati vescoiLsbonenl as |1,

1" and 11" herein for phot odynam ¢ t herapy and di agnosi s of
nal i gnanci es andh GimophobPigtisbactedidchiordpthy b fderivative Q@ bk Sadntinictered | willatwd
Vi ruses. For these purposes, the conpositjions will be prepared

and adni ni ceardiag g the experieaenAunwAE wittotks gorphypns disedip PDT, 58 aR&SWHE bed i n

US Patents No, .4 4 . : . . : No. 5,
238, 940, - PALHPEATRE pa AR CholSp of the dellvagh b mraict s SAGHBRES 00
No. WD 90/ IR5itéatedalthe niodé lo€ mdinirdsiraion,athe cigh @héiconditiorr of ereepatient, and the

The invention wll now be jllustrated by the follow ng non-limting
exanpl es, judgementofthgphysicias. In the Exanples and Table | the

starting conpoun & t-aliag A€ Sreferabl LAt ek
i dentified by t h‘gﬁ?‘ w feévdgﬁtggﬁunblgr gé*}?% bo?xae: erably CR&BO teWithd ma€imum

14 absorbance\Bf €hié/ri@alebacteriochlorophyll photosensitizer. The suitable wavelenght for
PCT/1L96/ 00161 A - . . . -
BPhe- 13[ er ra]ny@'the compounds can rfgcllg lIeI-_gg]Fépmemgtﬂpm its absorptioy ﬁpqctrltlgd] }

BChl -13[ err] - OHyy addition to in 3o ubeOthe -m&hiBbacteriochlorop derive@les of the
BChl -13[err]-CH 5 4a - [N] - BChl 4b - [N ] -
BChl - 13[%r ripvedtion can be used in g treafraggmt of nEygrials in vitro to kil viruses or

BChl - 13 er rileeg#ous agents, such as harmful bacteria. For example, blood and blood plasma to be

used for future transfusion can be treated with a compound of the invention and irradiated
to effect sterilization.
The invention thus further relates to pharmaceutical compositions comprising the
15 metalated bacteriochlorophyll derivatives of formulas I’, II' and II' herein for
photodynamic therapy and diagnosis of malignancies and for photodynamic killing of
cells, bacteria and viruses.
For these purposes, the compositions will be prepared and administered by
conventional methods, for example, as described in US Patents No. 4, 649. 151, No. 4,
20 753, 958, No. 5, 256, 840 and No. 5, 238, 940, European Patent Application No. 0584552
and PCT Application No. WO 90/12573, all of them incorporated herein by reference.

The invention will now be illustrated by the following non-limiting examples.

EXAMPLES
25 In the Examples and Table 1 the starting compounds and the metal complexes

obtained will be identified by the following numbers in bold:

30
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6a - [Zn]. - BChl 6b - [Zn] - BChl-13[err]-COH 7a - BChl

7b- BChl -13[err]-OH 8a - [Cd] - BChl 8b - [Cd] -
BChl - 13[err]-OH 10 9a - [Mn] - BChl 9b - [M] -
BChl -13[err] - 04 Material s and Met hods (i) Isolation of

BChl . BChl [ cORTHMME 7a] was isol ated from phot osynthetic PCTIBI0M o
| i ke Rhodobacter (Rb) sphaeroi des or Rhodospirillumrubrumaccording to

Séherz and Parsan 1984 _Struck et al .~ 1992 _or Svec 1991 __Purification
was done on 15 Sephar ose accog i_g?liltg.z ta and Murata, 1983.

(1i1) Preparation }- err] hydr oxyb %chlo orophyll a [BChl-13[err]-CH|.
BChl hlf[farr}:{[ ]Za Ordi cg(mlound 7%][ 2aimqmaanm3iforf{%2nu![a I W?erelg Rlerr]
is phyty err , err at position is
acetyl and at posPai &9}83?&1 et hyl, wik- [§adp B! gp‘ﬁydr oxyl ation of

Bchl [7a]gat posij] O@If él% by storagge._ %bo?@%’[% ganol for 5-7 days in
uck a

the dark at 4C 20 nd Scheer, ternatively, the
Li Br- procedure aciaoxpﬁu]gB’Cthl Schaber ﬂi fCu] - BChl-13%0B4, was used, which

resulted in | ess by Purlfl gne _in each case on
preparative (20x2 T rgﬁ’fm lica- g tﬁon&fm%ik‘g} PR a gel 60 H, Merck) or
colums with gp ggﬁne/ acetone (9%f.gehiiz2asgel uent. The greeni sh-bl ue

band contai ni ng t e title product (R err]-0. 4) was nechani cal ly
det ached and unr e8at Bd]BBER! a was ex8batGdld BChba3’9KER with 25 acet one.

phe. 13 Qe o Jmﬁ%a@ﬂﬂff’;i 381 bl s Byl Gemetan ati on of B

[7a] and BCh hhd respectively, according to
Rosenbach- Be _1988 vvlth a smal | ampunt of acet ic acid (the

pi gnent is just d(l)smlar@d)of BGH .o BC eerapaynd Fa]  was iselagrdciiers pherasymthetis] v
the acetic 3 i I fo, N e d
phe. 15[ er r] SRPHoHS’ RAAPRIMES (B BuilpRTYF R pl b Pibrkl ackirdfg "B
15 ScherX\ah® ParkOf)3 D84, Struck et al., 1992, or Svec, 1991. Purification was done on

PCT/ 1L96/ 001 Chl orophyl | ase_ (Chl ase). Chl ase acetone
powder wds %&%@WWW“F&S”O‘M‘%?@B\Q @183 china tree | eaves as
described in EP 0

tion of 13- okieltoeHior G ErCrINS?-MER A -
mel anoma cel |l s ar cuI J?éo %s ?gberg'(;lgn o @becco ?%20 1Tl e&
Eagl e' s nmedi OH fed@pownt i} v amglpﬁﬂndnﬂtbﬁﬁmﬂ pher#inkR, 15Lp1%)ﬂeﬂaﬁs GOOCHGV Ry &
serum gluta 2 epi.cillj n006 @ﬁ stre C|n0
37Terr1C i DhoR rerat devisen v gps ok G b e pE Kot el o
(Gerst et al Bchif98Par position C-13° by stbidize o8 In xaaﬁéx@w&qtmmnhyheswdhw&he
M2R nouse nel anoma cells (1 x 10[err
20  (Struck and Scheer, 1990). Alternatively, the LiBr-procedure according to Schaber et al.,
1984, was used, which resulted in less by-products. Purification was done in each case on
preparative (20x20 cm’) silica-gel plates (Silica gel 60 H, Merck) or columns with
toluene/acetone (9:1, v:v) as eluent. The greenish-blue band containing the title product
{Rr~0.4) was mechanically detached and unreacted Behl a was extracted from SiO, with
25  acetone.
(iii) Demetalation of BChl and BChl-1 3%.OH. BPhe [compound 1a] and BPhe-13%
OH [compound 1b] were obtained by demetalation of BChl [7a] and BChl-13*-0H [7b},
respectively, according to Rosenbach-Belkin, 1988, with a small amount of acetic acid
(the pigment is just dissolved). After demetalation, which occurs immediately, the acetic
30  acid was removed by a stream of N,, and the BPhe and BPhe-13%-OH were recovered as

solid products.
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cells/well) are cultured in 24 well mcroplates and growmn for 24 h to about

2 x 10[err] cells/well, approxinmately 70-80% confl uency. The [M - Bchl
derivative is dissolved in 10 culture nmedium and di spersed by sonication.
Phot osan-3 (comercially available HPD) is . diluted to its final

concentrati O¥OPTI908H t ure nedium The nediumis replaced W pOT/ASEDITSI

free nmediumand cells are incubated in the dark with the desired
concentration of () ChzopmymsWhhkgecmasfa&ek&wm@d& WaPprepired Bkl Aptikhe
cells are irradiated at room tenperature for 5 mn fromthe bottom of
the plate. Wamlzlluﬁ’mné"F@bﬁ%?ééﬁdmnhﬁérlmﬁ?@ém%?-n| ng 15 rmedium and the
cutture pates a5 GNREHr e 3HE Wik st REHRGHELeGe affulta BRI n

ef ficiency |nth ureé 1's ermne M croscopi c e€xam nati on
of cell Durmew’mhmgiﬁcd Bagle’ sfrhtmﬁmﬁ’oemﬁanmngmmm&s gHI 1.4, 1094 Fetali ng
treatment with vital stain ‘H‘ﬁ pr opj. di m|od|de Pl D

[ 2, 7- di afi nBOY0SFEHYY Shtarups &t |4 Penisdlyt 8,96 1me/mh apd seritemysin ] me/ml; &4 de
met hi odi de] }70 8 RerSSIGdAE 1iBu { gg‘r% |I's, and
(rii) 20 [[é? r(j]/\@ﬂacﬂmﬁgi ?néﬁl?ﬁncof porat i of Eiéef]urs'w&grﬁ eQE ri Eﬁgilgg@

Control experi me)s CeMcﬂhuﬁbeyt()tb;rzczrv studient Theea MR oebdesmkiapéma relish@ dat®, (2)

Lo T nectlge RS o 38 b LA Bk ok Seltor
wator fil ?2f“%a@e‘m?ﬁ?i“*é%%%???°2ﬁ8&¥’???3d The [MIBER baRaARs s Beolda i 10 cm
S/\(/: rcnnfre (r)ﬂhy: r:u!axlr medinrpangolispersed by mcatumé’hptogqmrs gmgﬁcgalm‘vmb@dma) 5 m
I ncor por at i glrlu&céﬂ%’eﬁ% §n?q%§$cseﬂt5ﬂ'r°§ E Ry ce % oty %Eﬂsp lp‘%g]‘mhnsemf)nul sed

with 1 [err Fek/médibrhednd] tdiks hareifiéubatel Gh the hiaﬂsi “&Kﬁhe (A¢kitadr esncafitfativh eof
washed twice with hosphat e- buffered saline, treated with 7.5%cold
t ri chl or oac 8hPtescagitigers- r°"3¥3m#1 Zhh gf ingubatign thegels 8 dmmdipted Ata@om;IeAPEIHENO| .

Sodi um hydr @xi wer e
kept for 10?%1 ﬂ?fgé er r?oé{o'ﬂ{ BH \éﬁslk%% Tﬂi%gé?gggf%%%%gﬁ ans elr%ﬁ%ﬁtﬁlg
scintil l1ati eredium and the culture plates are placed back in the incubator for 24 h. Cst6toxic

WO 97/ 19081

PCT/ 1 L96/ 00HiFiency in the; ceflcultyrs i dptegminedy®y it BUFTpsPRi | xgmigaties of 574

radi oacti vi e SOy ﬁdorbseexhdeqmcebscopy of &l ThlldwiRd iremeRURith Rdkal Braih ML
(20:8 [vol /vol]) xyl’ene scintillator | umax m xture accordin to Chen

et al., 198gpropidBm icdider{BIId (2.7-dmaisardphenyl- 18 (djethyjamBrpropyhcphenathridinium

%i]n] aﬁ((j:hl[ -zﬁ?&@‘gﬂl" %étcﬁ)&é )?Wa%%tsefgg&@ uﬁé&c L)1]\.\lates in nuclex of da%é&gd' &ﬁg H@C@ygound

met al ati2on §H]BRhAdiRt ajcomoritiBiPhe firfer deskrlEd be[oizb]Contrdsqxgaimmed ;nplukiy (bhe

untreated cells kept in the dark, (2) untreated cells illuminated, and (3) cells treated with

the drug but kept in the dark.

(vii) Light source. The light source for irradiation is a home-built 250 W halogen

lamp focused through a 10 cm water filter on a glass support and fitted with a liquid filter
25  (chlorophyll 2 O.D.=10.00 at 660 nm). The light dose is adjusted to 45 m W/em’® in all
cases.

(viii) [ H]thymidine incorporation. Twenty four hours after PDT, cell cultures are
pulsed with 1 pCi/ml ¥ H]thymidine for 2 h at 37°C. Cultures are then washed twice with
phosphate-buffered saline, treated with 7.5% cold trichloroacetic acid for 30 min at 4°C

30 and washed twice with ethanol. Sodium hydroxide (1 A, 300 pl/well) is added and the

plates were kept for 10 min at 37°C. Samples of 100 ul are transferred to scintillation
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acetate/acetic acid or acetate/di nmethylformam de net hod. | a.

Acet at e/ di net hyl f ormam de (DWMF) net hod 10 [ Zn] - BChl and

[Zn] -BChl -13[err]-OH [6a, 6b) were prepared by refluxi ng BPhe and
BPhe- 13[ err] | b), respectively, ([err]70 [err]M in DVF with a
1000-f ol d excg_{g("d%‘ anhydrous zZn(OAc)[err] for 60 (75) BRTHALPE0IE)
110[err] C (reflux at 163[ errgc decreses the reaction tinme to 5

mnutes). Theakeaewtrabized\agth 4PQ aheld N r@@cé&i‘ﬁ‘@&ﬁ‘ﬁ?’ 338 qoynted Py liquid
| et f ' Y th
G onpl exes LR AR AAYEE /GRbNER e SRR S nidifaciang” 1 NC

Acet at e/ Acet toocuhaledalnﬂvmm [ Zn] -BChl and [Zn]-BChl -13[err]-CH

(6a, 6b) were prepared by refluxing | a,1lb or 7a,7b, ([err]70 [err]M in
glacial acetic acid, with a 250-fold excess of anhydrous Zn(OAc)[err] and

sodi um asgor Rq. hti @Zﬂﬁﬁ?@k .acid
was then 20 “evaporated In a streamo err n corrp ex extrac ed
with diethyl et he[Znamhp(m'mpbwm and [Zn -B@hhphr@ﬁ.[mmmb]m@rmedm

250 x 25.4 cked W.t h Sili article si 0
Eerr] m por e%Yi ié?etil%‘}“ °goaﬁ%}beuﬁg"6 lgﬁ?ﬂ'NE’té?ﬁ gg r SEPELTEY ?’?(Ogh
m/mn) of 2ZapiRPakeat a&é%’éaceﬁ&v&iﬁemyif&&%mmﬂemodﬁexane (90% v/ V) with a
retention tinme ofa ot 17 min, W|t err] 75%yield of the purified

aggoccol um chronat ography on silica

gel, usi t he sa e 7 77 | hel 0 of
0o 5 1 S A R ] s e S b
[ Zn] - BChi - 3- BPRa+13*18He1a] 16} xbspectwely, ctwtmle)rmi DIME iwith. a 3@00-fold excess of
Met al ati on by the acetate/ DVE ne (g%uﬁal a anve can be extended

to o o bnttydrau ZA(GhS): G GENAS) miEn of LLIEE (AUE 8h i C giecreste deterion, v

varied. For t 17
VO 97/ 19081 ks 185 finutes). The reaction was followed spectroscopically and ran to completion.

PCT/ | L96/ 001&sblation and purificatiat ofqmodukts 3vag idond asBBithe &d complexes 8a, 8b hereinafter
3-vinyl - 13[e %l ﬁ %xy- BPhe with Zn(OAc)[err] proceeds under
i dent i cal'® coRdv'ti Wi thin -40 minutes at 120[err] C Exanpl e 3:

Preparation Q&_@%&@jﬁ&decar bomet hoxy by direct netalation. 5
The Zn-conpl exes of 1 ecar bonet hoxly BPhe (or

13[ er r] - decar borrelZa¢-BChBCrrid) [Zn]-BChl-13"-OH (6a,6b) were prepared by refluxing 1a,1b or
7a,7b, (~70 uM) in glacial acetic acid, with a 250-fold excess of anhydrous Zn{OAc), and

sodium ascorbate 50 mM for 120 (30) minutés at 100°C. The acetic acid was then

L)—h).

20 evaporated in a stream of N,, the Zn complex extracted with diethyl ether and purified on a
preparative ModCol HPLC column (250 x 25.4 mm) packed with Bakerbond Silica NP
(particle size 10 um; pore diameter 150). Compound 6a was eluted isocratically (10
ml/min} of 2-propanol (5%), methanol (5%} and n-hexane (90%, v/v) with a retention time

of about 17 min, with ~75% yield of the purified compound. Compound 6b was purified

25 by column chromatography on silica gel, using the same solvent mixture as for HPLC,
giving a yield of 90-95%.
30 Metalation by the acetate/DMF method as in Example 1a above can be extended to

other derivatives of BPhe, when reaction conditions are slightly varied. For instance.
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are obtained under the sane conditions described above in Exanple |b.

Reaction tine is 30 mnutes at 100[err]C;, isolation and purification
is identical to 6b. Exanpl e 4: Preparation of [Cu]-BChl,

[Cu]-BChl -13[err]-0OH and [Cu]-BChl -13[err]: 10 decarbomet hoxy by direct

met al at i on. WO 97/19081 [ Cu] - BChl (5a) was -prepared by repttioggoikp or 7a,
([err]70 [err]M in glacial acetic acid, with a 250-fold excess of

anhydrous Guelafiign 0 9Lvig]-BPhe robéi\@ny(ﬂ@z munﬁymptibamm Zn(OApr88eeds under
100[err] C [Cu] BChl - 13[err]-OH (5b) was fornmed at ambient tenperature by

m Xi ng denficg} congitiops within 790 papydsigt 1267Cyl aci al acetic acid, with a

250-fol d excess of anhydrous Cu[err] O and 15 sodium ascorbate 50 MM The
Cu-derivatives of 13[err] decar borret hox -BPhe (or 13[err]
decar bomret hExym§fe!l dédach ) < iy, | bed for
. 5b. In spite of usi n CuZO tdt;e Cu conpl exes rmed in all cases

due to the preseﬂl‘,‘ezﬂ’l‘”‘i"@ Kepeh 13 ca’m%%ycﬁphﬂl(gvfbwﬂ’%ﬁtb?’@h BChl)
| sol ati on apd Jaiideli yndés tﬁpsmé%dﬁe ﬁeééﬁsﬁlﬁﬁgr&b{?@n'ﬂaﬁéﬁgﬂ ngf%ct18n ti .gbove

for the Zn conp Fﬁexes prepar ed acl al acetic di ng
[err] 75% 2030 (rﬁa;tqs a{té00°}39B@da(lﬁbandamdﬁ{:zemn]isaﬂ%ti(cme derivative of

132-decar bonet hoxy-BChl ), respectively. Exanpl e 5: Preparation of

[ Cd] - BChl by di rect net al ati on of BPhe [ Cd] - BChl was prepared

by refl uxi ngxalagiet w&wﬂswomd
excess of anhydrous Cd( 0)2 for 40 mn. at 130[err e reaction was 25

f ol | owedl spgecarbametanx;by B ANGIYALINL conpl eti on. The crude products

e S0 o AP GD'98 REAEER, RGN 1a"8 (CENG i

reduci ng coaddtwitina 2(51)45%@6&3 W@@Wxﬁﬂnﬂoﬁmswdﬂa astdrbate (50 mM) for 15
t ol uene/ acetone/tri et hyl am n v/ v/ v) as eluent. The reaction and

wor k- up ar emmutes 3t 4 P99 éC‘HtﬁClE}ﬂde‘pl’% ﬁh) as fgrmed ay ambiens tempprasure by AikBEd of

pure [ Cd] - Bgply, f = § 3 gnﬁ‘&% d with
d| et hyl et h;m? wat e((ri 6?’8{3‘ gr aggceg g@eh?‘cq}{rgtﬁd JoidEicas crude proLE ct. C#Ee pure
product 1vassafiwd asporhate I0r mMnﬂuaICatdeunatmsoéde-éeratbemﬁmprPhe (or 13-

18

PCT/ | L96/ 00Feefrbomet 0%4?@&%@@*&Bé&&dmcalp%?}@?fﬁaéées(cewpfanﬁm In spitegfe

presented i ﬁsﬂg?lbjuﬁo 1the Cu complexeX ¥R orrfsd in' #IPAE&! due o @e pridenBCHH resiachl
[M-BChl-13[err]- onpl exes of Pd. Co. Ni,
oxygen or dlspropomonanon Isolation and punﬁcanon was done as described in Example

1b above for the Zn complexes prepared by the glacial acetic acid method, yielding ~75%
20  (5a), ~90% (5b) and ~90% (Cu-derivative of 132-decarbomethoxy-BChl), respectively.
le 5: rati - direct metalation
[Cd]}-BChl was prepared by refluxing about 70 uM BPhe in dimethylformamide
with a 300-fold excess of anhydrous Cd(OAc), for 40 min. at 130°C. The reaction was

(]
w

followed spectroscopically and run to completion. The crude products isolated by
partitioning between diethyl ether (DE) and NaHCO;-saturated water can be purified on
silica gel under reducing conditions (1.5% sodium ascorbate admixed) with
toluene/acetone/triethylamine (88/10/2 v/v/v) as eluent. The reaction and work-up are
carried out under strict Ar protection. The blue band of pure [Cd}-BChl (R~0.7) is
30  mechanically detached and extracted with diethyl ether/water as described above for the

crude product. The pure product was used in all transmetalation procedures described
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Cu. Zn. Cd and Mh by transnetal ation of [Cd]-BChl and [Cd]-BChl-13[err]-CH
5 For the preparation of the [Pd)-BChl derivative (2a), [Cd]-BChl
(8a) from Exanple 5 was dissolved in dry acetone (A770 = 5 cnferr] ,
[err]50 [err]g/g2 under strict Ar protection to prevent from

uncontrol | ed OXP34PPYn at the positions C7 and C-8. After aBEHALIG0161 15
mn. PdC[err] (Merck, p.a.) was added (-30 ng/100 m solution) and the
‘reacti on ni xthelev. Its specivakpropdrties(eeinpaund $9) ar¢ presenited in Fakle L.on can be fol | owed
spectroscopically (Q-band shifts |0 from[err]590 nmto [err]530 nm upon
product formation). The essentlal I y pure product was I sol ated by
extracti on wgh, . p g a8 ‘ i
[Cd]-BChl. If
silica-gel plotctn.Agl sk ‘ L of 0k 's cA) properties
of Pd- BChI (2a) ar G e s I way,
[ Pd] - BChl -13[ err] - F b%qg‘%m‘gs‘mﬁr%pg‘rge@gb%#g éiﬁ"s“r’?é‘t‘%%?)r (gcai(ﬁc@s 83 fidm

[ Cd] - BCh- 13[ eExdmpRHs5awas tissolvest il diyometonx (4700 =C5, cntd, , ~ SOLmMimrﬂétdsth af

Bchl conpounds 3a, 4 5a, 6a d of BChl-1 rr npound
3b, 4b, 5b( &g@gtyor\?sem@vem %F@ﬁ&"r’%@%) okt thﬁpoamop@7 a]seg B T about
BChl - 13[ err ) C. Ldes.
The anhgldr oLsgrr_l,é\1 ?ﬁ@ﬁ? %/cg’eg' a.\;\eWragGE%cfgggd at  a (’igﬁl gd o{l}g’nmdat}lggéxag{e%ns'n :

S5a, 5Sb; Zn: 6aadiefluxei(for #0 imin.tHearactinn ears by mﬂnwadl spodroscapicdlly (Qa:t-bandphuﬁts as

Pd (Ni: 3a,3b;, 20 Vh: ga@g&)éy The re ct ons o rred cti cal I%&

i nst ant an&busiyma8 319 T cEpe “E'ﬁ'éon The f\?iser{')' FRrEFOHST YA
reflux), and M&&@dﬁ%kt%ﬁén &Rﬁ%mﬁmﬁlﬁﬁbﬂeﬁdc%d inFempleS Rf [¢H-BCh. 1f CB
oxi di zed products ([err]680 nm were formed due to the presence of residual
oxygen amegesSamy. Eu;thgu pmfét@serd ingardett put om sibta-ga dilates assdesetikedefor [Cd]-

sat urat ed i on i on r odugt done as for
ECd] - BChl i)n @MF%%“&%W@“‘?%E%‘* %Qﬁ@@ )aé%ohiﬁ% eé‘zﬁﬂcw'gsra?@@m zed by
absorption, fluor %Cﬁﬂﬁﬂlar[\%yr I PENBEhlaBA OFAR BYBwas prebaed byrkréFaJaleﬁlauon of 1.
UV/ VI S absorgtlon spgctra were recorded on a PEI’EI n El ner Landa 2

spect r ophdt o Chi130PHs aedh dbe é‘Fﬁt@is‘FQﬂﬁe’ﬁeﬁt@ngPat YhokuaZgpend Muefobdy 221
[ d 0) t f

The. bhot o ¢ (eBirpdudts 3w SURATo) BPoARENINOR {cbffiodrds S840 SBIh! b e

densities forprkpamﬂgsmmme otﬁé@nt}t—B@ﬂmnﬂ BC\thI?-GB respebuvkbnrjvith the cosesponding

excitation was ipt absor nbando l.al b b. Gr Iar
di chr oi sm spe®fi Q ‘ﬁﬁl)’ésvﬁeé“{‘idéﬁqsd%ﬁ Shlogdey ‘HﬁFﬁé‘}egﬁﬁa &Jg"l? VR £A0)

59}3& g/g81 5a, 5b; Zn: 6a,6b), 100-fold molar excess (Co: 3a,3b), or to saturaidn as Pd (Ni: %b,
PCT/ | L96/ 8D 16Mn: k. r%@@émsmwcwe@m@cﬁis@ydasammgw%ﬁ@ﬁ‘& echapt fagPdand) or
a Finigan MAT9 t ne
" a et ob BORAen RisROd e, b SRR el R0

on a 360 MHz-G8 Ukﬂfzedt'pfbahct&w&ﬁtrﬁmd%rdfcﬁmbdfdﬂé towaeprasehcabfrkeﬂdﬁl oyl cal

shifts are in ppm a% I nst tetranmethyl sil ane_as internal
e suppressed by addition of sodium ascorbate (saturated). Isolation and

purification of products was done as for [Cd}-BChl in Example 5 above. The products
25 were characterized by absorption, fluorescence, 'H-NMR and FAB-MS as shown in Table
1. UV/VIS absorption spectra were - recorded on a Perkin Elmer Lamda 2
spectrophotometer, fluorescence emissions intensity on a Spex Fluorolog 221 equipped
with a 450W Xwnon-lamp and normalized to the sensitivity of the photomultiplier tube
and excitation energy. Maximum optical densities for fluorescence measurements were
30 <0.lcm” and excitation was into the Q,-absorption band of 1a,1b to 9a,9b. Circular
dichroism spectra (CD) were recorded on a Dichrograph CD6 (Jobin Yvon). FAB-MS
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standard. Extinction coefficients were determ ned by | CP/ICPM5-atom
absorption spectra (AAS) of the central netals; before conbustion, the
solvent in sanples of la,Ib to 9a,9b with quantified optical densities, was
first evaporated in quartz glass tubes and the sanples then treated with
concentrat edv@P¥VI® acid to all ow conplete rel ease of the merm9soo161

were recorded on a CH7a/SS mas spectrometer (Varian MAT) or a Finigan MAT 9000

with a Cs-gun where liquid-surface jonisation was done in a matrix of m-hydroxy-benzyl

alcohol. "H-NMR spectra were recorded on a 360 MHz-Bruker model AM360. Standard

solvent was pyridine-ds, chemical shifts are in ppm against tetramethylsilane as internal

5  standard. Extinction coefficients were determined by ICP/ICPMS-atom absorption spectra
(AAS) of the central metals; before combustion, the solvent in samples of 1a,1b to 9a,9b
with quantified optical densities, was first evaporated in quartz glass tubes and the samples

then treated with concentrated nitric acid to allow complete release of the metal.
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- PCT/ 1196/ 00161 Tabl e 1. Spectral
Properties of la, |Ib-9a, 9b[err] 5 conpound
Absorption[err Em ssion[err] Xerr]/1[err] FAB-MS
[err][nn‘]([erWh’i@f"éPr]Iv[err]cn{err]]) - [err][nn]  PCT/ALI6/0161
Mol ecul ar lon 10 Bl err] Bl err] Qerr]
Qerr] 356 (113) 383 (62.7) 525 (28.3) 750 (67.5)
759 la (+)[err] 362 (92.3) 389 (49.3) 532 (26.2)
754 (56.4) Ta8d1.(Spetik) Propeties dfiad)b-9538° (6. 0) 753 (38. 1)
764 (755) 2a (+4)
[3.44] 992 ([err]Pd) 334 (14.0) 388 (11.5) 533
E236)7 | 763 (’éfgp( g Avsorpion36 (34.8)  BRflka”- e tS3L b ls 766
[3.21][err] . 945 (s9CofmudmmIEl0Mem™]) oo hpedpml o0 o7 Molecyls,
(10.2) 767 (B63) 335(45.7)  390(30.4) 531 (11.4)
779(63. 0) 4a ettt
[3.18] © 944 RvsNi )  Bx Qx 386 (49.2) 391 (30.3) 598(16.1)
771(71. 8)
2 56 15615, (Sl 8B 665 o ) -9 771 (541
1a (43" ' . .
[5‘;’3?(15]2 2) 780é?gg%§5.5)] Ndowosy 532026 754589 (44-7) 395 (81.9)

331 (18.1) 383(154) 529(6.0) 753 (38.1) 764 (755)
2a (+) [344] 992 ('%Pd)
334(14.00 388(11.5) 335(5.6)  763(25.5)

336 (34.8) 388(27.1) S31(89) 766(637) -
3a(-) (321 945 (*Co)
355(40.6) 386(27.5) 562(10.2) 767 (56.3)

335(45.7) 390(30.4) 531(114) 779(63.0) -
4a ()" ‘ [3.18] 944 (**™Ni) -
366 (49.2) 391(30.3) 598(16.1) 771 (718 '
2.86
342(53.3) 390 (42.9) 538(14.5) 771(64.1) -
5a (-) [3.06] 949 (%*Cu)
358(44.7) 395(31.9) 573(12.2) 780(56.1)

353 (58.9) 389(39.7) 558(18.0) 762(67.7) 782(772)
6a (+) [2.48) 950 (*Zn)
364 (52.4) 390(31.7) 579(16.5) 773(37.l)

357(73.3) 390 (48.0) 573 (20.8) 771(91.0) 788 (778)

Ta (+) 1.82 910 (**Mg)
374 (57.7)  not 612 (16.9} 781 (76.0)
resolved '

359 (80.3) 389(53.5) S575(223) 761 (88.3) 778(774)
8a (+) 1.78 1000 (***Cd)
386 (65.6) 391(44.1) 393(19.4) 773(69.6)

362 (71.8) 392(43.0) 587(18.0) 770(76.7) -
9a (-) _ 1.89 941 (*>Mn)
373(64.4) not 601 (16.4) 780 (66.0)
resolved




353 (58.9) 389 (39.7) 558 (18.0) 762 (67.7) 782 (772) 6a (+)

[ 2. 48] 950 ([err]Zn) 364 (52.4) 390 (31.7)
579(16.5) 773 (57.1) 357 (73.3) 390 (48.0) 573 (20.8)
771 (91.0) 788 (778) 7a (+)

1.82 WOy er r ] My) 374 (57.7) nofcraLoeocier 612
(16.9) 781(76.0) resol ved

359 (80.3) 389 (53.5) 575 (22.3) 761 (88.3) 778 (774) 8a (+)
1.78 21000 ([err]Cd : 86, (,65.6), 391(44.1 593
(19.4) 773 %g%.a%"mm af_‘zl fluorescence spegyzs ?f7§’.°8}’ '@23'6‘33'?‘6)("’ 5'82)")( P€%0) 770
(76.7) sup&-ﬁﬁp&sible to those of the respective 13%-H parent compounds, except for a systematic

1.89 941 ([err] M) 373 864.4 not 601

(16. 4) 78M0lissshifd)of the Qy absorption (530-600 nm range) by ~ Semwo[Thedhass spectra were

21 . 7/19081 . . .

PCT/ 1 Loy ocPlwys shifed BY Jformads, wnits o Agher, yelpes, L yavRlenetlh 265 i (- e
13[ err] - OH MbspipRioh Snd ERinctiGidoetiiddts (by AAT)RE?IST @5 DE(BpPeplikd) A8 @ pRidikd1e
respective 13[ery]-HlparQq} conpoundﬁyaexcept for a systematic

bl ue; shift (wer H@er{a &8k orfjveressenes 3o- Betmhwraﬁ&gerllsw;qaeelr (5:3%nvivivhet rr:ass
spectra wer ; - ..0,_hi; 4 ug

- wavel engt hsﬁasg(g(‘]?%i[mr@%amﬁgéa&'}'ﬁg (7?“% akgse(%@ %ﬁegﬁﬁlgn leg?f‘ ilﬁgﬁi (')rﬁa%rog?%cllds: ents
(by AAS) ateodfifindéion NddREin squarr brhdkes) use matlipfot ifelirfodd coordinfticdWdon! Bachler,
italics). [err], Fluorescence in DE/ petrol eum ether/isopropanol (5:5:2;
viviv) H 19750 SdBRMRB akpyriding-ds (B: sharp sigaaisi(ry Extnsivedine) broadeping dpea i ve
ionic radii ' ] ' : h Nk 1ed in
squar e br aceradinbc LAEPRERL Thof flpSleicisher DuorskaLHN T ShaR, TR,
1975. '[er riigﬂaNl\YR(sz(iN.ri dine-d[err]; (+): sharp signals, (-): extensive

| i ne broadeni ng due to paramagnetic central nmetal. [err] Not
fluorescent (Spex fluorolog 221). [err] Sharp [err] H NVR signals in
derr]Her rmpli% ansesterificati - and peri i

13 J_Zl-etbyl ester
For the preparation of Pd-Bacteriopheophorbide a ethylester, [Pd}-BChl was
dissolved in chloroform (1 mg/ml) and an identical volume of ethanol containing 5%
H,SO, v/v was added. The mixture was refluxed in an Ar-atmosphere for 90 min. Then the
[Pd]-BPhe (100 mg) was transesterified in 50 ml sulfuric acid in ethanol/chloroform (1:1 /
20  v:v) by refluxing under Ar for 2.5 hours. Then the reaction mixture was diluted with ether,
washed several times with 10% aqueous sodium bicarbonate solution. Subsequently, the
organic phase was dried and evaporated. By preparative TLC under nitrogen on silica gel,
eluting with 8% acetone in toluene, the slower moving of the two bands obtained is the
title compound (R~0.75). VIS in either: A, [nm] (relative intensity) 329 (0.45); 385
25 (0.39); 527 (0.13); 755 (0.1). '"H-NMR [ppm]: 9.25, 8.80, 8.70 (each s, 1 H, 5-, 10-, 20-H);
4.55 (q, 1 H, 18-H); 445 (d, 1 H, 17-H); 4.10 (q, 2 H, 8-CH.CHj;); 3.85 (s. 3 H, 13%
CO.CH3); 3.7 (d, I H, 7-H); 3.6 (q, 3 H, 17°-CH,CH,); 3.50, 3.32 (each s. 3 H, 2-, 12-
CH,); 3.30 (m, 1 H, 8-H); 3.06 (s, 3 H, 3-COCHj;); 3.04 (d, 3 H, 7-CHj;); 2.65 (2 H, 17'-
H,); 2.45 (2 H, 17°-H,); 1.75 (d, 3 H, 18-CH,); 1.65 (t, 3 H, 8 CH,CH,); 1.38 (t, 3 H, 17°-
30 CH.CH,); 0.10 and -1,90 (s, 2 H, 2 NH). FAB-MS calculated for Pd-C;,H,(N,O4: 742.38
{M+1). Found 742.2 (M+1).
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Exanpl e 7: Transesterification of [Pd]-BChl and peripherally-nodified BChls
to the 15 17[err]-ethyl ester For the preparation of

Pd- Bact er i opheophor bi de a ethylester, [Pd]-BChl was di ssolved in
chltoroform (1 and an identical volume of ethanol containing 5%
Herr]Sqerr] ‘{‘;8\?'” 81 added. The nmixture was refluxed in an ARCTALISSIEher e
for 90 mn. Then the [ Pd] - BPhe (100 ng) was transesterified in 50 m
sul furic acid i n Etlipdrant /othiek @stexfs @f rotket adid/staBR metal ecompiexes,dilleui, iy, dmdef Ar
for 2.5 hourjﬁ 'Il' en the re'%gtion g\'xtué@ was diluted with ether,

washed sever & CHdFREAtKES 670 P PIeRETGE MASTYE: W8 bi car bonat e sol uti on.
Subsequently, the organi ¢ phase was dried and evaporated. By
preparative TLC under nit rogen on SI lica gel, eI ut| ng WI th ?% acet one

in tol uene Ju- PalBChh1 s d]<BChl-17°-1 -Seri t | e

conpound ( |n elther [err][nnj(rel atlve I ntensity) 329

(0. 45); 3§ Y 0.13); 755 (0.1). [err]HNVR [ppn: 9.25, 8.80,
8.70 (each s, 1 H, i ranseberifiks f [Pd)4B Gl 4 i E 6 aboviSwithlL- | H,
17-H); 4.10 (q,. En‘éymat i e 3]4?4 1%?§er] MCG}Ba ); 3.7 (d,

| H, 7 H); 3.serifg) megryHestgrr{nezwaﬂcmF égﬁwg}r@pr@ﬁ cperied Quibwith Thiproghylese asetoge H,

S oa (d 3 Hpogjgﬁserr 'Bb;%d g’%@%sﬁ%?g&’?ﬁf@%‘]h?“ggc‘grﬁp‘ﬁ?%’rlﬁker)%;’ %‘%@1 ‘L

17[ err] - H er rBQhl-Ser, zbednhound bf fohfiulel Bereth)whetei® R’ (it the3setyl nethyl ester residue

CH err] CH err]) 1 38 3 H 17[err]-,L 30 - Cl-lgta)rr]CI-l[err]) 0.10 and
-1,90 (s, L’2 Hink Cbﬁéﬂmpé%m&%h‘gﬁgﬂmf’g?’drw BriHerr] N err] Qerr]:
Zgz . 38 (M”l)B\XOF@é’?Qrgl ngﬁna(nwﬁnsestenﬁcanon procedure, corresponding 17°-seryl
PCT/ | L96/ 0016ethy] esters of other Ehétyll complexes Hbf]-Brbi eccordifig ¢ i inventébns cabbe
met al conpl exes, I|k derj vatives c ared

in a simlar RiERAredas Suel asé%r%ﬁgl%—estﬁpgﬁmogqugﬁx}gfdeilmﬂve%agr f‘?f‘ir[ﬁe“B%r yl
methyl ester hagi- Qﬂ'm&“@irb&behzoﬁgfml serine vyl Ednd] oBwith Tﬁﬁél)ze derivatives,

Enzymatic transesterification of [Pd]-BChl prepared in Exa | e 6 above with

L- sbr i rfes-REtaryPutexcarbonyliyrasERn F‘E%T}Y@jéﬂ‘{f ibgghia EBF, .out with

chl orophyl | ase acet one powder as described in EP 0584552 produci ng the
title conpound, herei n deS| gnat ed [Pd] BChI -Ser, a conpound of
formula I 3 ‘ @ of (PA)LBC w| ester residue 10 |inked

to the COO gr oup t hE ough ta e, ser | e ydroxy gr oup. By the

sane enzymatic tr on procedure, corresponding 17[err]-seryl

met hﬁle esters of ofracghottidxddiny RNy GnGists loP B Biscrdte SRS iRGibhford Sea bi&M | On
20  solution with the sensitizer, illumination and assessment of phototoxicity.

Suspensions (~1x10” bacteria/200 ul) of fresh S. aureus in phosphate-buffered
saline (PBS) were incubated with the given concentrations of the sensitizers [Pd}-BChl-Ser
or BChl-Ser for 1 hc;ur in.'the da.rk and subsequently washed free of the pigment by
centrifugation and resuspension in PBS. The washed bacterial suspensions were

25  illuminated for 5 min using as light source a self-built Xenon lamp with vertical emission
of 1000 lux/cm® at the target level, using a liquid filter (chlorophyll a O. D= 10.00 at 660
nm). The photodynamic damage was assessed by determination of bacterial survival:
samples of the irradiated bacterial suspension (30 pl) were cultured in 3 mi of brain heart
infusion (BHI) liquid bacterial culture medium for 2h at 37°C under shaking. Bacterial

30  density was measured by turbidity at A=660 nm.

Each experiment consisted of (a) one experimental (bacteria submitted to the
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prepared as well as [M-Bchl-1 72-esters wth other serine derivatives,
e.g. Ntrityl-L-serine nmet hyl ester and N-car bobenzoxyseryl serine

nmet hyl ester, or with tyrosine derivatives, 15 e.g.
N-tert-butoxycarbonyltyrosine nethyl ester, as described in EP 0584552.
Exanpl e 9: Mroymwiegsti city in vitro of [Pd]-BChl-Ser PCT/ILS 1
Bacteria and virus The phototoxicity assay consists of three
di screte stgpsiek Reathiht) 2 mee%oﬁeatg%dpgl (o Pactefil i dn Whuldly LRGrs&ng@) ti zer,
illum nation and assessient of phototoxicity. Suspensi ohs

([ er r]1 x10[ enirjdisged bastdriateawed ith s¢rsjtized, asd (@ hnt@ated baateria (100% of survival).

P oncantr at fons. o giemsiaae: ot pRstbiatrstiee gt AN BCRSr werosdicefaem 1 oy
in the darkyiReespetd s tusiiidr boNRaHAR fo.¢ j0d) B dHBRBic#Y was conferred in

né {195, O
centrifugation and resuspension in PB%_ he vvas%ed bacterial suspensions
wer e 25 5 | thardarkatSirmilaroresBtsivere @btaingd awith Bghi-Serotesied ag compdrispuijunderXbaon

lanp with verticak..em ssiaqn,. f 10 lL.ux/cof.ecr] at the target |evel,
usihg a 11 g PREEEr PRRRGP e P e it ofB By G0 - nmgy. The
phot odynani ¢ danpgeasé@swas fepefeiwity Blalbilizi and PRIpidHkbdoRENAT dcabs Sidr Wit al :
sanples of the irradiated bacterial suspension (30 [err]l) were cultured in
3 m of brafferpgedimplex Virus hi(HSVoh kotiuin suspepsiop anddndnfeeird celis gnd similar um f or

2h at 37[ er pl. Gy %E%tggﬂ%ﬁ%rem&egrd‘&lshégnc)h density was neasured by

turbidity at [err experinment consisted of (a)
one expesi ment al 94, Meddnemageldyibm tted to the

23 ThV\O 97/ 19081 . . . .

PCT/ 1 L96/ 00161 The assay, 3ip|capdietereat Srsfifbed R Metrrals apd, Msthads dietsigbove 1)
bacteria irgagdbat ad) W (Hayt MogHtajdrd 28MM2R Coells were intRbdiEP Wit A Rachedi a
treated with sensitizer, and (SI)%G untreated bacteria (100% of survival).

As shown i ncaiceptrations Ré [PHRGhlder dorflh cand ssubjec®dd -nbotedy@aric dregtment @s
dependent A ot S ! i [r

[err] M andder?(‘::)r1 gxixbcﬂm? 'ypﬁmg‘sscyéog%@g&f{évég ?%ES':)S&P rﬁg ﬁ;ﬁ ]:jg'&k‘%% éﬁk%&a&é’% %f‘?s wer e
obt ai neds W pércddishrvBenl ,of tths treated selisoampib appeaptiatenchdtrolshade describ&hire Fig. 2.

conditions, _wth slightly but insignificantly lower LDerr].

The assay warviah _ 889\5;? s pas taken oy ]irbgi/%nd Propi oni bact eri um acnes and

Wi th Her pesy; ShiBe §otn Yh FigS2 that be\phblotddR! difekwURRE Bt RdbnBfln rddpidf €ct ed
cells, and simlar results of phototoxicity were obtained (no{J Shown) .
10 gbh.[PdleBEhlo¥ra cordentration with an approxieteddda el @S 1Wdnthecphatotoxic
described inp rial n er ei nabove, sections (iv) to
(Viii). |vbnSﬁf%é?Ee”?‘%“%fsgwg‘&q‘%eﬁ‘gg°\%§Pg' i ncubated with the indicated
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concentrations of [Pd]-BChl-Ser for 1h and subjected to photodynam c
treatnent as descri bed above. Photocytotoxicity was assessed by
[[err]H thym dine incorporation and 15 percent survival of the treated
cells and appropriate controls are described in Fig. 2. Survi val of
untreated cel YO %AW aken as 100% It can be s&GTILIF0IGY. 2
that the phototoxic effect was dose dependent with respect to

[ Pd] - BChl - SeB.Qmaigehit amt NorMuvateh 1883, a‘ﬁmpomtimatoé CQhBirephy]l a;fClﬂo%hflbrbrw The
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25 o 47prpesesgqfor the preparation of synthetic metalated bacteriochlorophyll

PCT/ I L96/ Ooa%ativesoft}g_ﬂxm: 1. A process for the preparation
of synthetic netal ated bacteri ochl orophyl | derivatives of the formula:

[ M-BChl 5 wherein [M]-BChl BChl represents the residue of a
denet al at ed nat u‘rvﬁtlerefr)lr synthetic
BChl represents the residue of a demetalated natural or synthetic
bacteriochlorophyll derivative carrying at position 17 a group -COOR, wherein R, is a
C; - C55 hydrocarbyl residue, and
10 M represents a metal with an ionic radius smaller than that of Cd (r=95pm), said
metal M being selected from the group consisting of a divalent metal selected from the
group consisting of Pd. Co, Ni, Cu, Zn and Mn, a trivalent metal selected from the group
consisting of Fe, Mn and Cr, and a tetravalent metal selected from the group comprising
Sn and Pt, which process comprises:

15 (i) reacting an appropriate bacteriopheophytin derivative carrying at position 17° a
group -COOR, as defined above, dissolved in dimethy] formamide with dehydrated Cd
acetate in Ar atmosphere and recovering the [Cd]-BChl complex from the reaction mixture
by chromatography under reducing conditions;

(i1) reabting the thus produced [Cd}-BChl complex dissolved in dry acetone with an

20  appropriate dehydrated metal M salt selected from metal M chloride, acetate and acetyl-
acetonate in Ar atmosphere; and

(iii) recovering the desired metalated [M]-BChl derivative from the reaction
mixture.
2. A process according to claim wherein the [M}-BChl derivative is selected from

a compound of the formula I, I or IiI:

L8]
wh



bact eri ochl orophyl| derivative carrying at position 17[err] a group

-COOR[err] wherein Rerr] is a Cerr] - (err] hydrocarbyl residue,
and 10 Mrepresents a nmetal with an ionic radius smaller than
that of Cd (rk‘g;y’% , said metal M being selected fromthe group
consi sting of lent nmetal selected fromthe group PERHI9&PIAY of

Pd. Co. N, Cu, Zn and Mh_a trivalent netal selected fromthe group

consi sting of Fe, M and 84 and g tetravalent netal selected fromthe
group conpri sing ~é h proceds conprises: 15 (1)
reacting an approprlate heASh$ Seoplgytiin deri vati ve—car+ying—at—positi on

17[err] a group - CONR[ e r] ‘ ) ﬁjﬁ above, dis i I I
formam de with dehydrat ed)>Cé : n Ar at m)sm m M m yi ng
the [Cd]-BChl conpl ex fi¢ m xture P

under reduci ng conditiong , (ii) reacting the thus produced
[ Cd] - BChl ?:orrpl ex di ssq n dr adgj one with an 20 appropriate
dehydrated netal M sal ed mopt 1etal M chloride, acetate and

acetyl - acetonate i / f&re; and R4 (iii) recovering
t he desired netal at ed 13 #tive fromthd reactlla m Xffur e.
2. A process according to cl ai W ?inthe [ M - BEK ratNveH s sel ect ed
from 25 a conpound fd , Il or
26 Wo 97/ 390817 RS Ra
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COOR,

COOR,; COCOOR,
15

I

COOR;

wherein R, is a C,-C,; hydrocarby! residue;
25 R, is H, OH or COOR;, wherein R is C;-C,; alkyl or C;-C,, cvcloalkyl;
R, is H, OH or C,-C,, alkyl or alkoxy;
R, is each independently selected from the group consisting of vinyl. ethyl, acetyl,
1-hydroxyethyl and ethers and esters thereof, and
M represents a metal with an ionic radius smaller than that of Cd (r=95pm), said
30 metal M being selected from the group consisting of a divalent metal selected from the

group consisting of Pd, Co, Ni, Cu, Zn and Mn, a trivalent metal selected from the group

27



[err] COOR1 COCOOR2
R4 is each i ndependently sel ected fr roup consisting of vinyl,

et hyl, acetyl, I-hydrOX!;ﬂllmm! ﬁ!ﬂaand esters thereof; and
Mrepresents a netal with am'$ L |l er than that of Cd

(r[err] 95pn¥0 934981 30 netal M being selected fromthe growmeTapsswpmsti ng of a

dival ent nmetal selected fromthe group consisting of Pd, Co, N, Cu, Zn
and M, a tdh¥aingt FREMAl and Trembied idifaPiiid: RRtA) 5QkdRed from the group comprising
Sn and Pt.

3. A process according to claim 2 wherein the obtained [M]-BChl derivative of
formula I, II or II1 is further subjected to transesterification at position 17°, thus producing
5 a[M]}-BChl derivative of the formula I’, I or III”:

10
I
Ra H
i5 H
R4
H
20
COOR;
COOR} COCOOR,
1ig
25
30
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consisting of Fe, M and Cr, and-a tetravalent netal selected fromthe

group conpri sing Sn and Pt. 3. A process according to claim?2
wherein the obtained [M-BChl deri lve of formula I, Il or Ill is
further subj S¥P&UINY transesterifigation osi ti on 17[ err]l’CTﬂmmlﬁl
producing 5 a [M-BChl derivat-i\/y for Y, or T Jerr]
10 20 ' //I]i

l////I/I///l

.wherein R’ is selected from the group consisting of:
(i) a C,-C,5 hydrocarbyl residue optionally substituted by halogen, OH. oxo, CHO,
5 COOH. or NH,, or such a residue interrupted by one or more heteroatoms selected from O,
S and NH, or by a phenyl ring;

(i) a residue of an amino acid or of a peptide containing a hydroxy group or a
derivative thereof selected from the group consisting of esters and N-protected derivatives,
wherein said hydroxylated amino acid or derivative thereof is linked to the COO- residue

10 through the hydroxy group; o
(i) a residue ofa peptid_e as defined in (ii) linked to the COO- residue via a spacer
as defined in (i) wherein said C,;-C,; hydrocarbyl residue optionaily substituted by
halogen. OH, dxo_. 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
15  end functional group selected from OH, COOH, or NH;; and
(iv) a residue of a cell-specific ligand selected from a peptide and a protein directly
linked to the COO- residue or via a spacer as defined in (i) wherein said C,;-Cys
hydrocarby! residue optionally substituted by halogen, OH, oxo., CHO, COOH. or NH,, or
interrupted by one or more heteroatoms selected from O, S and NH. or by a phenyl ring, is
20  further substituted by an end functional group selected from OH, COOH, or NH, ;
R, is H, OH or COOR;, wherein R; is C,-C;, alkyl or C;-C,. cvcloalkyl:
R; is H, OH or C,-C,, alkyl or alkoxy;
R4 is each independently selected from the group cénsisting of vinyl, ethyl, acetyl,

1-hvdroxyethyl and ethers and esters thereof; and

(O]
A

M represents a metal with an ionic radius smaller than that of Cd (r=95pm), said
metal M being selected from the group consisting of a divalent metal selected from the
group consisting of Pd, Co, Ni, Cu, Zn and Mn, a trivalent metal selected from the group
consisting of Fe, Mn and Cr, and a tetravalent metal selected from the group comprising
Sn and Pt, which process comprises:

30 (i) reacting an appropriate bacteriopheophytin derived from a bacteriochlorophyll

derivative of formula I, Il or III carrying at position 17° a group -COOR, wherein R, is a

29 PART OF THIS SHEET HAS BEEN
REPLACED
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PCT/ 1 L96/ 00161 wher ected fromthe group

consi sting of: hydrocarbyl resi due
optional Iy substituted by hal O%M‘Wﬂﬂmw COOH or NH err], or
such a resi wo7iis8er r upt ed by oat ons sel egdmdedoosn O,

S and NH, or by a phenyl ring; (ii) a residue of an amno acid

or of a pepticiehfdestaftiyliedfiud d¥EIVEKY dthOUP fofmanide, withRh{ itk €8 abdigie eof
sel ected fromthe roup consi sting of esters and N protected derivatives,

wher ei n sai"d"\h eemviemg @éﬁm@mmg [Celi-BEal camplerofrom she teadtion t o t he
COO residy (ii1) a residue of
a peptide g:gx efl cP i'n 5 ‘%&Pg ?@%O&D resi due via a spacer

as defined in ({i) rauaeﬁgeuhet}ﬂapﬂadﬁz{ear[ca}Ecmrdo}np&xmﬁsaaaémldry@%ioﬂaa:imrahi onal l'y
substituted by NH err], or such a

resi due’i ntaBWTPEFtﬁ‘%ée}b’Qfa@ﬁém’d?l Mﬁ?léselected fr‘PiEt'@F’éhVo‘%O@éi wewtepmdageyb, S and
NH, or by %cé?@ﬁ#yhméﬂ%s&i%qfaﬂéther substituted by an 15 end functional

group sel ect ed or NHerr]; and (iv) a residue
of a cell-speci {iiir teagigdhs q:k@nbuﬂnfetahmda[MhBChHéerhnaﬂvearqnomd fronhi thect |y

reaction mixture with a compound of the formula R’; - OH. under transesterification

conditions. to obtain a compound of formula I', I_I' or III"' wherein R’, is as defined above.

10 4. A process according to any one of claims 1 to 3 wherein the [M]-BChl
derivative is a [M]}-BChl derivative wherein the metal M is Pd, Cu, Ni, Co. Zn or Mn, and
BChl is a residue of bacteriochlorophyll a derivative of formula [ in claim 2 wherein R, is
phytyl or geranylgeranyl. R. is COOCHj;, R;is H or OH. R, at position 3 is acetyl and at
position 8 is ethyl. |

15 5. A process according to any one of claims 1 to 4 wherein the metal M salt
employed in step (ii) is a metal chloride.

6. A process according to any one of claims 1 to 5 wherein steps (i) and (ii) are
combined into one single step, and the bacteriopheophytin derivative is reacted with an
excess of the appropriate dehydrated metal M salt in the presence of catalytic amounts of

20  the dehyvdrated Cd acetate in dimethylformamide or acetone .

7. A metalated bacteriochlorophyll derivative of the formula I’, IF’ or III’ as
defined in Claim 3, but excluding the compounds of formula I wherein R, is COOCH,,
R; is H, R, at position 3 is acetyl and at position 8 is ethyl, R’, is phytyl or ethyl and M is
Pd, or R’ is phytyl and M is Cu.

25 8. A metalated bacteriochlorophyll derivative according to claim 7 of formula I’
wherein R, is phytyl or geranylgeranyl, R, is COOCH;, R;is H, R, at position 3 is
acety! and at position 8 is ethyl, and M is Co, Ni, Zn, Cd or Mn.

9. A metalated bacteriochlorophyll derivative according to claim 7 of formula I’
wherein R’| is phytyl or geranylgeranyl, R, is COOCH,, R;is OH, R, at position 3 is

30  acetyl and at position 8 is ethyl, and M is Pd, Co, Ni, Cu, Zn, Cd or Mn.

10. A metalated bactertochlorophyll derivative according to claim 7 of formula I’

il [ |



l.inked to the COO residue or via a spacer as defined in (i) wherein said

Cerr]-Cerr] hydr ocar byI Le&_due_qu_oMubstl tuted by hal ogen,
OH, oxo, CHO COOH, or NH err] interrupted by one or nore

het er oat ons sel ected from O, s and ring, is 20 further
substituted WP ®AYBAD functional ““Ill”ﬂl"“l]“ﬂlﬂ“ﬂtm OH, COGH/ILK/O0GY err] ;
Rlerr] is H OHor COOR[err], wherefn Rleérr]"i§ cterr]-Cerr] alkyl or

Gl err] - ( er rherialROplslhityl or geranylgeranyl, ng[lecopong R; is@Hon®OHC[Ryrat posdiian § |
al kyl or al koxy R4 is_each independently selected fromthe

group consi s‘ﬁl"ﬁgl Md%fﬂ’ﬁiﬂmn%{smyl aggMigZnorCu. 1 _pydroxyethyl and ethers
and esters thereof @Rited b hl #\ﬂh ﬁﬁéx%faﬁ@éefc &d ttauammfmmumrc
radi us smal |l er than ?ﬂg? o ng(,mfcerorr g , said oGl net al Mbel@%]

sel ect ed fr owherbia lﬁrtsmhmborsgeanviggraoﬂ &@ISIH,aReﬁtH R & lpoguored iscagetyk andhat he
group consi stin Zn and Mh, a trivalent netal selected

fromthe ’gro?fbs“%n% ‘SE%HEF%‘{R‘AH@ 45?0 ¥ M and O, and a tetraval ent netal

sel ected from theygr W&eﬁﬁiﬂﬂ%a&hﬁ&hloroph)Eﬂe@hﬁv?ﬁccot&iﬂg&b chi ¢@f formalyll i ses:
30 (1) reactln an a ﬁ@late bacterloPheo phytin derlvedfroma
1

bact eri ochl owbphwR is eth . Belsi Bj isftbr Raptepopil orrPIScﬁcer andca3 PRSiioRyS at
position 17[%remyl%n? UR: %@rr] wherein R err] is a

29 reacti ng an appropriate bacteriopheophytin derived
from a bact eri ochir gphgthlated ebwmdchloeopmizll fierivativenaccording toclain I of formplarly at

t 17 .-
Poar ocar by VRSFERT SAB HEPSHET Ratbe A thoReiciES SCpEon oy arh e o

acetate in Ay llg;g,g@r;@&gyl ﬁﬂq/[qsepd)verl ng the corresponding [ Cd] - BChl
conplex fromt reaction mxture by chromatography under reducin

condi ti ons; 14. @.pt)armmcmqahg:mmumnsmpmmmmata[a@d]bamchm Bof
di ssol ved in_.d t.h | t
et e oAbl TR0 s o BRI DAY B Al P TRl e

atnosphere; and 15 A phz(rhiatéméiﬂ&@hp&gndmcaﬂﬁguceﬁlmﬂnaﬂmt'eadﬂ{el\r]letﬂﬁlsﬂ
derivative recovered fromthe reaction m xture wi th a conmpound of the
fornul a F'@[eP?‘]‘enOC@FOPBHH@rth%WB%‘%@F'F‘Fflt’a‘f #8hl%condi tions, to obtain a

conpound of formi@ {jse of 4 meRiardd dac %e%?ﬂ l#ghyﬁ'clf%r'h]uld B, ﬂsordﬂf 'aE'%ElF&IEQHe

4. A process according to any one o to 3 wherein the [M-BCh

deri vat i ve i slafm [7MferBEh imaefacmet ofve pidreaesutical lsempesitn fot bse iﬁobhomynmm Co,
Zn or M, cLéBChI is a residue of bacteriochlorophyll a derivative of
formula | f28Ym 2 wherein Rlerr] is phytyl or geranyl geranyl, R[err] is

CooCH[ er r ] Rl erri7.i sk a%etﬂaﬁed Fﬁ{a@f’eﬁc}ch&ixoﬁ!@ﬂldﬂ formula ’s HAce I agdefirat! in
position 8 is ethyl. ‘ll)rocess accordi ng to_ any one of clains 1
to 4 whe2ei nclaimd f@fébamannfsfaw ofap ufigal gq-mgpsnopfondéagaowf JPmeRsy or i de.

6. A process accoggli Qﬂetaomgtgﬁteﬁ%cfg;m&ﬁd’?bﬂWll]ofttgmillm'he'd? Iftt §Pefirlelt iANd

(ii) are
claim 7 for the manufacture of a pharmaceutical composition for killing cells or infectious

agents comprising bacteria and viruses.
19. Use according to Claim 17 wherein the pharmaceutical composition is for

25 killing of infectious agents in biological products

3l



conbi ned into one single step, and the bacteriopheophytin derivative is
reacted with an excess of the appropriate dehydrated netal Msalt in the
presence of catalytic anpbunts of the dehydrated Cd acetate in

di'met hyl f ormam de or acetone. 7. A netal ated bacteriochl orophyl |
derivative o9& brnula 1', 11" or 111" as defined i n CP&TAL95/0016Yt

excl udi ng t he conpounds of forrrula I’ V\/nerein Rlerr] is COOCH err], Rerr]
i's H Rerr] at position 3 is acetyl ;J at position 8 is ethyl, RJ[err] is
phytyl or ethyl and Mis Pd, or R'[err Iis met hyl or phytyl and Mis Cu.

8. A netal ated bacteriochlorophyl| derivative according to claim?7 of

formula I Wnerernm[)e ala Qr__geranyl geran Rerr] is

COOCH err], R e&y] is HH Rerr] at position 3 is acetyl{and at position 8
is ethyl, and ®is Co, Ni, Zn,” Cd ofe. M, 9. A netal ated

bact eri ochl or ofghyl 1106 sy e agetrdi pBt@.claim 7 of Jormula I' wherein
R[err] is phyt®l or gefat GRS R[ er FECERC er ], Rlerr] is OH,
Rlerr] at positfon 3 is acet “\and at _position 8 yl, and Mis Pd, Co,
Ni, Cu, zn, cdor M80 e g oOfPd]-BChl-Ser Ilg i 30

WO 97/19081 .o "\ -Pd -BChI-Ser dark

PCT/ | L96/ 00161 wherein R err 8 |'gler?_llgeranyl, Rlerr] is
coocH err], R &§r] i60H-or OH, a gg}\ 3MGNY s vinyl and at
posrt|0n8|s &hyl, angd Mis Zn r erdark A netalated

bact eri ochl oroghyl | derfvative accoﬁtg' 0 to claim7 of fornula I

wher ei n F\’[errﬁrs pﬂﬂt or geranyl gera yl, Rerr] is—H, Rerr] is H,
Rlerr] at positfron 3 i sfacetyl and at “5 position 8 i ethyl, and Mis Zn

or Cu © A net al at ed bact@rr g¢hl orophyl | derivative according
to claim?7 of rrrul20| wherein R [®rrols ethyl 4 Rerr] is

COOCH err], Riegr] is H Rerr] at posrtro‘ﬁ-?;ot.s A6 yI and at position 8
is ethyl, and Mgis Ni _ Zn,or Cu. 13‘0_ thl Bigd1

bact eri ochl or oAyl | dBr Fofltrre i . ormula I' 10

wherein R [err] is sery@ methyl @sler R[eﬁr] is coddHq err], Rerr] is H,
R[err] at position 3 is acetyl tion 8 is ethyI, and Mis
Pd. 14. A phar mceﬁg&ﬁ't%ﬁggmj on conprising a netal ated
bacterrochlorophyll of formula I'. I'l" or Il1l" as defined in claim?7

and a pharnaceuti cal{Qs A
pharmaceuti cal &onpositilon according to cI aim 14 wherein the net al ated 15
bact eri ochl oroplfyl | is e conmpound clgimed in claim13. 16.
Use of a netal dged HQO®TschrorophylT formula 1', Il' Jor III' as
defined in 8 claim® forN he manufactur f a pharmacquti cal
conposi tion for_use in éhot odymam ¢ t her apy.
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17. Use a netal ated bacteriochl orophyll of for
defined in 20 claim?7 for the manufacture  of ﬂmﬂ J"MH!!“‘H"I corrp05| tion
flor di dgnosi s of tunors. 18. Use & ne

bact eri ochl orop of formula I’ or 111" as defined in claim?7

for the manuf ac%rréa%fngaa’b HRPTAREatSt b%“o@b?ﬁﬂ?é’tlﬂ i dsmived from |3 |bﬁ‘§eré@hll<§0ﬂryﬂ

I ect] o sy AR RTR B! BE BRHEE b BRI 008, oo g s

gll I'1ing of ¢ hRiEbéREY RS8R, &11:&561@&% QENERY] fBrRANide Swith dehyd®8led Cd acetate in Ar
atmosphere, and recovering the corresponding {Cd]-BChl complex from the reaction mixture
by chromatography under reducing conditions;

(ii) reacting the thus produced [Cd]-BChl complex dissolved in dry acetone with an
appropriate dehydrated metal M salt selected from metal M chloride, acetate and acetyl-
acetonate in Ar atmosphere; and

(iii) reacting the produced metalated [M]-BChl derivative recovered from the reaction
mixture with a compound of the formula R’; - OH, under transesterification conditions, to
obtain a compound of formula I’, [I" or III"' wherein R’ is as defined above.

4. A process according to any one of claims 1 to 3 wherein the [M]-BChl derivative
is a [M]-BChl derivative wherein the metal M is Pd, Cu, Ni, Co, Zn or Mn, and BChl is a
residue of bacteriochlorophyll a derivative of formula [ in claim 2 wherein R, is phytyl or
geranylgeranyl, R, is COOCH,, R;is H or OH, R, at position 3 is acetyl and at position 8 is
ethyl.

5. A process according to any one of claims 1 to 4 wherein the metal M salt
employed in step (ii) is a metal chloride.

6. A process according to any one of claims 1 to 5 wherein steps (i) and (ii) are.
combined into one single step, and the bacteriopheophytin derivative is reacted with an
excess of the appropriate dehydrated metal M salt in the presence of catalytic amounts of the
dehydrated Cd acetate in dimethylformamide or acetone . )

- 7. A metalated bacteriochlorophy!!.derivative of the formula I’, II” or IIT’ as defined

in Claim 3, but excluding the compounds of formula I’ wherein R, is COOCH;, R;isH, R,

_ at position 3 is acetyl and at position 8 is ethyl, R’ is phytyl or ethyl and M is Pd, or R’| is
methyl or phytyl and M is Cu. - |

8. A metalated bacteriochlorophyll derivative according to claim 7 of formula I’
wherein R®; is phytyl or geranylgeranyl, R, is COOCH;, R;is H, R at position 3 is acetyl
and at position 8 is ethyl, and M is Co, Ni, Zn, Cd or Mn.

9. A metalated bacteriochlorophyll derivative according to claim 7 of formula I’
wherein R’, is phytyl or geranylgeranyl, R, is COOCHj, Ry is OH, R, at position 3 is acetyl
and at position 8 is ethyl, and M is Pd, Co, Ni, Cu, Zn, Cd or Mn.

30
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