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CLAaIM

4 . 0
1. A fluorescent mono-, di-, tri- or tecramide

of an amino acid and a carboxy containing tetrapyrrole
compound of the formula:

Ra Ry
N =
Rs\‘\ == h)
B :

or.the gsrreiggnding di- or tetrahydrotetrapyrrole, said
amide hﬁaqexbelng formed betwezen the amino group of the
amino acid &nd a carboxy-containing substituent attached

to the ts4trapyrrole; wherein

oo /2
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R1 is methyl, -H -OH
or
' —CH3 —CHB;
R2 is H, vinyl, ethyl, —CHCH3, acetvl, </-H
OH / -ethyl,
v
-C=0, CH2CH2C07H, 0r =CHCHO;
R, is methyl, (’—H -CH,
or
--CH3 -0OH;
R4 is H, vinyl, ethyl, CHCH3
OH,
CH2CH2C02H, =CHCHO, or ~-H
-ethyl;
R5 is methyl;
R6 1s H, CH2CH2C02H, CH2LH2C02R or CO2H;
R7 is CHZCH2C02H, CHZCH2CO2R cr <,-CH2CH2H
_H;

Rg i3 methvl or ~CH,
=H;

R9 is H, COOH, CH

provided that when R

COOH or methyI;

1! R2, R3, R4, R7 and R8 represent
two substituents or are divalent and attached to the same

2

carbon, the respective pyrrole ring to which attached is
a dihydropyrrole;

R is lower alkyl or benzyl; or —?=O —?=O
RG and R9, taken together are —CH2 or —CHC02CH3
with the proviso that at least one of Rl - R9 includes a

free carboxyl group; and salts thereofj and wherein the
amino acid has the formula;

151
.Y g |
(af) 1izy') - N - (2] (A I1

/3

.
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wherein | ‘

each Al and A may be the same or different and
are selected from the group consisting of COOH, SC4H or
OE with the proviso that said compound ‘contains at least
one COOH or SO3H;

Zl and 2 are independently an alkylene chain
containing from 0-5 carbon atoms in the principal chain
and up to a total of 8 carbon atoms;

Yl and Y are independently an alkylene chain
containing from 0-5 carbon atoms in the principal chain
and up to a total of 8 carbon atoms with the proviso that
when both A and Al are other than SOBH, then one of Yl or
Y must contain at least one carbon atom in the principal

chain; or

Yl and Y taken together with the nitrogen to

which they are attached form an N-heterocycle containing
from 4-9 ring carbon atoms and up to a total of ahout 15
‘carbon atoms; or.

lel or YZ individually may form a cycloalkyl
group containing from 5 to 10 ring carbon atoms and up to

a total of about 16 carbon atcms;

n’ and n are independently 0, 1 or 2; and

. —{F
e
7
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Chiyoda-Xu, Tokyo 100, Japan.

Actual Inventors: Jerry C. BOMMER and Bruce F. BURNHAM
Address for Service: SMITH SHELSTON BEADLE
207 Riversdale Road (P.0. Box 410)
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the best method of perforning it known to us:
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This invention relates to new compounds which
are useful in photodiagnosis and phototherapy, especially
in the detection and treatment of tumors and cancerous
tissues in the human or animal body.

It is known to irradiate tumors and cancerous
tissues in the human body with intensive light following
administration of a hematoporphyrin derivative in the
wavelength range of 626 to 636 namometers to reduce and,
at time, destroy the cancerous cells (see PCT published
specification WO 83/00811). It is als® known that
porphyrins, especially the sodium salt of proporphyrins,
can maintain or promote the normal functions of cells and
are useful for preventing the genesis, growth,
metastasis, and relapse of mialignant tumors. Japanese
Published Patent Applicaticn No. 125737/76 describes the
use of porphyrins as tumor irhibiting agents,
exemplifying etioporphyrin, mesoporphyrin,
protoporphyrin, deuteroporphyrin, hematoporphyrin,
coproporphyrin, and uroporphyrin.

In Tetrahedron Letters No. 23, pp. 2017-2020
(1978), there is described an amino monocarboxylic acid
adduct of the pigment bonellin obtained by extraction of
principally the body wall of the marine echuroid BR.
viridis. The structure of these adducts is presumed to
be an amide formed through either of the free carboxy
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groups of bonellin and the amino mono-carboxylic acid.
Hydrolysis of the adduct yielded a mixture of valine,
isoleucine, leucine and alloisoleucine. No use for these
amino acid adcducts is described in this reference.

That the tetrapyrroles cause intense photo-
sensitivity in animals is well known and has been
documented in numerous articles in literature, e.g., J.
Intr. Sci. Vitaminol, 27, 521-527 (1981); Agric. Biol.
Chem., 46(9), 2183-2193 (1982); Chem. Abst. 98, 276
(1983) and 88 6976m (1982].

The present invention is directed to a
fluorescent mono, di tri or tetramide of an amino acid

and a carboxy containing tetrapyrrole of the formula:

L

R R
\_[‘\M‘“
R R]
8 I S — T
! NH HN
N
e I " R,
 \——
R, “
N
RG R3

or the corresponding di- or tetrahydrotetrapyrroles, said
amine linkage being formed between the amino group of the
amino acid and a carboxy-containing substituent attached
to the tetrapyrrole; wherein
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1 R) is methyl, H OH
or
5 -'CH3 —CH3;
R2 is H, vinyl, ethyl, -CHCH3, acetyl, ¢ -H
H OH -ethyl,
-C=0, CHﬂCH2C02H, or =CHCHO;
R3 is methyl, -H -CH3
10
oxr
—CH3 -0OH;
R4 is H, vinyl, ethyl, CHCH3
OH
15 .
CHZCHZCOZH' =CHCHO, or -H
-ethyl;
R5 is methyl;
E'H¢- R6 is H, CH2CH2C02H, CH2CH2C02R cr COZH;
':ﬁ:’EO R7 1s CHZCHZCOZH' CHECH2C02R or -CH2Ch2C02H
T} "'H7
v teed R8 is methyl or E—CH3
1:‘:‘: -H;
25 ' R9 is H, COOH, CHZCOOH or methyl;
’ provided that when Rl' R2, R3, R4, R7 and R8 represent

two substituents or are divalent and attached to the same
carbon, the respective pyrrole ring to which attached is
a dihydr. syrrole;

30 R is lower alkyl or benzyl; or -C=0 -C=0
o ) or |
R6 and R9, taken together are --CH2 —-CHCOch3
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with the proviso that at least one of Rl-R9 includes a
free carboxyl group; and salts thereof; and wherein the
amino acid has the forrula:

H

(Al)nl[zlyll - (2) 1

wherein N

each Al and A may be the same or different and
are selected from the group consisting of COOH, SO3H or
OH with the proviso that said compound contains at least
one COOH or SO3H;

Z1 and 2 are independently an alkylene chain
containing from 0-5 carbon atoms in the principal chain
and up to a total of 8 carbon atoms;

Y1 and Y are independently ah alkylene chain
containing from 0-5 carbon atoms in the principal chain
and up to a total of 8 carbon atcms with .ae proviso that
when both A and Al are other than SO3H, then one of Y‘1
or Y must contain at least one carbon atom in the
principal chain; or

Yl and Y taken. together with the nitrogen to
which they are attached form an N-heterocycle containing
from 4-9 ring carbon atoms and up to a total of about 15
carbon atoms; or

lel or YZ individually may form a cycloalkyl
group containing from 5 to 10 ring carbon atoms and up to
a total of about 16 carbon atoms.

nl and n are independently 0, 1 or Z; and

n1 + n 2.

|
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The compounds herein are useful for the photodiagnosis
and phototreatment of tumors or cancerous tissue in an
animal host.

The products contemplated by this invention are
cyclic and acyclic tetrapyrroles adducts indicated herein-
above derived by wvarious procedures from
naturally-occurring tetrapyrroles. The cyclic
tetrapyrroles have as their common parent tetrapyrrole,
uroporphyrinogen, and possess the foilowing ring

structure:
1 2
19 20| A '3
4
| Ny
18
17 > 6
/—:
D NH HN By
15 —17
le N 8
72 —_
14 1310 o (10 9
12 11

in which the positions in the molecule are numbered 1-20,
and the rings identified by letters, A, B, C and D, and
also include perhvdro-, e.g., dihydro- and tetrahydro-,
derivatives of the said ring structure,; e.g., compounds
in which one or more double bonds are absent. There are
present in the ring system four pvrrole rings joined
through the alpha positions of the respective pyrrole
rings by a methine group, i.e., -CH=. The compouncés of

the present invention are designated as derivatives of
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the tetrapyrroles for convenience in the disclosure and
the appended claims and it will be understood that the
term "tetrapyrrole" will designate compounds of the
characteristic ring structure designated herein before as
well as the corresponding perhydro derivatives, and the
corresponding non~cyclic pyrroles, i.e., the linear
tetrapyrroles, commonly known as the bile pigments.

Tre tetrapysroles employed in the present

-invention are all derived by various means and various

alteration procedures from natural tetrapvrroles. The
naturally occurring tetrapyrroles have as their common
ancestor uroporphyrinogen III, a hexahydroporphvrin
reduced at the bridge positions. For example, synthetic
or biosynthetic derivatives or products of
protoporphvrins IX or protoporphyrinogen IX are
well-known in the art (see, for example, Porphyrins and
Metalloporphyrins, K. Smith Elsivier; The Porphvrins
(Vols. 1-7) D. Dolphin, Academic Press; and Biosynthetic
Pathways, Vol. III, Chaptzr by B. Burnham, editor D.M,
Greenberg, Academic Press).

The non-cyclic tetrapyrroles are commonly known
as bile pigments and include, for example, bilirubin and
biliverdin. These tetrapyrroles are also derived from
protopcrphyrin, e.g., as metabolic products in animals.

A further characteristic of the present new
compounds. is the presence of at least one amide linkage
between the amino acid and a carboxy substituent on the
ring structure. These are present in the instant new
conpounds together with other substituents as defined
hereinafter.

A
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Thus, the present invention contemplates amino
acid derivatives of compounds which contain the
chromophore of porphyrins, chlorins or bacteriochlorins,
as well as related porphvrin compounds. The amide
linkage involves an amino group of the specified amino
acid and a carboxy group of the tetrapyrrole. The
present new compounds embrace, inter alia, derivatives of

the tetrapyrroles which contain at least one free carboxy

- group. . These derivatives include the major classes cof

tetrapyrroles: carboxy-containing porphyrins, chlorins,
and bacieriochlorins, which are well-known to those
skilled in the art.

The amino acids employed in the present
invention have the following formula:

1

H
(ahy rztvtie - vzl
n

wherein Al, nl, Zl, Yl, Y, 2, A and n have the meanings

described hereinabove. For purposes of this invention,
it is intended that A can be a substituent on: Y or 2 or
both and that Al can be a substituent on Y1 or Z1 or
both. - The variables n and n1 indicate the number of A
and Al substituents present. For example, when n is 2,
then each A which may be the same or different mav be
disubstituted on Y or Z or mono substituted on Y and 2.
When n is 1, the A is monosubstituted on Y or Z, but not
both. Finally, when n is 0, then (A)n is defined to mean

1

hydrogen. Similarly, when n~ is 2, then each A1 which

may be the same or different may be disubstituted on y!

1 1

1.
or Z1 or monosubstituted on Y and 2. VWhen n” 1s 1,
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then Al is monosubstituted on Yl or Zl, but not both.

Finally, when n1 is 0, then (Al)n is defined as hydrogen.

The amino acids employed in the present
invention are primary or secondaryv amino acids. The
specific position of the amino group in the carbon atem
chain is not critical; the only reguirement is that the
amino group be available to fcrm the requisite amide
linkage with the carboxyl group of the selected

-prophyrin. When the emino acid is primary, it must

contain at least one sulfonic acid group, i.e., SO3H. It
is to be understood that the sulfonic acié group is
attached to the main chain through the sulfur atom. The
primary amino acids contemplated to be used in the

present invention have the formula:

HZN[YZ}An

o(-Sulfo—,g—alanine is an example of this class of amino
acigs.

The secondary amino acids used in the present
invention contain two of the following functional groups:
COOH, SO3
compounds contain at least one COOH or SO3H. In other

H or OH, with the proviso that the amino

words, the present invention does not employ those amino
acids containing two hydroxy groups. On the other hand,
the present invention employs those compounds containing

two C02H groups, two SO,H groups, one C02H and one SO3H,

3

one COZH and on OH group and one SO.H and one OH group.

3
Various secondary amino acids are used in the

present invention. When n is 2, then the amino acids
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-groups defined by A, i.e., COZH, SO

-9-

used in the present invention have two subgeneric
formulae. One of the formulae is:

H
R ZlYl—N-[Yz](A)n

wherein Yl,‘Zl, Y, Z and A have the meanings described

heretofore, and n is 2. In other words, both of the

3H or hydroxy are

either substituted on Y, 2 or botil Y and Z. Compounds

within this definition include N-allkvl-asparatic acids,
N-alkyl-glutamic acid, N-alkyl serine or N-alkyl
threonine and the like.

Another variation has the generic formula:
11,141
(A")a"y )N - (¥2)(A)

wherein‘zl, Yl, Y, Z, Al‘and A have the aforementioned

definitions. 1In thie formulation, the A Substituent:is
substituted on Y or 2 and the al
substituted on Z1 or Yl. Examples include iminodiacetic

substituent is

acid, iminodiproponic acid, 4-hydroxyprocline and the
like: \

It is to be noted that the amino acids
containing ring substituents are also employed in the
present invention. For example, Y and Y1 taken together
with the N to which they are attached can form a
N-heterocyclic containing 4-9 ring carbon atoms which may
be saturated or partially unsaturated. The
N-heterocyclic may be substituted or unsubstituted
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monocyclic or bicyclic rings any may contain up to a
total of 15 carbon atoms. An example is
4-hydroxy-proline,

1
1Z‘ individually may form

Alternatively, YZ or Y
a ring containing from 5-10 ring carbon atoms and up to a
total of 15 carbon atoms. These groups may be monocyclic
or cicyclic or tricvclic. For example, Y and Z or Yl and

Zl taken together may form a cvclopentvyl, cvclohexyl,

-norbornyl, adamantvl and the like.

With respect to the alkylene groups Y, 2, Y1

and Zl, the lcwer alkylene groups contain up to 6 carbon
atoms which may be in the normal or branched
configuration including methylene, ethylene, propylene,
isopropvlene, butylene, isobutylene, hexylene, and the
like. It is preferred that lower alkylene contains from
1-3 carbon atoms.

These amino acids may be substituted with
angular alkyl groups, such as methyl and ethyl groups, as
well as other groups which do not adversely affect the
capability of the amino group to form the amide linkage,
e.g., alkoxy groups, or acyloxy groups.

Exemplary compounds of the tetrapyrrole classes
are illustrated in Table I in which the numbered
positions of the tetrapyrrole ring structure are used to
designate the position of the indicated substituent. The
absence of double bonds in the ring system is designated
under "dihydro" with each set of numbers (ring position)
indicating the absence of a double bond between the
designated positions.
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. TABLE I
Ring Position
A B C D
PORPHYRIN 1 26 711 12 14 16 17 Dihydro
Coproporphyrin ITI Me  Pr Me Pr Me PC Pc Me -
Deuteroporphyrin IX Me H e H Me Pr Pr Me -
tHematoparphyrin 1X HMe tl-ie Me rlvie Me Pr Pr Me -~-
—EZH -?H
OH OH
Protoporphyrin IX e v Me \Y Me P H Pr Me --- N
Photoprotoporphycin IX e V “Me  =CHCHO  Me pr H Pr Me 6.7 N
(one of two.iscmers shown) 2 —oH ‘
Mesoporphryin IX Me Et Me Et He Pr H Pr Me -—-
E n Cu
Transmesochlorin IX Me gEt Me Et Me Pr H Pr Me 1.2
Transrnesochloxin I¥ Me Et H H Me Pr Pr Me 6 7
’ g Me g Et
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TABLE I -~ Cont'd.
Ring Position )
A B C D
PORPHYRIN 1 2 6 7 11 12 14 16 17 Dihydro
Chlorin e, Me v Me Et Me QJzH Me g}i f’H 16,17
- P {Me
Chlorin e Me v + Me Et Me LUZH Ac H 3 H 16,17
— g Pr Me
Mesochlorin e4 Me Et Me Et Me 032H Me CH {(” 16,17
—— 3 Pr Me '
Isochlorin e, Me v Me Et Ma H Ac ?H gu 16,17 -?E’
T Pr Me
Mesoisochlorin e, Me Et Me Et’ Me H Ac ;‘H 3 H 16,17
- pPr Me
Mesochlorin eg “Me Et Me Et Me C02H Ac gH §H 16,17
- Pr [ Me
Bacteriochlorin e Me ACL H { H te OLJZH Ac g H { H 6,7
- Me Et Pr Me 16,17




@ 8 3 3 & 5 - 3y
TABLE I - Cont'd.
Ring Position \
A B C D
PORPHYRINM 1 2 6 7 11 i2 14 16 17 Dihydro
Bacteriochlorin ¢, Me  ACL EH gﬂ Me QUM Me 's-a G H 6.7
T Ma Et (pPr ( Me 16,17
Bactericisochlorin &, Me  ACL g H ;H Me H Ac g H § H 6,7
Me { Et pr ( Me 16,17
Me: —CII3 (Methyl group)
Pr: 7(:112CIIZCDOH (Propionic acid group)
v: -CH=CH2 (Vinyl group)
Et: -C]-12CH3 (Ethyl group)

Ac:- -CH,O000H (Acetic acid group)

Hy
ACL: (_}13-{1)- (Acetyl group)

-1 -
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The preferred tetrapyrrole carboxvlic acids are
those wherein at least three carboxylic acid groups are
present in the tetrapyrrole, preferably asvmmastrically
attached to the porphyrin ring system, e.g., the
carboxylic acid groups are present on the rings & and B
side of the molecule or on the rings D and C side of the
molecule.

The particularly preferred tetrapyrroles used

-in this invention are those represented by the formula:

1 -
R CH,CHgy
\ —
3
N
o8 l N
\r__—\\ /==
I! A/NH HN\ c
< CCOH
H.C i ”\\
‘3 —_—
74 e
D C\‘Z
boo H CCOH
'3
H (CH,) 5
. COOH
wherein
R8 = H, vinyl, ethyl, acetyl or formvl;
R1 = methyl or formyl;

and pharmaceutically-acceptable salts thereof.
Exemplary preferred tetrapyrroles are
illustrated in Table II:




L

e .

—CH3 (Methyl group)

~CH,CH, C00H (Propionic acid group)
—CH=CH2 (Vinyl group)
—CHZCH3 (Ethyl group)

~CH.,OQOOH " (Acetic acid group)

2
CHJ—CD— (Acetyl group)

A n [ =]
A O ul o Ul -
. TABLE IT
Ring Position
A B C |
PORPHYRIN 1 2 6 7 11 12 14 16 17 Dihydro
Chlorin e, Me \Y Me Et Me C02H Ac H H 16,17
— Pr Me
Mesochlorin e Me Et Me Et Me CO_H Ac H H 16,17
6 2
— Pr Me
Bacteriochlorin eg Me ACL H H Me  CO,H Ac H H' 6,7
— Me Et ‘Pr Me 16,17
2-Desvinylchlorin e;
(or Deuterochlorin e,) He H Me Et Me  CO,H Ac H H 16,17
- Pr Me
2-NAcetylchlorin ec Me ACL Me Et Me CO,H Ac H H 16,17
— Pr Me
2-Formylchlorin ec Me CHO Me Et Me COo,H Ac H H 16,17
. 0 Pr Me
Rhodin g7 Me v CHO Et Me COZH Ac H H 16,17
— Pr Me
Notes:

-Gi—-
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The preseht‘new compounds form salts with
either acids or bases. The acid salts are particularly
useful for purification and/or separation of the final
amide prodﬁcts as are the salts formed with bases. The
base salts, however, are particularly preferred for
diagnostic and therapeutic use as herein‘dedcribed.

The acid salts are formed with a variety of

acids such as the mineral acids, hydrochloric,

. hydrobromic, nitric and sulfuric acids; and organic acids

such as tolunesulfonic and benzenesulfonic acids.

The base salts include, for example, sodium,
potassium, calcium, magnesium, ammonium,
triethyl-ammonium, trimethylammonium, morpholine and
piperidine salts and similayx such salts.

The acid and base salts are formed by the
simple expediency of dissolving the selected amino acid
tetrapyrrole amide in an agqueous solution of the acid or

base and evaporatiun of the solution to drvness. The use

of a water-miscible solvent for the amide can assist in

dissolving the amide.

The final amide produciis can also be converted
to metal éomplexes for example by reaction with metal
salts. . The maghesium or other non triplet state
gquenching meﬁal complexés mav be useful f£or the same
purpose ‘as the adduct product. Other metal complexes, as
Weli as the magnesium compiex, including, for example,
iron and zinc, are uéeful‘to‘préclude contamination
during processing of the adduct product by metals such as
nickel, cobalt and copper, which are difficult to remove.

Zinc and magnesium are readily removed from the final

adduct product after processing is cdmpleted.
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Since many of the amino acids exist in both the
D- and L-forms, and also are employed in mixtures of

these forms as well as the D,L-form, the selection cf the

starting ‘amino acid will, of course, result in precducts

in which the respective isomer or mixture of isomers
exist. The present invention contemplates the use of all
such isomers, but the L-form is particularly preferred.

The present new compounds are prepared by the

~usual peptide synthetic routes which generally include

any amide-forming reaction between the selected amino
acid and the specific tetrapyrrole.- Thus, any
amide-forming derivative of the tetrapyrrole carboxvlic
acid can be employed in producing the present new
peptides, e.g., lower alkyl esters, anhydrides and mixed
anhvdrides. ) | o

The preferred-preparafive methods use mixed
anhvdrides of the carboxylic acid or carbodiimides. The
reactants are merely contacted in a suitable solvent
therefor and allowed to react. Temperatures up to the
reflux temperature can be used, with the higher
tenperatures merely reducing the reaction time. However,
excessively high temperatures are usuallyv not preferred
so as to avoid unwanted secondary reactions.

The procedures for forming the instant amides
are well known in this art and are provided in detail in
the accompanying examples.

Since the selected tetrapyrrole adducts contain
more than one carboxyl group, mixtures of products can be
formed including isomeric di~ and even tri- or higher
amide products, depending.on the number of carboxyl

groups and depending on the selected stoichiometry.
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Thus when equivalent mixturss of amino acid and
tetrapvrrole are reacted, the product contains
monoamicdes, but, also present will be di- or poly amides.
It is generally possible to separate the nonoamides and
highey amides using known chromatographic techniques and
crystallization techniques. In some cases, however, the
mixtures may be as effective as the pure compounds.

Usually, unreacted tetrapvrrole adducts are
separated from the peptide products of the invention
during purification as, for example, by chromatuwgraphic
techniques.

| The tetrapyrxroles used in the present invention
are commercially available or can be produced by art
recognized technigues known to one skilled in the art, as
described on Pages 3 and 4, supra and Pages 24-25, infra.

The amino acids used in the present invention
are commercially available or can be produced by art
recognized techniques known to one skilled in the art.

An exemplary procedure for preparing the amino adids is

thouglh simple substitution reactions.

(L) o=2*Y* - N - YZ (A), + A® > IT
ITI :
(A%),. - ZY* - N - Y2(L), + A°— \ NTI
111" ‘
(L*),-2*Y* - N - ?2(L), A% and/or A% 1II
III'®

wherein n, nl, 21, Yl, Y and 2 have the forementiocned
1 are OH_G or 803 © and L and Ll

such as halides, brosylates,

meanings and A or A are

good leaving groups,

‘mesylated, tosylates and the like.
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The carboxy groups can be added to the amino
acids by replacing A or A' with CNe followed by acid
hydroloysis. Alternatively, a carboxy substituent carn be
formed by reacting CO2 or dry ice with a Grignard reagent
in ethers such as diethyl ether or tetrahvdrofuran. The
reaction can be run at room temperature up to reflux
temperatures of the solvent. The Grionard reaction
should be run prior to the addition of the hydroxy or
carboxy substituent to the molecule.<

Alternatively, II can be prepared by reacting
the halide of Formula IV with an excess of amine of

Formula V as follows under amine alkylation conditions:

1.1 C o [y II
(A)nl[Z YUIX o+ Nuz [Zl]An _—

-

Iv v

wherein Al, nl, Zl, Yl, Z, ¥, A and n have the

aforementioned meanings and X is halide.

Alternatively, II can be prepared by reacting
an amine of Formula V with an aldehyde of Formula VI and
then reducing the corresponding imine that is formed with
an hydrogenating catalyst such as Hz/Ni, H2/Pt or H2/Pd
using techniques known to one skilled in the art:

o reducing
I agent

1 v!cH > II

1
V + A n1[Z
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’Except for the Grignard reaction indicated
hereinabove, the reactions described hereinabove are
normally effected at or near roorn temperature, although
temperatures from 0°C up to the reaction medium can be
employed. The reactiec:. is carried out in a solvent that
will dissolve both reactants and is inert to both as
well. Solvents such as methylene chloxide, diethyl
ether, tetrahydrofuran, dioxane, chloroform and the like
can be employed.

Photodiagnosis and Phototherapy

‘“he compourds of the present invention are
useful for the photodiagnosis and phototherapy of tumor,
cancer and malignant tissue (hereinafter referred to as
"tumor") .

When a man or animal having tumor is treated
with doses of a compound of the present invention and
when appropriate light ravs or electromagnetic waves are
applied, the compound emits light, i.e., fluorescence.
Thereby the existence, position and size of tumor can be
detected, i.e., photodiagnosis.

When the tumor is irradiated with light of
proper wavelength and intensity, the compound is
activated to exert a cell killing effect against the
tumor. This is called "phototherapy".

Compounds intended for photodiagnosis and
phototherapy ideally should have the following
properties:

(a) non-toxic &t normal therapeutic dosage
unless and until activated by light;

(b) should be selectively photoactive;
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(c) when light rays or electromagnetic waves

are applied, they should emit characteristic and

detectable fluorescence;
(d) when irradiated with light rays or
electromagnetic waves are applied, they are activated to
an extend to exert a cell killing effect against tumor;
and
(e) easily metabolized or excreted after
treatment. ’
The present new compounds possess greater
10 fluorescence in tumors than do the corresponding basic
tetrapyrroles. Their use provides the best contrast in
tumors compared to normal tissue around tlr 2 tumor. The
instant compounds absorb activating energy for
phototherapy in the convenient range of 600 to 800
15 nanometers, with the preferred compounds absorbing in the
620-760 nanometer range, i.e., light of longer
wavelengths which more readily permits penetration of
energy into the tumor for phototherapeutic purpose.
‘ﬁ P In present experience, the present compounds

o more uniformly distribute throughout the tumor than the
0 basic tetrapyrrole permitting the use of considerablv
lower dosage (to about 1/10th of the required normal dose
of the basic tetrapyrrole) which lessens, if not
eliminates, photosensitization in the host. They also
possess a more consistent fluorescence whereas some of
the corresponding tetrapyrroles show inconsistent
fluorescence or the fluorescence varies from day to day

in the host.

£ 30
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A particularly advantageous property of the
present compounds resides in the ease with which they are
excreted by the host. Generally, within 48 to 72 hours
of intravenous or intraperitoneal administration, there
are little or not detectable amounts in normal muscle
tissue. = The present compounds which are excreted with
their chromophore intact are recovered from the feces of
the host within 48-72 hours of injection. Under
equivalent circumstances, substantial amounts of the
corresponding tetrapyrroles remain, as compared with only
minor amounts of peptides formed with the
aminocarboxylic acids remain in the host, e.g., up to
about 20%.
it contributes to minimization of photosensitization of

the host.

This property is extremely important in that

The instant compounds can he” used for diagnosis
and therapeutic treatment of a brocad range of tumors.
Examples of tumors are gastric cancer, enteric cancer,
lung cancer, breast cancer, uterine cancer, esophageal
cancer, ovarian cancer, pancreatic cancer, pharyngeal
cancer, sarcomas, hepatic cancer, cancer of the urinary
bladder, cancer of the upper jaw, cancer of the bile
duct, cancer of the tongue, cerebral twumor, skin cancer,
malignant goiter, prostatic cancer, cancer of the
parotide gland, Hodgkins's disease, multiple myeloma,
renal cancer, leukemia, and malignant lymphocytoma. For
diagnosis, the sole requirement is that the tumor be
capable of selectivity fluorescing when exposed to proper
light.

the activation energy.

For treatment, the tumor must be penetrable by
For diagnosis, light of shorter
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wavelength is used whereas for therapeutic purposes light
of longer wavelength is used to permit ready penetration
of the tumor tissue. Thus, for diagn¢sis, light of from
360-760 nanometers can be used, and for treatment, from
620-760, depending on the individual charactciristics of
the tetrapyrrole. The absorption characteristics of the
present new compounds are substantially the same as the
tetrapvrrole from which derived.

It is necessary that the light rays be so
intense as to cause the compounds to emit fluorescence
for diagnosis and to exert a cell killing effect. for
therapy.

The source of irradiation for photodiagnosis
and phototherapy is not restricted, however, but the
laser beam is preferable because intensive light rays in
a desired wavelength range can be selettively applied.
For example, in photodiagnosis, the compound of the
invention is administered to a human or animal body, and
after a certain period of time, light rays are applied to
the part to be examined. When an endoscope .can be used
for the affected part, such as lungs, gullet, stomach,
womb, urinary bladder or rectum, it is irradiated using
the endoscope, and the tumor portion selectively emits
fluorescence. This portion is observed visually, or
observed through an adapted fiber scope by eye or on a
CRT screen.

In phototherapy, after administration of the
dosage, the irradiation is carried out by laser beams
from the tip of quartz fibers. Besides the irradiation
of the surface of tumeor, the internal part of the tumor
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‘mg/kg can be used.
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can be irradiated by insertinq the tip of quartz fibers
into the tumor. The irradiation can bé visually observed
or imaged on a CRT screen. |

For photodiagnosis, light of wavelengths
between 360 and 760 nm. is suitable for activating the
present tetrapryrrole compounds. Of course; each
compound has a specific optimal wavelength of activation.
A long wavelength ultravioclet lamp is particularly |
suitable for photodiagnosis. Similar methods for viewing
of the treated tumor can be used as already described for
phototherapy.

The dosages of the present new compounds will
vary depending on the desired effect, whether for
For diagnosis, doses of as
little as 1 mg /kg will be effective, and up to about 20
For treatment, the’dose will usually

apprqximate about 5 mg/kg. Of course, the dosage for

“either diagnosis or treatment can be varied widely in

view of‘afbresaid advantageous properties of the present
compounds, e.g., the ease of elimination from the host,
for one. |

The present compounds are apparently non-toxic
at the dosage levels employed for diagnosis or treatment.
Nb mortality of test animals due the present compounds
has been noted in studies employing dosage levels up to
100 mg/kg.

For both diagnosis and treatment, the present
compounds can be administered by the oral, intravenous,
or intramuscular routes. They can be formulated as
lyophilized sterile, pyrogen-free compounds: preferably
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in th2 form of basic salts, e.g., sodium salt. The

preferred dosage for.s are provided as injectable
sclutions (isotonic).

The irradiation source used in treatment of
tumors containing compounds of this irvention is a
filtered, high-intensity, c-ontinuous source or pumped
dy=, or other laser and light delivery system, which is
capable of performing within the following limits: power
intensity 20--500 mw/cmz at wavelengtﬁs between (620 and

760 nm. and a total output cf at least 500 mw. or

greater. Several currently comnmercially available lasers

meet thesa criteria.

The- tetrapyrroles can be prepared by various
synthetic methods which are found in literature, e.g.,
Pheophorbides

Willsvatter, R., Stoll, A.;
Chlorophvll, (Transl.

Investigations on

Schertz, FM.M, Merz A.,R.) p. 249.
Science Printing Press, Lancaster, Pennsylvania, 1928.

Pennington, F.C. Strain, F.H., Svec, W.A., Katz, J.J.;

J. Amer. Chem. Soc., 86, 1418 (1964).

Chlorin

-—

Willstatter, R. Stoll, A.; investigations on Chloropyll,

{(Trans., Schertz, F.M., Merz, A.R.,) p. l76.

Science
Printing Press, Lancaster, Pennsylvania, 1928.

Willstatter, R., Islexr, M.; Ann. Chem., 390, 269 (1912).

Fisher, H., Baumler, R.; Ann Chem., 474, 65 (1929).
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Fisher, H., Siebel, H.; Ann. Chem., 499, 84 (1932).

Conant, J.B., Mayer, W.W.; J. Amer. Chem. Soc., 52, 3013
(1930) .

Chlorin e

Fisher, H., Heckmaier, J., Plotz,
Chem., 500,215 (1933).

E.; Justus Leibios Ann.

Chlorin e., e., isochlorin e., mesochlorin e.,

bacteriorheophorbide, bacteriochlorin e.

Fischer and Orth, "Des Chemie des Pyrrole" Akademische
Verlazscesellschaft, Leipzic, 1940. Vol. II, Part. 2.

General Reference for»Po:phyrins

"Porphyrins and Metalloporphyrins" ed. Kevin M. Smith,
Elsevier 1975 N.Y.

N\
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The cdmpounds of the present invenﬁion can be
admihistered to the host in a variety of forms adapted to
the chosen route of administration, i.e., orally, ‘
intraveneously, intramuscularly or subcutaneous routes.

The active compound may be orally administered,
for example, with an inert diluent or with an assimilable
edible carrier, or it may be enclosed in hard or soft
she1l gelatin capsule, or it may be compressed into
tablets, or it may be incorporated directly with the food
for the diet. For oral therapeutic administration, the |
active compound may be incorporated with excipients and
used in the form of ingestible tablets, buccal tablets,
troches, capsules, elexirs, suspensions, syrups, wafers,
and the like. Such compositions and preparations should
contain at least 0.1% of active compound. The percentage
of the‘compositions and preparations may, of course, be
varied and may‘conveniently be between about 2 to about
60%:of the weight of the unit. The amount of active
éompound:in‘such therapeutically useful compositions is
such that .. suitable dosage will be obtained. Preferred
¢ompositioné or preparatidns‘according to the present
inventiof are prepared so that an oral dosage unit form
contains between about 50 and 300 mg of active compound.‘
:  The tableﬁs, troches, pills, capsules and the
like may also contain the following: A binder such as
gum tragacanth, acacia, corn starch or Qelatin;
excipients such as dicalcium‘phosphate; a disintegrating.
agent such as corn starch, potato starch, alginic acid
and the like; a lubricant such as sucrose, lactose or
saccharin may be added to a flavoring agent such as
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peppermint, oil of wintergréen, or cherry flavoring.

When the dosage unit forn is a capsule, it may contain,
in addition to materials cf the above type, a liquid
carrier. Various other materials may be present as
coatings or to otherwise modify the physical form of the
dosage unit. For instance, tablets, pills, or capsules
may be coated with shellac, sugar or both. A syrup or
elixir may contain the active compound, éucrose as a
sweetenino agent, methyl and propylaparabens and
preservatives, a dye and flavoring such as cherry of
orange flavor. Of course, any material used in preparing 
any dosage unit form should be pharmaceutically pure and
substantially non-toxic in the amounts emploved. In
addition, the active compound may be incorporated into
sustained-release preparations and formulations.

The active compcund may also be administered
parenterally or intraperitoneally. 3nlutions of the
acﬁive compound as a free base or pharinacologically
acceptable salt can be prepared in water suitably mixed

with a surfactant such as hvdroxypropylcellulose.

Dispersions can also be prepared in glycerol, liquid

‘polyethylene glyéols, and mixtures thereof and in oils.
Under ordinary conditions of stvorage and use, these

preparations contain a preservative to‘prevent the growth
of microorganisms¢ ;

The pharmaceutical forms suitable for
injeétable use include sterile aqueous. solutions or
dispersions and sterile powders for the extémporanous
preparation of sterile injectable solutions or |
dispersions. In all cases the form must be sterile and
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must be fluid to the extent that easy syringability
exists.. It must be stable under the conditions of
manufacture and storage and must be preserved against the
contaminating action of microorganisms such as bacteria
and fungi. The carrier can be a solvent or dispersion
medium containing, for example, water, ethanol, polyol
(for example, glycerol, propylene glycol, and liquid
polyethylene glycol, and the like), suitable mixtures
thereof, and vegevable oils. The proper fluidity can be
maintained, for example, by the use of a coating such as
lecithin, by the maintenance of the required particle
size in the case of dispersion and by the use of
surfactants. The prevention of the action of
micro-organisms can be brought about by various
antibacterial and antifungal agents, for example,
parabens, chlorobutanol, phenol, sorbit acid, thimerosal,
and the like. In many cases, it will be preferable to
include isotonic agents, for example, sugars or sodium
chloride. Prolonged absorption of the injectable
compositions of agents delaying absorption, for example,
aluminum monostearate and gelatin.

Sterile injectable solutions are prepared by
incorporating the active compound in the required amount
in the appropriate solvent with various of the other
ingredients enumerated above, as required, followed by
filtered sterilization. . Generally, dispersions are
prepared by incorporating the various sterilized active
ingredient into a sterile vehicle which contains the
basic dispersion medium and the required other
ingredients from those enumerated above. In the case of
sterile powders for the preparation of sterile injectable
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solutions, the preferred methods of preparation are
vacuum drying and the freeze-drying technique which yield
a powder of the active ingredient plus any additional
desired ingredient from previously sterile-filtered
solution thereof. '

The present new compounds may also be applied
directly to tumors, whether internal or external, in the
host in topical compositions. Exemplary compositions
include solutions of the new compounds in solvents,
particularly agueous solvents, most preferably water.
Alternatively, for topical application particularly to
skin tumors, the present new compounds may be dispersed
in the usual cream or salve-formulations commonly used
for this purpose or may be provided in the form of spray
solutions or suspensions which may include a propellant
usually employed in aerosol preparatiohs,

As used herein, "pharmaceutically acceptable
carrier" includes any and all solvents, dispersion media,
coatings, antibacterial and antifungal agents, isotonic
and absorption delaying agents and the like. The use of
such media and agents for pharmaceutical active
substances is well known in the art. Except insofar as
any conventional media or agent is incompatable with the
active ingredient, its use in the therapeutic
compositions is contemplated. Supplementary active
ingredients can also be incorporated into the
compositions,

It is especially advantageous to formulate
parenteral compositions in dosage unit form for ease of
administration and uniformity of dosage. Dosage unit
form as used herein refers to physically discrete units
suited as unitary dosages for the mammalian subjects to
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be treated; each unit containing a predetermined gquantity
of active material calculated to produce the desired
therapeutic effect in association with the required
pharmaceutical carrier. The specification for the novel
dosage unit forms of the invention are dictated by and
directly depéndent on (a) the unique characteristics of
the active material and the particular therapeutic effect
to be achieved, and (b) the limitations inherent in the
art of compounding such an active material for the

treatment of tumors in living sﬁbjects.

The following ekamples further illustrate the
invention,
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EXAMPLE 1
Mono iminodiacetic acid Chlorin €6

500 mg chlorin g was stirred in 5 ml of dimethyl

6
formamide until dissolved (approximately 10 minutes). 150

mg of l-ethyl-3-(3-dimethylamino-propyl) carbodiimide was

added and the mixture allowed to stir for one hour. At

this time, 5 ml of a 0.5M solution of iminodiacetic aciad

‘in‘l M sodium acetate, the pH of which was adjusted to 9

with sodium hydroxide, was added to the dimethylformamide

" solution.

The mixture was allowéd to stir for 2 hours, then diluted
to 50 ml with 0.1 N NaOH, the pH adjusted to 7 with |
dilute HCI, and the solution applied to a reverse phase
(Prep C-18 silica) column (4 cm x 60 cm). The column was
eluted with 20 to 35% MeOH in .01 M NaPO, pH 6.85 buffer.
The methanol was removed from the fractions containing

the conjugated pfoduct (first to elute from the column)

by rotary evaporation.

The product was precipitated at pH 3 with HCI, collected
by centrifugation and washed twice at the centrifuge with
pH3 water. The sample was dissolved with 0.1 N sodium
hydroxide at pH 9, and lyophilized to dryness as the
tetra sodium salt ‘X hydrate. Yield 70 mg.
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dimethylformamide until dissolved

for 30 minutes.
then added along with

EXAMPLE 2

Mono-N-methvl-L-glutamyl chlorin e
250 mg of chlorin e, was stirred in 3 ml of
(approximately 10
mibutes). 75 mg of l-ethyl-3-(3-dimethylaminopropyl)
carbodiimide was. added and the mixture allowed to stir
100 mg of N-methyl-L-glutamic acid was
The
At this

pH 6.85 on C-18

7 ml more dimethylformamide.
mixture was allowed to react for three hours.
time, the TLC (70% MeOH 3C% 0.01 M NaPO4
plates) showeoc about 40 percent product.

The solution was then diluted with 25 ml of 1 M sodium
acetate SOlﬁtion and the pH of this sdlu£ion was adjusted
to 9 with sodium hydruxide. After all precipitate‘was
dissolved, tho solution was. placed on a 2.5 x 30 cm
reverse phase (Prep C-18 silica) column and eluted with
20-40% me“hanol in 0.0l M NaPO, pH 5.85 buffer. The
fractions containing the pure product as ascertained by
TLC were reduced in volume to approximately 400 ml and
collected by running through a small amount of reverse
The packing was
washed with water, then the product eluted with
methanol.

phase packing on a 5 cm buchner funnel.

The methanol was removed by flash evaporation
and the remaining aqueous solution of approximately 20 ml
volume was adjusted to pH 9 with sodium hydroxide,
filtered and lyophilized.
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The tetra sodium salt was dissolved in 2 ml of water,
filtered to remove silica, then crystallized by slow
addition of approximately 10 ml of dimethylformamide.
The product was filtered, washed with dimethylformamide,
then acetone, then dried under vacuum. Yield 136 mg of
the tetrasodium salt °X hydrate.
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EXAMPLE 3

Mono N-methyl (D, L) aspartyl chlorin &g
500 mg of chlorin gg was stirred until dissolved in 5 ml
of dimethyl formamide (approximately 10 minutes). 160 mg
of l-ethyl-3-(dimethylaminopropyl) carbodiimide was added
and the mixture allowed to stir for 15 minutes 200 mg of
N-methyl (D, L) aspartic acid was then added and the

mixture was stirrecd for 3 hours.

50 ml of 1 M sodium acetate solution was then added, and
the pH adjusted to 9. The solution was stirred until all
solid was dissolved and then added to a 4 cm x 60 cm
reverse phase (Prep. C-18 silica) column. The column was
eluted with 20 to 40 % methanol in 0.01 M NaPO4 pPH 6.85.
The fractions containing the pure product as ascertained
by TLC (70% MeOH, 30% 0.01 M NaPO4 pPH 6.85 C-18 reverse
phase plate) were pooled and reduced in volume to
approximately 100 ml by flash evaporation.

The product was precipitated at pH 3, collected by
centrifugation, washed twice with ph2 water at the
centrifuge, and dissolved at pH 9 with 0.1N sodium
hydroxide. The solution was dried by lyvophilization
yielding 230 mg of the tetrasodium salt °X hydrate.
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' EXAMPLE 4

6
Crude iminodipropionic acid was prepared by hydfolfsis of
iminodipropionitrile in refluxing 6 N hydrochloric acig

and extracting a basic aqueous 'solution with n- butanol to
remove unhydrolyzed product, then extract*ng

.iminodipropionic acid into n-hutanol from the aqueous

solution adjusted to pH3. This crude preparation dried
from the n-butanol was used in coupling to chlorin €6
with final purification based upon chromatography of the

chlorin e, conjugates.

6

800 mg of chlorin e, was dissolved with stirring in 8 ml

of dimethylformamidg. 265 mg of
l-ethyl-3-(3-dimethylaminopropyl) carbodiimide was then
added, and the mixture was allowed to stir for 30
minutes. 600 mg of the crude preparation of
iminodipropionic acid was added as solid, and the mixture
allowed to stir at r.t. for 16 hours. TLC by reverse
phase chromatography (C-18 plate) 70% MeOH 30% 0.01 M
NaPO4 pH;G.SS showed approximately 10 to 20 % produét

£ 6 and the

and a slower running derivative of

value than the chlorin e

6 .
chlorin e

_.6 “

The DMF solution was diluted with 100 ml of 0.1 N sodium

hydroxide and the pH adjusted to 9 and stirred until all

solid had dissolved. The solution was then added to a 4

cm X 60 cm reverse phase (Prep. C-18 silica) column. The
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column was eluted with 30-40% MeOH in 0.01 M NaPO, pH

6.85. The fractions collected were pooled according to

their purity as ascertained by TLC, reduced in volume to
approximately 100 ml by flash evaporation and
precipitated at pH3 with HCLI.

The precipitate was ccllected by centrifugation and

washed with pH3 water 3 times at the centrifuge. The

.precipitate was then dissolved in approximately 10 ml of

water by titrating to pH9 with dilute sodium hydroxide,.
The product was then frozen and lyophilized to dryness.
Yield 60 mg of tetrasodium salt ‘X hydrate,
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EXAMPLE 5

Mono tfans-4-hydroxy-L-proline—chlorin &

300‘mg‘of:chlorin‘g was dissolved in 3 ml of

‘ 6 ‘
dimethylformamid- with stirring (approximately 10
minutes); 96 mg of l-ethyl-3-(3-dimethylamine-propyl)

carbodiimide was then added and the mixture allowed to

.stir for 30 minutes. At this time 198 mg of finely

powdered trans-4-hydroxy-L-proline was added, and the
mixture al: ved to stir at room temperature for 3 hours.

The dimethyl formamide solution was poured into 30 ml of
0.1IN sodium hydroxide solution and stirred until

10 ml of 1 M NaPO4 pH 6.85 buffer was added‘
and the solution applied to a 2.5 cm x 30 c¢m (Prep. C-18
silica) The column was eluted with 30-40% MeOH
in 0.01 M NaPO4 pH 6.85 buffer. \
ascertained by TLC reverse phace (C-18) plates 70/30
MeOH/0.01 M NaPO, pH 6.85 were combined and reduced in

1
volume to 100 ml by flash evaporation.

dissolved.

column.

The pure fractions as

 The product was precipitated at pH3, washed 3 times at

the centrifuge with pH3 water and redissolved in 10 ml of
water by titrating to pH10 with sodium hydroxide. The
produce was then pfecipitated‘by‘addition of
approximately 30 ml of dimethyl formamide and then 30 ml
of acetone. The product was collected by centrifugation
and washed once‘with‘dimethyl formamide and twice with
aceﬁone at the centrifuge. The product was then dried
under vacuum. Yield 90 mg of the trisodium salt ‘X
hydrate. ‘ ‘
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EXAMPLE 6

Monodczsulfo /4 alanyl chlorin [P
500 mg of chlerin g, was dissolved in 10 ml of
dimethylformami.e with stirring (approximately 10
minuces). 150 mg <% l-ethyl-3~(3-dimethylaminopropvl!

carbodiimide was added and the mixtu_e was stirred for an

-additional 30 mir: tes. At this time, 10 ml more

dimethylformamide was added, and the activated chlorin g6
was added to 50 ml of 0.5 M sodium acetate containing 400
mg of dissolved<%\sulfo /fgalanine, adjusted to pH1l0 with
sodium hydroxide. The mixture was stirred for 1 hour at

room temperature.

The solution was then applied to a 4 x 60 cm reverse
phase (Prep C=18 silica) column and eluted with 30 to 40%
methanol in 0.01 M NaPO, pH 6.85. The pure fractions as
ascertained by TLC (C-18 plate) 70/30 MeOH/0.01 M NaPO,
pH 6.85 buffer were pooled and reduced to approximately
1/3 of their volume by flash evaporation. The product
was app'ied to C-18 packing in a 7 cm Buchner funnel,
washed with water, then eluted from the packinyg with
50/50 MeOH/HZO. The methanol wis removed by flash
evaporation and the remaining aijueous solution
lyophilized. The solid was redissolved in 10 ml of water
and filtered to remov( siiica. The aqueous solution was
lyophilized again and yielded 350 mg of the tetrasodium
salt *X hydrate.
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EXAMPLE 7

Morio N-methyl-L-serinyl chlorin &6

600 mg of chlorin e_ was dissolved in 6 ml of

6
dimethylformamide and stirred for 20 minrutes. 192 mg of
l-ethyl-3-(3-dimethylaminopropyl) carbodiimide was added

and the mixture allowed to stir for 45 minutes. 400 mg

[of finely powdered N-methyl-L-serine was added and the

mixture stirred for 20 hours at room temperature.

- The dimethYlformamide solution was poured into 60 ml of

0.1 N sodium hydroxide and allowed to stir for 15

minutes. 20 ml of 1 M NaPO, pH 6.85 was added, and the
solution was applied to a 4 x 45 cm (Prep. C-18 silica)
column. The column was sluﬁed with 30-45% MeOH in 0.67 M
NaPO4 pH 6.85 buffer. The pure fractions as ascertained |
by TLC (C-18 plate) in 70/30 MeOH/0.01 M NaPO, pH 6.85
buffer were pouled, and the methanol remcved by flash
evaporation. The product was collected on preaparative
C-18 packing in a 9 cm Buchner funnel, washed with water,
and eluted off the packing with 50/50 VeOH/H The
methanol was removed by flash evaporatlon and the product
wés dried “y lyophilization. Yield 350 mg of the

trisodium _alt * X hydrate.

i dmi e e et e
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EXAMPLE 8
1
By substituting L-threonine for serine in
Example 7, and using the procedure described therein,
o Mono N-methyl-L-threoninyl chlorin eg is prepared.
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1 EXAMPLE 9

Similarly by substituting transmescholin IX for

chlorin 6 in Example 8, the following compounds can be
prepared:
5
Mono iminodiacetic acid transmesochlorin IX
Mono N-methyl-L-glu:amyl transmesochlorin IX
Mono N-methyl (D,L)aspartyl transmescchlorin IX
10 Mono iminodipropionic acid transmesochlorin IX
Mono trans-4-hydroxy-L-proline transmesochlorin IX
Mono 0(-sulfo- alanyl transmesochlcrin IX
Mono N-methyl-L-serinyl transmesochlorin IX
Mono N-methyl-L-threoninyl transmesochlorin IX
15
i 20
(%)
¢ 00
< e
‘.:°°°
£.25
u (X} L]
(1 ' %ot
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EXAMPLE: 10

Similarly by substituting protoporphyrin IV for
chlerin €6 in Examples 1-8, the following compounds can
be prepared:

Mono-iminodiacetic acid protoporphyrin IX
Mono-N-methyl-L-glutamyl protoporphyrin IX
Mono-N-methyl (D,L)aspartyl protdﬁorphyrin IX
Mono iminodipropionic acid protoporphyrin I¥
Mono-trans-4-hydroxy-L-proline protoporphyrin IX
Mono X -sulfo- ,ﬁ -serinyl protoporphyrin IX
Mono N-methyl-L-serinyl protoporphyrin IX

Mono N-methyl-L-threcninyl protoporphvrin IX
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. EXAMPLE 11
1 -

Similarly, by substituting mesoporphyrin IX for
chlorin e in Examples 1-8, the following compounds can
be prepared:

5
Mono iminodiacetic acid mesoporphyrin IX
Mono N-methyl-L-glutamyl mesoporphvrin IX
Mono N-methyl (D,L)aspartyl mesoporphyrin IX
10 Mono trans-4-hvdroxy-L-proline mesoporphyrin IX
Mono X -sulfo- ﬂ -alanyl mesoporphzin IX
Mono N-methyl-L-serinyl mesoporphyrin IX
Mono N-methyl-L-threoninyl mesoporphyrin IX
15
20
-85
{
.30
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EXAMPLE 12

Similarly, by substituting pyropheophorbide a

6

can be prepared:

Mono
Mono
Mono
Mono
Mono
Mono
Mono

in Examplés 1-8, the following compounds

iminodiacetic acid pyfopheophorbide‘a

N-methyl-L~glutamyl pyropheophorbide a

N-methyl(D,L)aspartyl pyropheophorbide a

trans—4-hydroxy-L—proline pyrdpheophorbide a

A -sulfo- ,@

—~alanyl pyropheophorbide a

N-methyl-L-serinyl pyropheophorbide a
N-methyl-L-threoninyl pyropheophorbide a

“___A__._.;



' EXAMPLE 13
l _—_—

. Similarly, by substituting coproporphyrin III
{ for chlorin ¢ in Examples 1-8, the following compounds
| can be prepared:

i
i
i Mono iminodiacetic acid coproporphyrin III
i Mono N-methyl-L-glutamyl coproporphyrin III
i Mono N-methyl(D,L)aspartyl coproporphyrin III
‘ 10 Mono trans-4-hydroxy-L-proline coproporphyrin III
Mono o(—sulfo— B -alanyl coproporphyrin III
Mono N-methyl-I-serinyl. coproporphyrin III
Mono N-methyl-L-threoninyl coproporphyrin III
15
20
25
|
l..‘
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EXAMPLE 14

Similarly, by substituting deuteroporphyrin IX

for chlorin ec in Examples 1-8, the following compounds

can be prepared:

Mono
Mono
Mono
Mono
‘Mono
Mono
' Mono

iminodiacetic acid deuteroporphyrin IX
N-methyl-L-glutamvl deuteroporphyrin IX
N-methyl(D,L)aspﬁrtyl deuteroporphyrin IX
trans—4—hydroxy—L—proline deuteroporphyrin IX
C{*—sulfo- %Z alanyl deuteroporphyrin IX
N-methyl-L-serinyl deuteroporphyrin IX
N-methyl-L-threoninyl deuteroporphyrin IX
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EXAMPLE 15

1
Similarly, by substituting hematoporphyrin IX
for chlorin ec in Examples 1-8, the following compounds
can also be prepared:
Mono iminodiacetic acid hematoporphyrin IX
Mono N-methyl-L-glutamyl hematoporphyrin IX
Mono N-methyl (D,L)aspartyl hematéporphyrin IX
10 Mono trans-4-hydroxy-L=proline hematoporphyrin IX
Mono C{—sulfo— p? -alanyl hematoporphyrin IX
Mono N-methyl-L-serinyl hematoporphyrin IX
Mono N-me “hyl-L-threoninyl hematoporphyrin IX
15
i
20
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EXAMPLE 16

1
Similarly, by substituting mesochlorin e, for
chlorin e. in Examples 1-8, the following compounds can
be prepared:
5
Mono iminodiacetic acid mesochlorin e,
Mono N-methyl-L-glutamyl mesochlorin ec
Mono N-methyl(D,L)aspartyl mesochlorin ec
10 Mono trans-4-hydroxy-L-proline mesochlorin ec
Mono <X-ﬁulfo— —alanyl mesochlorin eG
Mono N-methyl-L-serinyl mesochlorin 6
Mono N-methyl-L-threoninvl mesochlorin €6
H
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Similarly, by substituting bacteriochlorin eg

for chlorin eg in Examples 1-8, the following compounds can

also be prepared:

Mono
Mono
Mono
Mono
Morno
Mono

Mono

iminodiacetic acid bacteriochlorin eg
N-methyl-L-glutamyl bacteriochlorin eg
N-methyl (D,L) aspartyl bacteriochlorin eg
trans-4-hydroxy-L-proline bacteriochlorin eg
o -sulfo- -alanyl bacteriochlorin eg
N-methyl-L-serinyl bactericchlorin eg
N-methyl-L-threoninyl bacteriochlorin eg
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EXAMPLE 18

Similarly, by substituting deuterochlorin eg

for chlorin e, in Examples 1-8, the following compounds

6
can be prepared:

Mono iminodiacetic acid deuterochlorin e6

Mono N-methyl-L-glutamyl deuterochlorin g

Mono N-methyl (D,L)aspartyl deuterochlorin eg

Mono trans-4-hvdroxy-L-proline deuterochlorin e¢

Mono A -sulfo- /2 -alanyl deuterochlorin ¢

Mono N-methyl-L-serinyl deuterochlorin g

Mono N-methyl-L~threoninyl deuterochlorin ec

—_— Kol



EXAMPLE 19
1 Zaallobh 29
‘Similarly, by substituting 2-acetylchlorin s
for chlorin e6‘in‘Examples 1-8, the following compounds
can also be prepared:
Mono iminodiacetic acid‘2—écetylchlorin ee
Mono N-methyl-L-glutamyl 2-acetylchlorin €c
Mono N-methyl(D,L)aspartyl 2-acetylch;orin ec
10 Mono trans—4—hydroxy;prroline 2—a¢etylchlorin e¢
Mono C{-sulfo- /9 -alanyl 2-acetylchlorin eg
Mono N-methyl-L-serinyl 2-acetylchlorin eg
Mono N-methyl-L-threoninyl 2-acetylchlorin e,
15
' 20
25
30

35
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EXAMPLE 20

Similarly, by substituting 2-formylchlorin egq
for chlorin eg in Examples 1-7, the following compounds can

also be prepared:

Mono iminodiacetic acid 2-formylchlorin eg
Mone N-methyl-L-glutamyl 2--formylchlorin eg
Mono N-methyl (D,L) aspartyl 2-formylchlorin eg
Mono °<—su1fo—.ﬁ alanyl 2-formylchlorin egq
Mono N-methyl-L-serinyl 2-formylchlorin eg

Mono N-methyl-L-threoninyl 2-formylchlorin eg

890406, lwbdat.0N8,nip22847.spc,
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EXAMPLE 21
1
Similarly, by substituting rhodin 9, for
chlorin s in Examples 1-8, the following compounds can
also be prepared:
Mono iminodiacetic acid rhodin 9,
Mono N-methyl~ -glutamyl rhédin_g7
Mono N-methyl (D,L)aspartyl rhodin 95
10 Mono trans--4-hydroxy-L-proline rhodin 9
Mono X -sulfo- -alanyl rhodin g
Mono N-methyl-L-serinyl rhodin 9
Mono N-methyl-L-threoninyl rhodin 9,
15
¢ 25
30
35
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Physical characteristics of the compowunds
(relative polarity) is measured by a standard
chromatographic system. The chromatographic data (Rf
values) were measured on Baker silica gel-Cl8 thin laver

chromatographic plates, the particular size of which is

20 uM, and the coating thickness of which is 200 uM. Thre

solvent svstem for these chromatographic runs consisted

of 75% methanol, and 25% 0.01 M botag;ium phosphate

.buffer, pH 6.85. The Rf values for the various

derivatives are tabulated in Table III.




1 TABLE III )
PHYSICAL CHARACTERISTICS OF REPRESENTATIVE CONMPOUNDS
(RELATIVE POLARITY)
J 5
AS MEASURED BY A STANDARD CHROMATOGRAPHIC SYSTEM'
TLC Plate Eaker Si-C18 20 um particle size~ 200 um coating thickness
Solvent system 75% methanol 25%0.01 M KPO, Buffer pH 6.85
10
Compound ‘ Rf
15
1. Mono inincdipropinnic acid chlorin s 0.76
2. Mono iminodiacetic acid chlorin e 0.381
20 4. Mono N-methyl (LJ-glutamyl chlorin s 0.73
4. Mono N-methyl (D, L) aspartyl chlorin & 0.73
5. Mono N-methyl (L) serinyl chlorin g . 0.73
25
6. Mono.asulfo 8 alanyl chlorin e, 0.76
7. Mono trans-t4-hydroxy (L) proline chlorin g6 0.77
x
M S
M :
30

35
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The preparation of pharmacological dosages for

the administration of the active ingredient, that is the
amino acid porphyrin adducts, which were prepared in
Examples 1-21 hereinabove, is as follows:
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EXAMPLE 22
1 2aART LB fe
A tablet base was prepared by blending the
following ingredient in the proportion bv weight
indicated:
Grams
Sucrose, USP | 80.3
Tapioca Starch . ' . 13.2
Magnesium Stearate 4.4
10 ) ‘

- Into this base, there was blended sufficient
amino acid porphyrin adducts to provide tablets each
containing 100 mg. of active ingredient.
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EXAMPLE 23

A blend was prepared containing the following

irngredients:

Calcium phosphate 17.6

Dicalcium phosphate 18.8

Magnesium trisilicate,'USPm 5.2

Lactose, USP 5.2

Potato Starch 5.2

Magnesium Stearate A 0.8

Magnesium Stearate B 0.32
Porphyrin Amino Acid Adducts 20

This blend was divided and formed into capsules

each containing 25 mg of active ingredient.
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The following protocols describes the procedure
for the use of the compounds of the present invention in

the treatment of mice tumors.
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EXAMPLE 24

The phbtodynamic therapy experiments have been
carried out on DBA/2 Ha Ros-d + Ha mice, using the
transplantable tumor SMT-F. The procedure is as follows:

DBA/2 Ha Ros-d+Ha mice with SmT-F transplanted
tumors in either the exterior part of the hind leg or the
side of the mouse were injected intravenously via the

.external jugular or intraperitoneally‘with the

photosensitizing drug. At the specified time after
injection, the area over the tumor was shaved and the
light treatment begun.

Light from a Cooper Aurora pumped tunable dye
laster was administered via a micro lens system. The
optical properties of the lens are such that the light
exits the lens in a circular pattern with homngenous
intensity throughout the lighted area. The diameter of
the lighted area is a function of the distance from the
lens. _

The light intensity was measured with a Yellow
Springs Instrument Model 65A Radiometer at the point of
treatment. A 1.5 cm diameter circule of the animal's
skin, centered as closely as possible over the tumor, was
irradiated in all the experiments. The intensity,
wavelength, and dosage of light is included in the data
for individual groups of animals. Wavelengths are
adjusted, using a Hartridge reversion spectroscope to
within 1 nm of the stated value.

Twenty four hours after light treatment, each
mouse received 5 mg of Evans Blue Dye intraperitoneally.
After an additional two hours, the mice were sacrificed
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and the tumors were sectioned vertically through the
center of the light treated area. Unaffected tumor was
stained blue as was unaffected normal tissue. Necrotic
or affected areas were white or red in appearance.
Measurements on both the whole tumors and affected areas
of the tumors were made vertically and horizontally with
calipers to the nearest one half millimeter.

The results for representative compounds are

-indicated on the following pages.
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SEX WM DOSE PLIHOD TIMC 1VPE  POGID INIEH- DOSE - L(N
BEORBUIS CLUBEL RE0EL S000 SUERED TUOCRLE TIUAE BUUEE 08t SULLENL

s 239 1000 iv 200 satl r.leg ioo.o 300.0 668
2 27.8 1000 iv 2t.0satf r.leg  200.0 300.0 665
s 2.9 100.0 ‘iy .0 ;nl! r.leg  200.0 300.0 465
8 501 100.0 v - 20.0 satf r.deg 2000 300.0. (6%
& 29.6 100.0 Qv 200 setf ‘r.leg  200.0 300.0 665
s 293 100.0 Iy 20.0satf r.deg 2000 300.0 46S
s 207 1000 Qv 200 setf r.led 2000 300.0 ¢6S
8290 1000 v 20.0 self r.jeg 200.0° 300.0 68S
v 282 100.0 v 2.0 sstf r.leg 200.0 300.0 665

8 290 100.0 v 23.0satf r.Jeg 200.0 300.0 ¢65

Cospound used in this group is = Trans-4-Hydinsy-L-Froline Chlorin €€
A 0 (1010} or a0 denotes. that parazeler was nol observed.

1. Anjsal group nusber,

. Hcus2 ruzber in esperisent.

Ser of souse.

Veight of souse in grass.

.. Drug dose sg/kq.

. Kethod of drug introduction,

. Tise in hours Letuzen drug inlroduction and light Ireataent.
9. Jusar type

10. Fosition of tusur pa anjsa].

11, Light trealaenl intensily in aw/ca2.

12. Light dose in Jfco2.

13, Uave length used to treal. the tusar [n nanoselers,
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1.20
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15. Length
16. vidth
17, vidih

19. Length
20, Vidth
21, Peplh
22. Lenjht
23. Vidih
2, Pepth
23, Coeacnls as the resull of lusor asscsssenl.
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1.00 2,10 1.60 1.30 0:%0 - 0.60 .20 Skin elfect .51.8
. ] 2,0 1.700 1:25 - 1.00 .1.00 0.40 Skin effect 1.0:.9

1.00 2,10 1.60 - 1.33 1.0 1.00 0.40° Skin elfect 1.13.4

0.95 1.60 2.00 1.0 0.00. 0.00 0.00 Ho ellect

0.60 2.50 160 1.20 1,50 1.05 0.30 Stia ellect 1.211.2

1.0 2,10 1.70 100 1.20 1.00 0.20

1.00 2.20. 1.60 1,50 1.00 0.80 -0.15 Skin effect .4z.8

1.00 2.00 1.60 0.9 0.000 0.00 0.00 No eflect

1.00 1.60 1.50 1.10 0.30 0.0 0.30

1.30 2,400 175 110 1110 0.% 0.50 Skin elfect (91,9

$

in ca of lusor-on injection date,
in cs of tusar on injectlion date.
in ca of luser on injection date.

in ca ol turor on-date of sacrifice.
in ca of tusor on date of sacrilice.
in ca ol tusor on date ol sacrilice,
in cs of ellect vpon tusor on dale of sacrifice.
in co of elfect upon tusor on date ol Sacrilice.
in ca of effect upon tusar on dateof sacrifice,
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1302 1000 v 206 satf s.leg 2000 300.0 66
s 268.4 100.0 iv 240 sstf r.leg  %20.0 300.0 65
8 26,2 190.0 iv  24.C satf r.leg 2.0 o0 485
8 27.2 100.0 iv 200 setl r.leg 2000 300.0 665
8 229 100.0 iv 4.9 snlf‘ r.leg  200.0 300.0 665
8 22.4 100.0 iy- 24.0 satf r.leg .?(10.9' 3500.0 465
g 30.1 100.0 iy 24.0 satf r.lez- 200.0 300.0 €45
8 29.6 100.0 iy 24.0 satf r.leg - 200.0 300.0 ¢6%
8. 30.1 100.0 v . .0 sotf r.leg  200.0 3500.0 665

0 307 208 iv 20.0setl rleg  200.0 300.0 €6

Lospaund used in this group is =~ ©C Sullo Balanyl Chlorin €8
A0 (zer0) o no denales that paraseler was nbt clserved.

-
.

Anjaal group nuaber.

Mouse nueder in experisent.

Sae 2! Suse.

Weight of souse in grass.

Prug dose agfkg,

Method of drug introduction.

Tise in hours Letucen drug intraduction and light treateenl.
9. luser Lype

10. Position of tusor on animal.

11. Light treatsent intensily in swfcsZ.

12. Light dose in )/ca2.

15. Wave length used to treat (be tusor in nannsclers.
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15. Length

16.
12.

17,
20.
2.
2.
23,
A
2.

T
Yidth

Lenglh
viqth
Pepth
Leaght
vidih
topth
Cosarnl
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Ul o
n 19 20 21

pee tew vl pre
1 2 2 2

COOI0 TORBONED HsaaE wrels teeng

0.80 .20 1.50 100
0.90 IS0 .10 42§
0.8 2.600 1.60 1.00
0.20 210 L% 1,08
0.55 1.50 1.0 1.10
0.79 1.8 1.3% 105
6.60 1.85  1.65- 1.00
1.10 2,250 475 L0
1.00 218 - 1.20 110
1.00 2.00 2.10 120

in ca of lusor on injeclion date,
in-¢s of tueor on injection dale.
in s of lusor on injection dale.

in-ca of lucor on date of sacrilice.
in ¢a of lusor on date of sacrilice.
in e ol tuzor on dale of sacrilice.
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2.00

1.50

1.50

2
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3
e

1.0

T3

in o of ellect upon tusor on date of sacrifice.
inco of ellcct upon tusor on date of sacrifice.
in ca of elfect upon tusar an dale of sacrilice.

s as the resull of tusor assessacnl.
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AOUE sernninnnatstssndoannnesaisin

1.50 Stin
0.30- Skin
£35S Stin
1.10 Skin
1.20 Stin
1.10 Stie
1.00 Skin
1.30 Stin
1.00 Skin

0.90 Skin

eflect].2911.25
ellect 1.211.1
elfect 1.411.2
effect ).411.3
effect 2.41l.4
<flect 1.3515.0
ellect 1.511.6

effect 1.41.9
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elfect 1.211.1 .

elfect 1usl
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105 I8 32,4 100.0 v 24.0 satf r.leg 200.0 300.0 665 1.50 1.10 0.60 1.0 1.50 0.70 1.5 1.05 " %.0¢ Skin-effecl .25¢1.0
105 2 2 2.0 1000 iv Z0.0satl r.leg  200.0 300.0 66S 1.20. 0.% 0.50 1.65 1.20 ©0.75 1.10 ~0.95 0.95 Skin effect 1.21.9
105 3 & 3740 100,0 iv T O setf rleg  200.0 300.0° 665 1.50 1.10 0.80 .50 130 0580 130 1.05 1.3% Skin effectl.isl.2
105 4 8 5.0 1000 v 24.0satf r.leg  Z32.0 300.0 685 - 150 110 0.65 1.60 1.0 -0.90 1.40 0.95 .10 Skin effect 1.051.£S
103 S & 237 100.0 v - 24.0 satf r.leg 200.0 300.0° &S 1.50 1.0 0.60 1.50 1.1S 0.80 0.70. 0.50 0.80 Siin elfect .951.4
195 6 o 27.2 100.0 iv. *20.0 sotl r.leg 2000 300.0 £6S 1.20 0.9 0.60 1.0 1.00 1.20 1.70 1.0 ].20 Skin elfect }.31.9
105 7 & 202 100.0 v 2.0 setl r.leg 200.0 300.0 465 1.50 110 0.5 129 1,50 0.90 1.30. 0.8 0.95 Skin elfect 1.031.2
103 B s 2.2 100.0 iy 20.0saf r.leg ' 200.0 300.0 45 1.60 1.20 0.70 183 340 0.9 1,20 .30 0.60 Skin effect 1.211.3
103 9 2 287 1000 iv  20.0sstl r.leg 200.0 300.0 465 1500 1.100 0.75 1.70 1.50 0.60 1.20 0.60 0.5 Skin effect .91.9
!03 10 a0 265 100.0 iv  24.0 satf r.leg 2030 300:0 665 1.50 1.30- 1.00 150 130 1.00 1.40 1.05 1.1S Skin effect 1.511.3
16 11 & 29,2 100.0 iv 2.0 sstf r.leg 200.0 500.0 &6 1.:0 "1.10 0.0 1.40 1.90 1.00 l.S? 1.20 1.05 Skin ellect 1.211.2

Coopound used in this group is = Mono-N-Nelhyl-D-L-Asparly) Chlcrin £6

A 0 (zero) or no Jenotes thal paraseter was not observed. :
1. Anisal group nusber.
15. lenqgth in ca of tusor on inieciioi date.
3. HKouse nutker in erperiseal., 16. ¥idth in ca of tusor on injeclion dule.
4. Sexr of souse. 12. ¥idth in ca of tusor on injectiw date.
S, Weight of souse in gians. '
6. Deug dose 29/tq. 19. Length in cs of tuaor on Jate of sitsilise.
7. Method of drug inlroduction. 20. Vidth in ¢y of tusor on dste of sacrilice.
8. lise in howrs between drug introductivn and light lreatsent. 21. Pepth in ca of tusor on date of sicrifice.
. . % Tusor type 22. Leaght in ca of ellect upon tusnr on dsle of sacrilire.
10. Position of tusar en dnisal, 23. Vidth o co ol elfect upon tusur on date of sacrilice.
1. Light Treataent intensily in avfcs2. 20, Depth in o of ellect uron luanr on date of sacrifice,
12, Light duse in J/co2. 23, Coanenls as the resull of lusur assessacal. -

13, Wave lengih used 1o Ireat the tusor n nanuselers,
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s 25.3 100.0

100.0

s 233 100.0

8 - 24.6 100.0

s 25.5 100.0

e 2.5 100.0

s 25.2 100.0

a 25.8 100.0

s 22.2 100.0

Compound uscd in this group is - Mono-N- -Meth: L/

iv

20,0 sotf

28.0 sslf

2.0 satf

0 satf
28,0 satf
24.0 sstf
2.0 satf
24.0 sstf

24.0 solf

w
(@]

L]

1. u

TuxeR  LICHs

Fisi
SRLL 00000 1RTLINE Suatt

r.leg

r.leg

r.leg
r.leg
r.leg
1.leg
r.1eg
r.leg

r.leg

I IKIER

200.0

200.0

200.0
200.0
200.0
ZGO.Q
200.0
200.0

0.0

12
LIcH1
Disg
tre

300.0

300.0

300.0

300.0
300.0
39.0
300.0
300.0

0.0

wm le) Ul

15 s on T I
uavE (K v DrP o ouo e
LK o ? 1 2
SS03 Q2C0008 BURRD  wBAlC RPN BITSLCE lede Bl MMMt

(13

865

£65
663
193]
[13)
113
113

2.00 .0 0.2%

1.70 :.40 0.720

176 1.20 0.70

A 0 (zero) or no dcrotzs tha3l pnrumclcr was ndt abserved.

Anisal groip nusber.

Kouse nusber in experisent.

Sex cf souse.

Veight of svase in grass.
Prug dose sgflq.
Melhod of drug introduction.

Tise in hours belueen drug introductioz an’s Jisht treataent.
Tuser lype

lo fosition of tusor on anjsal,
J1. Light teeatsenl intensilty in nu[(n?
12. Light dase in Jfcs2.

13. Veve Jrngth used to Dieal the fusor in rannnelr:s.

15. Lenqth in ca of tusor
6. ¥idth in ca of luser
12. vidth in o of tusor

13, Length incs of Ausor
20. ¥idth in s of tusor
21 Pepth  ince of tusor

2.00 1.2 0.5

210 1.50 1.0

2,10 165 110

1.63 1.0 0.9

220 1.60 1.20

2.50 1.80 0.%

240 120 150

0.90 0.00 0.00

lutamyl Chlorxn £6.

on injection date.
== injection dite.
on injectlion Jate

on date of sacrilice.
on-dste of sacrilice.
on date of sacrifice.

LW

(T}

0.00
2.00

0.00

I3
wip

IARSNE

22 Tenghl incaof eflect upon tusor-on date oi sacrilice.
25. Vidth in ca of elfect upon tusor on Jote ol sscrilice,
24, depth “ia cn of effect upon fusor on date of sacrilice.

°25. Coascals as the resull of tusor assessecnl.

OT

23

CuxsfHI

LR N R RN Y R e RN N A RN N R R AR R R R R AN RN I AN

Ho elfect

No eflect ' E—

Ho ellect

while spol on skinzl.S11.7 Pied when evans blue was injected
Ny elfect |

le effect

1.9101.5 Saall.red spot on skin

o effect

Dies overnight after injection

..(9 9 -




’
)

o) w N o = s .
Ul o Ul o Ul o Ul [
1 140 s SR T R T S TR TR 15 16 -0 B o0 A o B A 25
(40104 ROUSE ROUSE TUKOR Jun2R LICHT LICHI WayE {3} viD pee LEx ¥id U4 LK vio e
] 1 SEX WM DPOSE REINOD TIME ITEC FOSIT INICH  DOSE  LIX 1 ] 1 2 2 2 b ] 3 Corez ]

GUBEE RURTEIID QEAOC G20 SROBE BERTOL SRDOIL EEIC QOOLO0 SOBTURL QORES BCNC SUR® RCORtROS G0REd M0aft SA0I0 CAEULRCD (0081 BURUD BERLE ACTIE QDRRD BOS04 MMtgprtReeItegLRItICRACIINLLLY

102 i 22.5- 100.0 iy 2.0 satf r.leg® 200.0 300.0 68 .50 1,90 1.20 230 1.50 1200 115 0.0 0.20 Skin effect.9:1.?
107 2 8 2.5 100.0 fv  20.0setl r.leg  200.0 300.0 643 2,10 1.60 1.00 - 2,25 1,60 l.>c 0.60 0.40 0.30 No skin effect
107' J 8 2.4 100.0 fv 200 sstf r.leg  200.0° 309.0. 13} 1.60. 1.50- 1.10 .00 1.0 1l.co 0.09 0.0 0.00 Yo eflect
- 107 ¢ o 23.6 100.0 iv  20.0satf r.leg ~ 200.0 -300.0 665 . T2.10 140, 0.95 160 1.55 1.00 .65 .50 0.25 Mo skin elfect
107 S 8 22.8 100.0 v  24.0 sstf r.leg 200.0 300.0 443 2.0 1.0 1.10 238 140 1.1S 0.00 0.00 0.00 KXo eflect )
107 € 2 207 100.0 iy 20.0.satf r.leg  200.0 300.0. (4% 1.0 1.30 0.9 2.0 ).40 1.28 0.00 0.00 0.00 No effect )
107 '7 2 20.1 100.0 v 240 sstf r.leg  200.0 300.0 . 84S 115 1,58 1.0§ .l.SS 1.7 L1S 0.8 0,50 0.10 Mo stin effect o'\
107 8 3 209 100.0 jv 20.0sstf r.leg  200.0 500.0 665 2240 .70 3.50 2.50 1.60 3.55 0.60 6.60 0.30 Ko skin effect 7’
107 9 8 251 100.0 iy 4.0satf r.leg 200.0 300.0 445 1.0 ) 40 1.00 210 1.60 .10 110 0.90 0.35 Ko slin elfcct
102 100 8 25.8 1000 iv - 20.0-satl r.leg. 200.0 300.0 465 2.0 1.FO .50 2.65 1.80  1.30 1.00 0.26 0.05 Mo skin effect
. $
Cospound used in this group is - [Isinodipropionic acid Chlorin £6 -

A 0 (1er0) or no cenoles that paraseler was nol observed.

1. Anisal group nusder,
IS. Leagth in ca of tusor oo jajection dale.

3. Nouse nusber in erperisent. 16. Vidth in cu of lusor ca Injeciion dute.

4. Sex of souse. - 17. vidth In ca of tusor on injection dale.

S. Veight of souse in griis. -

6. Drug dose sg/kg. - 19. Length jn t2 of lusor on date of sacrilice.

7. Method of drug introduction. - 20. Vidth- in s of tusor on date of sacrifice.

8. Tiee in hours between drug Introduction and light trealsent. 20, Pepth fn cm of fusor on date of sacrilice.

9. lusor lppe 22, Lensht-§n s of effect upon lusor on date of sacrilice.

10, Position of tusor on anisal. - 23, ¥idth in ca of elflect vpon tusor on date of sacrilice.

10, Light trealsent Intensity in svjze?, . bepth In ca of effect upea tusor oa date of sacrillce.

12. Light dose I /02, 25, Cosaents 55 the result of turor assessaent, '

13. Vave leagth uscd to treal the tusor In asnoeelers.




1
124U4
!
et
104
104
10¢
1
(2}
104
104

10¢

10t

104

Ge

3

MOUSE

I

010 1

10

{

SEX
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- Tee T %

w n n

o) ul o
S 6 2 3 % jou 120
ROUSE UMK IUROR LIGHT LIGHT wavE
ML DOSE MCIHOD TIME TFE  FoSIT INIEN  OuSE ~ LCK

e

- ens
e

0 2.0 100.0 iv  20.0satf r.leg  200.0 500.0 665
5.0 1000 i 00sal r.leg 2000 300.0 665
26.3 100.0 v 20.0 setf r.leg - 200.0. 300.0 665
2.2 100.0 v 20.0setl r.leg 2000 300.0 665
25.5 100.0 Qv 240 satl r.leg  200.0 500.0 66
22.6 100.0 Qv 20.0sstl r.Jeg  200.0 300.0 €6
2.2 100.0 iv - 2.0 satf r.leg  200.0 300.0 65
254 100.0 iv 2.0 satf r.deo  200.U 300.0 663
22.2 100.0° iv  20.0 sstf r.leg” 200.0 300.0 ¢S
26.67100.0 v 20.0 satf r.leg  200.0 300.0 665

Cocpoung- used in this group is - Chlorin £6 lsinodiacetic acid
A D (1e10) or no denntes thal parazeter was nol observed.

1.
3.
[
S.
6.
7.
&
s,
10.
1.

12.

I3,

Anisal group nusber.

House nuaber in- esperisent,

Sex of souse. -

Veight of souse in grass,

DPrug dose s3/kg.

Hethod of drug Introduction.

Tise in hours delween drug introduction and lighl lreataent,
Tusor Lype

Position of lusor on anjsaf. H

Light treatsent inlcnsily in sw/ca2,

Light_dase in J/ce2.

Yave dength used Lo tieat the tusor in nanuseters,

o0

028 sratae

o

LX)
&0 @
LR

15 1
twuip
| i

VTR
1.30
1.30
1.50
2.00
1.10
2.40
2.20

.20

15. Length
1€, vidth
12. ¥idth

19. Length
20. Vidth
<. Bepth
2¢.- Leaght
23. Vidth
20, Depth

© 0

in
in
in

in
in
in
in
in
in

= =
Ul o Ul ]
17 1y i) 21 2 % n S
pee (R wID - pEP LN WID  fP
| 2 2 2 3 3 3 Cor=gar

CROUE EVRIONEE SUBNE BNNEE SARDE SOREE ROS0D BNt SURROREREIORIEtINEIEaTEttInittangl
0.80 1.60 1.55 0.50 0.20 0.75 0.20 Skin elfect .951.65

0.565 1.0 .20 1.10 1.10 1.00 0.40 Skinellcct 1.5311.0 '
0.20 2.00 1,10 1.0 1.50 0.70. 0.60 Skin elfect .651.40

0.9 230 1.50 110 140 1.40 0.60 Siin eflect .3311.0

0.60 220 140 1.05- 1.1 1.00 0.65 Skin effect .91.9

1.00 2.60 219 1:18 . j.cO (.90 0.50 Mo skin elfect

0.0 250 [J2S 100 0.25 0.85 0.37 Skin ellect .351.35

09§ 2220 1.9 1.00 115 1.207 0.60 Mo slin elfect

I.10 .70 1.%0 1200 100 0.°0 0.40 Stin eilect .21.3S

0.€0 200 1,60 1.00 1.00 .95 .50 Skin elfect .01.2

4

ts of tueor on injertion date. .

¢z of tusor on injection Jate.

ra of lusor on injeclion dite,

¢ of tusor on date of sacrific=.

ca of tusor on dale of sacrilice.

oo of fuear vn dale of <acrifice.

cs of ellect wpon tusnr on dale of saciiiice.

ta of elfect upon tusor on date of sacrilice,

¢ of effect upon lusnr on date of sacrilice,

25. Cosscnls ag the aesull of tusnr assescacnl,

- E5<7_.
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O S S B TR T TR TR PRNY
HOUSE TUxoR  Tuser LIcnT Llcnl wave
SET WMT DOSE RETMOD 702E TUEE  POSID INICN - DOt 94K
TU0 SE0RE QURT0E Q00RIL BI00 COURED DURROLD §0a80 ibeiE 800
¢ 25.9 100.0 v  24.0 satf r.ley 200.0 300.0 &85
t 25,2 20.0 iv  20.0 satf r.leg  200.0 300.0 6¢S
s 4.5 100.0 iy 4.0 saif r.leg  200.0 300.0 465
8 2.2 100.0 iv 2.0 «stf r.leg 200.0 300.5 &85
8 269 100.0 dv- 24.0 satf r.leg  200.0 300.0 665
50227 100.0 iv  2.0sif r.eg 200.0 300.0 6
2 2.6 100.0 iv 240 satf r.leg  200.0 300.0 46
8 25.8 100.0 iv 200 salf r.leg 200.0 300.0 ¢S
8 251 100.00 ir 200 setf r.leg  200.0 300.0 66
8 29.0 100.0 iy 24.0 satf r.leg 200.0 300.0 ¢S

Cospound used in this group is = Mono-N-Melhy)-L-Serinyl Chlorin £4

: A0 {1ero) or no denotes thal paraneler was nol observed.

—
.

.

-

O D NN A -y

-

10.

Aninal group nusber.

Mouse nusber fa etperinent.
‘Sex of ‘souse,

Veight of souse In graas,
Drug dose 19/kq.

Method of drug introduction,

Tise in hours belveen drug introduction and Jight treatserl.

Tusar lype
rosition of tusor on amjaal.

10, Uisst treataent [ntensity in avfce2.,
J2. )igh! dose la e,
13. Waye lenglh used to treat the tusor [n nanoseters.

oS

13
¢
l

copstiee e

2.50
2.30

2.10

.20

2.10
1.%

.0

2.50

2.40

Is.
16.
1.
18.
15.

& o

TR, n oW o B
w e Ux w10 br UKD
1 ! 2 2 S T
T L F A N T e N I LR R e R N R A I A R
150 1.10 2.0 195 LIS 0.60 0.5
1.9 1.30 250 190 135 0.50 0.40
1.80 1.00 2.0 1.0 -x.so 0.65 0.50
.60 1.00 240 140 1.30 0.80 0.5
190 1.20 2.5 1.50 1.00 0.00 . 0.00
1.0 1.0 2500 .70 - 1.20 0.45 0.0
.10 1.30 250 170 139 0.9 0.60 _
2.00 1.40 235 1.9 1.0 0.50 9.0
165 1.30 1.90 1.65 1.2 0.00 0.00
2.00 1.30 2,60 1.0 1.50 -0.20 0.20

Leagth 1o co of turor on injeclion dale,
¥idtd in cs of tusor on Injection date,
Vidth in cs of lutor on fnjeclion date.
Dale aaina] was sacriliced.

Length in ca of lusor on date of sacrifice.

. ¥idth' fn cs of lusor on date of sacrilice.
. Pepth In cn of lusor cn date of sacrilice.
. Lensh? fn ca of effect vron luror on date of sacrilice.
. ¥idth in co of eflect upon tusor on date of sacrilice,
. Deptd In ca of ellect upon tuor on date of sacrlffce.
. Coasenls az the resull of tusor assessaent,

A
ey

4

23

Corx (KT

LOLS BOIORRneniagrodtsaanetogenssestt

0.20 Ho skin ellezt

0.20
1.50

0.30

No slin elfect
¥o skin elfect
Ho skin ellect
Ho effect

No stin ellect
Ho slin elfect

Na stin effect

No stin elfect -

No skin elfect

- b9-
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The results of Example 24 are summarized below:




. MOUSE TUMOR NECROSIS RESULTS

Tumor Line - SMT-F

tioe
in hra .
drug method betwecn lipht T{ght Wave- . s
dosc of drug-dose tumor latcrsity = length  lenght Xe s:l range
Compound mg/kg injection & light type oaW/cos J/cn? nm (n) (cmy f: ______
:-l.'N"S“'“Ydf‘ox)"l.-l’follne Chlorin es lo00 iv 24 SMT-F 200 300 - 6GS 10 . 0 210 - .172 0.00 - 0.50
Mono-N-Methy l-0-L-Aspartyl Chlorin es 100 iv 24 SMI-T. 200 300 (b 11 1.000 ¢ .lz'J 0.65 - 1.30
Chlorin ceo. lminodincetic acid 100 fiv 21 T -F 200 ’ n0 . . GGS 10 0.%0~" o .14%0 0.20 - 0.653
Mono-N-Mcthyl Glutamyl Chlorin es 100 iv 24 S_.‘II-_I'_ 200 300 6hS 1 . 0.000 .090 0.00 - 0.20
alfa Sulfo Nnlonyl Chlorin ce 100 iv 21 sT-F 200 - 300 GGS 2 1.019 o L2491 0.30 - \.70
leinodipropionic ac.4 Chlorin es 100 v 24 sMr-F 200 309 6GS 10 _ 0.‘12; ¢ 195 0.0g - g.‘g
Mono-N-Hethyl-L-Serinyl Chlorin es 100 iv 24 SuT-F 200 0 300 GG5 10 0.220 » .102 0.00 - 0.

whecein

n is the number of tumocrs tested-.

X 15 the mean depth of neccosis in cm of the tumoc tissuc, i.e., the
distance from the necrotic top of the tumor next to the skin to the
necrotic edge 2£ the tumor most distant from the skin. '

S.D. is the standard deviation of X.

range is range of depth of necrosis in cm within the group.
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EXAMPLE 25
SCREENING OF PORPHYRIN FLUORESCENCE AS A FUNCTION
OF MOLECULAR STRUCTURE

This set of experiments were carried out on
DBA/2 Ha Ros~-d+Ha mice using the transplantable tumor
SmT-F. The tumors were transplanted intramuscularly on
the rear of the thigh of the mice. After 10-14 days,
when the tumors reached the appropriate size, 2 mg (0.5
ml) of an amino acid porphyrin adduct solution were
introduced intraperitoneally into the mice. The amino
acid porphyrin adduct ¢ .ution was prepared as follows:

4 mgy of the amino acid porphyrin was dissolved in 0.1 M
NaOH and adjusted to physiological pH with 1 M HCl.

The mice were killed 24 hours after the
injection. The tumor was bisected in situ. The
porphyrin fluorescence was determined under a constant
intensity UV light source.

Table V lists porphyrin derivatives tested.

Following the name of the porphyrin is a numbex
that indicates the total number of tumors examined. The
next column indicates the % of fluorescence. The next
column of figures (A) is a number calculated as follows:
the porphyrin fluorescence within the tumor was ranked
visually.by one person under a constant intensity UV
light source accordirig to the scale 0, +%., 1, 2, 3, 4.
This number was then multiplied by the percent of the
tumor demonstrating this fluorescence, i.e., (+}) (80%) +
(+1) (10%) = 50. More often than not, the A valve in the
table represent averages obtained in several series of
separate experiments conducted at different times.
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However, since the amount of fluorescence is
dependent upon the size of the tumor, a "C" value was
defined in order to compensate for this factor. The "C"
value for each tumor is the "A" value for that tumor

divided by the average diameter of the tumor, in cm.
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MOUSE TUMOR FLUORESCENCE RESULTS
Tumor Line: SMT-F
E Avg. Diani.
of of Tumors s
Derivatives Tumors (cm) Fluores. A Cc
Trans-ti-Hydroxy-L-Proline Chlorin [ 5 1.6 17 14 9
Mono-N-Mecthyl-D-L-Aspartyl Chlorin 5 10 2.3 u8 90 o
Iminodiacetic Acid Chlorin 6 5 1.6 19 16 10
Mono-N-Methyl-L-Glutamyl Chlocin ec 10 2.1 37 65 30
Alpha Sulfog alanyl Chlorin e 5 1.8 18 - T 8
Iminodipropionic Acid Chlorin 96 5 1.7 17 21 13
Mono-N-Methyl-L~Serinyl Chlorin ¢ 10 1.6 21 24 15

6

*DOSE 100mg/kqg each compound
examined 24 hours after

intraperitoneal injection

~hi-
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The above embodiments and examples are given to
illustrate the scope and spirit of the present invention.
These embodiments and examples will make apparent, to
those skilled in the art, other embodiments and examples.
These other embodiments and examples are within the
contemplation of the present invention. Therefore, the
present invention should be limited only bv the appended

claims.

" The claims form part of the disclosure of this specification.
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WHRXXXKEX XX XXX XXEX: The claims defining the invention are as follows:

1. A fluorescent mono-, di-,

tri- or tetramide

of an amino acid and a carboxy containing tetrapyrrole

compound of the formula:

’ N
Rg__-r7 \TZZL‘

‘_—R

Re.

5

or the corresponding di- or tetrahydrotetrapyrrole, said

\\nkaae.

amide %%ﬁagexbeing formed between the amino group of the
amino acid and a carboxy-containing substituent attached

to the tetrapyrrole; wherein

Ry is methyl, -H -OH
or
—CH3 —CH3;
R, is H, vinyl, ethyl, E—CHCH:;, acetvl, g-H
Oti ~ethyl,
? ,
-C=0, CH,CH,CO,H, or =CHCHO;
R, is methyl, -H ~CH,
or
—CH3 -OH;
R4 is H, vinyl, ethyl, CHCH3
OH,
CH2CH2C02H, =CHCHO, or §:‘H
-ethyl;

Rg is methyl;
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R_ is H, CH,CH,CO,H, CH,CH,CO_R or CO_H;

6 2772772 272772 2
R7 is CH2CH2C02H, CHZCHZCOZR or —CHZCHZH
_H;
R8 is methyl or (‘—CH3
Z.—H;

COOH or methyl;
Ry, Ry, R

R9 is H, COOH, CH2
R, and R, represent

1’ 4" 77 8

two substituents or are divalent and attached to i<he same

carbon, the respective pyrrxole ring to which attached is

a dihydropyrrols;

R is lower alkyl or benzyl; or —?=O —?=O
R6 and R9, taken together are —CH2 or —CHC020H3
with the proviso that at least one of R1 - R9 includes a

free carboxyl g.roup; and salts thereof? and wherein the

amino acid has the formula;

H

1 1,1 ' , .
) 102797] = N - (¥z) (A) 11

(A

wherein

each Al and A may be the same or different and
are selected frou the group consisting of COOH, 503H or
OH with the proviso that said compound contains at least
one COOH or R?3H;

2} ana 2z are independently an alkylene chain
containing from 0-5 carbon atoms in the principal chain
and up to a total of 8 carbon atoms;

Yl and Y are independently an alkylene chain

containing from 0-5 carbon atoms in thez principal chain
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and up to a total of 8 carbon atoms with the proviso that
1 1

when both A and A~ are other than SO3H, then one of ¥~ or
Y must contain at least one carbon atom in the principal
chain; or

Yl and Y taken together with the nitrogen to
which they are attached form an N-heterocycle containing
from 4-9 ring carbon atoms and up to a total of zbcut 15
carbon atoms; or -

lel or YZ individually may form a cycloalkyl
group containing from 5 to 10 ring carbon atoms and up to
a total of alrout 16 carbon atoms;

n1 and n are independently 0, 1 or 2; and
n~ +n =2,

2. The compound according to Claim 1 wherein
the tetrapyrrole is a porphyrin, bacteriochlorin or
chlorin.

3. The compound according to Claims 1 or 2
wherein the tetrapyrrole is bacteriochlorin &y

bacterioisochlorin e bacteriopheophorbide, ~

_4’
bacteriochlorin Py mesoporphyrin IX, protoporphyrin IX,
deuteroporphyrin IX, coproporphvrin III, hematoporphyrin
4+ Wesochlorin eyt
isochlorin e,, pyropheophorbide a, pheophorbide a or

IX, transmesochlorin IX, chlorin e

protoporphyrin IX.
4. The compound according to any of Claims 1-3
wherein the tetrapyrrole is a chlorin having the formula:

1
& CHZC.H‘3
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wherein
Rl is methyl or formyl; and
R8 is hydrogen, vinyl, ethyl, acetyl or formyl.
5. The compound according to Claim 4 wherein

the tetrapvrrole is chlorin P mesochlorin Py

2-desvinyl chlorin e 2-acetyl chlorin egt

'
2-formylchlorin ec gr rhodin 94-

6. The compound according to any c¢f Claims 1-5
wherein n1 is 0 and n is 2.

7. The compound according to any of Claims 1-5
wherein nl is 1 and n is 1.

8. The compound according to any of Claims 1-5
wherein ZlY1 and YZ each contain 1-3 carbon atoms.

9. The compound according to any of Claims 1-5

wherein the amino acid has the formula

H
Hz'y' - N - Yz(a)_
wherain
n! is 0;
-n is 2;
21y 1

and Y% are independently an alkylene chain
ontalnlnq from 1-5 carbon atoms, and

each A is 1ndependently OH, SO,H or CO,H with

3 2
the proviso that at least on A is SO

o
3H or ,ozﬁ.

10. The compoundfaccording to any of Claims
1-5 wherein the amino acid has the formula:

H
Aly 1,101
(A7) "27YT - W - YR ()
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wherein
' n! is 1;

n is 1;

ZlY1 and YZ are independently an alkylene chain
c'ontaining' from 1-5 carbon atoms and each A and A.l is
independently OH, SO?.IH or CO2
least one of A and A% is SQ3H or»CO2

11. The compdund accord_ihg. to any of Claims

H with the proviso that at
H'

.1-5 wherein the amino acid has the formula:

: H
1, 1 1.1
(A )n - 2°Y - N = YZ(A)n
wherein
1.
n- is 1;
is 1;

n

3{1 and Y taken together with the nitrogen to
which they are attached form a cyclic .structuré
containing from 4-9 ring carbon atoms and & total of from _.
5-15 carbon atoms;

2z and 2’ are independently an alkylene chain
containing 0-3 carbon atoms; and

A and Al are independently OH, COBH or SO3H,
‘with the proviso that aiz least one of A or A” is C02H or
SOBH.

12, The compound according to any of Claims

1-75 wherein the amino acid has the formula:
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wherein

Y and Z are independently an alkvlene chain
containing from 1-5 carbon atoms in the principal chain;
or

Y and Z taken together form a cycloalkyl
compound containing from 5-10 carbon atoms;

Each A is OH, SO3

that at least one A is SO3H; and

1 or COOH with the proviso

n is 2.
13. The compound according to Ciaim 1 which is

trans-4-hydroxy-L-proline chlorin e_, iminodiacetic acid

'
chlorin 96' iminodipropionic acid cglorin €g .
mono-N-methyl-L-serinyl chlorin 26"& -sulfo- /7 -alanyl
chlorin e 6"
l4. A pharmaceutical composition comprising an

or mono-N-methyl-L-glutamyl chlorin e

effective amount of a compound according to any of Claims
1-13 and a pharmaceutical carrier therefor.

15. A method for the detection of mammalian
tumors which comprise administering to a mammalian host
an effective amount of a compound according to any of
Claims 1-13; applying light of sufficient wavelength to
the area of the mammalian host to be examined, whereby
fluorescence is observed in the tumor-affected area.

16. A method of treatment of mammalian tumors
which comprises administering to a mammalian host with a
tumor an effective amount of a fluorescent compound
according to any of Claims 1-13; and applying light of
sufficient wavelength and intensity to activate said
compound, whereby said activated compound exerts a cell
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killing effect on said tumor, with the proviso that said
compound is not mono-N-Methyl-L-Glutamyl chlorin e,.

17. A compound according to any one of claims 1 to 13
substantially as hereinbefore described with particular
reference to the examples.

18. A pharmaceutical composition according to claim 14
substantially as hereinbefore described with particular
reference to examples 22 and 23.

19. A method according to claims 15 or 16 substantially

as hereinbefore described.

DATED this 8 August 1991
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