COVPCSI TI ONS AND METHODS OF MAKI NG A PHOTQACTI VE AGENT

CROSS- REFERENCE TO RELATED APPLI CATI ON Thi s application
clainms the benefit under 35 U.S.C. 119(e) of U.S. Provisional Patent
Application No. 60/817,769 filed June 80, 2006, which provisional
application is incorporated herein by teference in its entirety.
BACKGROUND Techni cal Field Thi s disclosure generally
relates to the field of bio-affecting and body treating conpositions
and, nore particularly, to photo-active conpounds, conposition, and
met hods useful in the detection, prevention, and/or treatnent of, for
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product body treating compositions and, more particularly, to photo-active compounds,
composition, and methods useful in the detection, prevention, and/or treatment

of, for example, cancerous tissues.

Description of the Related Art

Mono-L-asparty! chlorin e tetra sodium salt is commonly known

as Talaporfin Scodium, and is known to be a photo-active chemical or drug. For
example, U.S. Patent No. RE 37,180 relates to methods of using mono-L-
aspartyl chlorin eg that broadly include intravenous administration of the drug to
a patient and applying light of an appropriate wave length to tissue containing
the drug, to photo-activate the drug. Once activated, the drug occludes new
blood vessels. Accordingly, the drug is useful in the treatment of diseases
where blood vessel occlusion is expected to have a positive effect.

Talaporfin Sodium is typically produced from plant raw material.
During the process, which includes both extraction and reaction steps,
byproducts are produced. One of these byproducts is di-L-aspartyl chlorin es.
While diaspartyl chlorin eg occurs as a reaction byproduct in relatively low
quantity, typically about 5% in well controlled processes, it requires stringent
processing for removal to purify the Talaporfin Sodium product to acceptable
standards. For example, purifying a crude Talaporfin Sodium reaction product



2 and/or renoving various inpurities (e.g., diaspartyl chlorin e6)
usual ly requires subjecting a reaction product to nultiple HPLC (high
performance |iquid chromatography) steps to achi eve an acceptabl e

Tal aporfin Sodium purity level. This hﬁrification procedure is
expensive and tinme consum ng, and nay, also lead to a substanti al

| oss, up to about 50% of the Tal aporfin Sodiumalong with the
renmoved i npurities. Accordingly, it is desirable to
devel op a process that produces a Tal aporfin Sodi um product w thout

t he expensive repetitive purification steps or with fewer processing
steps. In ad
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Commercial acceptance of Talaporfin Sodium is dependent on a

variety of factors, such as cost to manufacture, shelf life, stability during
storage, ease-of manufacture, efficacy, bicavailability, pharmacokinetic
properties, etc. Therefore, it is desirable to have novel approaches of making
Talaporfin Sodium that significantly reduce the manufacturing cost. It is also
desirable to have novel compositions that result in purer forms of Talaporfin
Sodium.

The present disclosure is directed to overcoming one or more of

the shoricomings set forth above, and providing further related advantages.

BRIEF SUMMARY
In one aspect, the present disclosure is directed to a chemical
reaction product of chlorin eg and a carbodiimide. In some embodiments, the

chemical reaction product comprises a chlorin eg anhydride of the form:



I n anot her aspect, the present disclosure is directed to a

conposi tion, conprising a conmpound of Formula I 4 or a
phar maceutical |y acceptable salt thereof in a substantially pure
form I n anot her aspect, 3t he present disclosure is

directed to a process for preparing a chlorin e6 anhydride, or a
pharmaceutically acceptable salt thereof. The process includes
conbining chlorin e6 with a carboxyl activating agent to obtain a
m xture conprising a chlorin e6 anhydride having the follow ng
formula 5

, and

precursors of diaspartyl chlorin es. In some embodimenits, the precursors of

diaspartyl chlorin eg comprise less than about 5 mol% based on the total chiorin

species present within the chemical reaction product.
In another aspect, the preéent disclosure is directed to a

composition, comprising a compound of Formula i



The process may further include purifying the chlorin e6 anhydri de,

or salt thereof. I n anot her aspect, the present
disclosure is directed to a nethod for preparing an internedi ate. The
met hod i ncludes activating chlorin e6hith a carboxyl activating
agent to obtain a mxture including an internediate, the internedi ate
exhi biting a spectrum conprising chem cal shifts in ppmat about 1.63
(t, 311), 1.7212.05 (m 2H), 1.78 (d, 311), 2.50/2.65 (m 2H), 3.14
(s, 3H, 3.42 (s, 311), 3.68 (br. q, 211), 3.69 (s, 311), 4.63 (br.

q, 1H), 4.67 (br. d, 1H), 5.59/5.56 (d, 2H), 6.37/6.16 (d, 1H), 8.07
(dd, 1H), 8.86 (s, 1129, 9.35 (s, and 9.67 (s, 1H) when anal yzed
usi ng proton nucl ear meifc resonance (1HNMR) spectroscopy, at 500
MHz, using a solvent conprising drqietone apd dr di net hyl sul f oxi de.

The method further includes\8 solatizg Lhe igpernediate.
ndiregted to a nethod for

I n anot her aspect, the p X
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reacti on product accordi n oclaiml in th&presence of an organic
solvent to forma reacti®f mxture. The 6 Add may further include
pt hod may further include
§t€ cal | y acceptabl e salt

I n anot her

4 mqhod of preparing

t hereof, fromthe basic rg
aspect, the present JI'W¥
Tal aporfin Sodi um e met Negd-+Itudes kil y/zing a purified
internediate reaction mxtyre in a ma ion@o prepare Tal aporfin
Sodium the purified inter gi ate reactiomgl xture having been

obt ai ned froma crude reac n m xt @& conmpyty chlorin e6, a
chlorin e6 anhydride, and ecursors™of digspartyl chlorin e6 from
which a significant proportfon of tRBé/prectrsors of diaspartyl
chlorin e6 has been remveds, I n anot her aspect, the
present disclosure is di"‘r@z@eg to aQeaction product . darpmilailng a
product of a coupling reaction between a first reaction volune and a
second r eagirizopharehadauticallg atoeptablesak trereoflin mEsubstantialyrmure form.

chlorin e6 anhydride of the formula . -
! yart In another aspect, the present disclosure is directed to a process

for preparing a chlorin es anhydride, or a pharmaceutically acceptable sait
thereof. The process includes combining chlorin eg with a carboxyl activating
agent to obtain a mixture comprising a chlorin es anhydride having the following

formula



7 conprising L-aspartic acid or ester thereof. In sone enbodi nments,
the reaction product conprises nono-L-aspartyl chlorin e6, or a

phar maceutically acceptable salt thereof, and diaspartyl chlorin eé6.
Exanpl es of chlorin species include cflorin e6, a chlorin es
anhydri de, and precursors of diaspartyl chlorin e6, and the |ike, as
wel | as compounds conprising a chlorin chronophore. In
anot her aspect, the present disclosure is directed to a process for
prepari ng nono-L-aspartyl chlorin e6, or a pharnaceutically
acceptabl e salt thereof. The process includes conbining chlorin es
w th a carboxyl actirvati ng agent to obtain a m xture conprising a
Formul a | internedi 320 Formula |, or salt thereat The process
further includes isolati\ng the E 'éﬁernediate, or salt
thereof. In sonme enbodi S urther includes conbining
the isolated Formula I } p alt thereof, with an

ani ne- cont ai ni ng eage | 5 ; m or a

aspect, the present disc 2osure is dlre
a photoactive agent, or

o

HOC 23 o) , or a salt thereof,

The process may further include purifying the chlorin es anhydride, or salt
thereof.

In another aspect, the present disclosure is directed to a method
for preparing an intermediate. The method includes activating chlorin eg with a
carboxyl activating agent to obtain a mixture including an intermediate, the
intermediate exhibiting a spectrum comprising chemical shifts in ppm at about
1.63 (t, 3H), 1.72/2.05 (m, 2H), 1.78 (d, 3H), 2.50/2.65 (m, 2H}, 3.14 (s, 3H),
3.42 (s, 3H), 3.68 (br. q, 2H), 3.69 (s, 3H), 4.63 (br. q, 1H), 4.67 (br. d, 1H),
5.59/5.56 (d, 2H), 6.37/6.16 (d, 1H), 8.07 (dd, 1H), 8.86 (s, 1H), 9.35 (s, 1H),
and 9.67 (s, 1H) when analyzed using proton nuclear magnetic resonance ('H-
NMR) spectroscopy, at 500 MHz, using a solvent comprising dg-acetone and
ds-dimethyl sulfoxide. The method further includes isolating the intermediate.

In another aspect, the present disclosure is directed to a method
for preparing Talaporfin Sodium, or a pharmaceutically acceptable salt thereof.
The method includes combining an aspartate salt composition having a pH
ranging from about 10 to about 12 with a chemical reaction product according

to claim 1 in the presence of an organic solvent to form a reaction mixture. The



8 thereof. The process includes conbining a conposition conprising a
conpound of the fornula 27 26 29 30 5

6

method may further include rendering the reaction mixture basic. The method
may further include precipitating the Talaporfin, or a pharmaceuticaily
acceptable salt thereof, from the basic reaction mixture.

In another aspect, the present disclosure is directed to a method
of preparing Talaporfin Sodium. The method includes utilizing a purified
intermediate reaction mixture in a reaction to prepare Talaporfin Sodium, the
purified intermediate reaction mixture having been obtained from a crude
reaction mixture comprising chlorin e, a chiorin eg anhydride, and precursors of
diaspartyl chlorin es from which a significant proportion of the precursors of
diaspartyl chiorin eg has been removed.

In another aspect, the present disclosure is directed to a reaction
product. comprising a product of a coupling reaction between a first reaction
volume and a second reaction volume, the first reaction volume comprising a

chlorin eg anhydride of the formuia

, and

less than about 5 mol% precursors of diaspartyl chlorin es based on total
chilorin species within the reaction product; and the second reaction volume



1111111111 24 21 2234 HO2C 230 a pharmaceutically acceptable salt

t hereof, an organic solvent, and one or nore of diaspartyl chlorin e6
precursors, with a basic aqueous sodi um aspartate conposition to form
a crude nono-L-aspartyl chlorin e5 reattion mixture. In sone

enbodi ments, the crude reaction m xture conprises |ess than about 2

mol % di aspartyl chlorin es based on the total chlorin species present
within the crude reaction m xture. The process further includes

maki ng the reaction m xture basic. In sone enbodi nents, the process
further includes precipitating a substantial anount of the

nono- L- aspart chlprin e fromt ac n,_m xture
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pr ecur sor ssalt thereofand diaspady| ehlean asn B@maplestidihienin spegipe mciude
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reaction pgxali#ed, as well as compounds comprising a chlorin chromophore.
In another aspect, the present disclosure is directed to a process
for preparing mono-L-aspartyl chlorin eg, or a pharmaceutically acceptable salt
thereof. The process includes combining chlorin es with a carboxyl activating

agent to obtain a mixture comprising a Formula | intermediate

Formula |,

or a salt thereof. The process further includes isolating the Formula |
intermediate, or salt thereof. In some embodiments, the process further
includes combining the isolated Formula | intermediate, or salt thereof, with an
amine-containing reagent to form Talaporfin Sodium, or a pharmaceutically
acceptable salt thereof.

In another aspect, the present disclosure is directed to a process
for preparing a photoactive agent, or a pharmaceutically acceptable salt



I n anot her aspect, the present disclosure is directed to a m xture
that includes a reaction product of chlorin e5 The m xture includes

t he previously unknown chlorin e6 anhydride, and/or derivatives
thereof. The chlorin e6 anhydride is of the fornmula: 10 The mixture
has a significantly reduced concentration of precursors of diaspartyl
chlorin e6 and ot her unwanted species, typically |ess than 5% based
on total chlorin species present. The m xture may be a
purified reaction product of an activation reaction of chlorin es
with a carbodiimde. The carbodiimde may be N-ethyl -

(3-di net hyl am nop y car bo m de drochl ori de EDC or

di cycl ohex§lh 83? fggg 9#’8 ﬁélﬂées comg}/mnga com ?ISlgé m&n%nts

t he chlori &oﬁ{b@mwgnhéefoﬂhUWe above formula may be in a mxture
that has up to about 5%#&4 precursors of diaspartyl chlorin e6 based

on the total chlorin speces_ P8 the reaction m xture. In another, the
chlorin e6 anhydride mght be\in a m xture thaj ontains up to 3%

di aspartyl chlorin e6 precursqgs base:'on tkma&gt chlorin species
in the m xture. ) t he present
disclosure is directed to a? Orfin Sodium
that includes the stepgsof: fint er vﬂ&ate reaction

m xture including chlorin et N©E i , angdaprecursors of
di aspartyl chlorin es; purifyy removing a 11
significant proportion of t8¢g Spestyl chlorin e6
fromthe mxture; and utili zi ture in a reaction to
prepare Tal aporfin Sodi um

precursors of di
%the purified m

unmmd3

24

HO,C 28 O , or

a pharmaceutically acceptable salt thereof, an organic sclvent, and one or more
of diaspartyl chlorin es precursors, with a basic aqueous sodium aspartate
composition to form a crude mono-L-aspartyl chlorin eg reaction mixture. In
some embodiments, the crude reaction mixture comprises less than about 2
mol% diaspartyl chlorin eg based on the total chlorin species present within the
crude reaction mixture. The process further includes making the reaction
mixture basic. In some embediments, the process further includes precipitating
a substantial amount of the mono-L-aspartyl chlorin eg from the reaction
mixture.

in another aspect, the present disclosure is directed to a chemical
reaction product of chiorin eg and a dehydration agent, the chemical reaction

product comprising a chlorin eg anhydride of the form:



In sonme enbodi ments, the internediate reaction m xture may include
di met hyl sul foxide. In sone enbodi nents, the internediate reaction
m xture may include (EDC) and di nethyl formam de (DVF). The purifying
step may include filtering through a ed of activated silica.

The purifying step may al so i nclude addi ng agents designed to
suppress the formati on of precursors to di-L-aspartyl chlorin e6 and
ot her unwanted species. The purifying step may include renoval of

di aspartyl chlorin es precursors to a concentration of |ess than
about 5% or | ess than about 3% based on the total chlorin species
present in the internedpgate reaction m xture. The
utilizing step may i ncl uds=g@&tpl i ng at hi gh pH4 gn di net hyl sul f oxi de
with L-aspartic acid or a dehivative gr ester /t ereof. The utilizing
may al so include coupling w tg L-:§}¢- ig,acifgoor a derivative or
ester thereof in an aqueous # Kk ' 70 In

anot her aspect, the presen i ed ¢ a reaction
product that includes25 he P d3readti on between a
first reaction volunme conpri (4t 5% (b3Oed on total
chlorin species present) of gfrecursors of diaSpartyl chlorin e6, the

formula: 12 and a second rey
derivative or ester thereof.

i ncl ude up to about lwbdiaSanrj
speci es present. The f%i'é'f" i

-aspartic acid, or a
6r eaction product may
pased on total chlorin

1l wde di net hyl

sul foxi de. The first r®acti OR BBy RE ified to renove
precursors of diaspartyl chl v in e6 A 8her nwant ed reaction
products by a suitable separgi,lon process, gah as filtration through
a bed of activated silica, aRGd 'the |iks In yet another
aspect, the present disclosurs is diredted Ses o a purified chlorin
e6 anhydride as an internediatfe in th84gfeparati on of conpounds
conprising chlorin e6 linked Vi, a peptd de bond to ot her chem cal

moi eti es. BRI EF DESCRI PTI 8@£% “THE DRAW NGS , and

precursors of diaspartyl chlorin es. In some embodiments, the precursors of
diaspartyl chlorin eg comprise less than about 5 mol% based on the totai chlorin
species present within the chemical reaction product.

In another aspect, the present disclosure is directed to a mixture
that includes a reaction product of chlorin es. The mixture includes the
previously unknown chlorin eg anhydride, and/or derivatives thereof. The

chlorin es anhydride is of the formula:



A nore conpl ete understanding of the present disclosure nay be
obtained by referring to the detail ed description and cl ai ns when
considered in 13 conjunction with the follow ng Figures, wherein
|l i ke reference nunbers refer to sini|la elenents throughout the

Fi gures. Figure 1 is schematic depiction of a two stage
process (activation followed by coupling) for synthesizing Tal aporfin
Sodiumfromchlorin e6 according to one illustrative enbodi nent.

Figure 2Ais arelative intensity versus mass-to-charge ratio (m z)
mass spectronetry analysis plot of a purified chlorin e6 anhydride
c_orrposi tion according tozazme illustrative enbodi nent.

nt. The peaks

conposi tion according to one
G orin e6 anhydri de

| abel ed as 596.8 and 578.8 3
respectively.

structural formula of o2% isoNg Hli , 33chl o in e6
according to one illustrative @it RQure 4 is a
schemati c depiction of isolatg ri de conversion to
Tal aporfin Sodi um accordi ng5t{6 one illustrative ‘entdbdi ment.

charge ratio (nifz)
{&ture resulting from
N vated silica,
frxtaqe is the

8ve enbodi nent .

Figure 5is a relative |nten3|tx versus mass-tq
mass spectronetry anal ysis pIo'\¢\P§Erea i, 0
an activation reaction, after/trea
illustrating that the p gWB Bant o

chlorin e6 anhydride ac? rdi nO\&.¢

HO,C 23 o)

Thé mixture has a significantly reduced concentration of precursors of
diaspartyl chiorin es and other unwanted species, typically less than 5% based
on total chlorin species present.

The mixture may be a purified reaction product of an activation
reaction of chlorin es with a carbodiimide. The carbodiimide may be N-ethyl-N'-
(3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC) or N,N'-
dicyclohexyl-carbodiimide (DCC).

In some embodiments, the chlorin eg anhydride of the above
formula may be in a mixture that has up to about 5% of precursors of diaspartyl
chlorin eg based on the total chilorin species in the reaction mixture. In another,
the chlorin eg anhydride might be in a mixture that contains up to 3% diaspartyl
chlorin es precursors based on the total chlorin species in the mixture.

In ancther aspect, the present disclosure is directed to a method
of preparing Talaporfin Sodium that includes the steps of: preparing an
intermediate reaction mixture including chlorin eg, the anhydride thereof, and

precursors of diaspartyl chlorin eg; purifying the mixture by removing a



Figure 6 is an absorbance (AU) at 410 nmversus tinme (mn) HPLC pl ot
using UV detection indicating the relative percentage of chlorin
species present in a purified reaction product according to one
illustrative enbodi nment. IFigure 7 is a proton nuclear
magneti c resonance (1H NVR) spectrum of chlorin e6 anhydride in

d6- acet one/ d6-di net hyl sul f oxi de, taken at 500 MHz according to one
illustrative enbodi nent. Figure 8 is conparison of a
sel ect region of an I H NWVR spectrum of chlorin e6 anhydride in

d5- acet one/ d6-di met hyl sul foxi de, and a select region 14 of an

1H NMR spectr of chlorin in d6-acetope/ d6- syl f oxi de,. o
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Ref er ence throughout this specification to "one_ enbodi g%n)
enbodi ment basgd on thedatal kblorihBRREIE Rrevert in the intgred aﬁaf'éwr'sm'mfe-

neans t haft a part i CULEH%&ﬁlE]ﬁﬁ gieé%tﬁﬁyrfh Bludetd 'Hﬁﬁ?tc{%“ pH i Eln dimethyl

characteristic descri wth t
i ncl uded i sulibxitieagith braspartio dcideost a défivative heeamémra%eTbB utiiging may

phrases "in one odi "in . or "i ot het
Ebod ment AlseooRide Cofing i LisrriS s g » Jelhvariv os cpfiy didiestin an
t hi s speci fahggbuglg,“@g],gergmumessarl ly all referring to the sanme
enbodi nent. Furthernore, the particular features, structures, or

characteristics my He anstbenaspect, thepresenbeiselosym i directsddo & reagtien
embodi Ment &, 41,¢t that includes: the product of a coupling reaction between a first reaction

volume comprising less than about 5% (based on total chlorin species present)
of precursors of diaspartyl chlorin e6, the first reaction volume comprising a

chlorin eg anhydride of the formula:



It should be noted that, as used in this specification and the
appended cl ains, the singular fornms "a," "an," and "the" include
plural referents unless the content clearly dictates otherw se. Thus,
for exanple, reference to a chem cal AZaction of a chlorin e6
anhydride internmediate with an am ne-contai ning reagent includes a

si ngl e am ne-contai ning reagent, or two or nore 15 am ne-containing
reagents. It should also be noted that the term"or" is generally
enployed in its sense including "and/or" unless the content clearly
di ctat es ot herw se. The follow ng detail ed description
is nerely illustrative ingpature and is not intended to limt the

di scl osure or the applicaten. 28d uses of the di glosure

Furthernore, there is no intention to be bound p§¢“any expressed or
inplied theory presented in thée spreceo 0 %ech al field,

background, brief summary or : I NoN-HeT A ed descrlptlon

As used herein and in theg Y s ; ati 88 agent" or
"carboxyl activating agegst" d
or substance, capable of acti vyt A qgids Wi 3orespect to
nucl eophilic attack. In sonme /‘ Aghydration agents or
carboxyl activating agents &¢ i )siﬂg carboxylic acids
where the attacki ng nucl eophi Al cohol, resulting in
am de or ester formation. {16i ng exanpl es of such
dehydration agents include ca

hodrii des RN
N, N - di cycl ohexyl car bodi #/"@#&€3( DCC)|, N, N - opyhear bodi i m de,

1- et hyl - 3- ( 3-di nethylamzﬁopro P i dde Mydroc loride, and the
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tri phenyl phosphi ne (see e.g., G&jp; Jenlg ~&rg. Chem 1989, 54,
3045, 3049 (the Mtsunobu React/ gg:h 1 ous chl orosilanes (see
e.g., Nakao; Cka; Fukunoto B@LIC em Soc Jpn. 1981, 54, 1267; see
als e.g., Brook; Chan, Synthesis 1983, 201), chlorosulfonyl

i socyanat e, fug%? éc eq}:?ént Mh%ﬁ%n ”%Qﬁéhﬁ dcidor 433?14&@9 oﬁ@&ew

' - carbonylditm ee e Mangr'oo, Gerber Can.
Chem 1988the&épf 1701) In sone enbodi nents, the dehydration agent IS

et E R e e

N, N - di cyclhiteifyes 8asdrp8hitbiatiehioribtspecies present. The first reaction volume may
include dimethyl sulfoxide. The first reaction volume may be purified to remove
precursors of diaspartyl chlorin eg and other unwanted reaction products by a
suitable separation process, such as filtration through a bed of activated silica,
and the like.

In yet another aspect, the present disclosure is directed uses of a

purified chlorin es anhydride as an intermediate in the preparation of
compounds comprising chlorin eg linked via a peptide bond to other chemical

moieties.

BRIEF DESCRIPTION OF THE DRAWINGS
A more complete understanding of the present disclosure may he

obtained by referring to the detailed description and claims when considered in
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reaction of carboxylic acids with am nes, whether or not they are
part of am no acids. In sone enbodi nents, nore general ways of
dehydrating the reactants in order toldbtain the desired coupling
reaction may be enployed. (see e.g., Beckw th's nonograph, pp.

73-185, in The Chem stry of Am des). For exanple, one general nethod
is the reaction of an amne with an acid chloride. In sone

enbodi ments, the reactants are treated with chloroformates with
primary am nes, because this can be reversed later if the amne is.
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purification techniques such as |iquid chromatography (e.g., HPLO),
col um chromat ogr aphy, thin [ayer chromatography, planar

chromat ography, and the like. In sonmelénbodi nents, the mixture may be
passed t hrough an activated silica bed, and the resultant
silica-treated reaction product analyzed by mass spectronetry. Figure
5 shows a nmass spectrumfor silica-treated reaction product follow ng
an activation reaction of chlorin e6 by a dehydration agent. The
spectrum was recorded on an Agilent 1100 series LC/ MSD instrunent

using el ectros Loni zation and with polarity settjng,on si.tive
he shown | R g MR Spsetrydnel Piiohics 1Baroaicns G sidxie,faken
propor ti ongj eby mu%éujo@aiﬁ? tbloHe NINSFaIOEridMRImeAEt | on byproducts.
The nost intense peak is that of the chlorin e6 anhydride.

When the silica-treated or otherw se purified activation reaction
product, n ntal B i r chlorin e6 anhydri de concentration,
was al | om@%@#‘@:?j%@%%arti c acid in agueous al kaline (sodium
hydroxi de was used t dnahedbkowinyaldseeiptiondestsinspazificdétals arenirndiuded to
purer Tal aporfin Sodi um cont ai nqlqul& reacti on product was produced, as
conpared t Brevide g therough undgestapding af yasious disclesed epkadimgntsaPreon
product is L i ﬂ@r),v\@, gquél 9 itish %JGQ} Wals)
reaction prS g@%{h ?@eagéelgvéﬁt ot lgﬁ:w% or |irrllp€‘]|';o° Cl esihparqe%s(?e‘ﬁ%?i, | stg bé
Tal apor f i npSacticea withbdutooriey onbwre dihesd epecifadetails, pr sdlicother metbods,
coupling reaction produgt.is ch sinpl.er, and | esg,costly,.t rify
further t oS8BROrapdPAfarals stime RUNET RataNEs: VEIHDEBM Hridfes,c

prior art tBabciBfsH WithLtrdchon! s@b@mahl, ERrdrhatbarastsy, fdnd/&osirifidatibn
sone enbodi ments, the resulti n? al aporfin Sodi um conprises a gsl,”éédythe

greater t hgmsﬁr@ﬁﬂw&;ﬂpg MJ‘P@) lmyggttom@titm gqlugins, ﬁiltration be .
The purifi fied! fsyehol BEef SHBIWN dE&itedlinRIAANTS al s iitedsanly! oo

of treatnments w to renmove I npurities. nsequently, In Sone
enbodi nent spseuring degctiptionsiof thecembodimentsess with a reaction

product that has a higher | apor fi.n Sodi um,concentrati on nd
reduced concentrati onlgnlgﬁslﬁﬁgsn _ \Xﬁwt"é%ﬁ gm\'ﬁ_ﬁ'itt%rﬁurgglggfﬁ?n
products, sgebifidftidh etddaits *hich RIBN, thié Wil CeomMpfiSe” ahs vafbfiens
the potential for elimnating the need for HPLC purification

H n ‘19
processes. theresf.Gush 35, “sBMPriSes 0aANAERERPFSING’ are &0 percanstryedrigan open,
hi gher Tal r £ Lu i S el i Tal aporfin Sodi um
purity. ﬂ&ﬁu&b@ sgﬂg*ehmsaz()ﬁsghgngmgglﬁi%%@t tgﬁ@tcbfc{t\?éti on reaction
m xture produced fronRéfezencd thratighout this specificatidn tostoneuembodument,” or

produce a purified,actiyati,on reactio . xturge that has _an enhanced
concentrat i %‘heﬂfb‘{‘ﬂ@%ﬁ! & %%Oetgﬁﬁﬁﬂﬁ"g}é["e&fldolf d8 508 EHMPFQfﬁ ons
of other (WY Bk AGartikaldr 08ierERCleafirel sRUNRIE, oftidtadteriatic desami&d in
of diaspartyl chlorin e6 (a drawi ng of one isoner of diaspartyl

chl orin e6chpnestinmwith thegmeodimentis inqlaged iy at leRsbena estPadimest| Thus,
conprises ﬁié%@a@éaH@e&&hﬁb prrQ?H& *‘i{ufBﬁ@ YhibodithBRE 2bL %n o é’zﬁﬂé&ﬁﬂém.” or
chlorin e6'15 noved by nul'tiple stages I n series of reverse phase
HPLC st eps "inTareothiet Emivcatireest, & oplinysaine eovidiments’ ib vahioss pdasgs/e and

o oMbt B shne bR oo PRERBOEUT R AR A B bR 5,

as much as eptl¥ediment. Furthermore, the particular features, structures, or characteristics
may be combined in any suitable manner in one or more embodiments.

it should be noted that, as used in this specification and the

appended claims, the singular forms "a," "an," and “the" include plural referents
unless the content clearly dictates otherwise. Thus, for example, reference to a
chemical reaction of a chlorin eg anhydride intermediate with an amine-
containing reagent inciudes a single amine-containing reagent, or two or more



It has now been found that there is an "activated internedi ate"
her et of ore unsuspected in the activation m xture, having the
followng Formula | structure: 30 Fornmula I. 20 Thi s
Formula | chlorin e6 anhydride may be$eferred to as "chlorin e6
cyclic anhydride,” or "anhydride."” When this chlorin e6 anhydri de,
purified fromthe activation m xture, is allowed to react in the
coupling reaction with Laspartyl chlorin e6, as shown in Figure 4,
the production of diaspartyl chlorin e6 is dramatically reduced.

In some enbodi ments, the process may further include combining the

i sol ated Fornul a | |nIerrrE|a ereof o

| ool at ed Pt 2 hydiBt el A 1 Shotl bih IS Rleg s b vor i
phar maceut géabwlya&ﬁpmal iA isddndeiatr@ing tahdieraurietieEsrtent clearly
conbining chlorin e6 with the car boxyl act i vati ng agent conprises

reacting cHickates adBewisB. a carbodiinide. In sone enbodi nents, the
carbodiinmde is DCC ;
odlI . ﬁ%ﬁﬁpﬁvem% detailed descn}; %%&Eg% bg'i?é’ﬁv% in nature

combi ning chlorin es oxyl ~act |ng ag conpri ses

combi ni ng hha is hbbmwneéd\l\mhhutatheanmdsmm detheraﬁmeaponmdatsesfof the
di met hyl XI de ?:rrﬂ’ I met h f or mam de.

Compi ) ng” Hieciose, Furiermart, thed M dxtentite 16 Da Sanaa a0y Sxpersssgor
conbi ni ng irhﬁhé&‘{r%drﬁ' p‘?@séhtba iffithe Predding technical field, badkgr&@HEE brief

enbodi ments, 1solating the Formula | internmediate, or salt thereof
conpri ses §umw|¢rgtharf9ﬂwmaﬂifatakledmeér-ﬁemrate or salt thereof,

fromthe mxture by yel NGoAGLIARLGH Fthe T, the -ttt Bbbwe or

pure Forrmula | intermed
“carboxyl activating agent” generally refers to a compound, molicule, or

substance, capable of activating carboxylic acids with respect to nucleophilic
attack. In some embodiments, the dehydration agents or carboxyl activating
agents are capable of activating carboxylic acids where the attacking
nucleophile is an amine or alcohol, resulting in amide or ester formation.

Non-limiting examples of such dehydration agents include
carbodiimides (e.g., N,N'-dicyclohexyicarbodiimide (DCC), N,N'-
diisopropylcarbodiimide, 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
hydrochloride, and the like), cyanamides.

Further examples of dehydrating reagents include alkyl
chloroformates (see e.g., Kim, Lee, Kim J. Org. Chem. 1985, 50, 560), which
are generally used with a tertiary amine like triethyl amine, diethyl
azodicarboxylate (DEAD) with triphenylphosphine (see e.g.,Camp; Jenkins J.
Org. Chem. 1989, 54, 3045, 3049 (the Mitsunobu Reaction)), various
chlorbsilanes (see e.g., Nakao; Oka; Fukumoto Bull. Chem. Soc. Jpn. 1981, 54,
1267; see als e.g., Brook; Chan, Synthesis 1983, 201), chlorosulifonyl
isocyanate (see e.g., Dhar, Murthy Synthesis 1988, 437-450), and N, N'-
carbonyldiimidazole {see e.g., Morton, Mangrooc, Gerber Can. J. Chem. 1988,
66, 1701). In some embodiments, the dehydration agent is a carbodiimide. In
some embodiments, the carbodiimide is N-ethyl-N'-{3-dimethylaminopropyl)-

carbodiimide hydrochloride or N,N'-dicyclohexyl-carbodiimide.



In sone enbodi nents, combining the isolated Fornmula | internediate,
or salt thereof, wth an am ne-containing reagent conprises conbining

the isolated Formula | internediate, or salt thereof, with sodium
aspartate to form Tal aporfin Sodium 16 I n sone

enbodi ments, conbining the isolated Formula | internmediate, or salt
t hereof, with an am ne-containing reagent conprises conbining the

I solated Fornula | internediate, or salt thereof, in the presence of
di ret hyl sul foxide, with L-aspartic acid or ester thereof to form
Tal aporfin Sodi um I n sone enbodi nents, conbining the

isolated Fornula | internedi ate, _or salt t her eof ,

th a .
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chlorin e6_anhydride having the foll ow ng formula In sone

embodi ment §or s-zxanm ws geaeral yeetheg 'ﬁ@éﬁhfeﬁ‘?é'm 4} amiie with an acid
The procesgnifife! Hh'ddfhe bﬁ%&hﬂﬁ%&# "thE ¥4 hf@aﬁé‘k@éﬁ With %ﬂ'&ggfdrﬁ'faates

or salt thereo I'n 'sone e puri y|ng orlne
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anhydride, _.or salt thereof, from,t tur ope o .
extract i onfOrSQIRe RURese (r)%ﬁ’ ﬁg‘r‘ Wb‘%{ F‘&’ﬁ QBH(D 1970,
t echni ques Raucher; Jones Synthi @%%ﬂns |1935 5, fo23\\Rasnpedrisredf and in the
chlorin e6 anhydrlde in acetone de according to one illustrative

enbodi ment claimsethe tggm ‘@mingtgontaining.agent” generally refers to a compound,
molecule, or substance that contains a primary or secondary amine group, or

ammonia. Non-limiting examples of such amine-containing agents include
amino acids {e.g., L-aspartic acid), aspartié acid, and the like, or esters or
derivatives thereof.

Talaporfin Sodium is commonly known as Mono-L-aspartyl-chlorin
es, NPeg, MACE, Taporfin, ME2908, Aceg, ACs and LS11. Its Chemical
Abstract Services Registry Number is 220201-34-3, and its chemical name is
(+)-Tetrasodium (2S,3S5)-18-carboxylato-20-[N-(S)-1,2-dicarboxylatoethyl}-
carbamoylmethyl-13-ethyl-3,7,12,17-tetramethyl-8-vinylchlorin-2-propanoate.

Talaporfin Sodium is a photosensitizing agent typically used in
light activated drug therapy. After light activation, Talaporfin Sodium forms an
extended high energy electronic state that ‘faciEitates the formation of singlet
oxygen, resulting in singlet oxygen-mediated cell death. In some embodiments,
when interacting with cancer cells and exposed to light, the Talaporfin Sodium
mavy kill or destroy the cancer cells.

As shown in Figure 1, producing Talaporfin, or a pharmaceutically
acceptable salt thereof, from chlorin eg generally requires a two stage process.
In some embodiments, in a first stage, chlorin eg is activated by dehydration
agent, and in a second stage, an activation mixture reacts with an amine-

containing agent to form Talaporfin Sodium.
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Previously the reaction products of the activation step were
thought to be unstable, high-energy, short-lived, species, and hence cannot be
isolated or purified. Applicants have identified, however, a significant
component of this reaction as the chlorin eg anhydride and unexpectedily found
that this intermediate is a stable species. In some embodiments, when isolated
or purified, the intermediate reacts with L-aspartate to form Talaporfin Sodium
that is purer than the case if the isolation or purification of the chlorin eg
anhydride had not taken place.

In some embodiments, the process for preparing Talaporfin, or a
pharmaceutically acceptable salt thereof, may include combining chlorin eg with
a carboxyi activating agent to obtain an activation reaction mixture comprising a

Formuia | intermediate

Formula |, or a salt thereof.

The process may further include isolating the Formula |
intermediate, or salt thereof, from a reaction mixture using one or more
separation. Suitable techniques and/or methods for extracting, isolating,

separating, and/or purifying the Formula | intermediate, or salt thereof, from the
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mixture include extraction, separation, chromatography, and/or purification
techniques such as liquid chromatography (e.g., HPLC), column
chromatography, thin layer chromatography, planar chromatography, and the
like. In some embodiments, the mixture may be passed through an activated
silica bed, and the resuitant silica-treated reaction product analyzed by mass
spectrometry. Figure 5 shows a mass spectrum for silica-treated reaction
product following an activation reaction of chiorin eg by a dehydration agent.
The spectrum was recorded on an Agilent 1100 series LC/MSD instrument
using electrospray ionization and with polarity setting on positive.

As shown in Figure 5, the peak for the chlorin eg anhydride is now
proportionately much higher than those for the reaction byproducts. The most
intense peak is that of the chlorin eg anhydride.

When the silica-treated or otherwise purified activation reaction
product, now containing a higher chlorin es anhydride concentration, was
allowed to react with [.-aspartic acid in aqueous alkaline (sodium hydroxide was
used to create aikaline conditions) solution a much purer Talaporfin Sodium-
containing reaction product was produced, as compared to the prior art. The
HPLC analysis of the coupling reaction product is shown in Figure 6." It shows
that about 95% of the coupling reaction product (based on total chlorin species
present), is Talaporfin Sodium with only about 5% other reaction products. This
coupling reaction product is much simpler and less costly to purify further to
96% Talaporfin Sodium than the reaction product of the prior art that had a
much lower proportion of Talaporfin Sodium. In some embodiments, the
resuiting Talaporfin Sodium comprises a purity greater than from about 90% to
about 99% or greater.

The purification of the coupling reaction product requires a series
of treatments with HPLC to remove impurities. Consequently, in some
embodiments, starting the purification process with a reaction product that has
a higher Talaporfin Sodium concentration (and reduced concentrations of other
(unwanted) activation reaction products, such as precursors of diaspartyl

chlorin eg) also offers the potential for eliminating the need for HPLC purification
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. processes. Accordingly, some embodiments offer the potential for higher
Talaporfin Sodium yields, as well as higher Talaporfin Sodium purity.

In some embodiments, the activation reaction mixture produced
from the activation reaction is first purified to produce a purified activation
reaction mixture that has an enhanced concentration of the chlorin es
anhydride, and reduced concentrations of other (unwanted) activation reaction
products, such as precursors of diaspartyl chiorin eg (a drawing of one isomer of
diaspartyl chlorin es is shown in Figure 3). Di-L-aspartyl chlorin eg typically
comprises 3-4% of the total product mixture. Generally, diaspartyl chlorin es is
removed by multiple stages in series of reverse phase HPLC steps. The HPLC
process employed, however, is both expensive and time consuming. Moreover,
multiple stage HPLC separation results in loss of Talaporfin Sodium product,
thereby reducing product yield by as much as 50%.

it has now been found that there is an "activated intermediate”
heretofore unsuspected in the activation mixture, having the following Formula |

structure:

Formula |.
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This Formula | chlorin e anhydride may be referred to as “chlorin
es cyclic anhydride,” or “anhydride.” When this chlorin es anhydride, purified
from the activation mixture, is allowed to react in the coupling reaction with L-
aspartyl chlorin es, as shown in Figure 4, the production of diaspartyl chlorin eg
is dramatically reduced.

In some embodiments, the process may further include combining
the isolated Formula 1 intermediate, or salt thereof, with an amine-containing
reagent to form Talaporfin Sodium, or a pharmaceutically acceptable sait
thereof. In some embodiments, combining chlorin eg with the carboxy!
activating agent comprises reacting chlorin eg with a carbodiimide. In some
embodiments, the carbodiimide is DCC or EDC.

In some embodiments, combining chlorin eg with the carboxyl
activating agent comprises combining the chlorin e with a carbodiimide in the
presence of dimethy! suifoxide or dimethyl formamide. In some embodiments,
combining the chlorin e with the carboxyl activating agent comprises combining
the chlorin es with EDC or DCC.

In some embodiments, isolating the Formula | intermediate, or salt
thereof, comprises separating the Formula | intermediate, or salt thereof, from
the mixture by using activated silica to yield a substantially pure Formula |
intermediate, or salt thereof.

in some embodiments, combining the isolated Formula |
intermediate, or salt thereof, with an amine-containing reagent comprises
combining the isolated Formula 1 intermediate, or salt thereof, with sodium
aspartate to form Talaporfin Sodium.

In some embodiments, combining the isolated Formula |
intermediate, or salt thereof, with an amine-containing reagent comprises
combining the isolated Formula | intermediate, or salt thereof, in the presence
of dimethyl sulfoxide, with L-aspartic acid or ester thereof to form Talaporfin
Sodium.

In some embodiments, combining the isolated Formula }

intermediate, or salt thereof, with an amine-containing reagent comprises
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coupling the chlorin eg anhydride to L-aspartic acid or ester thereof in an
aqueous alkaline solution to form a tetra-sodium salt of mono-L-aspartyl chlorin
eg.

Certain embodiments of the present disclosure are directed to a
process for preparing a chlorin es anhydride, or a pharmaceutically acceptable
salt thereof. The process includes combining chlorin eg with a carboxy!
activating agent to obtain a mixture comprising a chiorin eg anhydride having

the following formula

, or a salt thereof.

In some embodiments, the carboxyl activating agent is DCC or EDC.

The process may further includes purifying the chlorin eg
anhydride, or salt thereof. In some embodiments, purifying the chlorin eg
anhydride, or salt thereof, comprises isolating the chlorin es anhydride, or salt
thereof, from the mixture using one or more extraction, separation,
chromatography, and/or purification techniques. '

Figure 7 shown an 'H NMR spectrum of chlorin eg anhydride in
acetone dg according to one illustrative embodiment. Referring to TABLE 1, the
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position assignments are numbered according to the corresponding atoms as

indicated by the following Formula i chiorin eg anhydride

Formula i

Table 1: 'H NMR Peak Assignments

Position 5 (ppm) M J (Hz)
Assignment Chemical | Multiplicity J (Hz)
Shift (ppm)
2 4.67 brd 10.7/2.0
3 4.63 brq 7.3
5 9.35 s
i0 8.86 s
15 9.67 S
21 1.72/2.05 m
22 2.50/2.65 m
24 1.78 d 7.3
25 3.42 S
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Position 5 (ppm) M J (Hz)
Assignment Chemical | Multiplicity J (Hz)
Shift (ppm)
26 8.07 dd 17.9/11.5
27 6.37/6.16 d 17.9/11.5
28 3.14 'S
29 3.68 brq 7.7
30 1.63 t 7.7
31 3.69 s
33 5.59/5.56 d 13.7

Figure 8 shows a 4-6 ppm expanded portion of the NMR spectrum
in Figure 7, as well as a 4-6 ppm expanded portion of an NMR spectrum of
chlorin eg taken under similar conditions. The plots evidence some of the
structural difference between chlorin eg and the anhydride.

Certain embodiments of the present disclosure are directed to a
method for preparing an intermediate. The method includes activating
chlorin eg with a carboxyl activating agent to obtain a mixture including an
intermediate, the intermediate exhibiting a spectrum comprising chemical shifts
in ppm at about 1.63 (t, 3H), 1.72/2.05 (m, 2H), 1.78 (d, 3H), 2.50/2.65 (m, 2H),
3.14 (s, 3H), 3.42 (s, 3H), 3.68 (br. q, 2H), 3.69 (s, 3H), 4.63 (br. q, 1H), 4.67
(br. d, 1H), 5.59/5.56 (d, 2H), 6.37/6.16 (d, 1H), 8.07 (dd, 1H), 8.86 (s, 1H), 9.35
(s, 1H), and 9.67 (s, 1H) when analyzed using proton nuclear magnetic
resonance ('H-NMR) spectroscopy, at 500 MHz, using dg-acetone/ds-dimethyl
sulfoxide as a solvent.

The method further includes isolating the intermediate. In some
embodiments, isolating the intermediate comprises separating the intermediate
from the mixture using one or more extraction, separation, chromatography,
and/or purification techniques. In some embodiments, the one or more
extraction, separation, chromatography, and/or purification technigues includes
contacting the mixture with activated silica.

The method may further include drying the isolated intermediate
in the presence of a vacuum,
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Certain embodiments of the present disclosure are directed to a
method for preparing Talaporfin, or a salt thereof. The method includes
combining an intermediate (prepared by combining chlorin eg with a carboxyl
activating agent to obtain a mixture comprising a chlorin es anhydride having
the following formula

, or a salt thereof,

and purifying the chlorin eg anhydride, or salt thereof) with an amine-containing
reagent to form a mono amino acid chiorin eg, or a pharmaceutically acceptable
salt thereof. In some embodiments, the amine-containing reagent is L-aspartic
acid or an ester thereof.

Certain embodiments of the present disclosure are directed to a
reaction product. The reaction comprises a product of a coupling reaction
between a first reaction volume and a second reaction volume, the first reaction

volume comprising a chlorin eg anhydride of the formula



3. 68 br

qg7.7301.63t 7.7 31 3.69 s

25

HANEE

24

23
HO.C O _and

less than about 5 mol% precursors of diaspartyl chiorin eg based on total
chlorin species present in the first reaction volume; and the second reaction
volume comprising L-aspartic acid or ester thereof. in some embodiments, the
units mol% and %AUC (area under the curve) are used interchangeably.
%AUC is defined as percent area under curve and is determined by HPLC-UV
absorbance analysis using a detection signal having wavelength of about
400 nm or about 410 nm. %AUC is calculated by dividing area under curve of
the peak of interest by area under curve of all peaks in the chromatogram. In
some embodiments, %AUC is expected to be proportional to the concentra_\tion
of the chlorin species in the mixture as they share the same chromophore.
Accordingly, by measuring the %AUC of the sepafated species in an HPLC
chromatogram, it is possible to determine the relative concentration and/or
mol% of species present in a reaction mixture. In some émbodiments, the
relative AUC for the respective HPLC plot peaks may be use to determine the
relative concentration and/or mol% of species present in a reaction mixture.

In some embodiments, the reaction product comprises mono-L-
asparty) chlorin eg, or a pharmaceutically acceptable salt thereof, and diasparty!



33 5.59/5.56 d 13.7 Figure 8 shows a 4-6 ppm expanded
portion of the NVR spectrumin Figure 7, as well as a 4-6 ppm
expanded portion of an NVR spectrum of chlorin e6 taken under simlar
conditions. The plots evidence sone oR6the structural difference
between chlorin es and the anhydri de. Certain

enbodi nents of the present disclosure are directed to a nethod for
preparing an internmedi ate. The nethod includes activating chlorin e6
with a carboxyl activating agent to obtain a m xture including an
intermediate, the internediate exhibiting a spectrum conprising

chem cal shifts in ppmat about 1.63 (t, BFQ, 1.72/2.05 ép] 2H), .1.78
(d, 3H), 2chigrnes or@ﬁ)embpw?@:&%ceasm@ preducigomarises iegs thap
2H), 3.69 ¢ ,

oH) . 6. 37/ & é‘#ﬁ?"?ﬁ)ﬁa%'%ﬂ@ Hlﬁ) l?a%?dagh(tgt,dﬂfh g 9s.p3%5°$%sére%‘%)n,m’the

and 9. 67 ( seadtidn ploeiuchnin goac: embodinpentsothentegction praguet ¢amprises less

45- acet ome e APRUE POk BidsEARY! Gblolnces atad Sh tal chiorin spefigs present
met hod fur heye retidtiongsrotet. 2l Semehanbodifiems) iedirst reaRE6R volume further
enbodi nents, isolating the internedi ate conprises separating the

i nt er nedi acenMprinestdimethyksuitoxids agdisrthyt foimaide: r act i on,
separation, chromat ograpiye r@QQ(i&'E vptﬂﬁﬁé E5AbePLrdied ¥ :%‘?év% foct of
enbodi nents, the one or nore extraction, Separation, chronatography,
and/ or pur idiagpariyd chiceivhed by esseparhtiole pramessadhisune eenbodiments, dhe h
activated silica, . . - .
separa?tlon process is activated silica chromatography. In some embodiments,
the resulting activation mixture is combined with L-aspartic acid (as shown in
Figure 4) in an alkaline aqueous solution to yield Talaporfin Sodium among
other byproducts.
Certain embodiments of the present disclosure are directed to a
chemical reaction product of chlorin s and a carbodiimide, the chemical

reaction product comprising a chlorin es anhydride of the form:

,and precursors of diaspartyl

chlorin eg.



The nethod may further include drying the isolated internediate in
the presence of a vacuum 24 Certain enbodi nents of the
present disclosure are directed to a nethod for preparing Tal aporfin,
or a salt thereof. The net hod included?conbining an internediate
(prepared by conmbining chlorin e6 with a carboxyl activating agent to
obtain a m xture conprising a chlorin e6 anhydride having the
followng formula and purifying the chlorin e6 anhydride, or salt
thereof) with an am ne-containing reagent to forma nono am no acid
chlorin e6, or a pharmaceutically acceptable salt thereof. In sone

enbodi nents, the am ne-containing reagent_is L-aspartic acid o

ester ther dBEome embodiments, tag PERSHTSREE %ﬁ?%”ﬂfch!?ré" e 89@'!&"*59 Iess
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expect ed t QoRSHd¥iRRPEbiRing & cohfpiifentsmhiign of the chlorin
species in the mxture as they share the same chronophore.

Accordi ngly, by meaSUﬂ. ng the %AUC of the separated species in an
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HO,C 23 O (Formuta 1),

or a pharmaceutically acceptable salt thereof, in a substantially pure form.

In some embodiments, the total content of the Formula |
compound, or a pharmaceutically acceptable salt thereof, is greater than about
85 mol% of total chiorin species within the composition. In some embodiments,
the total content of the Formula | compound, or a pharmaceutically acceptable
salt thereof, is greater than about 90 mol% of total chlorin species within the



In sonme enbodi nents, the reaction product conprises nono-Laspartyl
chlorin e6, or a pharnmaceutically acceptable salt thereof, and

di aspartyl 26 chlorin e6. In sone enbodi nents, the reaction product
conprises | ess than about 2 nol % di asp&rtyl chlorin e6 based on total
chlorin species present in the reaction product. In sone enbodi nments,
t he reaction product conprises |ess than about 1 nol % di aspartyl
chlorin e6 based on total chlorin species present in the reaction
product. In sone enbodinments, the first reaction volune further
conprises dinethyl sulfoxide or dinethyl formam de. The

di aspar ty| COMRASHETL Vb SOmEPRPHIMASSEEE oS ong RSt At s,
the separ b dlieeR plladiidaifical %b&g@@gam&%anegrﬁﬁmabom

enbodi nment s e resulting acti vat| ture i s conbine
L- asparti c Shomeoi%asf tetabwhldrin $pepies within theacomphkaitione aqueous

solution to yield Tal,a porfln d|um o} her r Qdu

Certain enbodi nents df SRS 5ARAY g,otﬂggafagcgpge}/rﬁﬂ?gg%@rmglaa!

chem cal r %ﬁip@hd@@@@ﬁa@ﬁa@éﬂtwm atbeprable sartierdof, 15 dgeeatehthan about

chem cal reaction product conprising a chlorin e6 anhydride of the

form cl@5%wWi% afdghe composition. In some embodiments, the fotal content of the
Formula | compound, or a pharmaceutically acceptable salt thereof, is greater
than about 90 wt% of the composition. In some embodiments, the total content
of the Formula | compound, or a pharmaceutically acceptable salt thereof, is
greater than about 95 wt% of the composition.

Certain embodiments of the present disclosure are directed to a

chemical reaction product comprising a compound of Formula |

(Formula |),

or a pharmaceutically acceptable sait thereof, in a substantially pufe form.
In some embodiments, the total content of the Formula i
compound is greater than about 85 mol% based on the total amount of chlorin

species present within the chemical reaction product. In some embodiments,



27 In sonme enbodi nents, the precursors of diaspartyl chlorin e6
conprise less than about 5 nol % of a total chlorin species present
within the chem cal- reaction product. In sone further enbodi nents,
the precursors of diaspartyl chlorin @b conprise |ess than about 3
nol % of total chlorin species present within the chem cal reaction
product. In sone enbodinments, the chlorin e6 anhydride conprises at
| east about 85 nol % of the total chlorin species present within the
chem cal reaction product In sonme enbodi nents, the
carbodiimde i s EDC or DOC. Certain embodi ments of the pr esent
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the total content of the Fornmula | conpound, or a_pharmaceuticall

accept abl e reagtion mertues. In %oryﬁe%mepdn@aitSamﬁrQ@s"%%%t isrfelected Yrom
conposi ti ORimethyl formamide, dimethy! sulfoxide, tetrahydrofuran, ethyl acetate,

methylene chloride, or mixtures thereof.
In some embodiments, the chemical reaction product comprises a

chlorin eg anhydride of the form:

, and



Certain enbodi nents of the present disclosure are directed to a

chem cal reaction product conprising a conpound of Fornula | or a
phar maceutical ly acceptable salt thereof, in a substantially pure
form I n sonme enbodi nrenB%, the total content of the
Forrmula | conpound is greater than about 85 nol % based on the total
anount of chlorin species present within the chem cal reaction
product. In sonme enbodi nents, 29 the total content of the Fornula I
conpound is greater than about 90 nol % based on the total anmount of
chlorin species present within the chem cal reaction product. In sone
enbodi nents, the total content of the Fornula

t
Chan about PEEFUIEPIS SEABRDBVAGNION Eat 1% ROMR STBPOGNTHnthe, BrEHAESerS of
present W b drtyf RIS borhBAss 16t RaRtitidut 5 mol2 based on R {dtin
e ect e

enbodi nment s prese osure are dir to a nmethod for
prepari ng amapdrdfichi@udspecies presqritavithio doe nbamlgalaeaemrabrm’itml t

t hereof. The nethod ixcl ud onbi

havi ng a pH rangi ng fm%‘g @rﬁ%&a&!@g&ﬁ%ﬁéiniﬁ‘%ﬁe%qgﬁ %t‘lﬁgn
product of paBicorinsdihe @ntbddiants,dendefiag the reacianedixtale basioicpaprises
solvent to forma reaction mxture. In sonme enbodinents he rganl
sol vent |saséir*@chwwmﬁmﬁmtﬁmap&%ﬁhﬁd@aca?mlmfesa&?i)w gé about
tetrahydrofyran, ethyl acetate, nethylene chloride, or mxtures

t her eof . In sonme enbodi ments, the chem cal reaction
product conprises a dhlsonie eatbadimmemts, dbe ohethid rhay durth@Onclude

precipitating the Talaporfin, or a pharmaceutically acceptable salt thereof, from
the basic reaction mixture. In some embodiments, precipitating the Talaporfin,
or a pharmaceutically acceptable sait thereof, comprises adding a suitable
precipitation solvent to the basic reaction mixture. _

The method may further include separating the Tafaporfin (or a
pharmaceutically acceptable salt thereof) precipitate from the basic reaction
mixture by filtration, centrifugation, and/or chromatography.

Certain embodiments of the present disclosure are directed to a
method of preparing Talaporfin Sodium. The method includes utilizing a
purified intermediate reaction mixture in a reaction to prepare Talaporfin
Sodium, the purified intermediate reaction mixture having been obtained from a
crude reaction mixture comprising chlorin e, a chlorin es anhydride, and
precursors of diaspartyl chlorin eg from which a significant proportion of the
precursors of diaspartyl chlorin eg has been removed.

| In some embodiments, the purified intermediate reaction mixture
comprises less than about 5% precursors of diaspartyl chlorin eg based on total
chlorin species. In some embodiments, the purified intermediate reaction
mixture comprises less than about 3 mol% precursors of diaspartyl chlorin es
based on total chlorin species.

In some embodiments, the chiorin eg cyclic anhydride is a

Formula | chiorin es cyclic anhydride



precursors of diaspartyl chlorin e6. In sone enbodi nents, the
precursors of diaspartyl chlorin e6 conprise |less than about 5 nol %
based on the total anmount of chlorin species present within the

chem cal reaction product. 31 The method may further

i nclude rendering the reaction m xture basic. In sone enbodi nents,
rendering the reaction m xture basic conprises addi ng hydroxide to
mai ntain a pH of the reaction m xture at about 8 to about 12.

In some enbodi ments, the method may further include precipitating the
Tal aporfin, or a pharnmaceutically acceptable salt thereof, fromthe
basic reaction mxture. In sone enbodi nents, precipitating the

Tal aporfin, or asphar2fceutically accep&gble salt thereof, conprises
addi ng a suitabl e preacipi i o the basic reaction

m xt ure. rther include separating the
Tal aporfin (or a phar abl e salt thereof)
precipitate from.thé& e B9 filtration
centrifugation2sand Certain

enbodi mnents of the pr¥: p@d to a net hod of
preparing Tal aporfin/bodium The nmethoy i ncludes utilizing a purified

whi ch a signif /WHE§
chlorin e6 has“feen
purified internediate
precursors of diaspa
I n sonme enbodi nents,

E2DvES I n sonme enbodi nents, the
reaé*tzﬁim13:orrpri ses |l ess than about 5%
%I chlofin e6 Bg ed on total chlorin species.
'bpuriBad in edi ate reaction m xture
conprises |less than about 3 noMN precdrsor@ of diaspartyl chlorin e6
based on total chl ori28)speci esg4 0 In some enbodi ments,
the chlorin es cyclic faphydride/is a Formula | chlorin es cyclic
anhydride 31 HO,;C | lOsome enbodi ment's, EBAnQIT bl edit thereof.
intermediate reaction mxture further conprises dinethyl sulfoxide.
n some embodi Nent s, frielidrhbadinidiits! #edhuined ifRGieiatdl reation mixture
further conprises EDC or DCC and di methyl” forrnamde. In some
enbodi ment furthescompfisesdimpthyb sutfoxideofin someembadipestsothe pusfied t yi

chlorin e6 ER e?‘m% fate rrgggt\;/oer(lj mtf ubs %&@h&céérx&ti&éjs E'dd sPDCC and dimethyl

formamide. In some embodiments, a significant proportion of the precursors of

diaspartyl chlorin eg has been removed by using activated silica.

Certain embodiments of the present disclosure are directed to a
process for preparing a photoactive agent, or a pharmaceutically acceptable
salt thereof. The process include combining a composition comprising a

compound of the formula



Certain enbodi nents of the present disclosure are directed to a
process for preparing a photoactive agent, or a pharmaceutically
acceptabl e salt thereof. The process include conbining a conposition
conprising a compound of the formula 327 28 12 29

, or a pharmaceutically
acceptable salt

thereof, an organic solvent, and one or more of diaspartyl chlorin es precursors,
with a basic aqueous sodium aspartate composition to form a crude mono-L-
aspartyl chlorin es reaction mixture, the crude reaction mixture comprising less
than about 2 mol% diaspartyl chlorin es based on total chlorin species present
within the crude reaction mixture
The process may further include making the reaction mixture basic. The
process may further include precipitating a substantial amount of the mono-L-
aspartyl chlorin es from the reaction mixture. In some embodiments,
precipitating a substantial amount of the mono-L-aspartyl chiorin es from the
reaction mixture comprises providing a sufficient amount of an organic solvent
to cause the precipitation of more than about 50 mol% of the mono-L-aspartyl
chlorin es present from the reaction mixture.

in some embodiments, making the reaction mixture basic
comprises providing a sufficient amount of an alkaline agent to the reaction
mixture to maintain a pH range from about 8 to about 12. In some
embodiments, making the reaction mixture basic comprises providing a
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sufficient amount of an alkaline agent to the reaction mixture to maintain a pH
range from about 10 to about 12,

In some embodiments, the at least one diasparty! chlorin es
precursor comprises from less than about 1 mol% to about 2 mol% of the total
chlorin species present in the reaction mixture.

Certain embodiments of the present disclosure are directed to a

reaction product comprising a chlorin e anhydride of the form:

and precursors of diaspartyl chlorin eg; wherein the precursors of diaspartyl
chlorin es comprise less than about 1 to 2 mol% of the total chiorin species
present.

EXAMPLE 1
CHLORIN Es ANHYDRIDE SYNTHESIS

Chlorin e (2.0 g, 3.3 mmol) (Frontier Scientific) was dissolved in
10 mL DMF. EDC (0.61 g, 3.2 mmol) was added to the mixture and allowed to
react for 1.5 h. The reaction mixture was loaded onto a bed of silica gel



2234 HO2C 23 acceptable salt thereof, an organic solvent, and
one or nore of diaspartyl chlorin e6 precursors, with a basic aqueous
sodi um aspartate conposition to forma crude nono-Laspartyl chlorin
e6 reaction mxture, the crude reacti & m xture conprising |less than
about 2 nol % di aspartyl chlorin e6 based on total chlorin species
present within the crude reaction m xture The process may further

I ncl ude maki ng the reaction m xture basic. The process may further

i nclude precipitating a substantial anount of the nono-Laspartyl
chlorin e6 fromthe reaction m xture. In sone enbodi nents,

precipitating a substantial anount of the nono-L-aspartyl chlorin e6
from the réSignmaAidiich)and eluted withsagatene diThg coleredt peitishtwameeliacted

01 % of 1t nETRSHEEriBIET I Facdlf PhE Bl o furfi Bl BR AP BiCocite of

m xture. awvacuum. In some enbodi nents, making the reaction

m xture basic conprises providing a sufficient anount of an al kaline
agent to the reaction mxture to maintain _a pH range from about 810
about 12. In sonme enbodi nents, maki nEWFg%tion m xture basic

conprises providing a 33 %Mpbﬁﬁ,hpgymngmﬁgb@@ ne agent to

the reaction mxture to maintain a pH range from about 10 to about
12. In some enbodi nents, the at | east one diaspartyl
chlorin e6 precursor Asofiursaspartate selstion lwas ptepared byadding 18104 INaQH

mol % of t h?o %gégl}ticcami r(-!-!? .358,e1° 6 %;smg{)?rst thmLQNat&tte]? UBEF&EILI nwén;s )étttlélrn%d.
Chlorin eg anhydride from EXAMPLE 1 was dissolved in DMF and added slowly
to the sodium aspartate solution. The mixture was made basic with 10M
NaOH. Excess DMF was added to the dark suspension to precipitate the
product. The product was collected by filtration and washed with acetone. The
material was re-suspended in acetone and collected by filtration. The resultant

crude Talaporfin Sodium was dried in the presence of a vacuumi.

While at least one example embodiment has been presented in
the foregoing detailed description, it should be appreciated that a vast number
of variations exist. It should also be appreciated that the example embodiment
or embodiments described herein are not intended to limit the scope,
applicability, or configuration of the disclosure in any way. Rather, the
foregoing detailed description will provide those skilled in the art with a
convenient road map for implementing the described embodiment or
embodiments. It should be understood that various changes can be made in
the function and arrangement of elements without departing from the scope of
the disclosure as set forth in the appended claims and the legal equivalents

thereof.



Certain enbodi nents of the present disclosure are directed to a
reaction product conprising a chlorin e6 anhydride of the form and
precursors of diaspartyl chlorin e6; wherein the precursors of

di aspartyl chlorin e6 conprise |less tRan about 1 to 2 nol % of the
total chlorin species present. EXAMPLE 1 CHLORI N Eg ANHYDRI DE
SYNTHESI S Chlorin e6 (2.0 g, 3.3 mmol) (Frontier
Scientific) was dissolved in 10 nL DIVIF. EDC (0.61 g, 3.2 mmol) was
added to the m xture and allowed to react for 1.5 h. The reaction

m xture was | oaded onto a bed of silica gel 34 (Sigma-Aldrich) and
eluted with acetone. The col ored portuggé$$§ col l ected and
concentrated in vacuo.. The anhydri de IMBrther dried in the
presence of a vacuum EXAMPLE 2

What is claimed is:

1. A chemical reaction product of chlorin eg and a
carbodiimide, the chemical reaction product comprising a chlorin eg anhydride

of the form:

and precursors of diaspartyl chlorin eg; where-in the precursors of diaspartyl
chlorin es comprise less than about 5 mol% based on the total amount of chlorin

species present within the chemical reaction product.

2. The chemical reaction product of claim 1 wherein the
precursors of diasparty! chlorin es comprise less than about 3 mol% based on

the total amount of chiorin species present within the chemical reaction product.



TALAPORFI N SODI UM SYNTHESI S A sodi um aspartate sol ution
was prepared by adding 10 M NaOH to aspartic acid (-1.3 g, 10 muol)
in 10 mL water until pH 11 was attained. Chlorin e6 anhydride from
EXAMPLE 1 was dissolved in DIVIF and aded slowy to the sodium
aspartate solution. The m xture was nade basic with 10l VI NaOH.

Excess DMF was added to the dark suspension to precipitate the
product. The product was collected by filtration and washed with
acetone. The material was re-suspended in acetone and collected by
filtration. The resultant crude Tal aporfin Sodiumwas dried in the
presence of a vacuum . Wile at |east gne. ex | e .

enbodi ment has been present &8 ChamMi¢Rl T‘FBP%%PF@}?‘E@PgFi%éW ﬁgg'ﬁr?ﬁttpﬁn,
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or configuration of the disclosure in any way. Rather, the foregoing
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enbodi nents. It shoul d be understood that various changes. c nci)e Madg
'n the fun€erbsdignideds NitBiblGulimatayiarizoniopyBereditpidenydroghioride
t he scope J d gforth in the appended cl ai ns and
the I egal gél'ﬁ'\@g‘f’%gd”t%g{g%@%ﬁéﬁd LA MS What is claimed is:

1. A chemcal reaction product of chlorin e6 and a carbodiimde, the
chem cal reaction product gconprising a chlorin e6 anhydri of th
form and precursorsO%f diéscgg'}"f%ﬁ'{? I‘i?r"i"ﬁ”%g?%@B?ﬁn?ﬁg%ﬁp&liﬁgors
of diaspartyl chlorin e6 conprise |ess than about 5 nol % based on the

total anmount of chlorin sgéci esgPr esent wi thin the chem cal reaction
product . - == 28

24

Formula |,

or a pharmaceutically acceptable sait thereof, in a substantially pure form.

6. The composition of claim 5 wherein a total content of the
Formula | compound, or a pharmaceutically acceptable salt thereof, is greater

than about 85 wt% of the composition.



2. The chem cal reaction product of claim1l wherein the precursors of
di aspartyl chlorin e6 conprise |ess than about 3 nol % based on the
total amount of chlorin species present within the chem cal reaction

product. 36 3. The cheM cal reaction product of claim
1 wherein the chlorin e6 anhydride conprises at | east about 85 nol %
of the chem cal reaction product. 4. The chem cal

reaction product of claim1l wherein the carbodiimde is

N- et hyl - N - ( 3-di et hyl am nopr opyl ) - car bodi i m de hydrochl ori de or

N, N1- di cycl ohexyl - car bodi i m de. 5. A conposition,
conprising a conmpound of Formula | Formula |, or a pharnmaceuti cal I¥
acceptabl e salt therdof, iHhecempeskion ef ¢lginygwherging total content of the

D o CoTPaRRLP o L.aa bPa MG laBeBital AodpAnR s bR R dfdfer

| conpound, "or a ceu‘t I cal acce er eo 'S’ greater
t han about tH#n ab&ﬁtcﬁo Wit% oftheasdrhposition.

8. The composition of claim § wherein a total content of the
Formula | compound, or a pharmaceutically acceptable salt thereof, is greater
than about 95 wt% of the composition.

9. A process for preparing a chlorin eg anhydride, or a
pharmaceutically acceptable salt thereof, comprising combining chlorin eg with
a carboxyl activating agent fo obtain a mixture comprising a chlorin eg

anhydride having the following formula

or pharmaceutically acceptable
salt thereof; and purifying the chlorin es anhydride or pharmaceutically
acceptable salt thereof.



37 7. The conposition of claim5 wherein a total
content of the Formula I conpound, or a pharmaceutically acceptable
salt thereof, is greater than about 90 wt % of the conposition.

8. The conposition of claim5 wherein3& total content of the Formul a
| conpound, or a pharmaceutically acceptable salt thereof, is greater
t han about 95 wt % of the conposition. 9. A process for
preparing a chlorin e6 anhydride, or a pharnaceutically acceptable
salt thereof, conprising conbining chlorin e6 with a carboxyl
activating agent to obtain a m xture conprising a chlorin e6

anhydri de having the followng fornula 38 . 10, The .
process of claim9 whtd-ei nTbﬂé"%(éﬁ%o%ﬁ‘amlgiWE?ﬁ%t%ﬁﬁbW' activating
N, N - di cycl o AL AT " ' i

Car bod | i A2 it NARIBErRb e it Bmhite of ity NI BRAREH by
wher ei n purcafhodiignidedycibehlorides anhydri de, or salt thereof,
conprises isolating the chlorin e6 anhydride, or salt thereof, from
the m xture using one or nore extraction, separation, chronatography,

and/or purification teghni gHeprocess of claim 9 whérbin ﬁuﬁ@ﬁrﬁy)ﬂwé éhilorin es
.preparing an internediate, conprising activating chlorin e6 with a

car boxyl a@nhydfidagorsaththergob somnrisgsrisaiatipg tha chiplimge aphydride, or salt

chen cal o oot iror LR Ae i bljeldr ol SRFAYIH SERARIGH, 19,
1.78 (d, 3idhrornafdlraphp, 4md/of plurifiGatioh (exhn8igs. 3. 42 (s, 3H), 3.68

(br. g, 2H, 3.69 (s, 31-1), 4.63 (br. g, 1H), 4.67 (br. d, 1H),
5.59/5.56 (d, 2H), 6.37/6.16 (d, 1H), 8.07 (dd, 1H), 8.86 (s, 1H), -

9.35 (s, 1H), and 9. 642 (s, Akhbthoacr préparififiad ShteemBHRRS cAHBHSA
magneti c resonance (1H NVR) spectroscopy, at 500 MHz, usin

06- acet one/ATEvatngrEbioin e it bRy ACIVRYIEG RaeR i PRI ATRXtRG
Lo e, el S el ol olhthsbirproing,
t he m xt ur ehemicgl shifts oy ppor &t abautadct3 ¢h 3Hep AR 08(m,2H ) rial & (o, a3y,
andior purlfLeatdonnt 81" 9458 3H), 3.42 (s, 3H), 3.68 (br. q, 2H), 3.69 (s, 3H), 4.63
(br. g, 1H), 4.67 (br. d, 1H), 5.569/5.56 (d, 2H), 6.37/6.16 (d, 1H), 8.07 (dd, 1H),
8.88 (s, 1H), 9.35 (s, 1H), and 9.67 (s, 1H) when analyzed using proton nuclear
magnetic resohance ("H-NMR) spectroscopy, at 500 MMz, using dg-acetone/ds-

dimethyl sulfoxide as a solvent; and isolating the intermediate.

13. The method of claim 12 wherein isolating the intermediate
comprises separating the intermediate from the mixture using one or more

extraction, separation, chromatography, and/or purification technigques.

14. The method of claim 13 wherein the one or more
extraction, separation, chromatography, and/or purification techniques includes

contacting the mixture with activated silica.

15. The method of claim 12, further comprising drying the
isolated intermediate in the presence of a vacuum.



14. The method of claim 13 wherein the one or nore extraction,
separation, chromatography, and/or purification techniques includes

contacting the mxture with activated silica. 15. The
nmet hod of claim 12, further conprisinddrying the isolated
intermediate in the presence of a vacuum 39 16. A

met hod for preparing Talaporfin, conprising conbining an internediate
prepared according to claim9 with an am ne-containing reagent to
forma nono am no acid chlorin e5, or a pharmaceutically acceptable
salt thereof. 17. The method of claim 16, wherein the
am ne- cont ai ni ng reagent iz L- as Hic acid or an ester thereof. . .
18. A nethod for prepHing YQP&E@E rRreRarng 1f R FQRAJIFIG combining
accept abl e Zahterdhalisd pr !a%baﬂfinq_'to claim 9 with #iPAMifs-B8nfining
aspartate salt conpositio aving a pH ranging fromabout 10 to about
12 with a ceagentdo foraca mongpamine acidozhiotin gg, eoa pharmaceuticallyeacceptable
presence Ofs;ﬁ[] ‘organic solvent to forma reaction m xture; making the
reaction mSHUPESsic: and precipitating the
Tal aporfin, or a pharnmaceutically acceptable salt thereof, fromthe
basic reaction m xture. ] .
The method of claim 16, wherein the amine-containing

reagent is L-aspartic acid or an ester thereof.

18. A method for preparing Talaporfin, or a pharmaceutically
acceptable salt thereof, comprising:

combining an aspartate salt composition having a pH ranging
from about 10 to about 12 with a chemical reaction product according to claim 1
in the presence of an organic scolvent to form a reaction mixture;

making the reaction mixture basic; and

precipitating the Talaporfin, or a pharmaceutically acceptable sait

thereof, from the basic reaction mixture.

19. The method of claim 18, wherein the organic solvent is
dimethyl formamide, dimethyl sulfoxide, tetrahydrofuran, ethyl acetate,
methylene chloride, or mixtures thereof.

20. The method of claim 18, wherein making the reaction
mixture basic comprises adding a hydroxide {o maintain the pH of the reaction
mixture within a range of about 8 to about 12.

21. The method of claim 18, wherein precipitating the
Talaporfin, or a pharmaceutically acceptable salt thereof, comprises adding a

suitable precipitation solvent to the basic reaction mixture.



19. The nethod of claim 18, wherein the organic solvent is dinethyl
formam de, dinethyl sulfoxide, tetrahydrofuran, ethyl acetate,

met hyl ene chl oride, or m xtures thereof. 20. The net hod
of claim 18, wherein naking the react#dn m xture basic conprises
addi ng a hydroxide to maintain the pH of the reaction m xture within
a range of about 8 to about 12. 21. The nethod of claim
18, wherein precipitating the Tal aporfin, or a pharnmaceutically
acceptabl e salt thereof, conprises adding a suitable precipitation
solvent to the basic reaction mxture. 40 22. The

met hod of claim 18, further conprising separati the Tal aporfin, or
a pharmaceutical |y acept abt® PPE&Q%B’P?&%PQB%E)F?M’W FeRAfating the
basi c react Ext i ' r . "
25" et nad O Bt PR e e S B SR s  e

purified i basivvedictior mistureibyfiltrationaadior chroswdegrephyo prepare
Tal aporfin Sodium the purified internmedi ate reaction m xture havi ng
been obtained froma crude reaction m xture conprising chlorin es,

chlorin ea anhydride,2;:nd RresMbEUfPrepafhgIRREFHiIn Sddiiin) comprisig
which a significant proportion of the precursors of diaspartyl
chlorin e6util@ingeepuiifigripgermediate reaction mixpure imprealingdo A eeFE m 23

wherein th i £l j:nt.e j i \ j

than sbout T2Vl Shdidin IHE AL AR iRBALARIT odctioh R Aing BERn

t ot al anouabtaifhed floon arcrage ceastiqn eseture wottiprisindhehlpunids) ellorin eg

i nternedi ate rggﬁtion m Xt ure thod.of..claim

, § .25. _Th .
23 wher ei n2NHYIRAR: FNERIEGHEPLSR dipsPaRd s B FO0T WhEhA SUNEcq R s

than about pdosErkikh RITse beediFsOfs & @i&@Paﬁyl cHibli® el haghdersrineved. he
total chlorin species present within the purified internediate

reacti on m xture. 26. The nmethod of claim23, wherein

ggﬁygﬂ orin €6 cycli Qanhyftd ffethabrichliftes indiBinthbbfictdiftdnediate
reaction mixture comprises less than about 5 mol% precursors of diaspartyl
chlorin eg based on the total amount of chlorin species present within the

purified intermediate reaction mixture.

25. The method of claim 23 wherein the purified intermediate
reaction mixture comprises less than about 3 mol% precursors of diasparty!
chlorin es based on the total chlorin species present within the purified

intermediate reaction mixture.

26. The method of claim 23, wherein the chlorin eg cyclic

anhydride is a Formula | chlorin eg cyclic anhydride



‘41 Fornmula |, or salt thereof. 27. The nethod of claim
23, wherein the purified internediate reaction m xture further

conpri ses di net hyl sul foxide. 28. The nethod of claim
23, wherein the purified internmedi ate4teaction m xture further
conprises N-ethyl-N -(3-dinmethyl am nopropyl)- carbodiimde
hydrochl ori de, NN-dicycl ohexyl -carbodiimde, or dinethyl formam de,
or conbi nations thereof. 29. The nethod of claim 23,
wherein the significant proportion of the precursors of diaspartyl
chlorin e6 has been renoved by using activated silica. 42 30.A
reaction product, conprish#g: a product of a coupling

=26 o8

Formula §,

or salt thereof.

27. The method of claim 23, wherein the purified intermediate

reaction mixture further comprises dimethyl sulfoxide.

28. The method of claim 23, wherein the purified intermediate
reaction mixture further comprises N-ethyl-N'-(3-dimethylaminopropy)-
carbodiimide hydrochloride, N,N'-dicyclohexyl-carbodiimide, or dimethyl

formamide, or combinations thereof.

29. The method of claim 23, wherein the significant proportion
of the precursors of diaspartyl chlorin es has been removed by using activated

silica,



reacti on between a first reaction volunme and a second reaction

vol une, the first reaction volunme conprising a chlorin e6 anhydride
of the fornmula and | ess than about 5 nol % precursors of diaspartyl
chlorin e6 based on total chlorin spedtes present within the first
reaction volune; and the second reaction volume conprising L-aspartic

acid or ester thereof; wherein the reaction product
conpri ses nono-L-aspartyl chlorin e6, or a pharnmaceutically
acceptabl e salt thereof, and diaspartyl chlorin eé6. 31.

The reaction product of claim30, wherein the reaction product
conprises |ess than about 2 nol % di aspartyl chlorin e6 based on total
chlorin species preseifl- wi Atreactior pF ti epmprisipge 8. product of a coupling

32. The rea Ct C rei

corr i ses. Teeeih B0 e BistisAefur Youbhp s a8 BadiichWibme, the firt
chlorin spegastivprivelaatd coinphising 8 ehlatincéd amhyalridduct the féinula

33. The reaction product of claim30, wherein the first reaction

vol ume further conprises gfnethyl sul foxide or dinethyl fornmam de.
34. The reaction product et=gl@bm 30, wherein t g first reaction

Ptyl chlorin e6 by a
n product of claim
ilica

34, wherein the sebar ation proge ¥ ' € 112
chr omat ogr aphy. 7
25
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HO,C 23 o)

and less than about 5 mol% precursors of diaspartyl chlorin & based on total
chlorin species present within the first reaction volume; and the second reaction
volume comprising L.-aspartic acid or ester thereof;

wherein the reaction product comprises mono-L-aspartyl chlorin

eg, or a pharmaceutically acceptable salt thereof, and diaspartyl chlorin es.

31. The reaction product of claim 30, wherein the reaction
produét comprises less than about 2 mol% diaspartyl chlorin es based on total
chlorin species present within the reaction product.

32. The reaction product of claim 30, wherein reaction product
comprises less than about 1 mol% diasparty! chlorin es based on total chlorin

species present within the reaction product.



36. A process for preparing nono-L-aspartyl chlorin e6, or a
pharmaceutically acceptable salt thereof, conprising:
conbining chlorin e6 with a carboxyl activating agent to obtain a

m xture conprising a Fornmula | intermsdliate Formula |, 44 isolating
the Formula | internediate, or salt thereof; and

conbining the isolated Formula | internmediate, or salt thereof, with
an am ne-containing reagent to form Tal aporfin Sodium or a
pharmaceutically acceptable salt thereof. 37. The

process of claim 36, wherein conbining the chlorin es with the
carboxyl activating agent conprises reacting the chlorin e6 with a

car bodi i mi de. 33.  Thagadien pogustef elpim |3, whereipHbedirst regetion

bodi i m de. i i ) )
Nt hyl - Yo Hudher SomeBrs B Eb S Eich Bimstivy fomamige.

N, N - di cycl ohexyl - carbodi i m de, or m xtures thereof.

39. Th f claim36, wherei nmbi ning. t | orj ith
e oL B Mo ouch A S B et b Tl dgheor
a carbodi i ghilend & phnéd &5 RSNV brékiBbRYbf dibhartlidhidrin i BYidWéparation

f or mam de.
| process.

35. The reaction product of claim 34, wherein the separation

process is activated silica chromatography.

36. A process for preparing mono-L-aspartyl chlorin es, or 2
pharmaceutically acceptable salt thereof, comprising:
combining chlorin es with a carboxyl activating agent to obtain a

mixture comprising a Formula | intermediate

Formula |,

or a sait thereof;



40. The process of claim 36 wherein reacting the chlorin e6 with the
carboxyl activating agent conprises reacting the chlorin es with
N- et hyl N - ( 3-di net hyl am nopropyl ) carbodiim de hydrochl ori de or

N, N - di cycl ohexyl car bodi i m de. 44 41. The process of claim
36 wherein isolating the Formula | internmediate, or salt thereof,
conprises separating the Formula | intermediate, or salt thereof,
fromthe mxture by using activated silica to yield a substantially
pure Forrmula | internediate, or salt thereof. 42. The

process of claim 36 wherein conbining the isolated Formula I
internediate, or salt thereof, with an am ne-containing reagent
conpri ses reacting t Heolatipgthed qromuall intermediatena saitthegpofsand

43 The process of ol GTP i BolRed FEFHAC! [k arredallor 48R thereot, with

i nt er medi atggy aminesabhtdiningeehgent tofoan FataperfinaBodium, vy a phgenaceutically

conprises conbining the isolated Fornmula | internediate, or salt .
t hereof , i cchptahle saiitlewofdi net hyl sul foxide, with L-aspartic acid
or ester thereof to form Tal aporfin Sodi um 44. The

process of claim 36 wherein conbining the isolated Formula I )
i nternedi ate, or sal t37.her €he process ahclaim 36, wheraingombinigigthe chlorin es

cster ¢ hor S0 e ShbRRHERYLPecaStE Sepiises epbra iiF Bhbuh G U iR
salt of noparbodimRet Yl chlorin e6. 45. A process for

preparing a photoactive agent, or a pharnaceutically acceptable salt
t hereof , conprising: conbining a conposition conprising a conmpound of

the formula 38. The process of claim 37 wherein the carbodiimide is N,N'-
dicyclohexyl-carbodiimide, N-ethyl-N'-(3-dimethylaminopropyl) carbodiimide
hydrochloride, N,N'-dicyclohexy!-carbodiimide, or mixtures thereof.

39. The process of claim 36, wherein combining the chlorin es
with the carboxyl activating agent comprises reacting the chlorin eg with a
carbodiimide in the presence of dimeihyl sulfoxide or dimethyl formamide.

40. The process of claim 36 wherein reacting the chlorin eg
with the carboxyl activating agent comprises reacting the chlorin eg with N-ethyl-
*-(3-dimethylaminopropyl) carbodiimide hydrochloride or N,N'-dicyclohexyl-

carbodiimide.

41. The process of claim 36 wherein isolating the Formula i
intermediate, or salt thereof, comprises separating the Formula | intermediate,
or salt thereof, from the mixture by using activated silica to yield a substantially

pure Formula | intermediate, or salt thereof.

42.  The process of claim 36 wherein combining the isolated
Formuia | intermediate, or salt thereof, with an amine-containing reagent
comprises reacting the isolated Formuia | intermediate, or sait thereof, with
sodium aspartate to form Talaporfin Sodium.



HO2C 230, or a pharmaceutically acceptable salt thereof, an organic
sol vent, and one or nore of diaspartyl chlorin e6 precursors, with a
basi ¢ aqueous sodi um aspartate conposition to forma crude

nono- L-aspartyl chlorin e6 reaction mgxture, the crude reaction 46

m xture conprising | ess than about 2 nol % di aspartyl chlorin e6 based
on the total chlorin species within the conposition.; making the
reaction m xture basic; and precipitating a substantia
anount of the nono-L-aspartyl chlorin e6 fromthe reaction m xture.
46. The process of claim45 wherein the at | east one diaspartyl
chlorin e6 precursor conprises |ess than about 5 nol % based on the

total chlorin speci ef3i t hThe precessnpfgdai 88 wherein combining the isclated
Formula | intermediate, or salt thereof, with an amine-containing reagent

comprises combining the isolated Formula | intermediate, or salt thereof, in the
presence of dimethyl sulfoxide, with L-aspartic acid or ester thereof to form

Talaporfin Sodium.

44, The process of claim 36 wherein combining the isolated
‘Formula | intermediate, or sait thereof, with an amine-containing reagent
comprises coupling the chlorin eg anhydride with L-aspartic acid or ester thereof
in an aqueous alkaline solution to form a tetra-sodium salt of mono-L-aspartyi

chlorin es.

45. A process for preparing a photoactive agent, or a
pharmaceutically acceptable salt thereof, comprising:
combining a composition comprising a compound of the formuia

, or a pharmaceutically

| acceptable salt thereof, an organic solvent, and one or more of diaspartyl
chlorin eg precursors, with a basic aqueous sodium aspartate composition to
form a crude mono-L-aspartyl chlorin es reaction mixture, the crude reaction



47. The process of claim45 wherein the at | east one diaspartyl
chlorin e6 precursor conprises |ess than about 3 nol % based on the
total chlorin species within the conposition. 48. The
process of claim45 wherein making thesreaction m xture basic
conprises providing a sufficient anount of an al kaline agent to the
reaction mxture to maintain a pH range from about 8 to about 12.
49. The process of claim45 wherein precipitating a substanti al
anount of the nono-L-aspartyl chlorin e6 fromthe reaction m xture
conprises providing a sufficient anount of an organic solvent to

cause the |RI | f { % = laz I
chlorin eG%@En@%#@ﬂ\ngﬁ%ﬁ)@% ?%é]m?x uféeaﬁgpéﬁﬁ cHidiin bs g%EéitoYu the
chem cal r ¢a¥al chioriorsphoiés withohther comp6siiod..a dehydrati on agent, the
chem cal reaction product conprising a chlorin e6 anhydride of the
form 47 and precur smaking thei eagtion yhixturedrasic;eid wherei n t he
precursors of diaspartyl chlorin e6 co | se | ess,.than ahout 5 ,% .
based on the total an¥&etPiEtingA 59?%?35%@@9%?8@%"%9 "ﬁsPﬂ%yWDCh(o""

chem cal rgAGtdrARhE re@Fdn mixture. 51. The chem cal reaction
product of e‘% adl m 50 V\ﬂerer, n the dehydration agent is a carbodiim de.

52. The chem cal reaction product of claim51 wherein the

carbodiimde is N-ethyl-NLl(3-di ' - i . '
hydrochl ori de or N, N X i cyIf‘Sﬁ)&g&;{ét @ghﬁ%\gﬁg}e}m?ﬁé BP@E‘IS%HS diaspartyl
chlorin eg precursor comprises less than about 5 mol% based on the total

chlorin species within the composition.

47. The process of claim 45 wherein the at least one diaspartyl
chlorin es precursor comprises less than about 3 mol% based on the total

chlorin species within the composition.

48, Thé process of claim 45 wherein making the reaction
mixture basic comprises providing a sufficient amount of an alkaline agent to

the reaction mixture to maintain a pH range from about 8 to about 12.

49. The process of claim 45 wherein precipitating a substantial
amount of the mono-L-aspartyl chlorin eg from the reaction mixture comprises
providing a sufficient amount of an organic solvent fo cause the precipitation of
more that 50 mol% of the mono-L-aspartyl chlorin es present from the reaction

mixture.

50. A chemical reaction product of chlorin es and-a dehydration
agent, the chemical reaction product comprising a chiorin eg anhydride of the

form:



48 53. A conposition, conprising a conmpound of Formula I Formul a

|, or a pharmaceutically acceptable salt thereof, in a substantially
pure form 54, The conposition of claim53 wherein a
total content of the Formula | conpoudd is greater than about 85 nol %
based on the total ampunt of chlorin species present within the
conposition. 55. The conposition of claimb53 wherein a
total content of the Forrmula |I conpound is greater than about 90 nol %
based on the total anpbunt of chlorin species present within the
conposition. 56. The conposition of claimb53 wherein a
total content of the Forqy}a | conpound is greater than about 95 nol %
based on the total anmount=af.cPpgorin species present within the
conposi tion. - 28

1

and precursors of diaspartyl chlorin es; wherein the precursors of diaspartyl
chlorin eg comprise less than about 5 mol% based on the total amount of

chlorin species present within the chemical reaction product.

51. The chemical reaction product of claim 50 wherein the

dehydration agent is a carbodiimide.

52. The chemical reaction product of claim 51 wherein the
carbodiimide is N-ethyl-N'-(3-dimethylaminopropyl)-carbodiimide hydrochloride.
or N,N'-dicycichexyl-carbodiimide.



48

53. A composition, comprising a compound of Formula |

Formula |,

or a pharmaceutically acceptable salt thereof, in a substantially pure form.

54, The composition of claim 53 wherein a total content of the
Formula | compound is greater than about 85 moi% based on the total amount

of chlorin species present within the composition.

55. The composition of claim 53 wherein a total content of the
Formula t compound is greater than about 90 mol% based on the total amount

of chlorin species present within the composition.

56. The composition of claim 53 wherein a total content of the
Formula | compound is greater than about 95 mol% based on the total amount

of chlorin species present within the composition.



