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BACTERI OCHL HYLL DERI VATI VES AND USE THEREOF FI ELD OF THE | NVENTI ON The
present invent m pal I adi um substituted bacteriochl orophyl |
derivati ves, W i nt er nedi at es f paration and

phar maceuti cal comgQgitions conprising th g@mmﬁ“ﬂm\mﬁ as their use in the
field of in vivo photodynam c therapy and s and in vitro

phot odynam c killing of viruses and m croorganl sm; DEFI NI TI ONS AND

ABBREVI ATI ONS BChl = bacteriochloro a (My-containing 7,8)
17, 18-t et r ahydr opor phWAhLAQlUNgShl% TUTED BM'EERI(QGI%.QROBW at

position 173) a COOCH3 gro j-ﬁ%f %3 at position 132) an
acetyl group at position 3L*§ﬁ&r“$§?§‘{‘%§w 3?" gg?:lmon 8). BChlide =
bacteri ochl orophyllide a (the G172 -free carboxylic acid derived from BChl
a). BPhe = bacteriopheophytin a {BChl in which the central My atomis

repl aced by FiEb.DHOKt THE)INVEINEON = bact eri opheophorbide a (the G172 -free
carboxylic acid d ived from EPhe%ﬁ‘é’ Pd- BPhei d = Pd- bacteﬁrlp heo horbl de a
(';he C- 172 -free c %oxy?re@eg v&gp 2 fr8mt"§‘n§t haW é@dd "&'?1;;%‘%
atom a COO@AttéricuhoraphydPs detivati rédkssed ! QMdal inBstaiddiB

acetyl group at p05|t|gn?l and an et h)r/JI group at position 8)S 5

nunberi ng ofpreparatigotand marmceyﬁwﬂ cafepesitians,eampesing e samanﬁweﬂ ashe

speci ficati ClLi bact.er.i ochl.or oph
carry two cgﬁﬁ'&t@e g‘ QJ%' ﬁd e@sba{)%'gué?‘?%@g t&??%w agééfa 'le\%’g %l"h
are esteriftvigo ﬁhomnhmmllihga:fammég&nd micfSorgdnsmE)03 2 BACKGROUND OF
THE | NVENTI ON There has been an increasing interest in the utilization of
phot osensfizers for cancer therapy. According to this technique, known as

phot odynam CDEﬁNl‘?’R?N§P AND ABBREAATGONg e's are applied for exanple to a
SI

tunor and the i n hot osent | zatl on produces conpounds which intoxicate

t he mal i gnarBChEIH Sbact%nmbbtdrmptwllc at ngt&lﬁin@g?pﬁ)wmﬂ’-ﬁe&&h tglrﬁd
conpounds has, _by now, a fair hi st or Early in tﬁe 1940

denonst r at ediaving a[ﬂhﬂhﬂ' |9?@6‘¥19 SHP}%EYPGS'FPG otles éeé@ﬁ)th:r aeaus: aly’
t ti tQq2 d
were capabl $OSTER, O BRH! fbnPapeatiion 18°oaf dbutyiigfoud af 0ESfioh S8 Rn, 7

t unor by theeth}dcgibupntpbsmheﬂol uorescence. A w dely used preparation in the

early. stag odyna tre ot or detection. and . f t her apy
was a crudee%%ﬁ‘i’% &’@ %ﬁﬁ?‘m@fﬁ ftﬁ (glé Eﬁ?l%{’ %‘ﬂgr%mﬂeﬂ
derivative, gRBCHI &) pson derivative prepared as described by | apson and
coworkers in J Nati ncer | nst (1967%‘ 26:1-8. Considerable work has been
done using tBPRe 5 bactedopheophytin 2DRGhidntwhis the ceotrakMg atopoistregiaded use
of this derlvalyol\ﬁ i.n ti‘eat ment of malignancy (Cancer Res (1978)

38: 2628- 263? cer Inst (1979) 62:231-237). Dougherty and

cowor ker s presmRéiad=bamefoptddpHorige! #1(ROT-1 7 -heasrt BYadid digivedat i ve
whi ch conprises a portion of HpD having an aggregate wel ght >10 k Thi s
form of thefemu@Rhedful in photodynamic therapy is the subject of U S.

Goneral pri e pPheid, < PEBLEIhopheBYRbIRIE & (P cE7 Dk Bkl afey T
those rel al efbriedRSIBPhE Havingabetfrabid aReha8! COUITHAGrauS e podiah 1 o

tunmors when admini stered systematl C.L;il ly. The differential abili ty of these
pr epar ati onsl¥ o arekt atom ad pesitions13ppasearatyl groupat pastianed and anethy t he

hom ng effe parations to the objectionable cells. (See, for
exanpl e) Do ﬂ@?iagﬁﬂaﬁﬁet al., "Cancer: Principles and Practice of

Oncol ogy" (1982) IUF‘A'C mﬁnNéﬁng]Jof .thet baictericeHbroptiyill &Rdivhtivds )is fdskdrt s

have been made to inprove the _hom ng abili t% by conjugating hemat opor phyrin
throughout ' the specification.” Using s  nomenclature, the natural
bacteriochlorophylls carry two carboxylic acid esters at positions 13% and17? ,

however they are esterified at positions 13°and173.



06 June 2003 3 derivative to antibodies. (See) for exanpl e,06Msne 2003 et
al., J I'munol, (1983) 130:1473-14n.). The nmechani sm of these drugs in
killing cells seens to involve the formati on of singlet oxygen upon
irradiation (Weishaupt, K R, et al., Cancer Research (1976) pp.
2326-2329). The use of hematoporphyrin derivative or its active conponents
in the treatnment of skin diseases using topical admnistration has al so
been described in U S. Patent 4,753,9288. In addition) the drugs have been
used to sterilize biological sanples containing infectious organi snms such
as bact erBACKGROUND GPFAHENNVENTION, et al ., Transfusion (1988) : 81-83).
Various other photosensitizing conpounds have al so been used for this
purpose, as setiheset fiass peqrkaAf| dycreasings. intesestntin Ndhe 4 utilization? . of n

general , s{&%?‘ S jatdon é&ﬂa. j : i f
StI‘UCtUI‘EF';S 8% ec |3§T %ﬁﬁcﬁ%@ﬁ Ib”l%)' %unct!nynlﬁ)ﬁgm%?émq%i @ﬁw@ﬁstrat es
bot h i n \ghotodyrthmic thetapy (PBT) photesensitizens tdre applied Toeerampditéla usef ul
in these procedurg\s@ must have a differential affinity for the target ;
bi ol ogi cdlmagnd, hedn: Hiuehetesantizatiog,praduces seampauadswhich intexigalel e of
absorbin i the irradi ated drug becones activated in a manner
SO0 as toqﬂgvrgggn?grgtgg'i ous effect on the adjacent conpositions and

mﬁt erials. Becaigmpdymmiqﬂwsj dsing rpmispleyrirs zm 'reﬁateﬁ Mpgemds)haa,nce of
t her apeutics and diggnostics) variations on fhe bor rin dru
t r adi Itoi orl¥ F‘?Wu&ga‘ﬁgqpf‘ﬂat?' Y- Eﬁayd"l"?fgné%itéeh sgéﬁ‘m@qj thatyunber of
gener al f}i&ﬁﬁgﬁn Yol B SEANeld 18 udidySe HACIrRAREE Stiifbr BEbHe!! The
anl nes, s, and nu

pht hal oc psoral en-rel ated conpoun ) | t1cyclic conpounds with
resonant porphynins appgarest to actuswiate rin these dissiies cangh weress capalile osfed herlei n

are varioys phevphorbi de derivatives whose el hot o m c therapy has
beenvdels sﬁgﬁ'"gﬁ'géglé I?rt?:%(i/ "E#m\éz'ﬁﬁéﬁ%?? d‘jei?cﬂ' e%@!‘%ﬂﬁﬁ%@féﬂ?ﬁans?/
ethyl ene «fi e MRucisdariRkl V&Swiiehp "esth rBpaRitibAr irl the @éﬂ;ﬁ?%‘%ﬁgé@sﬁﬁi bed in
Japanese Application J851000981 to Tama Sei kayaku, K. K., “and Japanese

Appl i cat iphotodgipnicstreatinenthbpth dorr detastionoand-foy therapyhwashar tiude- a. | n

addi tion, , Bee M) et .al. . in P m st r nd Phot gbi ol 1987

26: 639 6. ALTYELVS 6’5 J“i‘%\%’mﬁgg’q’!ﬂ‘"p ﬁ‘&°o§§£?&c6§9‘@i%9%?ﬁ¥%d8@(%’& HAK (()f )

bact er i oGt [Gpemidbtivative Prephfsd as destitidy/ by iLipsan(@ideoditRens g Nd#6 June

2003 4 bacteri opheophor bi de-a) which | acks thelg;s?&é{j al cohol derrvati zed
f -

in bact er@ H#PB1h)26:H8. fzensiderable svark hdone Wsingtthist he

o b e St SO oo agel, M o e 1 e
sol ubi | i tiy tasateenpef Athlignahar (CancrRes (19%8) 38126 FR2686:55 NatiCavBa 71" |

908'I , hoth to Ygg%@ﬁeéiﬂrch and Devel opnent Co. Ltd., describe
chl oroph)lﬁit@ﬁa% e b orophyl | derivatives and their use as PDT

agents, and netml i H%pgl heidre PRl }
transnetal ati on%@]%%@?r gg‘gén I nqdr%ﬁé‘%%n:a gg??véatl veg, fdr?ﬂ]s|cl§)\¢§ctth|evel y. .)
The pr oblrsmatepoiptyrino derivativeuwhidh eopipriseseaspérdisersf Hpe kaving an ]
phot odynam c t herapy ,and dia i S_whic re optimal for particular targets
and part iaggregateo tsﬂgtﬁfg?ﬁ'ﬁefqrﬁ'v@ﬁttﬁ@nd OUF?HEE i PHUBAYRBAG  gr oup

of phot Ozga,f?dgyi & iR QG@EEPBEE.%i%Heﬁ,%ﬁWW AmhBfidifPaliible, Of

candi dat tUse in specitic fherapeutic and diagnostic situatlons.
SUMVARY GindTiskn ichiMEAITtri@ls. | t has now been found) in accordance with the

present inventign, that the conpou of formula i, I'. or 1" bel Qw wherein
A as defined b@ﬁ!ﬁmqeé‘ﬁf%'sgﬂf‘g‘p%sﬂggﬁ?t%toﬁﬂfﬁtgoﬁ'“gl F%Wﬁﬂn‘gﬂ

efficientg tRRS rélated 4o COIphYRAS, Has B@@ﬁtWéa'&tabﬁW%%w as PDT
agents and present the advantages of enhanced solubility, stability and/or
ef fi ci endyeatoemb fordamars wheneadministetashsysieoaticallye Theditferentiat abilityconcer ns
t he corrpo;*rmls of for Ia{, ' or, |I" 06 June EOOS 5 (88N~ ~l-,9* zo P~ N..
N 4 i of these preparations to destroy tumor, as opposed to normal fissue, is due to

the homing effect of these preparations to the objectionable cells. (See, for

example, Dougherty, T.J., et al, "Cancer: Principles and Practice of
Oncology” (1982), V.T. de Vita, Jr., et al,, eds. pp 1836-1844.). Efforts have
been made to improve the homing ability by conjugating hematoporphyrin
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wherein A represents OH, ORS, -O(CH2)~ Y, -S(CH2)n-Y, -NH(CH2)n-Y,

-0 (CH2)2-OH, -NH (CH2)2- NH-BOC or -N-(CH2-CH=CH2) 2 wherein R~ represents
Na+, K+) (Ca2+)o.s, (MP2+)o.s~ Li+, NH4+ +NH3- C( CH20H) 3,

+NH3- CH2- ( CHOH) 4- CH20H) +NH2( CH3) - CH2- ( CHOH) 4- CH20H or +N(Cn' H2n' +1 )4~ R2
represents H OH or COOR4, wherein R4 i3s C~-Cl12 al kyl or C3-C~2 cycl oal kyl;
R3 represents H, C]—Ior C~-C~-2 aI kyl or "al koxy; nis 1, 2, 3, 4, 5o0or 6, Y
is -NR ~R 2 or -+NR ~R 2R 3, %EI’EII’] R~ R 2 and R'3|ndependentlyfrom
each ot herderaativedarantibadies (SQQ. r example: Mew, Dpet@l., J Immural (3983} 4, and

wherein * -WW pre S turated
bond or a gﬁglg unsat‘ura e(}jﬁ%ond. 'ﬁa(?ft E‘fé@ﬁo?rgbg lh ﬁ'ﬁﬂésen!s’ Fﬁ%ﬁt?}gn
concerns pingolkesthe foonatie of saypetoxygenobparh aradiation (Wmshaupt)u(lﬂs, effhus, in
gnet aspfcfﬂ I S rein dass@r )bedzgaggﬁgg ta}nefLecttth | mpai rment or
estructi (é_—’ﬂﬁﬁiﬁi ‘e ich method conpri ses
treating the targgd léétb?%ﬁ{éi?ﬁ%rbh ﬁﬁo%ﬁqgme &f,tg e%wal rﬁ%st i eJ une

2003 7 formula I, ective to photosensitiz
f ol | owed l:iyeatmasrdl af skin sdisé¢ases gusing utapicalt administratiani diaisomlsan beeen

B e AR bl 75 RO 8ot gt hole e e’ ™
i nventi on ik bRflgiearsdRples tdMainity MEiaus Grganisms such as bacteria
and virus (Matthews, J.L., et al., Transfusion (1988) : 81-83). Various other
photosensitizing compounds have also been used for this purpose, as set
forth, for example, in U.S. Patent No. 4,727,027.

In general, the methods to use radiation sensitizers of a variety of
structures to selectively impair the functioning of biological substrates both in
viva and in vitro are understood in the art. The compounds useful in these
procedures must have a differential affinity for the target biological substrate
to be impaired or destroyed and must be capable of absorbing light so that
the irradiated drug becomes activated in a manner so as to have a
deleterious effect on the adjacent compositions and materials.

Because it is always desirable to optimize the performance of
therapeutics and diagnostics, variations on the porphyrin drugs traditionally
used in treatment and diagnosis have been sought. A number of general
classes of photosensitizers have been suggested including phthalocyanines,
psoralen-related compounds, and multicyclic compounds with resonant
systems in general. Most similar to the compounds disclosed herein are
various pheophorbide derivatives whose use in photodynamic therapy has
been described in EPO Application 220686 to Nihon Metaphysics Company;
ethylene diamine derivatives of pheophorbide for this purpose described in
Japanese Application J85/000981 to Tama Seikayaku, KK., and Japanese
Application J88/004805 which is directed to 10-Hydroxypheophorbide-a. In
addition, Beems, E.M,, et .al, in Photochemistry and Photobiology (1987)
46:639-643 disclose the use as photosensitizers of two derivatives of

bacteriochlorophyli-a —  bacteriochlorophyllin-a (also known as




conpositions conprising at |east a conpound of fornula !, 106 Junel2003ds an
activve agent, together with a pharmaceutically acceptable carrier. The
conpositions are useful for in vivo photodynam c therapy and di agnosi s of
tunmors and fior killing of cells, viruses and bacteria, parasites and fungi
in sanples and in living tissues by well known phot odynam c techni ques.
Furthernore, the invention concerns the use of the conpounds of formula i

' or i" for the preparation of a pharfaceutical conposition useful in

phot odynam ¢ therapy. The invention further concerns the use of the

i nvention bamenoptieo;itmrbtdleea prvefiieh atadks dhe c phigtyd f hmousﬁﬁvatizaddiumgnosi S
and ex vivo kill H‘]g ﬁ-réte“ a, gar i {es, Lruses and fun The
i nventi on Pasterachl 'U}'?(M ightagksheathy the lgroyp as ~1 |

SR EF DESCRb e TEes Hifinod et HEF hnfin 1 thosd BenpRfeds ©
absor pti onbengctadvanta‘geadsBBheltuel grcmnd\sxtoﬁrenhéneawtwaﬁrasdlumwaml | K

buf fer phosphate. ur.es dep| ct, respectively, low and high
resol ut i onCHRPIr Ec'g %e’iﬁ'éﬁ%’ ¥Ad conduct ed by Fast At om Bonbar denent

(FA8-M5). Figurepp séguusot i doweg r | ogi h f 1 cells
wi t h Pd- BPhei d orﬁBChI -S(grd\ip/?pgg gggb??ﬁ teﬁg g@gﬁf%adé: %gﬁﬁégﬁr asqﬁgnds for

BChl ~Ser G\/B;evelapmrtylcmat hid., edeseribgf  Bhlarpphylt gand “Shadterrachidropbylbxi ci ty

g];\ofgt gpglelgg 7 BChlngﬁrOve teipjdmg 304 C@@dﬁﬂg‘gﬁPPm"&dﬁ'\@R nouse

mel anoma ¢ éus pfdbarifisi™RyS HirmétiRfion” &51@ nesipbsptiing " aepc | ut ed

to the |nd| cated concentrations in culture nedium+ 1 rumto 9 %
et hanol . (@grivativesntespectiealyved directly in culture nedium + 10% serum

and human' 129 coll R BIPISolRIRAER| 15 1oy ama, IR epiger AR
mel anoma h&ﬁnﬁﬂ“@m&é@ AndUdilgaosis SRAEH e idptikiat TBPPAticaRt tdide ed i n

salt sol ut I on.
and particular contexts. Thus, the invention provides an additional group of

photosensitizing compounds which becomes part of the repertoire of
candidates for use in specific therapeutic and diagnostic situations.

SUMMARY OF THE INVENTION

It has now been found, in accordance with the present invention, that
the compounds of formula {, I' or " below wherein A as defined below
represents a substituent capable of allowing an efficient plasma transfer and
cell membrane penefration, are useful as PDT agents and present the )
advantages of enhanced solubility, stability and/or efficiency, compared with

the known compounds.

" The invention thus concems the compounds of formula |, I* or I*



06 June 2003 9 Figure 9 shows PDT of MR nouse nel anoma wit bgBdndPbe3 d (2.5
ngl Kg) dissolved in salt solution and diluted with Crenpophor. Figure 10
illustrates cure of primary C6 giioma tunors after PDT with Pd-BPheid or
Pd- BPhei d-SerOve [In the Figure, Pd-Bchl-Serf . Figure 11 shows appearance
of C6 glioma netastases in CDL nude mice after surgery (anmputation) or
after PDT with Pd-BPheid or Pd-BPheid-SefOve [In the Figure, Pd--Bchl-Serj.
DETAI LED DESCRI PTION OF THE I NVENTION I n a preferred enbodi nent) the
conmpounds of the invention have the following formula with the optical
configuration below. A O wherein Ais above. Wen the dotted |ines
representing the bond between C7 angd 23" and Cl17 and C18 in the above

[ thg carbon atons nunbered 7, 8, "t7

and 18 are asynmmetric carbon at ong. /W : _

asymetric carbon atom In the pra&genge of pxygen Ar at the ambient air and

under |ight acfion) the oxidation ¢ Nhe atNx&JL‘? C8 and C 17-C 18 bonds

rnay occur, resetting in compounds/ wit M ubI e\bonds at said positions

C7-C8 and C17-C18. 06 June 2(?8 10 T fds of fornula f and i" of

t he present invention are oxidiz 4 conmpounds of formula 1 and

can be obtained by the processes *fesc |bed |n §2| orophyl | ) by Scheer H,

(ed.), CRC Press, 1991, pp_ '14 3916 {H# erred enbodi mrent of the

i nvention, the corrpounds ace thgse Wner i 5 ORS. In a nost preferred

enbodi ment, the corrpound of thertnventi of -PBhei d (al so designated
gound Of fornula t wherein Ais OH,

havi ng the follow ng struct ur GOA O ne %f%he processep for the

preparation of the conpounds of formula t erein Ais OH, conprises at

| east the steps of: a) conbined denetal ati on and hydrolysis of a

M BPhei d- 173-Z conpound wherein Z is phytyl) geranyl geranyl (gg) or SerOw

(seryi O-nethyl ester) and Mis a netal selected fromM, Cd, or Zn; b)

i ncorporation of Pd with a Pd Ot into the conpound obtained in (a),

t hus obtai ning a Pd-BPheid) an i , C) subsequent reaction of the

obt ai ned Pd-BPheid with a corre g &gmpound of fornmula R~-H or A-H for

form ng the correspondi ng R~ i

COA COCOOR, I

COA ‘ “



06 June 2003 It in one preferred enbodi nent) the process is08iUnec2@B to the
preparation of Pd-BPheid and bacteriochl orophyll a (Bchla) is denetaiated
and hydrolyzed in step (a), and the obtai ned bacteri opheophorbi de (BPhei d)
is reacted with a Pd reagent in step (b) to produce the desired Pd-BPheid.
Anot her process for the preparation of the conpound of formula |I conprises
at least the steps of: a) transnetal atq on of a BChlide-173-Z to obtain the
correspondi ng PdBPhei d-973-Z wherein Z is phytyi, gg or Ser Owe, b)

hydrol ysis of the obtained conpound, and c) optionally subsequent reaction
of the obtai ne%{’qéiﬁPhei d wth a correspondi ng conpound of formula R--H or
A-H for formng e corresponding R~ salt or a conpound wherein A is not

OH. I n on@ wpeésente®i¢nbodi nent) the process is directed to the preparation
of Pd-BPhei d and bacteriochlorophyll a (Bchla) is transnetalated in step
(a) to reQ%‘ce the native central My atom by Pd, and the obtained

PdBPhei d- 143 \5\,h_qrei n Zis phytyl is hydroiized in step (b) to produce the
desired Pd- €. ' Anot her process for the preparation of the conpound of
formul a | -8d@ph)s¥€s at | east the steps of: a) enzymatic hydrolysis of a
BChl i de- 15&_‘2%?? n Zis phytyl or geranylgeranyl to obtain a Bchiide; b)
aci di ¢ ded®ra@awy: of said BChiide of (a); c¢) incorporation of Pd with a
Pd reagentoi.(t@jﬂ)z)}_m,denet al ated BPheid of (b); and d) optionally subsequent
reaction of the obtained Pd-BPheid with a correspondi ng conpound of formula
R~-H or A-NH@HA)oNKH-BOPC e corresponding R~ salt or a compound wherein A
is not OH. .|l a processes for the preparation of conpounds of
formul a I,'Nf(ﬂ:gigSHr_g:%S?nt may be any conveni ent react;uve conpound
providing Pd in such structures such as) for instance, Pd acetate and Pd
chl ori de. 06, June 2003 12 The incorporation of Pd in the procedures above
can be acMh&fei® by a two-step procedure using Na ascorbate or ascorbic

acid, or ?%f'%{) enid QB¢ %oc(‘%répogq' Wﬁﬂﬁ%?&% i 4wn' toyl -L-ascorbic acid. The

conpounds € 1 nvent’ion r‘ent from OH and ORS may be

obt ai ned B)Hz;eX@HOHR] "NHaCPH-(BRI@HY-CRgORCH] - - COOH) with the
correspongj - H The cqonmpounds of fornmula Il and Il above are
i nt er medi ahgg(%)‘éﬁg?‘ggﬂﬂ@&'ﬂ%qﬁofor mula | of the invention. The acid
chl ori des +g$Cf,,q£anL,a 11, Pd-BPhei d-COClI, nay be obtai ned by using any agent
suitable for form ng acyl chlorides, such as for exanple SOC Z) The acid
anhydr i defRoofeffresentsaH, | OHhmy ©OWQRL, aimhedeibyRaahy Q&b calkylf ot Hés-Eanpounds
of formul a Iz) { A" with acetic anhydri de.
cycloalkyl;
Rj represents H, OH or C4-C,; alkyl or alkoxy;
nis1,2,3,4,50r6,
Y is -NR'{R"; or -'NR"1R;R"3, X" wherein R';, R; and R'; independently from
each other represent -CHgs or -C;Hs;
XisF, Cl, Brorl,
n'is1,2,30r4,
and wherein * denotes an asymmetric carbon and --- represents a
single saturated bond or a double unsaturated bond.
Furthermore, the present invention concerns processes for the
preparation of the above new compounds.
Thus, in one aspect, it is herein described a method to effect the
impairment or destruction of a target biological substrate which method

comprises treating the target substrate with an amount of the compound of



By reaction of these internmediates Il and Il with the cor 08sppdPo}

conpound AH, the conpounds of fornmula |I) f or I" nay be obtained. The
invention further conprises pharmaceutically acceptable salts of the free
acids of forrmulas i, |I' and 1". The salts can be fornmed by nethods wel |l

known in the art such as by reaction of the free aad or a salt thereof with
i norganic or organic reagents such as, but not linmited to, NaOH KOH,

cal cium or magnesi um suitable salts, |aOH NHAOH) tetcaal kyi ammoni um j
hydr oxi de) formulat &t 'aet HY | effaative ute Photasengitizeosail subsiyatgl (ritowede by

t ucan d triethanot ani pds of the i ' f
7' phot oay eAttERD SRt Sl o RBR 8 bel%elb RO hudt aBbPoist ol
subst r at es.pyBhe Edpetndiobargriutal, 1S ob$tfopbetimeSefffRaw t8ipsR!drdestioyuses or

ti ssues which are undesirable in the environment to which therapy of other
corrective thetsubstrateuch as sterilization, is enployed, or the |ocation of

which is desired ;}.0 i | 1.0 . Wh di,agnosi s..i
applied. Accordi Ab qtﬁ&i ﬁgg%@‘eg‘e%niﬂo'ieﬁt\ﬁlaeﬂn{sﬁ %‘r&%ﬁ%%ﬂ%%ar&g ’? cgﬂt'?:'ﬁt o the
subj ect, angnysdsiidrissCorhprising @it lest apompiurkbeCRrhURLT Plbrithas p dcawveet
substrate. Then the target ~ substrate is exposed to radiation at a

wavel engt h agestotegethes with aphagmasewlicaliy aceeptable camiernthe somnpaesitions

by concon (e 98 YR piASyraiE thEfoyPand WadnBRRON finfdha ot "7 1T
met hod of  tKilling rofesells pwirusée and hamterity perasites iandefahgPin sampley Bkl dhed

usi ng conventi onal exci pi ﬂ%ts aBBro iate for the intended use. For

syst eni ¢ adifing tissuesity el Knowm Qtﬂyﬂﬁﬂ%mnﬁlﬂ?éous conmposi tions are

enpl oyed, with suffiHem (AN g5Ms i i Z i.¥e
conpound. As thettf:%rrpou%‘des'ng‘% ‘t?ﬁgﬁtlléljtsté%bl on a?ieé S‘%égr}a%yg?@p%\‘}@% 0\sfol ubl e
in water, dommuiad |'iorii'hiprdne prapasatiocruofa phaangeadticahyoinpositiphayseful idui t abl e
nont oxi ¢ detergents jnclude, but are not limted to, Tween-80) various bile
salts, suclP WLWEAPNol at e, various bile salt anal ogs such as the

f usi dat es. Alternﬁ;ee- 9 IfliitiIeScotidehe thed | S@n@ CRlal ution
is buffered at a es’n?gﬁﬁeﬁpH usi ng convenét i"%%a Sf@g?gﬁgs'ﬁgﬁ suﬁgﬁk' S

sol uti on, RonYe preparatioroof compohitiops atseful lif fdiagnadis and exngivockiling wifi ch do
not interfere with the activity of.the drug may al so be included) such as
st abi | i zi ng’mt‘?’%ﬁ't&ﬁr W‘éﬁ%ﬁ’m{ 9xanpl e, serumalbunin, or |aw

density- or hi gh @nivientibh FaRhét ebAcdrrblthandcidDbhlofids Ritfd anflyddde st eni ¢
fornul ati ons can be adm nistered by injection, such as intravenous (i.v.),

i ntraperit domaulagill and I herebglovs cespactively, as litermediates. (s. c.) injection, or
can be adm nistered by transmenbrane or transdernmal techniques. ‘
Formul ati ons appropriate for transdermal or transnmenbrane adm nistration

i ncl ude sprays and suppositories containing penetrants, which can often be
t he detergents described above. For,Qopical |ocal adm nistration, the
formul ation may al so contain a penftrant and 4s in the formof an ointnent)
salve, lininment) cream or oil. Sultable forgulations for boqp system c and
| ocal i zed topical adm nistratiQn 2 ™ Reni ngt on' s Phar maceuti cal

Sci ences, |latest edition, Mack P} S
to treat, for exanple, blood or sNp x@nsf usi on or preparations of
bl ood products, no special formnul/atio §ssary, but the conpounds of
the invention are dissolved in a¥\
the biological fluid at a suitabl g~¢ 5
1-100 pglm prior to irradiadon. b : N3 14 For phot odynam c
t herapeutic and di agnostic appTrc:t' , U e

wi th the node of application and




conpound) as well as the nature of the condition being tre&86cdn®2003

di agnosed. However) in general, suitable dosages are of the order of 0,Dl
to 50 nyl kg body weight) preferably 0) 1 to 10 ngl kg. For topical

adm nistration, typically amounts on the order of 5-100 ng total are

enpl oyed_ The general procedures for photodynarnic ex vivo treatnment are
anal ogous to those described by Matthew8, J.L., et al.) Transfusion
(supra). Briefly) for systemic admnistration, a suitable tine period after
adm nistration, typically fromseveral mnutes to two days is allowed to

el apse in order to permt opgtfal cQncentrati on of~§he conpounds of the
invention in the target biol §gi Substrate. in gemeral, this substrate
w || be a tumor vascul ature)tunof cells or @any othgr tunor conponent, and

ttie locafrzation of the con
absorption of the target tisg
optim zati on has been acconp}i
irradiated with a suitable b § in the range of 740-.800
nm or 50000 nm or 700-900 n Y50 M cn2, and a total energy
of 100-1000 J/cnR. For topic pent\, | ofalizatjon is i mediate, and
the correspondi ng radi ation 2 i o hereafter. For treatnent of

e mji tored by neasuring the optical
pack@round. After
bi O pgi cal substrate is

bi ol ogi cal fluids ex vivo, e i ped after optimal

bi ndi ng/ upt ake by the targetf tis i Aed. The|radiatidH fluence is on
the order of 1-10 JlcnR. Bedause n of tispue is not required,

| oner total energy can be.enpl oy} 1€ CONPOSI ti ong of the invention

or " as defined above
y acceptable carrier.| These conpositions nay
be in the formof a solutior],galipid enulsion or a gel or in the form of

| i posones or nanopartides. Tiie suitable carrier is—clfosen to all ow

optim zation of the concentration of the conpound of the invention at the
target substrate. Exanples of such carriers, but not limted to, are ' Tween

80", polyet R " phor EL", propylene glycol)

et hanol , bﬁﬁfﬁﬁg%ﬁ%‘@a{g%ﬁ%%@%s anal ogs and 06 June 2003 IS

m xtures thereof ki Od’%) 't Bticah ab. i n

di nyri st oyl phosprra{éy‘%;ﬁ C gftigntgaoéﬁ phospﬁg'?itlgﬁl g ycg‘r]ér?%gnggh gr may

?Ihso corrp[)ima(tldef 'tpmmf- m;e?hdaﬂmﬂaaﬂtal%ﬂbmffml ;?hosp_hmen_ nanoparti cl6e|s ar eI usteﬂ,
ey may be in ormo oated pol y(lactic ac nanopar6cles. !'n the

formof lipid e _'g'i’@?sn? 6\ %@?tt F?‘ﬁ%’%?@t i‘?‘ﬂsa%gzﬁl}fﬁpg%"i g8SSar e

usual |y useshect dfiFed-BPRRRPEdrdueted by Fast MG BotbariBmehDEHE-IMS). compounds)

is (are) in an anount of 0.01 to 20% preferably 0.05%to 5% by wei ght of

the total wei ght Figurectishews timerdependentimarphiolegied)\ehanges lof A4k eellsby t he

fol |l owi ng I I . Pre at ion of

P Brher o MITHEHE AR RIS O BEHET TR fgtiees; BEAFRS! 8008 for
procedur e. HEH-SSOME] the sdrylnethgl estenbbBChANY! | a (BChla) BChl a was
extracted forml g_ophi i zed bacteria, Rhodovol um su~dophi |l um as fol |l ows: ]

Lyophi | i zed cel | Eigurecd ghowsdoteoxichy of Pa:8Rhaid apdsBeh-SetGMestestad a
total of 1 3 to partially wash away t he carotenoids, the

m xture mﬁ%@eﬁ%ﬂ% BChl a was extracted fromthe solid with absol ute
met hanol (~ 1200F[gure% Bhéws phatctoxisily oPPUsBPhéidt arid Pd-Bilsid E2hyl ddtee- gr een
solution was partly evagorat ed under vacuum the_concentrated solution (~

500 m) waPresultuede Inpuse JneRpAmEecells. G pignents. dissolveddp 95%300 ni)

to further L m J . r. .extracted
tui o wi ¢ n TR A REMEERRRA 1 1nERicdted Rehb R ok in R MRBI 001 2o
met hanol phi09% seAmmdoat’o etiandl.(B) pigments udigsohet iHeuguRemedaghdue was
redi ssol ved in nmet hanol -acetone (1:3, vlv) and | oaded on a DEAE- Sepharose

colum (3 xmf'@S@ﬂﬂ}mequi | i brated with methanol -acetone (1:3, v/v). The BChla

was el uted wth pphRanlnaes! Mlftofokicty of BU:BARGd off Rutiild K22 mouse

melanoma and human H29 colon carcinoma cells.
Figure 8 shows PDT of M2R mouse melanoma with Pd-BPheid (2.5
mg/Kg) dissolved in Cremophor and diluted in salt solution.

conprise at | east one co
together with a physi ol ogi cdl §




16 net hanol - acetone m xture was evaporated and the dry Bchl@s Jure 2003

redi ssolved in an exact volune (for absorption spectrun) of ether and
filtered through coton wool to get rid of dissolved colum naterial. After
a final evaporation the solid pignment was stored under Argon in the dark at
-20C. Extraction yield: about 700 ng BChla per 100 g |yophilized cells. The
DEAE- Sephar ose col utm was prepared as pr8viously described (Omata and
Murata, 1983, "Preparation of Chlorophyll a, Chlorophyll b and

Bact eri ochl or ophylfigdreby shoWwsnPDThoORMRRD tricuseymeldnoniEithealBrrsg (B8 and
Sepharose Cl-66", Plant Cell Physiol., vol. 24, pp_ 1093-1100). Briefly)
DEAE- Sephar dsg/K@idisgalyashingatsqlution ﬂﬂ“édllvt@ﬂéﬁ"ﬂagfﬁmmrconverted - -) to

The-sturry vas wadigifesd Mialials pdtebr btha 8BRS GhES aneieOf i
met hanol - ac p@BPHeld 3r Pd-BiPhéidrSerOMefia thée Figure( PY-B3hegafjat i on of

Bact eri opheophor bi de (BPhej d) Crude Bchla extract as obtained in (a) (about
100 ngy Bchl a cont &ighregl ks shaws apregsance, pb Congliataa melastages 401 GBd nudes0%

aqueous trif ro i i . ‘gﬁf}h&ﬁ;ﬁ n b d wth
ni trogen for'J"bfL% meri]&t T%L('araé ugiﬁgﬁm\?/géﬁ%mo%r ed "at anbi gﬁﬁ‘ te eéﬁ?'&r M or 2
h. Then t he P&BRteid-Ser@Mer [in tesFgare, Rd-BehbSedt er (250 nl) and extracted

with chloroform The extract was washed twice with water and dri ed over
anhydrous Na2S04. After evaporation of the solvent the residue was

chr omat ogr a i ' Ki esel gel 60) Merck) and

el uted Wth%fﬁ%ﬁq%%Fmpﬁgvémm lent: 29 5% 10% 15% At

t hehbggi nni) n?, I faﬂﬁtc?eg@fd'remamhmd?ﬂeillﬂ. ﬂmgw%opﬁdﬁ@ﬁﬁﬁi@@h&ﬁghﬂﬁéma\er 'ed
washed out ol  owed by el ution q t 0- bact eri opheophytin and car ot enoi ds.
At 10% met hdalgwing fem@ammﬁwcafewmwr%@%b@ewm be coll ected and

noni tored by TLC {Ki eselgel, chloroformnethanol) 9:1 ). The product (60
ng) was evaporated) and the residue taken up in CHCl 3 was filtered through
U traPore menbrane to renove residual,Qilica that could otherw se - cause
oxi dati ons. 06 June 2003 17 (c) INEorporation: of Palladiuminto

Bact eri opheophor bi de (Bphei d) BPhei d{ (' fas obtained in (b) and
Pd-acetate {80 ng) were dissol ved i th x et hane (~ 10 m)- and added to
a suspension of 200 ng sodi um ascorat g i et hanol . The reaction
m xture was stirred in a closed flagk 8 roorgnperature, and sanples from

357 nm was replaced by the Pd-BPhei/d +orf at 330 and 390 nm The
reaction mxture was transferreg,d b i g wat er solution (200 m;
50: 50 vlv) and shaken in a separat oNy fhe ©rgani c phase was

col |l ected, washed with water, dried/over rous sodi um chl ori de, and
evaporated. The dried material was|added te—80 ng of Pd-Acetate and steps
above were repeated until thearesi ug,]aogg‘sorp' on at 357 nmconpletely

vani shed and the ratio befinreenfthe abSorption at 765 nm (the peak of the
red-nost transition) and the abrpti on maxi rum at 330 nmreached t he val ue
of ~ 2.4 (in chloroform. The drfed reaction m xture was solubilized in a
m ni mal volunme of 2:1 chloroformacetone and | oaded on a CM Sephar ose

col um (150 wherain2A isa3 aboee. had been pre-equilibrated with acetone. The
colum was first washed witt;l%ﬁ;etone and the eluted first fraction was

di scarded. The coMhen thesde Resstepresentingdhe bondihetwear CYaaad C8raRd bands

becane prom P j 0By P t and
the second $o0 A 1ETLI 2RO Mribnire v ot indid bdHY, dhe ReEd
concent r at edtéheutimbered 7y 18 s1Y amdl 18rare dsyrimetricriasben afbird When R; or

chl or ophor m wat er s%?t,em in a se&ar atory funnel. The m xture was thoroughly

Shﬂ(en and &éz&-&a ds PRASYMYBRIIE SR 8®M.dr i ed over anhydrous sodi um
Brepar at | on of - P st pigsEfve BEGREHSF 2 iF drfBhl BF SRy JreRFRofit cton, ., o

was carri ed tiesbxiatation o erabeve O7a(8 zimdv€17-C18 bands may occur, resulting in
compounds with double bonds at said positions C7-C8 and C17-C18.




06 June 2003 18 (b) Preparation of Pd-Bpheid 6-0-pal mitoy! 06-J48€8P®3 c acid
(246 ng, 593 pnol) was dissolved in MeOH (84 m) and N2 was passed through
the solution. Bpheid (92 ng) 151 N,nol) and Pd(CH3CO0)2 {83 ng) 370 pnol)
were dissolved in CHC13 (34 m, degassed with N2) and added to the

met hanol i ¢ solution_ The m xture was kept under inert atnosphere by
stirring and the reaction progress was nitored by-recording the
absorption spectra of small reaction portions every few m nutes. After ~30
m n. the reacti oitheasorapaphds af fomhulehd’ and vi2nofs thee peesardpiovehtish are)
Purification, of -Bphej d The dude .Pd-BPhei s .di ssolved in CHCl 3 and

| oaded on Qxﬁﬁﬁcﬂég‘wwpﬁ"?o‘? nggfasr?apgmge epiained by dhe of
CHCl 3 (~30 SRssH o] S

ol Ut od usi ROGRSSES SRR GRIBInAVIE by GONERY B fod PRORE St T80, o

det er mi ned 14y-209C and optical absorption spectroscopy. Mass Spectroscopy
and NVR detectiop were. perfor on.representative sanples., Yield: 82.5 ng
of pure Pd- BPhei ?Pg%epfeﬁcﬁm%%é)z%gﬁ I'Uﬁngf’"t G ngly arethage
ascor bi ¢ agidndidWis R, Was di ssolved in 240 cx of Et4H CHCO s: MeCH

{60:60: 120) m xture. Silica gel 60 (60 g) Merck, Cat. No. 107734, nesh
70-230) was addetn anmoshprefeaedyembadimentvthe compoeddf off tHDinvientiorarisl t hen

filtered af, t mp,_, The ,yel | omi sh, S l.i ca-Asc. was,fi ied for ~1
hr. at ~50E@‘#ﬁ!‘§ﬁo.@§é’- nggf"ggaﬁgi. h?}se"? 6389‘8315"9&5 epg‘sé@é}g%pgmsi hea gel ;

i ts nat ur echipoBh@ df fbririula P Wherein % isSOME hatingathe dalldwifg Rreeirb! | es. Exanpl e
3. Preparation of Pd-BPheid (a) Isolation of Bchla ThiS step was perforned
as in Exanple 1 {a) above. 06 June 2003 19 (b) Preparation of

Chl oronhyl | ase (Chl ase) Chl orophyll ase {Chl ase) was prepared from o)
chi oropl asts of Melia azedarach L, ,Ghine tree |leafs. Fresh | eaves (500Q)
were ground for 2 min. in a blend¢f containipg 350 mMl of acetone cooled to
-20C. The honobgenate was filtered\through folir | ayers of gauze, and the
filtrate was coll ected and | eft % -OF A4C for further precipitation.
The acetone was renoved by filtTQ ’ e

a fewtimes with cold acetone to _
until the filtrate was col orl ess ycet one powder was finally
dried in a |lyophilizer and furth§ stgf‘ 20C. Under these conditions,
t he enzyne preparati on was stabl ear w thout noticeable |oss
of acctivvity. Yield: 20 g Chl agé i 1 k@ | egves were obtained. (c)
Synthesis and purification of “Bac S phyl Ti de (BChlide) Ascorbic
acid (70 nmg; Merck) was dissolved/in wa 9 m), the pH of the solution
aquegus—g§ol ution, and 1 m of 0.5 M

sodi um phosphate buffer (pl4/. ng 2%ed g nmaintain the pH during the
reaction. Triton X-100 (about™~Ng0 p. ef)a s added to achieve a final
detergent concentration of 0.8®0 (vlv). Chlase acetone powder (200 ng) was
honogeni zed in 6 nl of this sdPution using a Polytron honogeni zer. The
remai ni ng sol ution was used to wash the instrunent-and was then conbi ned

wi th the honbgenate. The enzyne sol uti on was sonicated with 20 ng of solid
BChl a saturated phehof\tHepRRessas foRtthe prepdigtichidf e Bnipounds &7 C
while stirring . For purification, the reaction material was directly
frozen (-2Gonuld t wheeimAds &H eemprises ahligasiithesiepsiofly | yophilized. The dry

i d di ssoj ved . d_soni d.and |t | h
ubj coted to a ok el cSLAREARRERAM LATENAH, ofta MEPASE Y m s
washed Wi t BopBhAN Swherdih UZE is BIRAgE CdefityRidrahyl2 t*&ns@r@gﬁf’{%@w 7%

met hanol (vlv) in acetone to elute Bact eri ochl or o | fide (Bchlide) and
Bact er i oph©omiethybester) aphM is)a metal geiected fronaMa:1Gd, @it Zn;t h 25% net hanol in

acetone. The sol vent 06,.Jun 003 20 was_evaporared and th l.i d, pi gnent
was st or ed underb)AV'ﬁjBW,O'ﬂtf""- ggg \flﬁ1 a Pg\@eagerﬁ il the compoumf obtained

in (a), thus obtaining a Pd-BPheid, and, if desired,
c) subsequent reaction of the obtained Pd-BPheid with a
comesponding compound of formula R«-H or A-H for forming the

corresponding Ry salt or a compound wherein A is not OH.



the dark. Reaction yteid: 30-55% The CM Sepharose for chr @8atungr2@pBy was
prepared by first washi ng CM Sepharose with water and then 3 tinmes with
acet one before packing a colum and equilibrating in acetone. The

chromat ographic material could be reused after thorough rinsing with 2M
NaC( aqueous solution until colorless) washed with water and resuspended in
acetone. (d) Inco~oration of Palladiumjinto the Bacteriopheophorbi de

(BPhei d) The procedure is the sane as in Exanple 1 (c) above. HPLC of the

dried material showed the main, produc |ntheformof two, epi mers which
were chenical ly iHer@Reapr Wo? "B‘Pﬂt r@enipceeass) '%n@!“?‘é@@dé%l the

allomers. T, ¥ ( (P

mat eri ai , Bﬂﬁég% (5’:'\.“%1?&a?éfrrpsflsheﬁﬁJ e@%}ngc,@%{?{@%t | on?’gym%?co 'éuﬁg’“%@éﬁﬁﬂi d (a)
Absor bance ap@(tiydeol'yrmd b stepoa) cand (ke obtainéd BacFbphdopirbiddcBRided Wit h
a UVICON spectrophot gnet 1 cm path th u5| P_Md or, which is
normal i zed ©J€B &'é ‘%iuéé '{)giﬁpt@?g’sm)@d é el 5 of

Pd- Bphei d i n acet cBdsX é&&@%&p l’&ﬁgﬂﬁﬁl

reported in Tabl eﬂﬁisg%gq?‘% Fi E%ﬂ‘f) The absor banoe spectrum éﬁgg B!Phe d
in plasm \/\wnpﬂslesatteaetitheosteasoftm Tabl e 1 Acet oneMet hanoUK Phosphate 20
mV pH 6_59(70/6 | ancex rb 3 ,nn2. 43758 nml. 2S53

nn0. 49537 nno. 324%%3&3?&%!& f@ﬁg;}@gg%'}@%é&@w heorespon QJQLer 2003
21 ° The plgpqgfoewﬁ_gqv@é%ﬁpi@pggg b@'dr%r'@M geaks according to Figure 1:

at 758 nm 2502; at 7 nm at 384 nm 0.5351; and at 329 nm
0.7766. (b) HPLC H)ehmly‘slsdfm@@b@hed@ommeﬂéram phase HPLC net hod was

ol | adh am BPhol d. ot ibseteRt Wadoh o1 fie Hitaedhe Bbnei with m.i o
phase : net&an@dp ondhﬁt\i/oéémpmlﬁbo&ﬁhafbﬁn&luf fR{-H2QormAPH for6 .f8fningC%hd0%)

Flowrate : 1 milm | ume of injection : 100 pl Detection : 1- Spectro8ow
783, Deut er¢Qrfesrangding Bgsalt o a.cogmpaundwhesgivAis not@bkt en | anp : 753 nm

In one prefered embodiment, the process is directed to the
preparation of Pd-BPheid and bacteriochlorophyll a (Bchla) is transmetalated
in step (a) to replace the native central Mg atom by Pd, and the obtained Pd-
BPheid-17°-Z wherein Z is phytyl is hydrolized in step (b) to produce the
desired Pd-BPheid.

Another process for the preparation of the compound of formula |
comprises at least the steps of:

a) enzymatic hydrolysis of a BChlide-17°-Z wherein Z is phytyl or
geranylgeranyl to obtain a Bchlide;

b) acidic demetalation of said BChilide of (a);

c) incorporation of Pd with a Pd reagent into the demetalated BPheid
of (b); and

d) optionally subsequent reaction of the obtained Pd-BPheid with a
cormesponding compound of formula Ry-H or A-H for forming the
corresponding R salt or a compound wherein A is not OH.

In the above processes for the preparation of compounds of formula
I, the Pd reagent may be any convenient reactive compound providing Pd in

such structures such as, for instance, Pd acetate and Pd chloride.



As shown in Table 2, HPLC anal ysis of the product Pd-Bphei d6akinel2088ned in
Exanpl e 3 exhibited 7 peaks. The nmjor peak represented 64 to 70% of the
total products. Solutions of Pd-BPheid stored in acetone at -20C were
stable for at |east 2-nonth period. Wien the stock sol ution was naintained
at roomtenperature for 18 hours, no change in the HPLC profile was
observed showi ng that Pd-Bpheid is a stable conpound. 06 June 2003 22
Tabl e 2. HPLC Detection of Pd-BPheid RQak~ Detection 385 nm-6 Detection 753
nmAbsor pti on spectra (wavel ength of maxi ma nn) B

8756, 537, 384, 32005 SR TRLSNg" 20 In e pratais sbtve son b Adgid By 1107 ©
Char act er i a awbste praubdaRn eisihdobla NidRodfate roraagrariiic iacit, icrrbys hamendtephe

Pd- BPhei d prepared accqrdi ng to the Ex | e, 3, the percentage of the mgjor:
peak was a&S‘\‘F@ %HS‘WBESER??WP@'&T‘PW%‘%%MUM ed by a preparative HPLC

C8. This purifieghe BOAdYRT thes filel ﬁbg?n?ffgﬁﬁg‘?ﬁ%éﬁm% &4 LRhg Product

by NMR and nmass spectronetry. Analysis was carried out’
and the chORjcady baidbtained byl reactian ¢fithgdtd-BPheid (Rd-BURI-QQOHLwIithRhe 2D H
NVR ( COSY and NCE;B -’ﬁD H'3C,NVR (HMQC and HVMBC. reverse detection).

06 June 208PfTespondfigA4T compodpd.chopi cal” shifts (ppm Meth

5313, G, 7523 4 T ot0r da g A ) ahove gre Igmedales riie oo 4
Meso -9, 11canped)dso of formaulg lugbtheyineption. The acid chlorides of formula I,
Pd-BPheid-COCI, may be obtained by using any agent suitable for forming
acyl chlorides, such as for example SOCI,, )
The acid anhydrides of formula {Il may be obtained by dehydration of
the compounds of formula |, I', I* with acetic anhydride.
By reaction of these intermediates Il and Il with the corresponding
compound AH, the compounds of formula |, {' or I" may be obtained.
The invention further comprises pharmaceutically acceptable salts of
the free acids of formulas 1, {' and [“. The salts can be formed by methods well
known in the art such as by reaction of the free acid or a salt thereof with
inorganic or organic reagents such as, but not limited to, NaOH, KOH,
calcium or magnesium suitable salts, LiOH, NHOH, tetraalkylammonium
hydroxide, e.g. tetraethylammonium hydroxide, or N-methylglucamine, _
glucamine and triethanolamine. )
The compounds of the invention are for use in photodynamic therapy
and diagnosis with respect to target biolagical substrates. By “target biological
substrate” is meant any cells, viruses or tissues which are undesirable in the
environment to which therapy or other corrective action, such as sterilization,
is employed, or the chation of which is desired to be known in an
environment to which diagnosis is applied.
According to the present invention, the drug is injected into the
subject, and permitted to reach an optimal concentration in the farget
substrate. Then the target-substrate is exposed to radiation at a wavelength

appropriate to the absorption spectrum of the compound administered. The



3-H4, 3547, 24- H4, 0955, 27- H4) 1049, 28- H4, 3449, 210- H5, 9265) 1008urer2003- CHZ
2,08; 2,22 30,6 T-CHz 2,30; 2,52 30,6* 7"-CHz 2,15; 2,35 35w Carbon

wi t hout proton 2-C019912-C ! 58, 59-C018813- C159, 517- CO2H170, 214- C151,

510- COZMe174, 315- C140, 51- C14116- C152, 52-C. 135,617-C.

109, 85- C126, 918- C152, 36- C130, 119-C158, 611-C142,3 06 June 2003 24 (d)
Char acterization of Pd-BPheid by mass ddect ronet ry The mass spectronetry
anal ysis of Pd-BPheid resulted in the spectra depicted in Figures 2 and 3.
It was conadffectaf the FearnpaundncBo niberanihanced fyBroocoaitantoincezabeh bf lthe

resol uti oni. The é$60t roneter was a "ZabSpec TOF M cronmass" spectroneter;

i oni sation t splgptfpte ferperyre. s tive, acceleration: 8 kV: source

tenperature: 40CFopohy&ih theethetidB ol #Ré dnbéhticidethe Ebﬁwﬂahﬁ&goéﬁ thénput:
| ateral . Results: iontype: M+ fornula: C;~H33N4Q6.~sPd; theory: 714.1670 Z: 1
m z t heor etinvention1arel éomnutatedr dsing conwvengignal Exeipientse spprapriabeffor ithd t he

NWVR study: .ide =.714 apd e ' . ti f Pal | adi tal.
The cher cAMeBPd ¥ " Bhayeali oo Rl tatior o, S8Rea. Blersl palieRts ™ -
pal | adi um dempaitions dre drisloféd awitt saffitientmentokid deterddint BPS6IulilizExAET! € 5.
6i ol 0Q cal activity of Pd- B& eid on marine L1210 and human HT29 cells il

Cel | Li nes active cemnovnd. Askibgi corepeynds akthe inveotjorwase genacally mat very

Serum 1 noOUHE AT ViR ReRENFhg, mBBRE U b B RIRRACHaY e epIOWRL
(Radi at i on SuigbkenontokicaRaégent) intlude| bubarewitNiitedad, TvesABD, VafdudY
Twentyman et al. (1980, "A new niouse t unor  nodel system (RIF- i) for

conpar i son bije salls. sychiasssedinmsglycholate, (variogs hiler sait apalogs suchoas da) .

Cul tures I ' y o | | 109 .serum
and gent amydie Rylatn 46y EabBelof ditisR ARBLAE Bmil Tt Mqiifr, 90 Lo
1640 wi t holsufiehredhat a dedirabld phl using GCanva@stiorat buffersesurhsadhHahk's Isetltion,
dispersal y=irth 0.25%trypsin i,n 0.02% EDIA and replated at ,a 1:5 split.:
~i i? In vi 'Bgﬁ"rfoﬁ#*!}!é)%i‘%/'gf’h%?“%tﬁugﬁ' & oﬁ“}ﬂﬁof%ﬂgﬂﬁ@tﬁywﬁmﬂé ﬁ\j’tE1210
and RIF cel; | OV : Z+ e
filtered vm'"#'%rffgé %ho%@v%adtﬂg %ﬂg‘@a&g %\%Q?ﬁ?ﬁ O¥]& élelht g{r}é}jtI ggsghnﬁo%ﬁ R. The
bandwi dt h \smsodnts tdfeprotein$,i fordexam@lep setumnalbymim omtow fdensitg-eof itigler

(Griel). O%elnséityil-ﬂpoproo?ei% L(EBL %91 EHSE respectively).

Systemic formulations can be administered by injection, such as
intravenous (i.v.), intraperitoneal (i.p.), intramuscular, or subcutaneous (s.c.)
injection, or can be administered by transmembrane or transdermal
techniques. Formulations appropriate for transdermal or transmembrane
administration include sprays and suppasitories containing penetrants, which
can often be the detergents described above.

For topical local administration, the formulation may also contain a
penetrant and is in the form of an ointment, salve, liniment, cream, or oil.
Suitable formulations for both systemic and localized topical administration
are found in Remington's Pharmmaceutical Sciences, latest edition, Mack
Publishing Co., Easton, PA.

For use ex vivo to treat, for example, blood or plasma for transfusion
or preparations of blood products, no special formutation is necessary, but the
compounds of the invention are dissolved in a suitable compatible solvent
and mixed into the biological fluid at a suitable concentration, typically of the

order of 1-100 pug/ml prior to iradiation.



suspensi on (L1210) or adhering to 24 nm di aneter cover sli ¥ Juee008cubat ed
in growh nedium (with 20 mM HEPES pH 7 repl aci ng NaHCO3 for added
buffering capacity) for 15 min in the presence of specified | evels of
sensitizers. The cells were then washed free fromthe sensitizer) and
transferred to fresh nedia. lrradiations were carried out at 10C. For sone
studies, the cells were then | abel ed wv§gh fl uorescent probes and sites of
phot odanage were assessed. In other studies) the cells were then incubated

SCudies wer e car FPLRNGITRAERE' HEtRRe S HRRBOSRE applicBidric il ' |
quadr upl i cabsagé PandeR2Killmedaswithdhksmvs of idpplbatictlah@Tthd dMeice Bf tHe

di fferent concentrations of Pd-Bpheid and irradiated by an hal ogen | anp or

a titani uncemperndecas wellrasjthennatore af/ther egndition being drezied loc ditagnaset) Cel |

Viability. I V] . e h T Cli ryd ed out 3
days after a"itvlefféhc#é{‘%rsm,ﬁﬁoﬁé%%%a‘}en&Q&ﬁ@?[9? zﬂﬁgﬁ%"@ﬁ r
intensity bedyaigit; prefecatsty K, fitd A00mgkg. Fardbpicah adainistratidh, aypicaler s of
control cells. Absor baaf&rat X nmwas determned with a BioRad Pl ate

reader. FoRMouMgon e, iaf or 1R mg-total @fe @AWla¥edowed to occur during the

next 3 days, and | derirap cgﬁg Ay | e j T assay
procedure. (iv) Iﬂi%o ?ot el ?rgl n |r§€?°m8+ﬁégkﬁgﬁ?kg§&8gﬁéﬁé%ﬁ%ﬁo el n and
| i popr ot ei anatogpas talthefsecdesaribed lyrMattivwes, ikl wesaldeTransiusioh (supra)bat i on of
250 p,| plasma s e wth 3 pMof ,the compound far 30 mn at, 37C

Li poprotein and F‘g#\él \#’rcéﬁfﬁmﬁt §dm%t‘?t%h 3 cpuitable £ime peried: 9t adi ent

cent ri f ugahL@fminististi bR e SevieraiGhing f ! 4 ¢dt into 3. m
of 10 nmM Tréla{ngr‘lg?(?uldg)% et erygent or of finuﬁ@gggc%%tlbﬁéw%éarﬂgp ed{lerrri ned
upon exci t et oaterdo peaaitroptinke wincenifatiorPhbthet cotpoundsedff thet invéntizch- 8Phei d on

L1210 l1g L1210 i ' | ] I d wi | p. M Pd- BPhei d
For 30 mi nit taret RaBfeal SU6RTafes 0B, olne'al ing SUBSERR, Wl e Roleme dose of
light  06vdsafatfd)Iudior kil 6Panp ofHer tdmdt BbMmpbnéRYBAAG the Idcllizatidd &f Ng i N

the RIF line required a 215 nmd/cn2 |ight dose. w) Phototoxicihr effect of

Pd- BPhei d the sompouad |canThe raenitared, by measwring the oplicad @bsoqativraetitteo o, when

Curvi val ¢ e 43 0% “Contathd o ChaBidiolhd. ke obisald G WHdle: an

when the dasesmplistride tigy tatget biel ubstraterie dfflatedviti d stitAblechband
photosens' rtizer dose causing a 50%death rate (also called LDP) was 48 p, M
under an i of iadiatios, ipthemngeei?A0-§0@ nax rt naver WBA0inm@tiang t he

nost i mpor t_efh LE. VAR PRRT phot adamage. Using
nouse | euké%ga?f%(g&@g{%,'%Bg%ﬁéﬁg%\%ys&ﬁj%%ﬂébésg&gﬁi ¢ mtochondria)
phot osensi ti zer sFaf t topical e treatménty plboalzddiongeist oinvdnedialtes mandenthweane or
to |l ysosomes. Such_.a resylt has been assyﬁiﬁgttﬁd wi_th rapid inflatiop of

apopt osi s. CPYESPINdiNG, sFadiation, caf he, Bray: efarftess Fary treatment ohdi cat ed

t hat Pd- BPR&iidh: x gL ! i :

consi der edgﬁég%ga:)“r}gd %%t er ma'ngrﬁa otrp E@&lﬁ%ﬁ?@%ﬁ&é@gﬁbﬁ@ék@by _)
1=or mul at i thwes tarjePtisfiph ds deadmdibifie radiation flndnse adbioni the ofder, of. 1-10d- Bphei d
in solventsg, used for ani mal experipments Solutiaons, of Pd- BPheid were nmade up
111 or OO BRSRUES JIRgto o HrSHC 3o A0k A9 ek lowe" BELOREBY A o)

Cr enmophor Bgré;Hﬂr)}P%(?n was prepared as follows: 40 ng of Pd-BPheid was

di ssolved I'n of Crenmophor EL in a dry tube either by stow rotation of
the vial until tThbhesompdsitionsaf the inventiopicompkige fat teast oaenqoampouridesf) or

[ h I , of ., ' illat . The .tub I h
hat 't epelotfiHia ek B geS APLaed 3oy géBt i & pevaiplagealic acspeiaps >od.
0.6 m of | PR OéNRPbsitBas Attt SANBIE I i
rotati o(r)1 ogém'h t he son?ggpr obe. Iso?gﬂ]i C mgfrﬂmg@d?ﬁ‘gné‘%g%n@%@g 1nm

portions tora geltarintbedesnoif liposomesher nanaparticlesiolihel suidableecartief iser each
addition, wth no evidence of .a pregipitate. The ¢ osi tions we briefly
06 June 20673°% Yo allow; opfimrating ol fiel opp ofi 9t {Biec Fompgrine ot e NaCl

0. 9% t aki NEweRkiBn aP tHeeBRgbh QulistaRe BidiSiel OF UL Sartiefs, bTR?\of frfegipat i on of

drug was assessed by neasuring the absorbance at 757 nmafter dilution into
ethanol. are "Tween 80", polyethyleneglycol, eg. PEG400, “Cremophor EL",

propylene glycol, ethanol, basil oil, bile salts and bile salts analogs and



When 20 ngl kg of Pd-BPheid were used in experinental studi ef June 2003
translated into 0.4 ng per 20 gram nouse. Since no nore than D.1 m of
crenophor can be injected into a tail vein, the drug concentration was then
4 mglm. (b) A nodifted Crenophor forntulation was prepared as follows: 5
ng of Pd-BPheid was m xed with 0.4 m of Crenophor EL After dissolution,
0.12 m of propylene glycol was added. Jsotonic saline (1.48 m) was then
added in small portions, and the sanme was m xed after each addition. The

final solutign was conpletely clear and free fromparticles. An ultrasonic
probe was ugtdures dhereph lipeseme; fagmulations uegn e hiasgd: Her examplen®nbel ow

25C by cool | ki [ ] j - ei d
concont r ot i SRy TRtofBipHalisy Uholile of Bhsp T Bl ELRT Phe YGnfd iy 3RAT,
net hanol . Thempkise dipamitoyiplessphatidylacholiresur ed aver 740-780 nm The peak
val ue was conpared with the results froma known concentration of

Pdh BPhFid. (c) Ad¥hendianopag %ﬁei'eﬁ?g.myef"av@&ainéhetmmfﬁﬁé%ﬁo@@d?nd
T vivo 1 oxPaliets By hdrgpaitciast FOKEH Ko (i eridieltins) Tow BRI © [

sets of explipopretdins and tiglycegides are nsuallynesedrodel s were used to assess the
phototoxicity of Pd-Bpheid. .(a) e.phot.odynam c responsi veness, of

Pd- BPhei d was fir the %%&#’_é‘cpf}ﬂefr\%"hﬂ?i tﬁ@ '?Y%P"rﬁ%@?%‘.’"‘gﬁ) is (ﬁﬁ?)rmry
adenocar ci NgTEn 3pRodtdrdkoPlo Qo%l,c;ﬁéféraﬂycmesmaasvwwe%mpapﬁ%dmm c

t herapy paraneters: Mce wth tunors neaSuring 5-7 in dianeter were
ent er ed i nt welglhit conpesitioant s. Three Pd- BPheid drug doses (i , 5 and 10

ngl kg) and fwo light .doses (1 and, 300 3pul es| sq,an) were eval yated. A
formul ation of Pdﬁl HBY‘EP%S?@P@QH’ g %Pgﬁﬁﬁ?ﬁoby\?\g@ }0“96""3%@“1 dingg

adm ni st er egygiiplesy- tai! injection. PDT |ight exposure was started either
15 mnutes, 1 hour or 4 hours followng injecfiion. Three mce were treated
under each treatnent condition unless initial results denonstrated | et hal

toxicity or non-responsiveness. A tita@d hire laser tuned to 757 nm
was used as the light source for PDT. asmerat ed |light was coupled

i nto quart zekhResie 1. Prepataticr vf Pd-BPEEId t 0 tunors. A |ight power density
of 75 MW sgq.cmwas used. Tunor size was neasured 3 days per week follow ng

PDT treat nents anBdtBRhaikrwaat aepasedt fregy BChiss yddthendallewingo 3-siepr
recurrenceTéror égrdays post treatnent) was determined. In vivo PDT
Response: BICEQYF-and 5 herei nafter provi de sunmaries of the POT treatnent

resul ts for(4f3H okstioh iof Baplctiochidroplivil £{BCtda) t he BA mammary carci nona or
the RIF-1 ftbrosarcoma. Each table indicates the foll ow ng paraneters: 1)

i ntravenous dnrg 868 ewasexd@cted ndomy; lyophilized, bactgtiae fithedevaldtier s,
i ncl udi ng t%&{i&%ﬂﬁ ;Li%ﬂ{"ﬁggse (Jlcn), the wavelength (757 nm, the |ight
C , an

dose rate ( e tine interval (befinreen treated far each

group, 4) toxicitiydphilized ngelis (100dgr) heerel grotihtiefo powderewaghed)s titesr
regrowth (consisti n? of the nunber of da?% bet ween PDT treatnent and tunor
recur - ence) Wi @ totat akl racstong & pasi¥y puash awaydthe camtenpidsided PDT

i nduced tunpi Gt @as fitered and BChia was extracted from the solid with absolute
methanol (= 1200 ml, 4-5 filtrations). After filtering, the dark blue-green
solution was partly evaporated under vacuum, the concentrated solution (=

500 ml) was extracted 2-3 times with petrol ether (b.p. 80-100°C, ~ 1300 ml)

to further eliminate carotenoids, and the petrol ether phase was extracted
twice with methanol (~ 550 mi). This phase was then discarded, the combined
methanol phase was evaporated under vacuum, and the blue-green residue
was redissolved in methanol-acetone (1':3, viv) and loaded on a
DEAE-Sepharase column (3 x 10 cm) equilibrated with methanol-acetone
(1:3, vh). Thé BChla was eluted with methanol-acetone (1:3, Vi), the



As shown herein, Pd-BPheid nediated PDT was found to i nduceltdurie 2003
classical and an efficient turr~oricidal response in finro nouse tunor
nodel s. PDT nedi at ed tunor responsiveness was directly correlated with drug
dose, light dose and tine interval between drug adm nistration and Li ght
treatnment. Specfically) higher drug doses andl or higher Iight doses
produced enhanced responses. The BA mamrary carci homa was found to be nore
responsi ve to Pd-BPhei d nediated PDT th&&n conparabl e PDT treatnents of the
RIF-1 fibrosarcoma. Pd-BPheid nedi ated POT was effective when fight
t r eat ment smethandlicet@icethixtutdwas kvaporated atdupeaiiyBehki was iredissslned was not
effective when a 4-hoyr in{ervg%ﬁggtmeen ru Sgninistration and |ight

e

t r eat ment ?Ma§"u%’@?.t m?n_f?'hé 314 ethesend; fittered B‘lﬁ%‘l‘gh oxicity
of Pd- BPhekgiohARo8PRPGSCAd! ot disdBMEP clliRh rRERAL UATMP P A Ebadtirhtion ™22

human col on adenocar cf noma. 06 June 2003 Anl ma unor Solid
tunor ti ssthe &didupigmentwas) stosartbuadef Asgonl dndhendark eati 42080] &xehgtiard t er

deat h i d i m, of 0. 9% sal i | uti dth
ot uti on_ (e abpahabd mig BHi per 100 B ySprized b8 1 0g of each mouse. M ce
wer e i ncl uded fO‘ih;é)ﬂEA'EIE‘éka&r&&?Bo&h% w%r@hmggkgé\gg%éy(ﬁ;gg@(%%umrs

were grafted s.c. in 8-week aged Sw ss nude nmce 10 riment.
Phot ot oxi c{(Qmaths eand Muttani198d, Hiepacationsof fiarophiyll ay Chinropbylhhland M ce

wer e anest hetj zed w t hi_opent 4 kg jyst hef irgadiati on. At
30 min 1 Racierpenibronit s 15 ' Rlufh, PAMACHRY, i DAL S N3 o
titani um seapsB lahd 8epharise309-6BY Piéht CBRPHYSRIIENRI 26 MR FOD)! 0
adjust time irradiation to obtain 20D or 300 Jlcn2. Control mce not

i nj ect ed wBrisfrdBARSepharose yasovashed withcdistilledswater anddhen cosverted: t unoy

growt h del induce RDT 4 j.va Wt h t real i zed
in experi n@;?gln‘k’ﬁ{ J?ﬁ'é‘r pf’/ﬁ@‘%&% Dl?ilx\%/tl?\%o?gﬁt %‘gelﬂgél %ﬁegg%o?u'teic(hﬁéé?zlr ate
exper i ment Thal slufrgs wakswashedt Betimeanwith acetond aRPFMilly SussrideaNis and
for each separate exE)eri ment) 2 mce were used for each experinental

condi ~on. mstaanaliasgtaneol:di vy} fohsteragadt &sC. resul ts are expressed as

tunoral index variations with reference (= 1 ) corresponding to tunoral
index fromnon treated cells. The tunoral index was cal culated as foll ows:
Tunoral -i (sjex Preéparatins bf Baoteriapheoptnarbidte (BRtwigendi cul arly opposite

di aneter)12. Tenperature variation stuydies: to sure that the thermc

ef fect was not g&&‘f“si@%’)'até ¢taBgr oblaiped, !'brfai/a W&s&fbd“ﬂo:&f"ﬂe

hal ogen | a Lt A s i S I Ificalhh addl N

non- absor b?ﬁ%égﬁm ﬂﬁhﬁqﬁﬁbﬁéﬁl m&c}rgto%mﬁcr‘ér%cgﬁﬁ gé.%ar‘%gl ?‘gsu tsg8¥e(t)ll!1s|' S
exper i nent trifiuerdavetit cicid(@brayt 16ril) wWédch hadrbesdi bubbied atithatBodén fadt:10A t unor
grow h decreas as_,C ared to conirols. S _observed fqr. t copdi tions
30 mn and"ﬂ"'h%%t%?luﬁgfj?e‘ﬁ?? oﬁ%'."—e g m@%&”@?"?&@}"q g?feg Qlagﬁ'ﬁﬁs ed up
to 7 days fectibhe ntigiee t WaRs pbubedNfite? 4whter§ (250 | Ml)eG@ndoextrackd dvifte 2003

30 (ii1J 763 nmirradiation at 300 J/cnR: A tunor growth decrease was X
observed (@&Rlotafaar ckhe e=xdeact r was ) washed hiwige nwithi waters@ndi drigddozar h af t br

condi —ons. SRS E G800 ARy SVERHRIRR ) el claio e il Ses
af ter i nj eghiopititofrdphed! ord 'SHiMa(3H&A NEAE TritadlfhRA CKie8EigeR 60C MBaK)Sshd O
controls) for the condition 773 nmup to 5 days and for the conditions 753

nm and 763elted withomethang) dn chiesoferyi b plarugmsdiento #bh S9%c10%s 5% sAbbser ved
for 763 n”fhe( b¥binﬁ91%, Jéa?g&nbfcfsagﬁ@td th)aﬁd'aljﬂoﬁm of blagieﬁ(&bhggbhyﬁn were

washed out, followed by elution of allo-bacteriopheophytin and carotenoids.
At 10% methanol in chloroform the product started to be collected and
monitored by TLC (Kieselgel, chloroform-methanol, 9:1). The product (60 mg)

was evaporated, and the residue taken up in CHCIl; was filtered through
UltraPore membrane to remove residual silica that could otherwise cause

oxidations.



A tunor growth decrease was observed (as conpared to contr @ssjunk@008he
condition 753 nmup to 4 days and for the conditions 763 nmand 773 nm up
to 92 days. The maxi mum tunor growt h decrease was observed for 773 nm No
excessive tenperature variation was observed during hal ogen | anp or

titani um sapphire irradiation. of mce. In summary of this study, the

opti mal wavel ength of irradiation was fgund to be 773 nm The del ay between
i nj ection and |IIum nation had an influence on the tunor response. At 764

nm a one ﬁr using a 773
nm wavel en 1 1 ‘ e 2003 31
Tabl e 4 C3H BA rmsmmm (daocmmras bbtamétsenf(b) Edd%béta@r(ebuﬁb) Mareer

of Toxi ci t yNunber of Sunmar yDosepar anet er sAni mal ( Tr eat ment Ani mal S

wi t h( cur es)dissplved in élshl@mgtrmnee(erp‘ro mir and added {6 acsuspragioovaf200ang

|t erval 5 rSaaAss Pl of PEARE b el o B ABBRS Sk St

nt er val 10Qfosed fidSR atl Addsdmptratays) aid &a fronthe Traabhlie mﬁétréWi HR.
nterval 10 i.v. 300 Jl cnR30+757 nnP(41 days)75 mWcnrl (41 days)l HR

nt er val 100#@:@0@“@%@ ®@Vere: #2odd ('nmses aw; Ahsifrepticat p«bﬁg@t@nmrﬂm HR

nt e val Tod Bty 4 By o o The e Shadelibh o7, 0y 98 HWBRRE. oo

HR i ntervalby meqﬁd-amxcﬂﬁﬁé’oraﬂoﬁdmeFarﬁl3901nmesponse to Pd- BPhei d
Dr ugLi ght Nunber of Toxi dt yNunber
of Sunmar yDosepar e Eashpn faixtureyasdrangfemadsinto a chlorofom/water solution

oRecur r en 08 3G EA I aSE SHAKERT) SBRhatidR (RRCL IR pRE BPkSe. |
min. interwes cofiedted, Ba@shel with eite(, dritdymjer ahhydrolis(sbdiuhaxh)orided@ndays) 75

MmN cne' 33. 33X015 m.n,_ interval 5 j,.v.300, Jl cn2301 (4 days) +T57 nnil (2
days) 75 mne¥EPeratedihe viiedrnateral was) added to HhmasolRdAecetale andostepaay) 1

(41 days) 7% HB‘% g%@e’% 1 -yrzréﬁ S) +757
nnm2(1 day)1l (4 ays) raéem/\chZ ﬂ’bé‘oggﬁﬂﬁg ??1%% ﬁo%tjég Océ'ﬁglﬁagé}%?m
nmo r esponanishad/aodidie Hatio rue@weammemb;sonm@ruabms mzmpdak/@)‘{ﬁé7 nml
(7 days)75 mWcnR15 mi.p. Jnteryal 10 i.y. 100 Jl cnz3Q2 days) +757, nrn~1 (6
Gays 75 mrerroast paion, 3hd' s aBsorptiof et Fiosdb sl vbAch Jfcal
eyal uati on \Rfjuddpd W RRhRIbIdN®) ! @l carcinoid cells after Pd- BPhe| d and
BChl - Ser based PDT This experinent was performed in order to exam ne the

ti me- dependent nﬂﬁmﬁdmergreantlouhumﬂe wag solubiligediin amiRibialwditmBdfEPhei d or

BCh! - Ser OVE it ofshaialSIRl S fdbded®n SRLRI82 ﬁlar(i)esleI Solumn (150 mm x 25

mm) that had been pre-equilibrated with acetone. The column was first
washed with acetone and the eluted first fraction was discarded. The column
was then washed with 9:1 acetone:methanol. Two bands became prominent
and were washed out - the first was the major product and the second was an
allomerized by-product (discarded). The product was concentrated almost to
dryness and transferred into a 50:50 chlorophorm:water system in a
separatory funnel. The mixture was thoroughly shaken and the organic phase
was separated, dried over anhydrous sodium sulfate (or sodium chioride) and

evaporated to dryness.

Example 2. Preparation of Pd-BPheid

(a) Isolation of Bchia

This step of the procedure was carried out as in Example 1(a) above.



lijl Materials: The Pd-BPheid was prepared as in Exanple 1 d6alupe®003t he
serine nethyl ester BChl-SerOwe was prepared as in EP 584552. iii] Light
source: Halogen lanmp (Gsram Gernany, 100 W) with 4.5 cmwater filter and
cut off filter >650 nm The cells were illum nated for 10 m nutes,

15mW cnR, a total energy fluency of 9 JlcnR. For illumnation) the culture
pl ates were placed on a glass table to provide the light fromthe bottom
yiii) Phototoxicihr study: A431 cells (8x104 cells) were seeded in 3 cm

di shes in duplicates and cultured to 75% confl uency in Qui beoco's nodified
Eagl e's nmedium (DVEM) + F12 (1:1)) buffered with HEPES (25 nM pH 7. 4),

fetal calf @iru gFCSK W t[& EEn'!cil_l lin{0.06 nglrr~l) and streptonycin (0.1
ng/ m ). Pd-\BPhei g added to the cells at the correspondi ng
LDP concentrati (QaimiRVAL hsRoMic RSP a8kb y f - g iod the
cells were washgﬁo\/\#? hm?gﬁt t]Jare I’Yé((:jl um g%d t'ﬁg )ggpfg&‘(ai r@aglﬁ"g%ﬁgﬁﬁgh wth
the |ight JdeOte(8atbmieandNseas passed through dhe eplutionxBphsidt (92" myad51
performed at different tine points after illumnation (0, 0.5, and 24

hours post -l and; P(GHsCQO)(&5 g 338 nmglh were dissolveddn (GHGhi (3domt.i on

X320) equi i La. o second. di sh _of ever
dupl i)ca'? gl) pc@e&%s%é g%‘?f Ffzgta\?\]gsgggéa;g&:g% gﬁgﬁgﬁ%’gé %8@8%%3@ Ifﬁeﬂ??al vr eé
viability deptyuidgrairerSatmosphére Gyl btifingl ahdx trolreddtdn pPdgreddvas~i V) .
Results: Both ,senai tizers auzﬁd si gnfj cant changes in the cell norphol ogy.

Pd- BPhei d dBaaitered by decgrding dhe absqiption specla gt smallneeastion cpentions 30
RO i . . : . "
Connect] ng SeLY dey miRBles, YAt B Shra thel reicHon, WASNGompRER i e ™

(fibrous plsohEnpwere avaporatedhours, 90% of the cells |ost nost of their )

i nner volunme and a large portion of them defiached frort~ the dish, no
further 06 June 2003 34 change was observed after 24 hours (Fig. 4, right
colum). Bghi-S ighielignt pattern of tine dependant

nmor phol ogi gg} C‘P’urﬁi@ of P e observed only after 4 hours. Menbrane

bl abbi ng was sediheasruderftd-BEieitk wab dissialedin CHOrarndmaded|ch aeolumne. No
significant vol yne decrea bserved, over 24 hour d after this
peri od nostp#eaﬁ'éﬂlzgﬁl g ‘%ﬁqg@%ﬁﬁ'&éﬁié& %ﬁ“’f‘ﬁé’oﬁ{"% °g6ﬁ"§gd§§1)éﬂgih‘ﬁ?$ ow
(bl abbi ng plisedyRfroughdtife édllinnC AndMihan THRNpigherl a!" Slufdd Sdising

illumnation, neutral red viabiftty assa erfomed which confiTned 90

was
f 7% cel | WeOHGHCE 61699 v25Q mY). Suséy o fraclipnsyas defermiined by TUR

fi brous ph i ~ i i | unm aaﬂl e bl apbi ng
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t he format ivagre ém‘rfoﬁiledfdrbﬁfp?eséntéﬁ\&a saraples. VisdIBXS5 thg ohpled-grhdidi ty of
Pd- BPhei d ando Chl ~er Ok on the human bl adder carcinoma cell Brie ECV304
Thi s experi(ﬁﬁrft)- was carried out for assessing the photocytotoxic effects of

t he photosensiti 5 i _SfelC I er
carci noma cel | s.%ﬂﬁ)?e B&@:’?@?@Pﬁg{é @%am%@%qugéﬂglgﬁ?"éo\ggge: as
i n Exanpl e digsaijed in 240 dehaft BIQHICHC:MeQHY(G0B0RID) mbdkdre. Saci0delcs0 | s “per
well) were cultured in M 199, ﬂ%fcs 't% penicillin (0.06 mg/m ) and
strept omyci(B0{9D. &eﬁ%nﬁﬁt-i 094 : of®1230h was added and ithe slimye| | ) .
| ncubat i on i i t i P e| r | el W th
the cells {W&Xe% gal\?%@g?‘g??gﬁv@d%gg t&géﬁégﬁaFﬁ% bgg‘ﬁ gﬁ%\{ﬁ@%ngg?um and
i |l um nat i @iliesAseaeas finallyadied:{ded. hrl at F607C yTiis 0r4% Silica-Abt.S8 ready
illumnatiogn, cell vi ab*’alfi%ﬁ was assessed using neutral red viability

r

assay. The 9 o¥$& @S Jegy ca \gale tysBature is; lges pelarrand if rhaglisame® cel | s,
not treate i i F;ﬁés Dark control: non-in-adiated cells, treated

wi th sensi ﬁ@@rﬂhflﬁ\ﬁ?ﬁgﬂ ark. -Untreated control: cells not treated with
sensitizer and unirradi ated were used for cal cul ation of 100% survi val
(Rosenbach-Bel kin V. et al.) 1996, Photochem Photobiol 64(1): t74-181) 06
June 2003 Example R Rrepasatiox BBbeid ¢ and BChl - Ser OMe exhi bited dose
and |ight dependent cytotoxicity on ECV304 cells (Fig. 5). The

correspondi ng LDSo val ues are 19 and 1000 nM Mor phol ogi cal changes
post - PDT w§ap cisutatidgreof Bohlah -t he observations made with A431 oeils (data
not shown). Exanple 10. PDT of Pd-BPhejid and Pd-BPhei d-ethyl ester on MR
mouse el anoma d8fS StepMas Berogied 83 1 EXYPPleHA) aha¥et o test the effect of
Pd- BPhei d and Pd- BPhei d-ethyl ester on MR cells. (i) Materials: Pd-Bpheid
was prepared as in Exanple 1 above and the Pd-Bacteri opheophorbide a ethyl
ester (Pd-Bpheid-ethyl ester) was prepared as described in WO 971 19081.
(ii) Light source: As above in Exanple 8(ii) but cells were illum nated for
10 m nutes) 12mNcnR, a total energy fluency of 7 J/crn2. (iii)
Phototoxicity study: M2R cells were cultured as nonol ayers in Dul becco's

o o R A~k A - . a T Y 1 I rr—rs 7 ~r~ __ »




cells treated with pignent but kept in the dark. Cell survi@&alune2003
determ ned by [3HJ-thym di ne incorporation as described earlier (WO
97119081 ). ~iv) Results: As can be seen in Fig. 6A, when the pignments were
di ssol ved in ethanol 95% Pd-BPheid had a LDP of 0.03 NM while the

Pd- BPhei d- et hyl ester had a LDP of 0.07 NM When the pignents were

di ssolved directly in culture nmedi um coh®ai ning 10% serum only the

Pd- BPheid was fully active while the Pd-BPhei d-ethyl ester was not active

at _all up tgm)l NMegddiatibh ahEhlorophyiRBE(Ehisee) t ested (Fig. 6B). Exanple 11.
PDT of Pd-BPhei d on nmouse el anonma an uman -. HT29 col on carci noma

cel s These exper Chigtephyilase (Fhlaselwase peenared nisomhehioraplasts xofc Maliaect of

Pd- BPhei d | d .HL29 |
car oi nom caPpadraChil’ Scfifeiqd Rels, FASh BN (ST R Bllba it it e 5 "
above. (ii) bldndet containing J60eml bghbebnarmledaﬁ) -&07@ NPRe fHorsd, gé?ﬁtéﬁ%sPDT

| anmp (Bi o- Spec, Russia), with 10cm water fllter and 720--850 nm |ight band.
The cells \/\B'ﬂ%fepl hrenghfeur layers of gauzr.cand the filtpatepyas colieated a‘z!ﬂde%& gy of

brotocol asoretidioae LY for Hurtiel rechliBitg) THERABENEC AR (atholkd By 22
Pd- BPhei d whltratios s @nde thel i rervaining | povadei wascwashednawfew‘iﬁmr wikhaggidt hen

added to the cells. Survival of aﬁ_@ eI S s det erm ned by t hym di ne
i ncor por at i 8FetaR8 tonEeMEYe HAcEs blase, P@ Weﬂﬂ'ésm'lébgaéﬂﬁétﬂswasn JL et

Figure. 7, Homses P Gnas ackipé ey was ally dFRd s WORMEREr RS T

pi gnent  ( LDRfithedr storeNNyt)-20PC] Undbotheen aoriditonsethe eluyre pleparation Waise

sensitive (L f 0.03 337 In vivo PDT of
MR nouse nﬁﬁagﬁ%ﬁ‘ﬁ Jf\lg?eﬁ[ f"ﬂt?‘ﬁb‘g %qﬁ%ssagf(n?%“yhl ield20.g GBlasenas to
study PDT of,e,l\/?'\ﬁ/g SO hddunors in CD1 nude mice with 2.5 ng/ Kg
Pd- Bpheid. ~i1 terial s Pd Bphei d was prepar ed as in Exanple 1 above. ii
M ce: CD1l nude mce (25-30g) ~iiil Anesthesia: i.p injection of 50 pl of
Ket am nel Ruf@on Symthesisitid Arifi @anfmmn@pk@m@gCHwép wer e

rs arose to the treatnent

| anted with R cell t dt
Cive (78 wi (APePBI a0 g, ek e diaied ik Waarol et

hot t | 15,
ot O G e Rl 7 et SPRBY ol S e

|11 um nat i oaf e M. soddan phesphate) beffer (pHbi7odovas ’addedrtesmblﬂtameﬂjenﬂdse was

|| d., At th
end of treattitd theESadiedl Tt 0L faalt o w e S0k CoREHBUF 2H0E0r ¢ ho
turmor were a@t@gb:h%o@n&ado@bf UVB%SVNESCNB% GRbRfhe FOWEE matma)zwas

Preparation of sensitizes: heid were dissolved in
cr emophor Ehomogeom@d lﬁy62l|!)| rﬁfrﬁh!ﬁoﬁp@hpﬂdﬂﬁlﬂg) 2 Polyttory hemogepizeendhg| ycoI

0 15mi N ERETS bR WS ey eI s PUReS and e Benyranaied
centrif Ugedwftﬁ'théﬁomda] te1$h@<29\zym SoRAWaS 'shnicbel With 20 tﬁ@'éfb&oﬁaed

concentration of Pd based on_spectrumin chloroformwas 0.5 nyl
PDT of tunoBChixisaprted \mﬂBAraﬁmgnd\mubated injthe daek fas &jnr»aﬂlairecrmdde
beari ng M2R noma tunor. The tunor was illumnated for 30 mn at 300r nW
cm 2. The t%tﬁQSature of the nouse skin tunor area was 37.7-38C. The

response of tunoFov@grificatibn)®e rbaaﬁuh rhatéidt walst directly $zBR 2070 afteegl ts are
shown in Fig. 8. 06 June 2003 3
hrs of reaction and subsequently tyophilized. The dry residue was dissolved in
acetone and sonicated and the solution was then subjected to a
CM-Sepharase column equilibrated in acetone. The column was washed with
acetone to elute unreacted material and then with 5% and 7% methanol (v/v)
in acetone to elute Bacteriochlorophyllide (Bchlide) and Bacteriopheophorbide

(Bpheid). The product was eluted with 25% methanol in acetone. The solvent



Experiment 2: Preparation of sensitizer: Two ng Pd-BPheid Wérenedi288dl ved in
0.1 M nmethanol, 0.1 mM 0.1 MKH2 P04, pH=8.0 and 0.9 m PBS and soni cated
for 10 min. The methanol was evaporated with Argon and 20% of crenophor EL
1, 2-propyl ene glycol (3:1 ) was added following ~ by 15 mn' sonication.
The sanple was centrifuged for 8 mn on 13,000 rpmthe final calcul ated
concentration of Pd-BPheid based on sp2@trumin chloroformwas 0.5 ng/mn.
PDT of tunor: Pd-BPheid 2.5 nglkg (120 pl) was i.v adm nistered to CD1-Nude
m ce beari e @né for 30
mn at 30021%/51\:/%} de bi’%goéizd er a?ll',ldl’g of ’%‘@Sﬁ%ﬁﬁ“?ﬂmm%‘?nﬁ?gﬁ S\E/és"?
37.7-38C. Mdadsyﬂamomyleﬂdjrﬁﬂﬁﬁ%s followed 1 and 4 days after treatnent.

Th | t f As sh Fi 8 PDT
of MR mel Znﬁﬁé ﬁﬂﬁ?@%ﬂﬁﬁe F KRRl o s REPPBEH BOVES nuces
severe i N~qHsh %?h&&%é’%th WAEOsH® tﬁén it With“adtoh F%@foréxarm' e

13. Pd- BPhe| d based reduces rate of C6 glioma netastasis formation in
m ce: advapackiagoy colupur ard equifibeatingip acetanet Jhecchromatagraphid materialier t o

conpare the t apeut i ntial, of Pd-B BChl - Ser bas PDT
antrzlrp the pr SBHEﬁ’ preug?cfﬁﬁggﬁn{gygh §1S'PE‘§d 96% ﬁ%g'e %@f\f/? ba)sed
POT. ~~ MaicBidrisS: whshddWith Water apreatispendeéd ﬁa&&,tbﬁe.l_) or

Pd- BPphei d- Ser~Ovk 5 ngl kg in 20% Crenophor EL. (ii) Light source: The

| i ght source was a Xenon fI uorine LS3- PDT Iarrp (BIO Spec, Russia), with
| O, cmwate(d)fllﬂtl 10f B O hothid€{BPhedd nmice. (ivl

T M ced wigh 106 OB th { of th
i nd Teg. Tumors SRAH 0 R i nmét i ghovegFRi L prthe ' "° 9
Anest hesi agriadl ﬁ.ateriai sweweuauhémmp RradRMR ! th85bHR) of twd @pitnBes 2«@@@:\ 39 ( i1
Anai gesi a: Oxycodone rrgl | i te%)f added in 5% sucrose dri nki n? wat er ,

eb

of treat memwereshemigal Yold c{B8% of tha entirecmixtuee)i gndoresiduall allomherse gr oups

(10 mce i i BPhei d
br P BphdT B aNAeS 2 s (ORE LS Haton SAPE SRS B A REY L 50

m nutes, and the animals were allowed to recover in the cage. Groups 1 and
2: Ani mal s pabinipile £.Xhataetdrizhticir SR compaund-PEMdld Ser OVe)

respectivelly. Tunmor response and netastaslis formatron 1n groin were

foll owed for 4 weeks. G oup 3: Animals which were anputated at the ankle
joint (paiKax V\/iﬁthsommg_gpebtrgnd met ast asi s formation in groin was followed

wih fnﬁfs'nel?ﬁ &' BRodnbes heaBl B BB EReh Were,  dtefinedl Wit (3 oat o
ani mal s. Fc&@a\dfamei S(t1edntpmeagm)wffg 8Pl BB Btor WiieR i 0i N or

el sewhere. The endpoi nt's consi dered were: |l owup for 4 week
spont aneoufiotmalize tqmﬁe&neeﬂaeuamsmwtyam(& of 2 crr) met astaS|s) whi chever

e shoun on. F gt eoRbtichnpacl, e PaioRaid W absterd’ eBloa” sligRES "
stronger th@éthhﬁoﬂdpﬁBbﬂ\éieS@ﬁ%re(%%eﬁﬁﬁT&B% 1 @fd'in Figuréeni ng,

respectively), later, on day 28, the percent of response was simlar, about
60% The decl i ne Tihg bﬁmanqeaﬁn@ungop Rd{BRheid iy plasma wes ded-shifted e t unor
re-growh %we of the treated aninmals, probably due to m smatch of |ight
field and t area. The results of net astasi S appearance are shown in
Figure 11. The surgical treatnent by_l nput ati on yi el ded a substantially
hi gher percent of netastasis in conpgﬁggoﬁ to PDT (up to 78% . In addition)
the metastasis after anputation appeared nmuch earlier. The frequency of
nmetastasi q after PDT wi th Pd-BPheid s the lowest (up to 23% . Th{|s result
is simlar] to that obtAsetosel Wi th Pd-B hMeﬂwaﬁeVK]?bosphdtetZCEmthHGa&ﬂ/Ent age of
Pd- BPhei d |i s del ay of metastasis appedrance. PDT(7A@P4 A30%)- BPhei d yr

Pd- BPhei d-{Ser UMe are curative for C6 oliona tunors. Metastasis fontati on
after PDT |is substanfially Absuebanseen jconpared w th |sur gbsabaidecat frent .
06 June 2(J03 40 CCArMs 1. A conpound formula 1, If or T~ 3 *7 2|\4 ~ " 8
IV (LN 9 A3mmh0o 1N ~ Nalys 758 nm 1.25

530 nm 0.49 537 nm 0.324

385 nm 1.25 384 nm 0.535

331 nm 1.45 329 nm Q.777




18 16 A3 1 * 11z 13~ 1 |7 ~OR3 COA\ . P,, N COORS 1'06 0% 03COA | "
06 June 2003 41 wherein A represents OH, ORS, -O(CH2)~ Y, -S(CH2)~-Y)
-NH (CH2)n-Y~ -O (CH2) 2- OH, - NH (CH2) 2-NH-BOC or - N (CH2- CH=CH2) 2 wherein
R~ represents Na+, K+, (Ca2+)o.s, (Myg2+)o.s, Li+, NH4+ +NH3- C( CH20H) 3,
+NH3- CH2- ( CHOH) 4- CH20H, +NHz( CH3) - CH2- ( CHOH) 4- CH20H or +N(C~~H2"~+~ )4; R2
represents H OH or COOR4, wherein R4 by C--C-2 al kyl or C3-C-2 cycl oal kyl;
R3 represents H OH or C--C~Z al kyl or al koxy; nisl,2,3,4,50r6, Yis -NR s
R2 o -+NR ~ R 3. X .wherein “w R2,and R 3 |nde dently from each
ot her represent - '%?ete(ﬁ'ﬁg reygﬁgdrghe(fjallovgpggpaks aﬁcgfﬁng_to E?éuge di 4, and
wherein * dergseaman. 2500 I537Cn 00323 R N4t 3 55t

sat ur at ed %gnd o?ma doubl e unsat ur at ed bondMng‘g@June 2%’(1)%2‘33&%&?%
conpound f 0of768.ai m 1, of the formula and optical configuration as

I ndi cated below O

(b) HPLC detection of Pd-BPheid
A reverse phase HPLC method was developed to characterize the
impurity profile and quantify the Palladium-BPheid.

Solid phase : aCglnertsil 5 um, 250 x 4.6 mm

Liquid phase : methanol : potassium phosphate buffer 20 mM
pH = 6.59 (70%:30%)

Flow rate ;1 mi/min

Volume of injection : 100 gl
Detection : 1- Spectrofiow 783, Deuterium lamp : 385 nm
2- Spectroflow 757, Tungsten lamp : 753 nm

As shown in Table 2, HPLC analysis of the product Pd-Bpheid as
obtained in Example 3 exhibited 7 peaks. The major peak represented 64 to
70% of the total products.

Solutions of Pd-BPheid stored in acetone at -20°C were stable for at
least 2-month period. When the stock solufion was maintained at room
temperature for 18 hours, no change in the HPLC profile was observed
showing that Pd-Bpheid is a stable compound.



wherein Ais OH or

OR,

and R~ is as defined in claiml1. 3. 0bhune@®Pdund of

claim2, wherein Ais OH herein identified as Pd-Bacteri opheophorbi de a
conposition conprising as active agent at

(Pd-BPhei d). 4. A

phar maceut i cal

| east one conpound of formula I,

to 3 and a pharmaceutically acceptable carrier.
conposition of claim4, wherein said c
a lipid emul sion or a gel
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7. A
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wherein Z

inclaiml, wherein

Ser Ove; anpd b) hydqirolysis of the conpound‘bbtilned In (a). 1T.
accordingtpo claim 10 fprugt he preparapizen of FdBRingigds\daarson
bact eri oclpl orophylfl a {Bchla) i{ transnetalatéd in step (a) to
native ceftral _Ng[atom by Pd, aijd the obtai neq Pd- BPhei d- 173~
i's phytyl {gs hydr¢lizedsq {4 step|(b) tepgy oduce tb%s(gg$lgaq(§2§’d BPhei d. 12. A
process f¢r the p eparatlon of 4 conpound of flornula
Ais OH ﬁ g the steps off: 06 June ZﬁUd
F 9.62 3.61 753,531,358
G 13.56 14.46 758,537,384,329
(c) Characterization of Pd-BPheid by NMR

After a purification step of the Pd-BPheid prepared according to the

Example 3, the percentage of the major peak was above 90%. This

purification was conducted by a preparative HPLC C8. This purified

compound was used for the characterization of the product by NMR and

mass spectrometry.
Analysis of Pd-BPheid by NMR was carried out and the chemical
shifts are listed in Table 3:

-TH NMR

and C NMR

- 2D'H NMR (COSY and NOESY)
- 2D'H-PC NMR (HMQC and HMBC: reverse detection).



44 a) enzymatic hydrolysis of a BChlide-173-Z wherein Z is Qahjuingl2008
geranyl geranyl to obtain a BChlide) b) acidic denetal ati on of the Bchlide
of (a); and c) incorporation of Pd with a Pd reagent into the denetal ated
conmpound of (b). 13. The process according to claim12 for the preparation
of Pd BPhei d wherein bacteriochlorophyll a (Bchla) is hydrolyzed
enzymatically in step (a), denetal ated % step (b) and reacted with a Pd
reagent in step (c) to produce the desired Pd-BPheid. 14. The process
according to any one of clainms 8 to 13, further conprising the step of
reaction of the obtained Pd- BPheyd 1€ ound i a correspondi ng A-H
conpound to obtain a corrpiﬁhg%'f gor%"i"“@ﬂ@&‘&ﬁ(mmk different from OH.
15. The process according to any one of clains 8 to 14 wherein the Pd
reagent is Methidetate or Pd chpf@f9Me, 16, The procatwnaccording to claim 15
wher ei n t h¢{iQidpr porati on of P3,44s carried out byjf4two-step procedure
using Na aggaqiate or ascorbic3@Fi d, or by a one-33 ep procedure usijng
6- O pal m t ¢glely; ascorbic acid. 1¥6 Use of a conpopyld of fornula I, I' or I"
as definedjmr@hy one of clainmggg to 3 for the pr ration of
phar maceutig%H%orrpositi ons usgzggl i n phot odynam'fz'gherapy (PDT) off tunors.
h

18. The us Pﬁfﬁ for phot odynam herapy whi ch cdnpri ses

rding to claim|
of adminis appropriate ang of at |east orfe

g to a patient

conpound o 19+ 3 hPradiation June
2003 44a 19. Use of a compound of formula I, |I' or I" as defined in any one
of Meso
B 8,50 102,9
[ 8,45 98,7
C-H
3-H 4,35 47,2
4-H 4,09 55,2
7-H 4,10 49,2
8-H 4,34 492
10-H 5,92 65,10
Others
4-CH, 2,08, 2,22 30,6
7'-CHz 2,30, 2,52 30,6
7"-CH, 2,15; 2,35 35
Carbon without proton
2-CO 199|12-C 158,5
9-CO 18813-C 159,5
17-COH 170,2]14-C 151,5
10-COMe 174,3|15-C 140,5
1-C 141{16-C 162,5
2C . 135,6}117-C : 109,8
5C 126,9]{18-C 152,3
6-C 130,1119-C 158,6
11-C 142,3




clains 1 to 3 for the preparation of pharnmaceutical conposiOfibune 2088 use in
tunor diagnosis. 20. The use according to claim19 for tunor diagnosis

whi ch conprises of administrating to a patient an appropriate anmount of at
| east one conpound of forrmula I, I' or I" followed by |oyal irradiation.

21. Use according to any one of clains 17 to 20 wherein said conpound is
injected into the subject. 22. Use acdrding to any- one of claims 17 to 20
wherein said conpound is topically locally adm nistrated to the subject.

23. Use of (a)tcormmiﬁétéﬁ&aﬁ&i BEPa-BPhdid Y mhss g@&?&hﬁ@g in any one of clains
1 to 3 for the preparatron of conpoSitions USETUl | x vivo killing of
bacteria, virusddie massspectsometlyanalysis ofiPdBitheid gesudtent idithg spectrai m 23
for ex vivp killing.of bagterda, . viruses arasi t-es d fungj i C

conpri ses 'qaﬁi'ﬁaz'gﬁretsh 3§‘§n€|!é > ﬁﬂ?%%ﬁgfye _Qﬁ{)&?ﬂm(#o g "'%&%’5} one
conpound qFAB)rWRder low hhd%igh"re&@hﬁ@ﬂ@.dmd dpdcidnidte Wall a'"XabEpeR! €. 25.
The use according to claim23 or 24 wherein said sanple is selected from

bl ood or pPIQEMicremasssspeakemetes;: ionisatignmedi bBIMSowith e dupesitivess. Use
di . f gl al 7 i ] d of la |
" Pt B oS & ko Sadlied /1aMpERais G072 Ao ERTIRAN RingR U o

or as an i(metanﬁfbbﬁnzﬂic alcdtivl); idpudffdterall u . A (. A 3e. AN A A32. Al . A, . AF. Aa
9.Al. . A .Ala .Aa3y. A A 3. Acu. Al NFy. A3. A . 2.Aa . Aa3. A 3. A

, A . AGEE. A3
. AY{3. AuL. A3 . Resultsniontynes Mt fomila: feasashe@s ATP; ABearyaVIN167R(Z:1. A3 ; 3:
WWLAS /7 theoretical 714.1670 miz found 714.1689.

These results confirmed the NMR study: m/e = 714 and confirmed the )

insertion of Palladium metal.
The chemical structure analyzed by NMR and mass spectrometry is
the palladium derivative of the free acid form of BChl — Pd-BPheid.

Example 5. Biological activity of Pd-Bpheid on murine 11210 and human
HT29 cells

(i)_Cell lines. The murine leukemia cell line (L1210) was maintained in

suspension culture using Fischer's medium supplemented with 10% horse
serum, 1mM glutamine, 1mM mercaptoethanol and gentamicin. The RIF
(Radiation induced Fibrosarcoma) tumor was maintained as specified by )
Twentyman et al. (1980, “A new mouse fumor model system (RIF-1) for
comparison of end-point studies”, J. Natl. Cancer Inst., 64, 595-604). Cultures
were grown in Weymouth's medium containing 10% fetal calf serum and
gentamycin.

HT29 human colon adenocarcinoma cells were cultured in RPMI
1640 without pﬁenol red and with 10% FCS. Cells were subcultured by
dispersal with 0.25% trypsin in 0.02% EDTA and replated at a 1:5 spilit.
{ii)_In vitro phototoxicity. For studies on phototoxicity involving L1210 and

RIF cells, light was provided by a 600 watt quartz-halogen source filtered with
10 cm of water and a 850 nm cut-off filter to remave [IR. The bandwidth was

further confined to 660 £ 5 nm by an interference fitter (Oriel). Cells in
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decreased when he concen tlon of Pd-BPheid was hlgher and when the

doses of energy delivered were increased. The Pd-BPheid photosensitizer
dose causing a 50% death rate (also called LDs)) was 48 uM under an
irradiation of 25 Jicm”. The excitation wavelength inducing the most important
phototoxicity was 773 nm.

.
.
S

{vii) Sites of photodamage. Using mouse leukemia L1210 cells, Pd BPheid

was highly specific mitochondrial photosensitizers with no detectable
photodamage to the plasma membrane or to lysosomes. Such a result has
been associated with rapid initiation of apoptosis.

(viii) Plasma_lipoprotein binding. Studies carried out indicated that
Pd-BPheid bound to HDL>LDL>>> Albumin fractions of human serum,

considered to be one determinant of PDT selectivity.

Example 6. Formulations of Pd-Bpheid: Solubilization and stability of
Pd-Bpheid in solvents used for animal experiments

Solutions of Pd-BPheid were made up in different formulations to : )
obtain a concentration of 0.05 to 2%.

(a) Cremophor formulation was prepared as follows: 40 mg of
Pd-BPheid was dissolved in 2 ml of Cremophor EL in a dry tube either by
slow rotation of the vial until the solution had been completely free from
particles, or using short pulses of a sonic oscillator probe. The tube was
cooled such that temperature did not rise above 30°C. After the drug was
solubilized, 0.6 mi of propylene glycol was added and again mixed either by
slow rotation or with the sonic probe. Isotonic NaCl was then added in 0.1 ml
portions to a total volume of 4 ml. The mixture should be clear after each
addition, with no evidence of a precipitate. The compositions were briefly
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(b) A modified Cremophor formulation was prepared as follows: 5 mg
of Pd-BPheid was mixed with 0.4 ml of Cremophor EL. After dissolution, 0.12
mi of propylene glycol was added. Isotonic saline (1.48 ml) was then added in
small portions, and the same was mixed after each addition. The final solution
was completely clear and free from particles. An ultrasonic probe was used to
aid in dissolving the drug, keeping the solutions below 25°C by cooling as
needed in an ice bath.

The determination of Pd-BPheid concentration in the Cremophor
solution was performed by dilution into methanol. The absorbance spectrum
was measured over 740-780 nm. The peak value was compared with the
results from a known concentration of Pd-BPheid.

(c) Additional formulations were prepared using Tween 80 and
ethanol to solubilize Pd-BPheid (1 mg Pd-BPheid/ml solution).

Example 7. In vivo toxicity studies — effect of Pd-Bpheid on murine

tumor models

Two sets of experiments involving murine tumor models were used to
assess the phototoxicity of Pd-Bpheid.

(a) The photodynamic responsiveness of Pd-BPheid was firstly
evaluated in two murine tumor maodels: BA - mammary adenocarcinoma and
radiation induced fibrosarcoma (RIF-1)

Photodynamic therapy parameters: Mice with tumors measuring 5-7
mm in diameter were entered into PDT experiments. Three Pd-BPheid drug
doses (1, 5 and 10 mg/kg) and two light doses (100 and 300 Joules/sq.cm)

were evaluated. A formulation of Pd-BPheid dissolved in Cremophor was
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each treatment condition unless initial results demonstrated lethal toxicity or
non-responsiveness. A titanium sapphire laser tuned to 757 nm was used as
the light source for PDT. Laser generated light was coupled into quartz fibers
for delivery of light to tumors. A light power density of 75 mW/sq.cm was
used. Tumor size was measured 3 days per week following PDT treatments
and the percentage of tumor cures (defined as no tumor recurrence for 40
days post treatment) was determined.

In vivo PDT Response: Tables 4 and 5 hereinafter provide summaries
of the PDT treatment results for C3H mice transplanted with either the BA
mammary carcinoma or the RIF-1 fibrosarcoma. Each table indicates the
following parameters: 1) intravenous drug dose expressed in mg/kg; 2) laser
treatment parameters, including the total light dose (chmz), the wavelength
(757 nm), the light dose rate (mWrcm?), and the time interval (between
treated for each group, 4) toxicity (four mice died shortly after treatment), 5)
tumor regrowth (consisting of the number of days between PDT treatment
and tumor recurrence) and 6) the number of mice (and percentage) with
Pd-BPheid PDT induced tumor cures.

As shown herein, Pd-BPheid mediated PDT was found to induce bath
a classical and an efficient tumoricidal response in two mouse tumor models.
PDT mediated tumor responsiveness was directly correlated with drug dose,
light dose and time interval between drug administration and light treatment.
Specifically, higher drug doses and/or higher light doses produced enhanced
responses. The BA mammary carcinoma was found to be more responsive to
Pd-BPheid mediated PDT than comparable PDT treatments of the RIF-1
fibrosarcoma. Pd-BPheid mediated PDT was effective when light treatments
were initiated within 1 hour of drug administration, and was not effective when
a 4-hour interval between drug administration and fight treatment was used. .

(b) In the second set of experiments, the photatoxicity of Pd-BPheid
was assessed in a mouse tumor model transplanted with HT29 human colon

adenocarcinoma.

()-S
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diameter was 8-10 mm. Tumors were grafted s.c. in 8-week aged Swiss nude
mice 10 days before experiment.

Phototoxic studies: 0.15 ml Pd-BPheid was injected i.v. at 15 mg/kg.
Mice were anesthetized with thiopental at 40 mg/kg just before imadiation. At
30 min, 1 h, 4 h or 24 h after injection, mice were irradiated with a titanium
sapphire laser at 300 mW/cm’, mean diameter were measured to adjust time
irradiation to obtain 200 or 300 Jlcm® Control mice not injected with
Pd-BPheid were also irradiated in same conditions. The tumor growth delay
induced by PDT was analyzed by equivalence with tests realized in
experimental radiotherapy. For in vivo studies and for each separate
experiment, all results were the mean of 2 or 3 separate experiments and for
each separate experiment, 2 mice were used for each experimental condition.

Conceming tumoral growth studies, results are expressed as tumoral
index variations with reference (= 1) cofresponding to tumoral index from
non-treated cells. The tumoral index was calculated as follows:

Tumoral -index = (largest tumoral diameter + perpendicularly opposite
diameter)/2.

Temperature variation studies: to assure that the thermic effect was
not excessive, temperature variation was measured for the halogen lamp and
the titanium sapphire laser irradiation using non-absorbing alumin-embedded
microthermocouples.

The results of this experiment are the following:

() 763 nm irradiation at 200 Jfcm’:

A tumor growth decrease (as compared to controls) was observed for
the conditions 30 min and 4 h after injection. A decrease of tumor index was
observed up to 7 days for the conditions 1 h and 24 h after injection.
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A tumor growth decrease was observed (as compared to controls) for
the condition 773 nm up to 5 days and for the conditions 753 nm and 763 nm

up to 12 days. The maximum tumor growth decrease was observed for 763

nm.

(iv) 300 J/cm? irradiation 24 h after injection:

A tumor growth decrease was observed (as compared to controls) for
the condition 753 nm up to 4 days and for the conditions 763 nm and 773 nm
up to 12 days. The maximum tumor growth decrease was observed for 773
nm.

No excessive temperature variation was observed during halogen
lamp or titanium sapphire irradiation of mice.

In summary of this study, the optimal wavelength of irradiation was
found to be 773 nm. The delay between injection and illumination had an
influence on the tumor response. At 764 nm, a one hour delay was shown to
be the most efficient. When using a 773 nm wavelength, the most efficient

delay was 24 hours.
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Drug Light Number of  Toxicity Number of Summary
Dose parameters Animal (Treatment  Animals with (cures)
(mg/Kg) treated  associated Primary Tumor %
death Regrowth
(Days to
Recurmrence)
1iv. 300 Jicm? 1 0 1(1 day) -
757 nm no response
75 mWicm?
15 min. interval
5iv. 300 Jfcm® 3 0 +
757 nm 1(41 days)
75 mW/em® 2(40 days)
15 min. interval 100%
5iv. 300 Jiem® 3 ) 1(11 days) +
757 nm 2(41 days)
75 mWrcm? 66.66%
1 HR. interval
10 i.v. 300 J/cm® 3 0 +
757 nm 2(41 days)
75 mWlcm® 1(41 days)
1 HR interval 100%
10iv. 300 Jicm® 2 0 2(1 day) -
757 nm no response
76 mW/cm®
4 HR interval
10 i.v. 100 Jlcm® 3 0 +
757 nm 2(42 days)
75 mWicm® 1(41 days)
15 min. interval _ 100%
10iv. 100 Jlem? 3 0 1(5 days) +
757 nm 2(40 days)
75 mWicm® 66.66%

1 HR interval
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Drug Light Number of Toxicity Number of Summary
Dose parameters Animal  (Treatment Animals with (cures)
(mg/Kg) treated  associated Primary Tumor %
death) Regrowth
(Days to
Recurrence)
1iv. 300 J/icm? 2 0 2(1 day) -
757 nm no response
75 mWiem®
15 min. interval
5iv. 300 Jicm? 3 0 1(5 days) +
757 nm 1(12 days) 1(40 days)
75 mWicm?® 33.33%
15 min. interval
5iv. 300 Jlcm? 3 0 1(4 days) +
757 nm 1(2 days)
75 mWicm? 1(7 days)
1 HR. interval
10iv. 300 Jicm? 3 2 +
757 nm 2(1 day) 1(41 days)
75 mWicm® 33.33%
15 min. interval
10i.v. 300 Jicm? 4 2 1(20 days) +
757 nm 2(1 day) 1(40 days)
75 mW/cm? 25.00%
1 HR interval
10i.v. 300 Jicm® 1 0 -
757 nm no response
75 mWlcm®
4 HR interval
10i.v. 100 Jlem? 3 0 2(12 days) +
757 nm 1(7 days)
75 mWicm®
15 min. interval
10i.v. 100 Jicm? 3 0 2(3 days) +
757 nm 1(6 days)
75 mWfcm’®

1 HR interval
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0 morphology. }Dd BPheid caused a fast alteration in the cells membrane

structure (30 minutes), the cells rapidly shrinked and fibrous connections
were formed, connecting the cells membrane with the original focal adhesion
points (fibrous phenotype). After 4 hours, 90% of the cells lost most of their

inner volume and a large portion of them detached from the dish, no further
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Fig. 4, the fibrous phenotype is represented in the right column and the
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show the formations of the fibers or the blabs.

Example 9. Photocytotoxicity of Pd-BPheid and BChl-SerOMe on the
human bladder carcinoma cell line ECV304

This experiment was camied out for assessing the photocytotoxic
effects of the photosensitizers Pd-BPheid and BChI-SerOMe on ECV304
human bladder carcinoma cells.
(i) Materials: as in Example 8(i).
(ii) Light source: as in Example 8(ii).
(iiii) Phototoxicity study: ECV304 cells (2x10* cells per well) were cultured in
M-199, 10% FCS with penicillin (0.06 mg/ml) and streptomycin (0.1 mg/ml) in )
96-well to confluence (~2x10° cells per well). Incubation with increasing
concentrations of Pd-BPheid or BChi-SerOMe with the cells for 4 hours was
followed by washing with fresh culture medium and illumination as described

above Sec. 1. Twenty-four hours after illumination, cell viability was assessed
using neutral red viability assay. The following controls were used: Light

control: iradiated cells, not treated with sensitizer. Dark control:

non-irradiated cells, treated with sensitizer in the dark. Untreated controf: cells

not treated with sensitizer and unirradiated were used for calculation of 100%
survival (Rosenbach-Belkin V. et al, 1996, Photochem Photobiol 64(1):
174-181)
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cells treated with pigment but kept in the dark. Cell survival was determined
by [*H}{hymidine incorporation as described earlier (WO 97/19081).

(iv) Results: As can be seen in Fig. 6A, when the pigments were dissolved in
ethanol 95%, Pd-BPheid had a LDso of 0.03 puM, while the Pd-BPheid-ethyl
ester had a LDso of 0.07 pM. When the pigments were dissolved directly in
culture medium containing 10% serum, only the Pd-BPheid was fully active
while the Pd-BPheid-ethyl ester was not active at all up to 1 uM, the highest
concenfration tested (Fig. 6B).

Example 11. PDT of Pd-BPheid on M2R mouse melanoma and human

HT29 colon carcinoma cells

These experiments were aimed at determining the phototoxic effect of
Pd-BPheid toward two cell lines: M2R mouse melanoma and human HT29
colon carcinoma cells.

(i) Matedals: Pd-Bpheid was prepared as in Example 1 above.

(ii) Light source: The light source was a Xenon fluorine LS3-PDT lamp
(Bio-Spec, Russia), with 10cm water filter and 720-850 nm light band. The

cells were illuminated for 10 minutes, 12 mW/cm?, at a total energy of 7

Jiem?2.
(iii) Phototoxicity study: Analysis was performned with the same protocol as

described above (Example 10) with the following changes: Pd-BPheid was
dissolved directly in medium containing 10% serum and then added to the
cells. Survival of M2R cells was determined by [3H]-thymidine incorporation
and that of human HT29 cells with the MTT assay (Metdin JL et al., 1992 Eur.
J. Cancer 28A: 1452-1458).

{iv) Results: As can be seen in Figure. 7, human colon HT-29 cells show
lower sensitivity toward this pigment (LD5g of 0.5uM), while the M2R cells

were about 10 times mare sensitive (LDs50 of 0.03uM).
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Example 12. In vivo PDT of M2R mouse melanoma tumors with

Pd-BPheid

The aim of this experiment was to study PDT of M2R mouse

melanoma fumors in CD1 nude mice with 2.5 mg/Kg Pd-Bpheid.

(i) Materials: Pd-Bpheid was prepared as in Example 1 above.

{ii) Mice: CD1 nude mice (25-30g)

{iii) Anesthesia: i.p injection of 50 pl of Ketamine/Rumpon (vol/vol=85/15).

(iv) Tumor implantation: Mice were implanted with 106 M2R cells on the
back and tumors arase to the treatment size (7-8mm) within 2-3 weeks.

{v) Light source: Osram150 W halogen photo-optic lamp 64643 (D.K. Keller
et al 1999, Int. J. Hyperthermia 15, 467-474) equipped with A=650-800 mn

spectral window, 300mW/cm . [flumination was for 30 min.
{vi) PDT protocol: The anesthetized mouse was i.v injected with the pigment

and the tumor immediately illuminated. At the end of treatment the mouse
was placed back in the cage. Photographs of the tumor were taken before

and at the times indicated.

Experiment. 1:

Preparation of sensitizer: Two mg Pd-BPheid were dissolved in 0.25 ml
cremophor EL followed by 20 min sonication. 0.075 mi 1,2-propylene glycol
were added and sonication was continued for another 15 min. Then 0.9 ml of
0.15mM NaCl were added followed by 5 min sonication. The sample was
centrifuged for 12 min at 13,000 rpm (Eppendorf). The final calculated
concentration of Pd-BPheid based on spectrum in chloroform was 0.5 mg/ml.

PDT of tumor: Pd-BPheid 2.5 mg/kg was i.v injected to CD1-Nude mouse

bearing M2R melanoma tumor. The tumor was illuminated for 30 min at

300mW cm2. The temperature of the mouse skin tumor area was 37.7-38°C.
The response of tumor was followed 1 and 4 days after treatment. The

results are shown in Fig. 8.
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Experiment. 2:

Preparation of sensitizer: Two mg Pd-BPheid were dissolved in 0.1 ml
methanol, 0.1 mi 0.1M KH2 PO4, pH=8.0 and 0.9 m! PBS and sonicated for
10 min. The methanol was evaporated with Argon and 20% of cremophor EL
: 1,2-propylene glycol (3:1) was added following by 15 min sonication. The
sample was centrifuged for 8 min on 13,000 rpm the final calculated
concentration of Pd-BPheid based on spectrum in chloroform was 0.5 mg/ml.
PDT of tumor: Pd-BPheid 2.5 mglkg (120 ul) was iv administered to
CD1-Nude mice bearing M2R melanoma tumor. The tumor tissue was

N

illuminated for 30 min at 300mW cm-2. The temperature of the mouse skin

tumor area was 37.7-38°C. The response of tumor was followed 1 and 4 days
after treatment. The results are shown in Fig. 9.

Results: As shown in Figs. 8 and 9, PDT of M2R melanoma tumors with 2.5
mg/Kg Pd-Bpheid as described above induces severe inflammatory response
with necrosis of the tumor within 24h.

Example 13. Pd-BPheid based PDT reduces rate of C6 glioma

metastasis formation in mice: advantage over surgery '
These experiments were conducted in order to compare the

therapeutic potential of Pd-BPheid and BChl-SerOMe based PDT, and the

probability of metastasis spread by Pd-BPheid and BChl-SerOMe based

PDT.

{i) Materials: Pd-BPheid (prepared as in Example 1) or Pd-BPpheid-SerOMe

5 mg/kg in 20% Cremophor EL.

{ii) Light source: The light source was a Xenon fluorine LS3-PDT famp

(Bio-Spec, Russia), with 10cm water filter and 720-850 nm light band.

{iii) Mice: CD1 nude mice.

(iv) Tumors: Mice were implanted with 106 C6 glioma cells in the foot of the

hind leg. Tumors were treated when reached a length of 7-8 mm.

(v) Anesthesia: 50 ui of Vetalar/Rumpon (volivol=85/15).
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as of treatment (amputation or PDT) for one week.
{vii) Protocol: Three groups (10 mice in each) were i.v. injected with 5mg/Kg
of sensitizer (Pd-BPheid or Pd-BPpheid-SerOMe) and immediately

illuminated at 200 mw/cm2, for 30 minutes, and the animals were allowed to
recover in the cage. Groups 1 and 2: Animals which received PDT
Pd-Bpheid and Pd-BPpheid-SerOMe, respectively. Tumor response and
metastasis formation in groin were followed for 4 weeks. Group 3: Animals
which were amputated at the ankle joint (paired with group 1) and metastasis
formation in groin was followed for 4 weeks. The parameters of response to
PDT were the percent of animais with tumor necrosis and disappearance, out
of the total number of treated animals. Metatstasis was manifested by
appearance of tumors in the groin or elsewhere. The endpoints considered
were: follow up for 4 weeks, spontaneous death, tumors reached a diameter
of 2 cm, metastasis, whichever came first.

(viii) Results: The results of tumor flattening (disappearance) are shown on

Figure 10. While on day 11 the response to Pd-BPheid was stronger than to
Pd-BPheid-SerOMe (100% and 80% tumor flattening, respectively), later, on
day 28, the percent of response was similar, about 60%. The decline in
tumor flattening in the long term is due to some tumor re-growth in some of
the treated animals, probably due to mismatch of fight field and tumor area.

The results of metastasis appearance are shown in Figure 11. The surgical
treatment by leg amputation yielded a substantially higher percent of
metastasis in comparison to PDT (up to 78%). In addition, the metastasis
after amputation appeared much earlier. The frequency of metastasis after
PDT with Pd-BPheid was the lowest (up to 23%). This result is similar to that
obtained with Pd-BPheid-SerOMe and the main advantage of Pd-BPheid is
delay of metastasis appearance. POT with Pd-BPheid or Pd-BPheid-SerOMe
are curative for C6 glioma tumors. Metastasis formation after PDT is

substantially lower when compared with surgical treatment.
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wherein

A represents OH,

ORqy,

-O-(CH)n-Y
-S-(CHa)s-Y,
-NH-(CH2)n-Y,
-0-(CH,),-OH,
-NH-(CH3),-NH-BOC or
-N-(CH2-CH=CH,);

wherein

R, represents Na*, K*, (Ca?")o5, (Mg®*)os, Li*, NH4*

*NH;3-C(CHy0H)3, "NH3-CH,-(CHOH)4~-CH,0H,
*NH,(CHj;)-CH2-(CHOH);-CH,0H or

"N(CaHan+1)a;

R represents H, OH or COOR4, wherein Ry is C-Cy2 alkyl or C;3-Cq2
cycloalkyl;

R3 represents H, OH or C4-C4; alkyl or alkoxy;

nis1,2,3,4, 5o0r6,

Y is -NR'1R"; or -'NR'1R%2R';, X" wherein Ry, R'> and R'; independently from
each other represent -CHj; or -C,Hs;

XisF, Cl, Brorl,

n'is1, 2,3 or 4,

and wherein * denotes an asymmetric carbon and --- represents a single

saturated bond or a double unsaturated bond.
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2. The compound | of claim 1, of the formula and optical

configuration as indicated below:

wherein A is OH or OR, and R; is as defined in claim 1.

3. The compound of claim 2, wherein A is OH, herein identified as

Pd-Bacteriopheophorbide a (Pd-BPheid).

4. A pharmaceutical composition comprising as active agent at
least one compound of formula |, I' or 1" as defined in any one of claims 1 to 3

and a pharmaceutically acceptable carrier.

5. The pharmaceutical composition of claim 4, wherein said
composition is in the form of a solution, a lipid emulsion or a gel or in the form

of liposomes or nanopatticles.
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Bacterlopheophorbtde a-173-Z compound wherein Z is phytyl, geranylgeranyl

or seryl methyl ester (SerOMe) and M is a metal selected from Mg, Cd, and
Zn; and

b) incorporation of Pd with a Pd reagent into the compound
obtained in (a).

9. The process according to claim 8 for the preparation of Pd-
Bacteriopheophorbide a (Pd-BPheid) wherein bacteriochlorophyll a (Bchla) is
demetalated and hydrolyzed in step (a), and the obtained
bacteriopheophorbide (BPheid) is reacted with a Pd reagent in step (b) to
produce the desired Pd-BPheid.

10. A process for the preparation of a compound of formula | in
claim 1, wherein A is OH, comprising the steps of:

a) transmetalation of a BChlide-173-Z to obtain the corresponding Pd-
BPheid-173-Z wherein Z is phytyl, geranylgeranyl or SerOMe; and

b) hydrolysis of the compound obtained in (a).

11. The process according to claim 10 for the preparation of Pd-
BPheid wherein bacteriochlorophyll a (Bchla) is transmetalated in step (a) to
replace the native central Mg atom by Pd, and the obtained Pd- BPheid-173-Z
wherein Z is phytyl is hydrolized in step (b) to produce the desired Pd-BPheid.

12. A process for the preparation of a compound of formula | in
claim 1, wherein A is OH, comprising the steps of:
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13. The process according to claim 12 for the preparation of Pd-
BPheid wherein bacteriochlorophyll a (Bchla) is hydrolyzed enzymatically in
step (a), demetalated in step (b) and reacted with a Pd reagent in step (c) to
produce the desired Pd-BPheid.

14. The process according to any one of claims 8 to 13, further
comprising the step of reaction of the obtained Pd-BPheid compound with a
corresponding A-H compound to obtain a compound of formula | wherein A is
different from OH.

15. The process according to any one of claims 8 to 14 wherein the

Pd reagent is Pd acetate or Pd chloride.

16. The process according to claim 15 wherein the incorporation of
Pd is carried out by a two-step procedure using Na ascorbate or ascorbic

acid, or by a one-step procedure using 6-O-palmitoyl-L-ascorbic acid.

17. Use of a compound of formula I, I' or I" as defined in any one of
claims 1 to 3 for the preparation of pharmaceutical compositions useful in
photodynamic therapy (PDT) of tumors.

18. The use according to claim 17 for photodynamic therapy which
comprises of administrating to a patient an appropriate amount of at least one

compound of formula |, I’ or I” followed by local irradiation.
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21. Use according to any one of claims 17 to 20 wherein said

compound is injected into the subject.

22. Use according to any one of claims 17 to 20 wherein said
compound is topically locally administrated to the subject.

23.Use of a compound of formula |, I' or I" as defined in any one of
claims 1 to 3 for the preparation of compositions useful in ex vivo killing of
bacteria, viruses, parasites and fungi.

24. The use according to claim 23 for ex vivo killing of bacteria,
viruses, parasites and fungi which comprises of adding to the sample an
appropriate amount of at least one compound of formula |, I' or |I"” followed by
irradiation of the sample.

25. The use according to claim 23 or 24 wherein said sample is
selected from blood or plasma for transfusion or preparation of blood

products.

26. Use according to any one of claims 17 to 25 wherein said

compound of formula | is Pd-BPheid.
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as an intermediate.



