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ABSTRACT

Families of chlorins, families of purpurins and metal
complexes thereof are disclosed. The purpurins and
their metal complexes have the structures of FIGS. 1, 7,
14-18, 29-38, 44-tS and 54-58 of the attached drawings. The chlorins and their metal complexes have the
formulas of FIGS. 2, 8, 19, .20, 22, 23, 24, 25, 27, 28, 39,
40, 42, 43 and 49-53 of the attached drawings. Solutions
of the purpurins, of the foregoing and other chlorins
and of the metal complexes which are physiologically
acceptable for intravenous administration are also dis•
closed, as are .emulsions or suspensions of the solutions.
The solvent for the solutions can be a product of the
reaction of ethylene oxide with castor oil. A method for
detecting and treating tumors in human and animal
patients is also disclosed. The method comprises administering on~ of the purpurins, chlorins or metal complexes to the. patient. For detection, the patient is then
illuminated with ultra violet light; for treatment, the
patient is illuminated with visible light of a wavelength
at which the purpurin, chlorin or complex administered
shows an absorption peak.
Families of purpurins, chlorins and metal complexes
which can be detected by nuclear magnetic resonance
or by an instrument that detects ionizing radiation are
also disclosed. These compounds have the formula of
one of FIGS. 1, 2, 7, 8, or 14-58 and a structure which
is enriched in an atom that can be detected by nuclear
magnetic resonance, e.g., C-13 or N-15, or by an instrument that detects ionizing radiation, e.g., C-14.
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known; in fact, it is a mixture of many different porphyPRODUCTION AND USE OF PURPURINS,
rins and related compounds (see, for example, Porphyrin
CHLORINS AND PURPURIN- AND
Photosensitization, edited by David Kassel and Thomas
CHLORIN-CONTAINING COMPOSffiONS
J. Dougherty, Plenum Press, New York and London,
5 1983, pp. 3-13). As a consequence, the chlorins and
REFERENCE TO RELATED APPLICATIONS
purpurins of the instant invention are preferred over
This is continuation in part of application Ser. No.
HpD for this use because they are single, known com07/388,643, filed Aug. 2, 1989 (now U.S. Pat. No.
pounds. In addition, the chlorins and purpurins have
5,051,415 granted Sep. 4, 1991), which was in turn a
absorbance peaks at longer wavelengths and show
continuation in part of application Ser. No. 874,097, 10 greater absorbances, by comparison with HpD; the
filed Jun. 13, 1986, now abandoned and was also a conlonger wavelength peaks are advantageous because
tinuation in part of application Ser. No. 842,125, filed
light of the longer wavelengths is capable of greater
Mar. 18, 1986, now abandoned, as a continuation in part
penetration of tissue, while the greater absorbances are
of application Ser. No. 815,714, filed Jan. 2, 1986, now
desirable because less light energy is required to cause a
15 given degree of reaction.
abandoned.
BACKGROUND OF THE INVENTION
1. 1;"i~ld of ~e Inventio~
.
This mvent1on relates to the production and use of a
family of purpurins, ~ family of chl_orins and metal C0?3· 20
plexes of f:be purp~1:1115 and chl~~s, and to purp~and chlonn-contaming '7°mpos1t1ons. The p~urms
h~ve _a reduced pyrrole nng_and an unsaturated !socycite nng fused to a pyrrole nng; the unsaturated JSOCY•
. o f t he P1:1fPUnns
· corr~ponds wit
· h a saturated 25
c_Ii c ~g
nng m the chlo_nns. The chlonns _are ~ful as peen
dyes. !he chlonns and the purpunns are useful m the
dete~t!on and treatm~nt of tumo~s; after they have been
admmtstered systemically, e.g., mtravenously, they localize preferentially in a tumor. After they have been 30
. . tered and have localiz'ed a tumor their· pres
adillllllS
ence can be 'detected by illumination with 'ultra violetm·

light, which causes them to fluoresce. The chlorins and
purpurins of the invention can also be used to treat
tumors; after they have been administered and have 35
localized, irradiation with light of a wave length at
which they show an absorbance peak causes a reaction
which damages or destroys the tumor where they have
localized. The purpurin- and chlorin-containing compositions are solutions thereof in an organic liquid that is 40
physiologically acceptable for intravenous or topical
administration and emulsions or suspensions of such
solutions and water or saline or other solutions.
2. The Prior Art
Four purpurins having an unsaturated isocyclic ring 45
fused to a reduced pyrrole ring are known to be reported in the prior art, a communication to the editor by
Woodward et al., JACS, Vol. 82, pp. 3800 et seq., 1960,
where they are disclosed as intermediates in the synthesis of chlorophyll, and journal articles by Witte et al., so
Angew, Chem. Internat. Edit./Vol. 14, No. 5, pp. 361 et
seq., 1975, and Arnold et al., Journal of the Chemical
Society, Perkin Transactions I, pp. 1660 et seq., 1979.
No utility for purpurins is suggested by either Witte et
al. or Arnold et al. In addition European patent applica- SS
tion EP142,732 (C.A. 103: 123271S) discloses certain
chlorins of a different family and that they accumulate
preferentially in cancer cells removed from hamsters
that had been infected with pancreatic cancer.
P-urpurins and chlorins are similar in structure to 60
porphyrins. One porphyrin, called protoporphyrin IX,
can be separated from blood. Hematoporphyrin can be
produced from protoporphyrin IX; a chemical mixture
derived from hematoporphyrin, called hematoporphyrin ~e~vative,_ and often abbreviated ''.HpD", can be 65
admmistered mtravenously and used m the manner
described above for the detection and treatment of tumors. The exact composition of HpD, however, is not

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a structural formula for metal complexes of
a family of purpurins in accordance with the instant
invention; in these complexes an unsaturated isocyclic
ring is fused to a reduced pyrrole ring.
FIG. 2 is a structural formula for metal complexes of
a family of chlorins in accordance with the instant invention· in these complexes· an isocyclic ring which
'
'
corresponds
with the unsaturated
isocyclic ring of the
purpurins of FIG. 1 is saturated.
FIG. 3 is a structural formula for a family ofporphyrins which can be used to produce purpurins having the
fi
ul f FIG 7
°~Ga ~ .
· t · t al fi
fi
1 f
.
IS a s rue ur
ormu1a or pyrro es rom
hi
h
h
.
h
.
fF
w c porp ynns avmg the structure o IG. 3 can be
produced. .
.
F:IG. 5 ~ a struc!ural formula for di~yrromethanes
~hich are mtermed1ates for the production of porphyrms from pyrroles.
FIG.~ IS a st~ctural formula for metal complexes of
porphy~ havmg the formula of FIG. 3. .
. FIG. IS a structural formula for the family of purpunns ha~g the structure of the complex~ of FIG. ~F~G. 8 IS a structural formula of the family of chlonns
havmg the structure of the complexes of FIG. ~FIGS. 9-13 are structural formulas for five different
carboxy purpurins, each of which can be used in the
~ynthesis of different position isomers of purpurins havmg the structure of FIG. 7.
FIGS. 14-18, FIGS. 19-23, and FIGS. 24-.28 are
structural formulas for intermediates in the synthesis of
purpurin position isomers having the formulas of FIGS.
29-33 from the carboxy purpurins having the formulas
of FIGS. 9-13.
·
FIGS. 34-38 are structural formulas for purpurins
according to the invention having two isocyclic rings
fused to pyrrole rings.
FIGS. 39-43 are structural formulas for ~hlorins,
some of which are according to the invention, which
can be produced from purpurins having the formulas of
FIGS. 29-33.
FIGS. 44--48 are structural formulas for metal complexes ofpurpurins having the formulas of PIGS. 29-33.
FIGS. 49-53 are structural formulas for metal complexes of chlorins having the formulas of FIGS. 39-43.
FIGS. 54-58 are structural formulas for metal complexes ofpurpurins having the formulas of FIGS. 34-38.
BRIEF DESCRIPTION OF THE INVENTIO
N
The instant invention, in one aspect, is a solution in an
organic liquid of a purpurin, of a purpurin metal com-

?
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plex, of a chlorin or of a chlorin metal complex. The
purpurin has the structure of any of FIGS. 7, 14-18 or
29-38 of the attached drawings; the purpurin metal
complex has the structure of any of FIGS. 1, 44-48 or
54-58, of the attached drawings, the chlorin has the 5
structure of any of FIGS. 8, 19-28 or 39--43 of the attached drawings, and the chlorin metal complex has the
structure of any of FIGS. 2 or 49-53, of the attached
drawings. In the drawings, M represents a metal, for
example, Ag, Al, Ce, Co, Cr, Dy, Er, Eu, Fe, Ga, Gd, 10
Hf, Ho, In, La, Lu, Mn, Mo, Nd, Pb, Pd, Pr, Pt, Rh, Sb,
Sc, Sm, Sn, Tb, Tc-99m, The, Ti, TI, Tm, U, V, Y, Yb,
Zn or Zr,
each of RIO through R13 and R16 is hydrogen, and
eacb of Rl through R9, R14 and R15 is:
15
H or CHO,
an alkyl group other than t-butyl having from 1 to 4
carbon atoms,
.
an alkylene ~oup havmg from 2 to 4 carbon ato~,
. a group. bav~g the formula R2~(R3)2 ~here R2 IS a 20
bivalent aliphatic bydr~bon radical havmg from 1 t_<>
4_ carbon _atoms, wberem any carbon to carbon bond IS
~1ther a smgle or a dou~le bond, and not more than one
IS a_ double bond; R3 IS hydrogen or an alkyl group
havmg from 1 to 2 carbon atoms and the two R3 groups 25
can be the same or different,
a group having the formula R 2NCR4)3A where R2 is a
bivalent aliphatic hydrocarbon radical having from 1 to
4 carbon atoms, wherein any carbon to carbon bond is
either a single or a double bond, and not more than one 30
is a double bond; A-is a physiologically acceptable anion; and R.i is an alkyl group having from 1 to 2 carbon
atoms and the three R.i groups can be the same or different·
~ group having the formula R 2oH were R2 is a biva- 35
lent aliphatic hydrocarbon radical having from 1 to 4
carbon atoms, wherein any carbon to carbon bond is
either a single or a double bond, and not more than one
is a double bond
an amino acid moiety which is a part of an amide 40
produced by reaction between an amine function of a
naturally occurring amino acid and a carboxyl function
of the purpurin or chlorin,
CO2R', CH2CO2R' or CH2CH2C02R' where R' is
hydrogen or an alkyl group other than t:butyl having 45
from I to 4 carbon atoms,
a monoclonal antibody moiety which is attached to
the purpurin or chlorin moiety through a carbonyl
which is a part of an amide produced by reaction between an amine function of a monoclonal antibody and so
a CO2R' CH2COiR' or CH2CH2C02R' group of the
purpurin or chlorin, and wherein the moiety is of a
monoclonal antibody which selectively binds to malignant tumors, or
in the purpurins and purpurin metal complexes of 55
FIGS. 14-18, 29-38, 44-48 and 54-58 and in the cblorins and chlorin metal complexes of FIGS. 24-28, 39--43
and 49-53 Rl can be a bivalent aliphatic hydrocarbon
radical having from 2 to 4 carbon atoms wherein both
of the valences of the radical are attached to the same 60
carbon atom thereof and to a carbon atom of the purpurin, cblorin, or metal complex, and in the purpurins and
purpurin metal complexes of FIGS. 29-33 and of FIGS.
44-48, both Rl and R2 can be bivalent aliphatic hydrocarbon radicals having from 2 to 4 carbon atoms 65
wherein both of the valences of the radical are attached
to the same carbon atom thereof and.to a carbon atom
of the purpurin or metal complex, with the proviso that

4

not more than one of Rt through R9, R14 and R15 is
CHO, a group having the formula R2N(R3)2, a group
having the formula R2NCR4)3A, an amino acid moiety
or a monoclonal antibody moiety, and wherein the
solution is one which is physiologically acceptable and
of a suitable concentration or dilutable to a suitable
concentration for intravenous administration.
In another aspect, the invention is a chlorin or chlorin
metal complei1, having the structure of any of FIGS. 2,
8, 19, 20, 22, 23, 24, 25, 27, 28, 39, 40, 42, 43 and 49-53
of the attached drawings where Rt through R16 and M
have the meanings set forth above.
In yet another aspect, ~e invention is a method for
detecting and treating tumors which comprises administering an effective amount of a purpurin, chlorin or
metal complex to a human or animal patient, and irradiating the relevant region of the patient with ultra violet
or with visible light of a wavelength at which the purpurin or cblorin has an absorbance peak.. The purpurin
or purpurin complex is one having the structure of any
of FIGS. 1, 7, 14-18, 29-38, 44-48, or 54-58, while the
cblorin or cblorin complex is one having the structure
of any of FIGS. l9, 20, 22, 23, 24, 25, 27, 29, 39, 40, 42,
43, and 49 _53 of the attached drawings, where Rl
thr
b Rl 6 d M ha th
·
t fi rth bo
oug.
an
ve e ~~gs ~ 0
a . ve.
In ~till another aspect, the ~vention IS a purpurm, _a
chl?rm or_ a metal complex which bas a structure that IS
ennchC? m an atom that can be detected by nuclear
magnetic resonance. The ~tom ~ be, for example,
N-15 or C-13. The purpurm, cblorm or complex can
have the formula of any of FIGS. 1, 2, 7, 8 o~ 14-58
where M and Rl through R16 have the meanmgs set
forth above.
In yet another aspect ~e inven~on is a method for
t~e treatment of non-malignant les10ns, ~.g., of the ~agma or _bladde~, ~r such cutaneo~ lesions as are_ mvolv~ ~ psonas1s; _the meth~ mvolves the topical
application of a chlorm, a purpurm or a complex, e.g., as
a sol1;1tion in _DMSO or eth~ol, and i!lumination of the
area m question. The purpurm, cblorm or complex can
have the formula of any of FIGS. 1, 2, 7, 8 o~ 14-58
where M and Rl through R16 have the meanmgs set
forth above.
In still another aspect, the invention is a method for
treating human or animal patients which involves administering a cblorin, purpurin or metal complex and
then treating the affected region with X rays. There are
indications that the cblorins and the like are X ray sensitizcrs which increase the therapeutic ratio of X rays.
In another aspect, the invention is a cblorin, a purpurin or a complex moiety coupled to a monoclonal antibody moiety. The moieties are formed when the antibody is reacted with the cblorin or the like, and, as a
consequence, the two are coupled through a carbonyl
which is a part of an amide produced by reaction between the monoclonal antibody and the purpurin, cblorin or complex. The monoclonal antibody binds to a
tumor, in this way increasing the selectivity of the cblorin or the like coupled thereto. The purpurin, cblorin or
complex can have the formula of any of FIGS. 1, 2, 7,
8, or 14-58 where M is a one of the foregoing metals,
each of RIO through R13 and R16 is hydrogen, one of
Rl through R9, R14 and R15 is a monoclonal antibody
which is an amino acid moiety attached to the purpurin
or cblorin moiety through a carbonyl which is a part of
an amide produced by reaction between the monoclonal
antibody and the purpurin or cblorin, and each of the

.
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others of Rl through RIO, R14 and R15 has the meanDESCRIPTION OF THE PREFERRED
ing indicated above.
EMBODIMENTS
In ~till another aspect the invention is a purpurin, a
chlonn or a metal complex which has a structure that is
Examples 1 through 3 and A through G hereof set
enriched in a radioactive atom that can be detected by 5 forth the best mode presently contemplated by the inventors, insofar as this invention is directed to purpuan instrument for measuring ionizing radiation. The
rins, chlorins, metal complexes and their production.
atom can be, for example, C-14. The purpurin, chlorin
The in vivo test procedures describe the best mode
or complex can have the formula of any of FIGS. 1, 2,
insofar as this invention is directed to solutions of the
7, 8, or 1~58 where M and Rl through R16 have the
meanings set forth above.
10 purpurins and chlorins in an organic liquid and to the
production of such solutions, and the in vitro and in
In a final aspect the invention is a purpurin or a purvivo test procedures describe the best mode insofar as
purin metal complex having the structure of any of
the invention is directed to the use of purpurins and
FIGS. 1, 7, 1~18 or 29-38, 44-48 or 54-58 of the atchlorins for the detection and treatment of tumors.
tached drawings, where M and Rl through R16 have
In the examples, and elsewhere herein, the term "perthe meanings set forth above, except that R' is hydrogen 15
cent v/v" means percent by volume; the term "percent
or an alkyl group other than t-butyl having from 2 to 4
w/w" means percent by weight; the term "alkyl group"
carbon atoms.
is used in its ordinary sense to mean a monovalent,
OBJECTS OF THE INVENTION
saturated, aliphatic hydrocarbon radical; the term "alIt is, therefore, an object of the invention to provide 20 kylene group" is used in its ordinary sense to mean a
a new composition which is a solution in an organic
monovalent, aliphatic hydrocarbon radical which has
liquid of a purpurin or a purpurin complex having the
one carbon to carbon double bond and in which any
structure of any of FIGS. 1, 7, 1~18, 29-38, 44-48 or
other carbon to carbon bond is a single bond; all tem54-58 or of a chlorin or a chlorin complex having the
peratures are in •c.; and the following abbreviations
structure of any of FIGS. 2, 8, 19-28, 39-43 or 49-53 of 25 have the meanings indicated: mg=milligram or millithe attached drawings.
grams; g=gram or grams; kg=kilogram or kilograms;
It is a further object to provide an aqueous emulsion
ml=milliliter or milliliters; cm=centimeter or centimeof a solution in an organic liquid of a purpurin or purputers; E=molar absorptivity; and mw=.nillliwatts.
rin complex having the structure of any of FIGS. 1, 7,
EXAMPLE I
30
1~18, 29-38, 44-48 or 54-58 or of a chlorin or chlorin
The
production
of
a novel purpurin according to the
complex having the structure of any of FIGS. 2, 8,
invention
(hereafter
"Purpurin
I") is described in this
19-28, 39-43 or 49-53 of the attached drawings.
example. The synthesis involves the production of sevIt is another object to provide a family of purpurins
or purpurin complexes having the structure of any of 35 eral pyrroles which are identified and assigned trivial
names in the following table:
FIGS. 1, 7, 1~18, 29-38, 44-48 or 54-58 of the attached
drawings:
It is still another object to provide a family of chlorins
Compound
Structure (referring to attached drawings)
or chlorin complexes having the structure of any of
Pyrrole I
FIG. 4,
where A is COiCH2C6ff5
FIGS. 2, 8, 19, 20, 22, 23-25, 27, 28, 39, 40, 42, 43, or 40
Bis CH2CH3
C is COiCH2CH3
49-53 of the attached drawings.
Dis CH3
It is a further object to provide a purpurin, a chlorin
Pyrrole II
FIG. 4,
where A is COiCH2C6ff5
or a metal complex which has a structure that is enBis CH2CH3
riched in an atom that can be detected by nuclear magC is COiCH2CH3
D
is CHi()COCH3
netic resonance.
45
Pyrrole III
FIG. 4, where A is COiCHAHs
It· is still another object of the invention to provide a
Bis CHiCH3
purpurin, chlorin or metal complex coupled to a monoCis COCH3
clonal antibody.
Dis CH3
Pyrrole IV
FIG. 4,
where A is COiCH2C6ff5
It is a still further object to provide a method for the
Bis CH2CH3
treatment of non-malignant lesions or of such cutaneous so
CisCHiCH3
lesions as are involved in psoriasis by the topical appliDis CH3
Pyrrole V
cation of a solution in DMSO or the like of one of the
FIG. 4,
where A is COiCH2C6Hs
Bis CHiCff3
foregoing purpurins, chlorins or metal complexes, folC isCHiCH3
lowed by illumination of the affected region.
DisH
It is yet another object of the invention to provide a 55
Pyrrole VI
FIG. 4,
where A is COiCHAHs
BisCHiCff3
method for detecting and treating tumors which comCisCH2CH3
prises administering one of the foregoing purpurins or
D is CHi()COCH3
chlorins to a human or animal patient, followed by
illumination of the region affected with ultraviolet, with
visible light or with X rays, scanning of the region 60 The synthesis also involves the production of several
affected by nuclear magnetic resonance, or scanning of
dipyrromethanes which are identified and assigned trivthe region affected with an instrument that measures
ial names in the following table:
ionizing radiation.
It is a still further object of the invention to provide a
purpurin, a chlorin or a metal complex which has a 65 _ _eo_m..:po_un_d_ _ _St_ruc_tur_e_(.;..re_rcmn_·..:g;..to_attac_h_ed..;..;;dra.;;,;;.;.wm;,;;·;;:P:;;:>_
structure that is enriched in an atom that can be deDipyrroFIG. 5,
where A is COiCHAHs
1
tected by an instrument that measures ionizing radiamethane
~: ~~!cH3
tion.
E is CHiCH3
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-continued
Compound

-continued

Structure (referring to attached drawings)

Compound

Structure (referring to artached drawings)

where RI-R5, R7 and R8 are CH2CH3
Fis CH2CH3
Purpurin V
R6 is (O=C)CH2CQiCH3
G is CQiCH2C6Hs
5
DipyrroFIG. 5,
R9 is CQiCH2CH3
where A is C02CH2C6Hs
methane II
RIO-R13 are hydrogen
Bis CH2CH3
C is CH2CH3
Eis CH2CH3
Fis CH2CH3
PRODUCTION OF PYRROLE I
G is COiCH2C6Hs
lO
DipyrroFIG. 5,
where A is CHO
• Pyrrole I is produced from a saturated aqueous solumethane III
B is CH2CH3
c is cH 2cH 3
tion containing one gram equivalent of sodium nitrite, a
E is cH2cH3
S percent w /w solution in glacial acetic acid containing
Fis CH2CH3
one gram equivalent of benzyl propionylacetate, a sus_ _ _ _ _ _ _ _ _ _ _G_is_c_H_o_ _ _ _ _ _ _
pension in glacial acetic acid of one gram equivalent of

FIG. 7:

15

The synthesis also involves the production of two porphyrins and six porphyrin complexes, all of which are
identified and given trivial names in the following table:

Compound

Structure (referring to attached drawings)

Porphyrin I

FIG. 3,

Porphyrin
Complex II

FIG. 6,

Porphyrin
Complex III

FIG. 6,

Porphyrin
Complex IV

FIG. 6,

Porphyrin
Complex V

FIG. 6,

Porphyrin
Complex VI

FIG. 6,

Porphyrin
Complex VII

FIG. 6,

Porphyrin VIII

FIG. 3,

where R and RIO-Rl2 are hydrogen
RI and R3-R8 are CH2CH3
R2 is CQiH
where Rand Rl0-Rl2 are hydrogen

RI and R3-R8 are CH2CH3
R2 is CQiH
Mis Ni
where R is CHO
RI and R3-R8 are CH2CH3
R2 is C02H
RIO-Rl2 are H
Mis Ni
where R, RII and Rl2 are H
RI and R3-R8 are CH2CH3
R2 is COiH
RIO is CHO
Mis Ni
where R, RIO and Rl2 are H
RI and R3-R8 are CH2CH3
R2 is C02H
Rll is CHO
Mis Ni
where R, RIO and RI I are hydrogen
RI and R3-R8 are CH2CH3
R2 is COiH
Rl2 is CHO
Mis Ni
where R, RIO and R12 are hydrogen
RI and R3-R8 are CH2CH3
R2 is COiH
Rll is CH=CHCQiCH2CH3
Mis Ni
where R, RIO and Rl2 are hydrogen
RI and R3-R8 are CH2CH3
R2 is COiH
R!I is CH=CHCOiCH2CH3

ethyl acetoacetate and four gram equivalents of zinc
dust. The sodium nitrite solution is added dropwise,
with stirring, to the benzyl propionylacetate solution at
a rate sufficiently slow that the temperature of the solu20 tion that is formed does not exceed 20. After the resulting solution stands at room temperature of about 22 for
thirty minutes, the zinc dust is added in increments to
the ethyl acetoacetate suspension at such a rate that the
exothermic reaction which occurs heats the slurry to
25 about 65; the foregoing solution is then added dropwise,
with stirring, to the ethyl acetoacetate/zinc slurry. The
reaction mixture is maintained at 65 during the addition
and for an hour after completion of the addition of the
sodium nitrite-benzyl propionylacetate solution; stirring
30 is continued during the additional hour. The hot solution is then separated from the zinc by decantation. The
Pyrrole I is precipitated by pouring the hot solution into
ice water, and is recovered by filtration and air dried.
35

PRODUCTION OF PYRROLE III

50

Purpurin I and other purpurins that were produced in
the course of the synthesis thereof are identified and the 55
other purpurins are assigned trivial names in the following table:
_Com_po
__un_d_ _s_tru_ctur_e_(r_e_fe_rnn_·_g_to_artac_h_ed_dra_wm_·_gs_)_ _ _ _
Purpurin I

FIG. 34:

Purpurin II

FIG. 9:

Purpurin III

FIG. 13 =

Purpurin IV

FIG. 14:

where Rt-RS, R7 and RS are CH2CH3
R 9 is COiCH2CH3
Rl3 is H
RIS is CQiCH2cH 3
where RI-RS, R7 and RS are CH2CH3
R9 is COiCH2CH3
where Rl-R6 and RS are CH2CH3
R9 is COiCH2CH3
where Rt-RS, R7 and RS are cH2cH 3
R9 is COiCH 2CH 3

PRODUCTION OF PYRROLE II

Pyrrole II is produced from 6 g lead tetra-acetate and
a solution of 4 g Pyrrole I in 2 ml acetic anhydride and
100 ml glacial acetic acid. The lead tetra-acetate is
added to the Pyrrole I solution and dissolved by warm40 ing the resulting reaction mixture on a steam bath for
about 10 minutes. The solution so formed is stirred at
room temperature of about 22 for 16 hours. Dropwise
additions of ice are then made to precipitate the Pyrrole
II, which is recovered from the reaction mixture by
45 filtration and washed with distilled water.

60

65

Pyrrole III is produced from a saturated aqueous
solution containing one gram equivalent of sodium nitrite, a 5 percent w/w solution in glacial acetic acid
containing one gram equivalent of benzyl propionylacetate, a suspension in glacial acetic acid of one gram
equivalent of 2,4-pentanedione and four gram equivalents of zinc dust. The sodium nitrite solution is added
dropwise, with stirring, to the benzyl propionyl-acetate
solution at a· rate sufficiently slow that the temperature
of the solution that is formed does not exceed 20. After
the resulting solution stands at room temperature of
about 22 for thirty minutes, the zinc dust is added in
increments to the 2,4-pentanedione suspension at such a
rate that the exothermic reaction which occurs heats
the slurry to about 65; the foregoing solution is then
added dropwise, with stirring, to the 2,4-pentanedione/zinc slurry. The reaction mixture is maintained at 65
during the addition and for an hour after completion of
the addition of the sodium nitrite/benzyl propionyl-acetate solution; stirring is continued during the additional
hour. The hot solution is then separated from the zinc
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by decantation. The Pyrrole III is precipitated by pouring the hot solution into ice water, and is recovered by
filtration and air dried.
·

· lent Pyrrole II, one g equivalent Pyrrole V and about 2
g Montmorillonite clay. The clay is added to the Pyrrole II solution, and the slurry which results is stirred
for about 10 minutes. The clay is then separated by·
PRODUCTION OF PYRROLE IV
5 filtration and washed with dichloromethane; the wash is
Pyrrole IV is produced from 1.1 gram equivalents of
combined with the filtration; evaporation of the dichloboron trifluoride etherate and a 5 percent w/w solution
romethane leaves the Dipyrromethane I. ·
in glacial acetic acid containing one gram equivalent of
PRODUCTION OF PYRROLE VI
Pyrrole III; the Pyrrole III solution also contains 2
gram equivalents of sodium borohydride. The Pyrrole 10
Pyrrole VI is produced from 6 g lead tetra-acetate
III solution is cooled with ice while the boron trifluoand a solution of 1 g equivalent Pyrrole IV in 2 ml
ride etherate is added thereto dropwise, with stirring.
acetic anhydride and 100 ml glacial acetic acid. The
After the addition is complete, the reaction mixture is·
lead tetra-acetate is added to the Pyrrole II solution,
allowed to warm to room temperature of about 22 and
and the resulting reaction mixture is warmed on a steam
then to stand two hours at room temperature; stirring is 15 bath to dissolve the lead tetra-acetate. The solution
continued throughout. Excess sodium borohydride is
which is formed is stirred for I 6 hours at room temperathen destroyed by cautious additions of glacial acetic
ture of about 22, after which time the Pyrrole VI is
acid. The reaction mixture, a solution, is then poured
precipitated by dropwise addition of ice water, sepainto ice water; Pyrrole IV which precipitates is recovrated from the liquid by filtration, washed with water
ered by filtration and air dried.
20 and air dried.
PRODUCTION OF PYRROLE V

Pyrrole Vis produced from a 5 percent w/w solution
in dichloromethane containing 1 gram equivalent of
Pyrrole IV and a 5 percent w/w solution in dichloro- 25
methane containing 4 gm equivalents of sulfuryl chloride. The Pyrrole IV solution is diluted with about 10
percent v/v diethyl ether and the sulfuryl chloride solution is added to the diluted Pyrrole IV solution. The
reaction. is conducted at room temperature with stir- 30
ring, which is commenced before the sulfuryl chloride
solution addition is started, and continued for about one
hour after that addition is completed. Solvent is then
removed from the reaction mixture, leaving a pale· yellow oil. The oil is dissolved in a solution of water in 35
acetone containing 20 percent v /v water and the solution is heated under reflux. The solution becomes acidic
rapidly. After 20 minutes under reflux, enough sodium
acetate to neutralize the acid and a small excess is added
to the solution; heating is continued until the acetone is 40
vaporized and an oil separates from the aqueous phase
which remains. Upon cooling of the reaction mixture to
room temperature, the oil forms a crystallized solid
("Pyrrole VII": Pyrrole V, except that D is COiH)
which is suspended in a 5 percent w/w solution in gla- 45
cial acetic acid and 4.8 percent w/w acetic anhydride
containing 3 equivalents of anhydrous sodium acetate
per equivalent of the Pyrrole VII. The resulting suspension is heated gently to 80 and stirred with a 5 percent
w/w solution in glacial acetic acid containing 1 equiva- SO
lent of iodine monochloride (based upon the Pyrrole
VII) is added dropwise thereto. When the iodine monochloride addition is complete, the solution which has
formed is cooled and mixed with an equal volume of
water; hypophosphorous acid is added to remove ex- 55
cess iodine; and the solid which forms is recovered by
filtration, washed with water, dried and suspended with
0.2 g platinum oxide in tetrahydrofuran. The resulting
suspension is hydrogenated until the uptake of hydrogen ceases.-The solution of Pyrrole V in tetrahydrofu- 60
ran which results is separated from the platinum oxide
by filtration; the tetrahydrofuran is replaced under reduced pressure with methanol; and the Pyrrole V is
recovered by filtration.
65
PRODUCTION OF DIPYRROMETHANE I
Dipyrromethane I is produced from a 5 percent w /w
solution in dichloromethane containing one g equiva-

PRODUCTION OF DIPYRROMETHANE II
Dipyrromethane II is produced by dissolving Pyrrole
VI in methanol containing about 0.05 percent w/w HCl
to make a 5 percent w/w solution, and heating the
solution under reflex for five hours. The reaction product is cooled to room temperature of about 22 and
poured into ice water to precipitate the Dipyrromethane II, which is then recovered by filtration and air
dried.
PRODUCTION OF DIPYRROMETHANE II
Dipyrromethane III is produced from 2 g Dipyrromethane II, 50 ml absolute ethanol containing 0.05
percent w/w triethyl amine, 0.1 g charcoal coated with
5 percent w /w palladium, 3 ml trifluoroacetic acid and
1.0 g p-nitobenzoyl chloride dissolved in 1.0 g dry dimethyl formamide. The Dipyrromethane II is dissolved
in the absolute ethanol and the palladium on charcoal is
added to the resulting solution. The Dipyrromethane II
is then hydrogenated in a sloping manifold hydrogenator in which a slight positive pressure of hydrogen is
maintained until there is no longer an uptake of hydrogen. The palladium on charcoal is then separated from
the reaction mixture by filtration, and the solvent is
evaporated, leaving a solid white residue. The white
residue is powdered finely and added, under nitrogen,
to the trifluoroacetic acid at a temperature of 45; the
reaction mixture is maintained at 45, with stirring, until
the evolution of COi subsides and for an additional 3
minutes, and is then poured into 30 ml 56 percent w/w
aqueous ammonium hydroxide to which 5 g crushed ice
has been added. The aqueous mixture which results is
extracted with dichloromethane, which is then evaporated; the red oil which remains after evaporation of the
dichloromethane is immediately dissolved in 3 ml dry
dimethylformamide, and the solution which results is
cooled to and maintained at 0, with stirring, while the
solution of p-nitrobenzoyl chloride in dimethyl formamide is added dropwisc, and for 30 minutes after completion of the addition. An addition of 20 ml diethyl
ether is made 15 minutes after completion of the addition of the dimethyl formamide solution, and, 15 minutes later, solids which have precipitated are separated
from the liquid by filtration and added, with stirring, to
50 percent w/w aqueous ethanol containing about 3 g
sodium carbonate, which has been heated to 70. After
15 minutes of stirring, Dipyrromethane III is separated
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aqueous phase is extracted with dichloromethane. The
organic phase and the dichloromethane extract are then
combined, and evaporated to dryness. The solid which
PRODUCTION OF PORPHYRIN I
remains is recrystallized from a solvent composed of
Porphyrin I is produced from two solutions, one a 5 s equal parts by volume of dichloromethane and methapercent w/w solution in dry tetrahydrofuran containing
no!, yielding a mixture of Porphyrin Complex III, Por0.05 percent w/w triethyl amine and 1 g equivalent
phyrin Complex IV, Porphyrin Complex V and PorDipyrromethane I, and the second a 5 percent w/w
phyrin Complex VI. The mixture of complexes is sepasolution in dichloromethane containing 5 percent v/v
rated by silica gel chromatography, using dichloromethanol, 0.05 percent w/w p-toluenesulfonic acid and 10 methane containing 1 percent v/v methanol as the elu1 g equiva'ient of Dipyrromethane III, using 5 percent
ant.
w/w, based on the weight of the Dipyrromethane I, 5
PRODUCTION OF PORPHYRIN COMPLEX VII
percent w/w palladium on charcoal as a hydrogenation
catalyst. The palladium on charcoal is added to the
A solution of 506 mg Porphyrin Complex V and
Dipyrromethane I solution and hydrogenation is car- 15 1.024 g. (carbethoxymethylene)triphenylphosphorane
ried out in a sloping manifold hydrogenator in which a
in SO ml xylene is heated under reflux for 18 hours. The
slight positive pressure of hydrogen is maintained until
solution is cooled, the xylene is removed in vacuo; and
the uptake of hydrogen stops. The palladium on charthe solid which remains is dissolved in the minimum
coal is then separated from the reaction mixture by
amount of dichloromethane and chromatographed on
filtration and washed with dilute ammonium hydroxide. 20 silica gel. A minor fraction of Porphyrin Complex V
The filtrate is evaporated to dryness in vacuo, and the
and a major red fraction are recovered. The solvent is
product which remains is dissolved in the ammonia
removed from the red fraction; the solid which remains
washings; 12 percent w /w acetic acid is added to the
is recrystallized from a solvent composed of equal parts
resulting solution to adjust the pH to 4 and the temperaby volume of dichloromethane and methanol, yielding
ture thereof is lowered to about 5 to cause precipitation 25 Porphyrin Complex VII.
of an intermedia~ diacid. The dia~id is the~ ~Ived ~
PRODUCTION OF PORPHYRIN VIII
the second solut10n and the resultmg reaction mIXture IS
allowed to stand in the dark at room temperature of
A solution is prepared by dissolving 621 mg Porphyabout 22• for 24 hours, after which time a methanolic
rin Complex VII in 10 ml concentrated (96.7 percent
solution containing about 1 g zinc acetate dihydrate is 30 w/w) sulfuric acid; after the solution stands for 2 hours
added thereto. The solution is allowed to stand in the
at room temperature of about 22°, an addition of 100 ml
dark at room temperature for another 72 hours, after
dichloromethane is made thereto, followed by saturated
which time the solvent is removed by evaporation, and
aqueous sodium bicarbonate to neutralize the sulfuric
the solid which remains is dissolved in aqueous dioxane
acid. The organic layer is collected, washed and dried;
containing 3 equivalents KOH per equivalent of Por- 35 the solvent is then vaporized. The crude product which
phyrin I. The resulting solution is refluxed for four
remains is recrystallized from a solvent composed of
hours, cooled, and diluted with distilled water; the Porequal parts by volume of dichloromethane and methaphyrin I is extracted from the solution with dichloronol, yielding Porphyrin VIII.
me~han~; the dichl?romethane is evaporated; and ~e
PRODUCTION OF PURPURIN II AND
residue IS rec_rys~lhzed from a SO percent v/v solution 40
PURPURIN III
of methanol m d1chloromethane.
A solution of 100 mg Porphyrin VIII in 20 ml glacial
PRODUCTION OF PORPHYRIN COMPLEX II
acetic acid is heated under reflux in a nitrogen atmoA S percent w/w solution in a mixed dichloromesphere for 24 hours. The solution is then cooled; the
thane-methanol solvent containing 20 percent v/v 45 acetic acid is removed in vacuo; and the remaining
methanol, 1 g equivalent of Porphyrin I and 2 g equivaproduct is dissolved in the minimum amount of dichlolents of nickel acetate is refluxed for 16 hours. The
romethane and chromatographed on silica gel, yielding
solvent is then evaporated until the Porphyrin Complex
a major green fraction from which the solvent is reII precipitates; the product is recovered by filtration
moved. The solid which remains is recrystallized from
and air dried.
SO SO percent v/v dichloromethane and methanol, yielding
a mixture of Purpurin II and Purpurin III which are
PRODUCTION OF PORPHYRIN COMPLEXES
separated by silica gel chromatography using dichloroIII-VI
methane containing 1 percent v/v methanol as the eluA mixture of the porphyrin complexes identified
tant.
above is prepared from 1 g Porphyrin Complex II, 28 55
PRODUCTION OF PURPURIN V
ml freshly distilled phosphorus oxychloride, 20 ml dry
dimethyl formamide and 750 ml dry 1,2-dichlorocthane.
Purpurin V is produced from 59 mg Purpurin II, 25
The dimethyl formamide is cooled on an ice bath, and
mg N,N'-carbonyldiimidazole, 100 mg zinc acetate, 25
the phosphorus oxychloride is added thereto dropwisc.
mg sodium hydride and 87 mg methyl t-butyl malonate.
The solution which results is allowed to stand at room 60 The Purpurin II is dissolved in S ml dichloromethane
temperature of about 22" for 30 minutes, and is then
and refluxed for one hour with the N,N'-carbonylwarmed to so•. The Porphyrin Complex II is dissolved
diimidazole; the zinc acetate dissolved in S ml methanol
in the 1,2-dichlorocthane, and the resulting solution is
is then added and the resulting reaction mixture is
added dropwisc, with stirring, to the phosphorus oxywarmed gently for S minutes. After an addition of25 ml
chloride; the addition is made over a period of about 30 65 dichloromethane, the solution which forms is washed
minutes. The reaction mixture is maintained at about
three times with SO ml portions of water, dried over
so•, with stirring, for an additional 2 hours. The organic MgSO4 and evaporated under vacuum; the solid residue
and the aqueous phases are then separated, and the
which remains after evaporation of the solvents is mainfrom the ethanol/water solution by filtration and air
dried.

an
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tained at
absolute pressure of 0.1 mm Hg for 30 minutes, and is then dissolved in dichloromethane. The
resulting solution is then added to a malonate anion
solution prepared by adding the sodium hydride and the
methyl t-butyl malonate to 10 ml tetrahydrofuran, and
the reaction mixture is stirred for 40 minutes at room
temperature of about 22° and added to 50 ml chloroform and 20 ml 1 normal hydrochloric acid. The organic phase is separated from the aqueous phase,
washed twice with 50 ml portions of water, dried over
MgSO4 and evaporated; the residue is stirred at room
temperature of about 22° with 5 ml trifluoroacetic acid
for 40 minutes and the resulting product is mixed with
100 ml water and 50 ml chloroform. The organic layer
is separated from the aqueous layer, washed twice with
50 ml portions of water, dried over MgSO4, and evaporated to dryness. The residue is dissolved in the minimum amount of dichloromethane containing 5 percent
v/v acetone and purified. by elutriation on alumina.
Purpurin V is recovered by evaporating the solvents
from the elutriate.
PRODUCTION OF PURPURIN IV
Purpurin IV is prepared from 68 mg Purpurin V and
110 mg thallium trifluoroacetate. A solution of the Purpurin V in 20 ml dry dichloromethane apd 20 ml dry
tetrahydrofuran is treated with a solution of the thallium trifluoroacetate in 10 ml dry tetrahydrofuran.
After 2 minutes, the solution which results is placed in
sunlight for about 10 minutes until a sample examined
spectrophotometrically shows the expected shift of the
Soret absorption band. The solution is then treated
briefly with SO2 gas, stirred for about 1 minute with
about i ml 37 percent w/w hydrochloric acid, diluted
with 50 ml dichloromethane, and washed three times
with 100 ml portions of water. The solvents are then
removed by evaporation; the residue is dissolved in
dichloromethane containing 5 percent v/v methanol;
the solution is chromatographed on alumina; and the
Purpurin Vis crystallized from the solvent and recovered by filtration.
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Compound

Structure (referring to attached drawings)

Purpurin VI

FIG. 38:

Purpurin VII

FIG. 18:

Purpurin VIII

FIG. 7:

5

10

Similarly, Porphyrin Complex III, Porphyrin Complex
15 IV, Porphyrin Complex V and Porphyrin Complex VI

are all produced in one step of the procedure; Porphyrin Complex VII, Porphyrin VIII, Purpurin II and Purpurin III are then produced from Porphyrin Complex
V. It will be appreciated that Porphyrin Complex IV
20 can be substituted for Porphyrin Complex V to produce
the following isomers of Porphyrin Complex VII, Porphyrin VIII, Purpurin I, Purpurin II, Purpurin IV and
Purpurin V:
25
Compound

Structure (referring to attached drawings)

Porphyrin
Complex IX

FIG. 6:

35

40

where R, RII and R12 are hydrogen
RI and R3-R8 are CH2CH3
R2 is COiH

RIO is CH=CHCQiCH2CH3

30
Porphyrin X

FIG. 3:

Purpurin IX

FIG. 35:

Mis Ni
where R, RII and R12 are hydrogen
RI and R3-R8 are CH2CH3
R2 is COiH
RIO is CH=CHCQiCH2CH3
where Rl-R3 and R5-R8 are CH2CH3

R9 is COiCH2CH3
R13 is H
Purpurin X

FIG. 10:

Purpurin XI

FIG. 15:

Purpurin XII

FIG. 7:

PRODUCTION OF PURPURIN I
A solution of 60 mg sodium borohydride in 10 ml
methanol is added dropwise to a solution of 200 mg
Purpurin IV in 5 ml dichloromethane; the resulting
solution is stirred at room temperature of about 22° for
2 hours, and is poured into 100 ml water. The organic
phase is separated from the aqueous phase; the solvent is
removed from the organic phase; and the solvent is
evaporated. The residue is dissolved in 50 ml chloroform containing 25 percent v /v methanol; a 10 mg addition of p-toluene sulfonic acid is made; and the reaction
mixture is refluxed for 6 hours. Water is then added to
the reaction mixture; the organic layer is collected; and
the solvent is removed by evaporation. The residue is
dissolved in 5 ml dichloromethane containing 2 percent
v /v methanol; the resulting solution is chromatographed on silica gel; and Purpurin I is recovered by
evaporating the solvent from the chromatographed
solution.
Purpurin II and Purpurin III are both produced from
Porphyrin VIII in one step of the procedure described
above as Example 1; Purpurin V, Purpurin IV and Purpurin I are then produced from Purpurin II. It will be
appreciated that Purpurin III can be substituted for
Purpurin II to produce the following isomers of Purpurin I, Purpurin IV and Purpurin V:

where RI-R6 and R8 are CH2CH3
R9 is COiCH2CH3
Rl3 is H
R15 is COiCH2CH3
where Rl-R6 and R8 are CH2CH3
R9 is COiCH2CH3
where Rl-R6 and R8 are CH2CH3
R7 is (O=C)CH2COiCH3
R9 is COiCH2CH3
RIO-Rl3 are hydrogen

R15 is CQiCH2CH3
where Rl-R3 and R5-R8 are CH2CH3
R9 is COiCH2CH3
where Rl-R3 and R5-R8 are CH2CH3
R9 is CQiCH2CH3
where RI-R3 and R5-R8 are CH2CH3
R4 is (O=C)CH2COiCH3
R9 is COiCH2CH3
RIO-Rl3 are hydrogen

45
Similarly, it will be appreciated that Porphyrin Complex VI can be substituted for Porphyrin Complex V to
produce the following isomers of Porphyrin Complex
VII, Porphyrin VIII and Purpurin II:

so
Compound

Structure (referring to attached drawings)

Porphyrin
Complex XI

FIG. 6:

SS
Porphyrin XII

60 Purpurin XIII
Purpurin XIV

where R. RIO and RI I are hydrogen
RI and R3-R8 are CHiCff3

R2 is COiH
.R.12 is CH=CHCOiCHiCHJ.
Mil Ni
FIG. 3:
where R. RIO and RI 1 are hydrogen
RI and R3-.R8 are CH2CH3
R2 is COiH
R12 is CH=CHCOieffiCff3
FIG. 11 , where Rl-R7 are CHi(:H3
R9 is COiCHi(:H3
FIG. 12: where RI-R4 and R6-R8 are
CHi(:H3
R9 is COiCH2CH3

65
In a like manner, Purpurins XIII and XIV can be substituted for Purpurin II to prC>duce other isomers of Purpurin I:

15
Compound
Purpurin

xv

Purpurin XVI
Purpurin XVII

Structure (referring to attached drawings)
FIG. 36:

FIG. 16:
FIG. 7:

Purpurin XVIII

FIG. 37:

Purpurin XIX

FIG. 17:

Purpurin

xx
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FIG. 7:

where Rl-R7 are .CH2CH3
R9 is COiCH2CH3
R13 is H
RIS is C02CH2CH3
where Rl-R7 are CH2CH3
R9 is COiCH2CH3
where Rl-R7 are CH2CH3
RS is (O=C)CH2COiCH3
R9 is COiCH2CH3
RIO-R13 arc hydrogen
where RI-R4 and R6-R8 are
CH2CH3
R9 is COiCH2CH3
Rl3 is H
RIS is COiCH2CH3
where RI-R4 and R6-R8 arc
CH2CH3
R9 is COiCH2CH3
where RI-R4 and R6-R8 arc
CH2CH3
RS is (O=C)CH2COiCH3
R9 is COiCH2CH3
RIO-Rl3 arc hydrogen

16

Where any of Rl through R16 of any of the foregoing
purpurins is CO2H, that moiety can be reacted with an
amino acid moiety, which can be a monoclonal antibody, to form an amide. Example 2 is illustrative of such
5 reactions:
EXAMPLE2

10

15

20

It will be appreciated that other purpurins having the
structures of FIGS. 7, 9-18, 29-33 and 34-38 can be 25
produced by the method of Example 1 from porphyrins
having an appropriate structure, if available, or synthesized from dipyrromethanes having an appropriate
structure, if available; further, the requisite dipyrromethanes can be synthesized by the method set forth from 30
available pyrroles or from pyrroles synthesized as described. Purpurins so produced have the structure of
one of the indicated figures of the drawings where each
of RI through R8 is H,
a primary or secondary alkyl group having from 1 to 35
4 carbon atoms,
an alkylene group having from 2 to 4 carbon atoms,
·a group having the formula R 2N(R 3)2 where R2 is a
bivalent aliphatic hydrocarbon radical having from
l to 4 carbon atoms, wherein any carbon to carbon 40
bond is either a single or a double bond, and not
more than one is a double bond; R3 is hydrogen or
an alkyl group having from 1 to 2 carbon atoms and
the two R3 groups can be the same or different,
a group having the formula R2N 04)3 + where R 2 is a 45
bivalent aliphatic hydrocarbon radical having from 1 to
4 carbon atoms, wherein any carbon to carbon bond is
either a single or a double bond, and not more than one
is a double bond; and R4 is an alkyl group having from
1 to 2 carbon atoms and the three R4 groups can be the so
same or different,
a group having the formula R2OH were R2 is a bivalent aliphatic hydrocarbon radical having from 1 to 4
carbon atoms, wherein any carbon to carbon bond is
either a single or a double bond, and not more than one 55
is a double bond, or
C02R', CH2COiR' or CH2CH2COiR' where R' is H,
or a primary or secondary alkyl group having from one
to four carbon atoms.
In the purpurins so produced, R9 and RIS are usually 60
~CH3 or COiCH2CH3, their identify being determmed by that of the precursor porphyrin (see steps of
producing Porphyrin Complex VII, Porphyrin VIII,
and Purpurins II and III in Example l; the identify of
the CO2CH2CH3 groups in Purpurin II and in Purpurin 65
III was determined by that of the -ethoxycarbonylvinyl
moiety in Porphyrin VIII), and Rl~ through Rl4 are
hydrogen.

A purpurin coupled to a monoclonal antibody is produced form 20 mg Purpurin II dissolved in 1.25 ml
water and 0.8 ml N,N-dimethyl formamide, 20 mg lethyl-3-(3-dimethylaminopropyl)
carbodiimide.HCI
dissolved in 0.6 ml water and 15 mg monoclonal antibody dissolved in 5 ml distilled water. The Purpurin II
solution is added to the carbodiimide hydrochloride
solution, and the combined solution is mixed with the
monoclonal antibody solution. After 30 minutes, the
reaction is quenched by adding 0.05 ml monoethanol
amine, and the conjugated material, i.e., the amide of
the monoclonal antibody and Purpurin II, is dialyzed
exhaustively at 4• against 0.001N phosphate buffered
saline, pH 7.4.
The procedure of Example 2 can be used to couple
other proteins, other amino acids, to Purpurin II and to
other purpurins having a C02H group.
It is known that some monoclonal antibodies, after
they have been administered to a patient, for example
intr~venously, localize ~ tumor cells, specifically in
°:181ignant tumor ce~s, It IS also kn?':"11 t~t some p~~~ ~d some chlonns, after administration, 1 ~ m
a _simil~ mann~r and can then be detected wtt~ ultr:1
v10let li~ht, ~~ch ~uses them to fluoresce, o~ illumtnated wtth VlSlble light of a w~velength at which they
show an absorbance peak, which causes them to undergo a reaction which destroys the tumor in which
they have localized; as is subsequently demonstrated in
~xampl~ 3-9 hereof, this is also true of several purpunns havmg the formula of FIG. 7 of the attached drawings and of several chlorins having the formula of FIG.
8. It will be appreciated, therefore, that a purpurin or
chlorin with a monoclonal antibody which localizes in
this way chemically attached thereto has an enhanced
capability to localize and the same capability for detection and destruction of a tumor where it has localized,
by comparison with the parent purpurin or chlorin.
EXAMPLE3
The production of a purpurin (hereafter "Purpurin
NT2") from nickel meso-formyl octaethyl porphyrin is
described in this Example. The production of nickel
meso-formyl octaethyl porphyrin is described in a journal article by R. Grigg et al., J. Chem. Soc. Perkin
Trans I, 1972, pp., 1789, 1798; it has the formula of FIG.
6 of the attached drawings where RI through RB are
ethyl, R is CHO, RIO through Rll are hydrogen, and
M is Ni. Two intermediates were produced in the Example 3 procedure, nickel Meso-(-ethoxycarbonylvinyl)octaethyl porphyrin, which has the formula of FIG. 6
of the attached drawings where Rl through RB are
ethyl, R is CH=CHCQiCH2CH3, RIO through Rll are
hydrogen, and M is Ni, and meso(-ethoxycarbonylvinyl)octaethyl porphyrin, which has the formula of
FIG. 3 of the attached drawings where RI through R8
are ethyl, R is CH=CHCQiCQiCH3, and RIO through
Rll are hydrogen. Purpurin NT2 has the formula of
FIG. 7 of the attached drawings where RI through R8
are ethyl, R9 is CQiCH2CH3, and RIO through Rl3 are
hydrogen.
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by filtration, dissolved in a mixed solvent composed of
Production of Nickel
5 ml dichloromethane and 2 ml methanol, and recrystalMeso-(-ethoxycarbonylvinyl)octaethyl Porphyrin
lized, yielding 18 mg Zn Purpurin NT2 in the form of
A solution of 506 mg nickel meso-formyl octaethyl
microcrystals. The Zn Purpurin NT2, a metal complex,
porphyrin and 1.024 g (carbethoxymethylene)triphenyl- 5 has the formula of FIG. 1 of the attached drawings
phosphorane in 50 ml xylene was heated under reflux
where Rt through RS are ethyl, R9 is COiCH2CH3,
for 18 ho~. The solution was_cool~; the xy!ene was
RIO through R13 are hydrogen and Mis Zn; the comremoved m vacuo; and the sohd which remained was
pound has visible spectrum absorbance peaks at 413
dissolved in the minimum amount of dichloromethane
435 535 578 618 and 663 nanometers (195 270 219 498'.
and chromatographed on silica. A minor fraction of 10 14 052
886 28 588 86 733).
'
nickel octaethyl porphyrin and a major red fraction
'
'
'
were recovered. The solvent was removed from the red
EXAMPLE 5
fraction; the solid which remained was recrystallized
Production of "Chlorin NT2H2"
from a solvent composed of equal parts by volume of
dichloromethane and methanol, yielding 455 mg small 15
A solution was prepared by dissolving 100 mg Purpubrown needles. The product was identified by nuclear
rin NT2 in 20 mg tetrahydrofuran and adding 2 drops of
magnetic resonance as nickel meso-(-ethoxycarbonyltriethylamine; with stirring, an addition 20 mg pallavinyl)octaethyl porphyrin; it showed visible spectrum
dium on charcoal was made and the mixture which
absorbance peaks at 405, 530 and 565 nanometers (94,
resulted was hydrogenated at room temperature of
180, 18 604, 27 790).
20 about 22" for 5 hours in a sloping manifold hydrogena.
.
tor in which a slight positive pressure of hydrogen was
Production ofMeso-(-ethoxy~nylvmyl)octaethyeyl
maintained. The palladium on charcoal that was used
Porphynn
was composed of 10 percent w/w of palladium and 90
A solution was prepared by dissolving 621 mg nickel
pers:ent w/w of charcoal. The palladium on charcoal
meso-(-ethoxycarbonylvinyl)octaethyl porphyrin in 10 25 was filtered from the colorless reaction mixture, and the
ml concentrated (96.7 percent w/w) sulfuric acid; after
filtrate was stirred vigorously while exposed to air until
the solution stood for 2 hours at room temperature of
the solution turned brown, about 2i hours. The solvent
about 22°, an addition of 100 ml dichloromethane was
was then removed in vacuo and the residue was dismade thereto, followed by saturated aqueous sodium
solved in the minimum dichloromethane containing 1
bicarbonate to neutralize the sulfmi:c acid. The organic 30 percent v/v of methanol and chromatographed on sillayer was c?llected, washed and dned; th~ solvent _was
ica. A major blue band was collected; the solvent was
then vaponz~. The crude product which remained
removed; and the crude product was dissolved in 5 ml
was recrystallized fro~ a solvent composed of equal
dichloromethane containing 1 percent v /v of methanol
P~. by volume of dichlo~omethane and meth~ol,
and recrystallized, yielding 75 mg brown microprisms
yield~g 5~2 mg small reddISh-b~own crystals which 35 which were identified by nuclear magnetic resonance as
were 1dent1fied by ~uclear magnetic resonll;Ilce as mesaChlorin NT2H2, a compound having the formula of
(-eth?xycarh?nylvmyl~ta~thyl po~hynn. The ~roFIG. S of the drawings where Rt through RS are ethyl,
duct1on of this porphynn 1s disclosed ma Journal article
R9 is COiCH2cH 3, and RIO through R13 are hydroby Fuhrhop et al., Ann. Chem., 1976, pp. 1539-1559.
gen. Chlorin NT2H2 was found to have absorbance
Production of Purpurin NT2
40 peaks in the visible spectrum at 403, 500, 535, 558, 610
A solution of 1090 mg meso-(-ethoxycarbonylviriyland 660 nanometers (114 650, 23 532, 5 662, 4 246, 8 493,
)octaethyl porphyrin in 20 ml glacial acetic acid was
39 455). The Chlorin NT2H2 zinc complex was preheated under reflux in a nitrogen atmosphere for 24
pared by the method described in Example 4; it was
hours. The solution was then cooled; the acetic acid was
found to have absorbance peaks in the visible spectrum
removed in vacuo; and the remaining product was dis- 45 at 408,515,545,590 and 633 nanometers (145 474, 9 858,
solved in the minimum amount of dichloromethane and
5 377, 15 832, 59 444).
chromatographed on silica, yielding a major green fracThe nickel complex of Chlorin NT2H2 was also pretion from which the solvent was removed. The solid
pared by the method described in Example 4, except
which remained was recrystallized from 50 percent v /v
that ni_ckel acetate was substi~ted for the zinc acetate.
50
dichloromethane and methanol yielding 68 mg purple
The ruckel complex of ~onn .1:IT2H2 was found to
microcrystals which were identified by nuclear maghave absorbance peaks m the VISlble spectrum at 405,
netic resonance as Purpurin NTI, and found to have
498, 533, 588 and 630 nanometers (145 779, 11 034, 8
visible spectrum absorbance peaks at 433, 453, 503, 530,
693, 19 392, 64 146).
568,648 and 695 nanometers (89 509, 89 509, 14 571, 12
The zinc and nickel complexes have the formula of
55
143, 18 908, 10 582, 42 673).
FIG. 2 of the drawings where Rt through R8 are ethyl,
R9 is COiCH2CH3 and RIO through R13 are hydrogen.
EXAMPLE4
M is Zn for the zinc complex and Ni for the nickel
Production of Zn Purpurin NT2
complex.

is

A solution was prepared by dissolving 20 mg Purpu- 60
EXAMPLE6
rin NT2 in a mixed solvent composed of 15 ml dichloroProduction
of
Purpurin
NT2 and Purpurin NTl
methane and 5 ml methanol and 100 mg zinc acetate was
A solution of 100 mg meso-(-ethoxycarbonylvinyladded to the solution; the mixture which resulted was
)octaethyl porphyrin in 20 ml glacial acetic acid was
refluxed for about 4 minutes until the electronic spectrum of the reaction mixture indicated that chelation 65 heated under reflux in air for 24 hours. The solution was
was complete. The reaction mixture was then concenallowed to stand at room temperature of about 22• until
trated to 7 ml and allowed to cool to room temperature
it cooled; the solvent was removed in vacuo; and the
at about 22°. Product which precipitated was recovered
residue was dissolved in the minimum dichloromethane
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containing 1 percent v/v of methanol and chromategraphed on silica. First and second major green bands
were collected; the solvent was removed from the first
band; and the crude product was dissolved in 4 ml dichloromethane containing 1 percent v/v of methanol
and recrystallized, yielding 40 mg "Purpurin NTl", a
compound having the formula of FIG. 7 of the drawings where RI is =CHCH3R2 through RS are ethyl, R9
is C02CH2CH3 and RIO through R13 are hydrogen.
Purpurin NTl was identified by nuclear magnetic resonance; it has absorbance peaks in the visible spectrum at
wavelengths of 438,510,540,583,653, and 715 nanometers (104 158, 9 450, 11, 130, 15 5401 9 020, 42 629).
The solvent was also removed from the second green
band, and the crude product was dissolved in 4 ml dichloromethane containing 1 percent v/v of methanol
and recrystallized, yielding 39 mg Purpurin NT2, which
was identified by nuclear magnetic resonance.
Purpurin NTl was hydrogenated by a procedure
similar to that described above in Example 5, yielding,
after work-up and chromatographic purification as
there described, 65 mg Chlorin NT2H2.
The procedure described in Example 3 has been used
to produce other purpurins. Typical ones of the starting
materials used and the intermediates and purpurins produced are set forth tabularly in Examples 7, 8 and 9.
EXAMPLE 7
Formula
_eo_m_po_un_d_ _ _ _ _ _ _ _ _ _ _ _ _ _ _o_f__
Starting material, Nickel meso-formyletio porphyrin I
FIG. 6*
Fint Intermediate, Nickel meso-(-etboxycarbonylFIG. 6*
vinyl)-etio porphyrin I
Second intermediate, Meso-(-ethoxycarbonylvinyl)-etio
FIG. 3•
porphyrin I
_"Purp--';...unn_·_E_TI_'_'_ _ _ _ _ _ _ _ _ _ _ _ _FI_G_._7_•_

15

20

25

30

35

•Where, RI, R3, Rs, and R7 are CH3. R2, R4, R6, and Rs are CH2CH3.

In
1n
1n
In

the starting material, R is CHO and M is Ni.
the fin1 intermediate, R is CH=CHCOiCH2cH 3 and M is Ni.
the ,econd intermediate, R is CH=CHCOiCH2CH3.
Pwpurin ET2, R9 is COiCH2CH3 and RIO through R13 are hydrogen.

40

The production of nickel meso-formyletio porphyrin I
is disclosed in a Journal article by Johnson et al., J.
Chem. Soc. (c) 1966, p. 794.
EXAMPLES

Compound
Starting Material, Nickel meso-formyl coproporphyrin

45
Formula
of
FIG. 6••

I tetramethyl ester•
Fint intermediate, Nickel meso-(-ethoxycarbonylvinyl)coproporphyrin I tetramethyl ester
Second intermediate, Meso-(-ethoxycarbonylvinyl)coproporphyrin I tctramethyl ester
"Purpurin JP I"

50

FIG. 6°•

tion mixture was then concentrated to 7 ml and allowed
to cool to room temperature of about 22°. Product
which precipitated was recovered by filtration, dissolved in a mixed solvent composed of 5 ml dichloromethane and 2 ml methanol, and recrystallized, yielding
98 mg Ni coproporphyrin I tetr~ethyl ~r. The compound showed absorbance peaks m the v1S1ble spectrum
at 392, 515 and 552 nanometers; the relative intensities
at these peaks were 20.19, 1 and 2.56, respectively.
The Nickel-meso-formyl coproporphyrin I tetramethyl ester was prepared from 2.8 ml freshly distilled
phosphorus oxycbloride, 2 ml dry dimethyl formamide,
a solution of 100 mg nickel-coproporphyrin I tetramethyl ester in 75 ml dry 1,2-dichloroethane and 75 ml
saturated aqueous sodium acetate. The dimethyl formamide was cooled on an ice bath, and the phosphorus
oxycbloride was added thereto dropwise. The solution
which resulted was allowed to stand at room temperature for 30 minutes, and was then warmed to 50°. The
nickel-coproporphyrin I tetramethyl ester solution was
then added dropwise, with stirring, over 30 minutes to
the phosphorus oxychloride solution. The reaction mixture was maintained at about 50°, with stirring, for an
additional 2 hours, during which time a change in color
from red to green was observed. The sodium acetate
solution was then added to the reaction mixture, and
stirring was continued for an additional 2 hours. The
organic and the aqueous phases were then separated,
and the aqueous phase was extracted with dichloromethane. The organic phase and the dichlorometbane
extract were then combined, and evaporated to dryness.
The solid which remained was recrystallized from a
solvent composed of equal parts by volume of dichloromethane and methanol, yielding 86 mg red microcrystals which were identified by nuclear magnetic resonance as nickel-mesoformylcoproporphyrin I tetramethyl ester. Absorbance peaks were found in the visible spectrum at 400, 420, 558 and 645 nanometers, with
relative intensities of 10.10, 8.69, 1.02 and 1, respectively.

FIG. 3••
FIG. 7••

*Produced .. subooquently delcribed herein.
••Where, RI, R3, RS, mKI R7 are CH3 and R2, R4, R.6 and R.8 arc
CHzCH2<X)iCJI).
In the starting material, R io CHO mK1 M io Ni.
In the first intcrmediale, R io CH=CHCOiCffzCH3 and M ii Ni.
In the leeOlljl intcrmedi.atc, R io CH=CHCOiCff2CH3.
In Pwpurin JPI, R9 ii COiCHzCH3 and RIO through Rl3 are hydroaen._

20

R3, RS and R7 are CH3 and R2, R4, R6 and RS are
CH2CH2CO2CH3.
The Ni Coproporphyrin I Tetramethyl ester was
prepared from a solution of 100 mg coproporphyrin I
5 tetramethyl ester in a mixed solvent composed of 50 ml
dichloromethane and 5 ml methanol and 100 mg nickel
acetate. A mixture which was prepared by adding the
nickel acetate to the solution was refluxed for about 12
hours until the electronic spectrum of the reaction mix10 ture indicated that chelation was complete. The reac-

EXAMPLE9
S5 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
Compound
Starting Material, Nickel meso-formyloctaethylporphyrin
60 Fint intermediate, Nickel meso-{-methoxycarbonylvinyl)octaethylporphyrin
Second intermediate, Meso-(-methoxycarbonylvinyl)octaethylporphyrin
"Purpurin 002"

The nickel meso-formyl coproporphyrin I tetramethyl ester starting material used in the procedure of
Example F was produced from a commercially available material, coproporphyrin I tetramethyl ester (for- 65
mula of FIG. 3 of the attached drawings); nickel coproporphyrin I tetramethyl ester was produced therefrom
(formula of FIG. 6 where M is Zn). In both cases, Rl,

Formula
of
FIG. 6*

FIG. 6*
FIG. 3*

*Where: RI through RI arc CHiCH3.
In the lt&rting material, R ii CHO and M ii Ni.
In the first intermediate, R ii CH=CHCOiCff3 and M io Ni.
In the leC0lld intcrmediale, R ii CH=CHCOiCff3.
In Pwpurin GG2, R.9 ii COiCff3 and R.10 through R13 are hydroaa,.

FIG. 7*
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article by Schneck, R., Arch. Path. (Lab. Med.), 35, p.
The procedure of Example 5 has been used to hydrogenate Purpurin ET2 and Purpurin JPl, producing
857, 1943.
The uptake test was positive for Purpurin NT2 and
Chlorin ET2H2 and Chlorin JP1H2, respectively,
for Chlorin NT2H2. The results of the toxicity test are
where the isocyclic ring (to which the R9 substituent is
attached is saturated. The chlorins had the same substit- 5 given in the following table, together with the results of
toxicity testing of HpD, of phosphate buffer saline and
uents as the starting purpurins, but the structure of FIG.
of the solvent system in which the purpurin or chlorin
8 instead of that of FIG. 7.
was dissolved.
The procedure of Example 6 has been used to produce other zinc and nickel complexes. The purpurin and
chlorin starting materials, the zinc or nickel compound 10 - - Test
---------------Solution
Average Viability
used, and the complexes produced are set forth below:
Purpurin NT2
Chlorin NT2H2

HpD
Starting
Purpurin or Chlorin

Zinc or nickel
Compound

Complex
Produced

Purpurin ETI
Purpurin ETI
Purpurin GG2
Purpurin GG2
Chlorin ET2H2
Chlorin ET2H2

Zinc acetate
Nickel acetate
Zinc acetate
Nickel acetate
Zinc acetate
Nickel acetate

Zn

15

Phosphate buffer saline

Mixed solvent

46
51
42
93
96

The in vivo testing was conducted on male Fisher 344
rats weighing 135 to 150 g in whom the transplantable
20 F ANFT (N-[4-(5-nitro-2-furyl)-2-thiazolyl]formamide
tumor system had been implanted. (Use of this system is
reported by Selman, S. H., et al., Cancer Research, pp.
1924-1927, May, 1984.) Two tumors were implanted
Additional peak absorbance data (visible spectrum,
into the subcutaneous tissue of the abdominal wall of
wavelengths in nanometers) is given below.
25 each test animal; when the testing was carried out, each
tumor was about 1 cm in diameter.
The purpurins and chlorins tested were dissolved in a
Compound
Wavelengths (relative intensities)
commercially available non-ionic solubilizer and emulPurpurin ET2
406(16.69), 424(15.26), 502(1.36), 531(1),
sifier obtained by reacting ethylene oxide with castor oil
566(1.5), 695(3.47)
Cblorin E.T2H2
-4(X)(70.16), 498(5.53), 530(1.29), 555(1),
30 in a ratio of 35 moles of ethylene oxide per mole of
606(1.91), 662(20.82)
castor oil, diluting the resulting solution with 1,2Zn Cblorin ET2H2 401(20.36), 530(1), 568(1.J8), 630(3.20)
propanediol, and producing an emulsion with the resultPurpurin ETI
434(16.44), 530(1), 576(1.31) 61.2(1.77),
ing
solution and 0.9 percent w/w aqueous sodium chlo660(5.0)
ride solution. The specific non-ionic solubilizer used is
Ni Purpurin ETI
434(5.14), 657(1)
Ni Cblorin ET2H2
404(11.70), 497(1), 622(4.41)
35 available from BASF under the designation CREMOPurpurin JP!
409(22.41), 504(1.67), 541(1.21) 576(1.08),
PHOR EL; it is composed of fatty acid esters of poly647(1), 691(3.79)
glycols, glycerol polyglycols, polyethylene glycols and
Chlorin JPIH2
401(14.53), 650(1)
ethoxylated glycerol. The test solutions were prepared
406(12.94), 427(19.)8), 500()), 526()),
Purpurin GG2
565(1.89), 637(0.76), 695(5.25)
from SO mg purpurin or chlorin, 1 or 2 ml warm solubiZn Purpurin GG2
436(8.33), 616(1), 661(3.43)
40 lizer (enough to dissolve the test compound), enough
Ni Purpurin GG2
427(4.20), 648(1)
1,2-propanediol to make a solution of the purpurin or
chlorin in a mixed dioVsolubilizer solvent containing
In vitro and in vivo testing ofpurpurins and chlorins
32.9 percent w/w solubilizer; finally, enough 0.9 perproduced as described in Examples 3 through 9 was also
cent w/w aqueous sodium chloride was added to make
carried out. For the in vitro testing, the compounds 45 10 ml test solution so that the final concentration of the
were dissolved in dimethyl sulfoxide or in a solvent that
purpurin or chlorin in the test solution was S mg per ml.
is commercially available under the trade designation
Each test solution was made, with mechanical shaking
PROTOSOLV, and diluted with phosphate buffer saand stirring, by dissolving the purpurin or chlorin in the
line to a concentration of 0.010 mg per ml. The tests
solubilizer, diluting the resulting solution with the indiwere conducted on FANFT (N-[4-(5-nitro-2furyl)2- so cated amount of 1,2-propanediol, and adding the sothiazolyl] formamide) induced rat bladder tumor cells.
dium chloride solution to the diluted solution. A control
Two tests were conducted, uptake and toxicity.
solution was also prepared for use with each test soluThe uptake test involved incubating the FANFT
tion. The controi was identical with the test solution
inducted rat bladder tumor cells with a solution of a
except that it contained no purpurin or chlorin. The test
purpurin or with a solution of a chlorin at a concentra- 55 solutions were prepared in air, but it is believed that a
tion of0.010 mg per ml for one hour, temperature 37",
nitrogen atmosphere would be advantageous because it
followed ~y removal of the incubation media, three
would minimize the chance of a reaction with oxygen.
washes of the cells with phosphate buffered saline, and
The testing involved injecting each rat with a 59luextracting and quantitating of the purpurin or chlorin
tion of the purpurin or chlorin under test, dosage 4 mg
retained by the cells. The procedure as used in investi- 60 purpurin or chlorin per kg of body weight or 10 mg
gating the use of HpD in rat tumor cells is described in
purpurin or chlorin per kg of body weight or with the
detail in a journal article by Garbo et al., Analytical
same volume of the appropriate control, irradiating one
Biochemistry, Vol. 151 (No. 1), pp. 70-81, 1985.
of the two tumors with light for 30 minutes, sacrificing
The toxicity test involved the incubation and washing
the animals, and examining the tumors. The injections
steps of the uptake test, followed by illumination of the 65 were made via the dorsal tail vein. The irradiation of
cells with red light of a wavelength greater than 590
one of the tumors occurred twenty four hours after
nanometers. Cell survival was then determined by Tryeach rat was injected while the other of the two tumors
pan Blue exclusion, a technique described in a journal
was shielded by an opaque box.
Ni
Zn
Ni
Zn
Ni

23.
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Tumor temperature and body core temperature were
monitored, using thermistors, one placed into the tumor
and one placed intrarectally. Tumor temperature was
kept within 2° of body core temperature by directing a
jet of cool air over the tumor.
·
The light source was a slide project that had a 500
watt bulb fitted with a red filter which is available from
Corning Glass Works under the designation 2418. The
light was reflected 90 by a silvered mirror, and was
focused onto the tumor with a secondary condensing
lens. The light intensity on the tumor was monitored,
using a photometer/radiometer that is available from
United Detector Technology under the designation
"UDT #351", and was maintained at 200 mw per cm2•
Six rats were injected with the purpurin or chlorin
test solution and two were injected with the appropriate
control solution.
Four hours after the irradiation, three of the rats that
had been injected with the test solution and one of the
rats that had been injected with the control were sacrificed by an intracardiac injection of saturated aqueous
potassium chloride solution. Twenty four hours after
the irradiation, another three of the rats that had been
injected with the test solution and the other rat that had
been injected with the control were sacrificed in the
same way. During the testing, the rats were under barbiturate anesthesia (65 mg per kg body weight).
The tumors were then excised, placed in 10 percent
w/w phosphate-buffered formalin and cut into three
sections perpendicular to their long axis. The tumors
were then embedded in paraffin and cut into sections
five microns in v:idth. The sections were stained with
hematoxylin and eosin.
Histologic examination of the stained sections revealed approximately comparable areas of hemorrhage
and tumor cell necrosis in specimens removed four
hours after irradiation from animals that had been injected with Purpurin NT2, with Purpurin GG2, and
with Purpurin ET2. However, tumor cells which appeared to be viable were observed. Only minor hemorrhage and tumor cell necrosis were observed in specimens removed four hours after irradiation from animals
that had been injected with Purpurin JPl but much
greater hemorrhage and necrosis were observed in
specimens that had been injected with Purpurin ZnET2
and even more in specimens that had been injected with
Chlorin SnET2H2. Tumor necrosis was extensive in
specimens removed twenty four hours after irradiation
from animals that had been injected with Purpurin
NT2, with Purpurin GG2, with Purpurin ET2, with
Purpurin JPl, with Purpurin ZnET2 and with Chlorin
SnET2H2; no viable tumor cell was observed in specimens from animals that had been injected with Purpurin
ZnET2 and Chlorin SnET2H2, while a few were observed in specimens from animals that had been injected
with Purpurin NT2 and with Purpurin ET2, and more
were observed in specimens from animals that had been
injected with Purpurin GG2 and with Purpurin JP2. No
change in the tumors was observed in the specimens
that were removed from animals that had been injected
with the control solution. Tumor necrosis was complete
in specimens removed from animals that had been injected with purpurin NTl both four hours after irradiation and twenty four hours after irradiation. However,
the irradiation was found to have caused extensive liver
damage to some of the animals. The liver damage is
believed to have occurred because there was residual
Purpurin NTl in the liver which was unintentionally
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irradiated. The in vivo testing, however, indicated that
Purpurin NTl is highly effective when properly used.
The in vivo test procedure described above has also
been used to evaluate solutions in which the Purpurin
NT2, Purpurin GG2, Purpurin NTl, Purpurin JPl,
Purpurin ET2, Purpurin ZnET2 and Chlorin SnET2H2
were replaced by Chlorin NT2H2 and by Chlorin
ET2H2. Histologic examination of the stained sections
from rats into which the Chlorin NT2H2 and ET2H2
solutions had been injected indicated that these chlorins
were substantially equivalent in this test and were simiJar to Purpurin NT2, to Purpurin GG2 and to Purpurin
ET2, the only difference observed being that hemorrhage within the tumors was less pronounced with the
chlorins.
It will be appreciated from the results reported above
in Example 6 that the cyclization step of Example 1 by
which Purpurin II and Purpurin III are produced could
be carried out in air, rather than in nitrogen, and that the
reaction product would then be a mixture of Purpurin
II, Purpurin III, and the following purpurins:
_eo_m-'po~uod
_ _ _s_truc_tur_c.;..(r_c~_=_·..;g;..to_a_nac_bcd_dra_wm_·..;;gs
...)_ __
Purpurin XXI
FIG. 9:
RI is =CHCH3, R2-RS, R7 and R8
arc CH2CH3 R9, and is ~CH2CH3
Purpurin XXII FIG. 13: RI is =CHCH3, R2-R6 and R8 arc
CH2CH3, and R9 is ~H2CH3

30 In fact, cyclization in air can be used to produce purpu-
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rins, and metal complexes can be produced from those
purpurins by the method of Example 4, with or without
the modifications thereof subsequently described
herein, where the purpurins and complexes have the
structures of FIGS. 10-12, of FIGS. 14-18, of FIGS.
29-33, of FIGS. 34-38, of FIGS. 44-48 and of FIGS.
54-58. In all cases, a mixture of products will be produced, some in which Rl is saturated and some in which
Rt is a bivalent aliphatic hydrocarbon radical having
from 2 to 4 carbon atoms wherein both of the valences
of the radical are attached to the same carbon atom
thereof and to a carbon atom of the purpurin or metal
complex. Furthermore, after cleavage of the exocyclic
ring of FIGS. 9-18, oxidation in air can be used, in the
purpurins and complexes of FIGS. 29-33 and of FIGS.
44-48 to convert R2 to a bivalent aliphatic hydrocarbon
radical having from 2 to 4 carbon atoms wherein both
of the valences of the radical are attached to the same
carbon atom thereof and to a carbon atom of the purpurin or metal complex. In general, purpurins can be converted to the corresponding chlorins by the hydrogenation method described in Example 5; chlorins can be
converted to the corresponding purpurins by oxidation;
and chlorin metal complexes can be produced from
chlorins by the method of Example 4, with or without
the modifications thereof subsequently described
herein. However, hydrogenation of Purpurin NTl
(where there was a double bond between the Rt substituent and a carbon of the purpurin), as described in Example 6, produced Chlorin NT2H2 (where both the
double bond of the exocyclic ring and that of Rt were
saturated). It will be appreciated that the .Rl double
bond forms in the Example 6 procedure because a hydroxyl group is introduced into the molecule and, at the
temperature of reflux, the elements of water are elim.inated to form the double bond. Elimination of the elements of water can be prevented in the Example 6 procedure, or, more generally, whenever Rt is to be biva-
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lent, b~ cyclizing at a lower temperature; the resulting
purpunn can then be hydrogenated to the corresponding chlorin and the double bond with Rl can be formed
by heating.
The method of Example 4, supra, can be used to 5
pr~uce metal complexes of other purpurins and of
vanous chlorins. Specifically, an equivalent amount of
another purpurin or of a chlorin can be substituted for
the Purpurin NT2, or copper acetate, nickel acetate,
cobalt acetate, silver acetate, palladium acetate, or plati- · 10
num acetate can be substituted for the zinc acetate, or
both substitutions can be made. In this manner, purpurin
metal complexes having the formulas of FIGS. 54-58
where M is one of the metals named above in this paragraph can be produced from purpurins having the for- 15
mulas of FIGS. 34-38; chlorin metal complexes having
the formulas of FIGS. 49-53 where M has the same
meaning can be produced from chlorins having the
formulas of FIGS. 39-43;' purpurin metal complexes
having the formulas of FIGS. 44-48 where M had the 20
indicated meaning can be produced from purpurins
having the formulas of FIGS. 29-33; metal complexes
of purpurins having the formulas of FIGS. 9-18 can be
produced; metal complexes having the structure of
FIG. 1 can be produced from purpurins having the 25
structure of FIG. 7; and metal complexes having the
structure of FIG. 2 can be produced from chlorins having the structure of FIG. 8. Other complexes can be
produced by the method of Example 4 from salts con- 30
taining cations other than acetate, and producing complexes which have the structures of the Figs. to which
reference is made above in this par gra h b t h M
d
a _P ' u w ere
oes not represent m~rely a me~ aruon. E~ples of
salts1that
4 can be
d substituted
· for
belzmc acetate
h m the
. h Ex- 35
~p ~ proce_ ure are giv:n
_ow, toget er wit the
identify of M m the foregomg Figs.:

__________

___
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-continued

Metal

Identity of M

Lu

Lu(acac)

Metal

Identity of M

"The pcntane, 2,4-dionc portion of a chelate thereof with a metal.

Complexes of any of the foregoing purpurins and
chlorins can also be produced by the procedure of Example 4, substituting dimethylformamide for glacial
acetic acid and CrCl2 for zinc acetate. Metal complex
formation occurs at higher temperatures when dimethylformamide is used, because of its higher boiling temperature. M in the complexes is Cr(OH).
Similarly, complexes of the foregoing purpurins and
chlorins can be produced by the procedure of Example
4, substituting pyridine for glacial acetic acid and PbCh
for zinc acetate.Min the complexes is Pb.
The meth~ of Example 4 and the modifications
~ereof descnbed a?<>ve can be used to produce purpunn complexes havmg the structures of FIGS. 44--48
from purpurins_ having the struc~es of PIGS. 29-33; to
produce chlonn comple~es ha~g the structures of
FIGS. 49-53 from chlonns havmg the structures of
FIGS. 39-43; to produce purpurin complexes having
the structures of FIGS. 54-58 from purpurins ha~g
the structures of FIG~. 34-~; to produce purpunn
complexes from purpunn_s havmg the structure of FIG.
7; an~ to pr?<1uce chlonn complexes of FIG. 2 from
chlonns hav~g the struc~e of FIG. 8.
.
Th~ followmg example ~ustrates the production of
Chlonn I, a compound havmg the structure ofI:IG. 19
where Rl-RS, ~7 and R8 are CH2CH3, Chlonn II, a
compound havmg the structure of FIG. 24 where
Rl-RS, R7 and R8 are CH2CH3 and R14 is CH3, and
Purpunn
· XXIII , a compound ha vmg
· the structure o f
FIG. 29 where Rl-RS, R7 and R8 are CH2CH3, RIO
and R12 are H, R14 is CH3 and RlS is C02CH2CH3.

EXAMPLE 10
Production of Chlorin I and Chlorin II
Fe(CI)
FeCl3
A 5 percent w/w solution of 100 mg Purpurin IV in
Mn(CI)
MnC4
ln(CI)
lnCl3
dichloromethane containing 25 percent v/v methanol is
V(O)
vc4•
caused to react by vigorous stirring in air while illumiTI(CF3CQi)3
TI(OAc)(H20)
45 nated with visible light. The reaction is continued, with
Sn(OH)2
SnCl2
periodic monitoring by visible light spectroscopy, until
[Rh(C0)2Cl]2
Rh(Cl)(H20)
the spectrum indicates that no Purpurin IV remains in
*Using phenol as the 10lvcnt instead of s)acial acetic acid.
the solvent. The dichloromethane/methanol solvent is
The procedure of Example 4 can also be modified by
then evaporated; a 4 ml portion of a 5 percent w /w
substituting phenol for glacial acetic acid and metal so solution of sodium methoxide in methanol is mixed with
chelates of pentane, 2,4-dione for zinc acetate to prothe residue and refluxed for 2 hours; and the solution is
duce complexes of any of the foregoing purpurins and
cooled. A S ml portion of water is then mixed with the
chlorins. Metals that can be so reacted (as pentane,
reaction product; an organic layer which forms is sepa2,4-dione chelates) and the identity of M in the complex
rated from the aqueous layer and treated in vacuo to
that is produced are set forth in the following table:
55 remove solvent; and the crude product which remains is
dissolved in about 3 ml dichloromethane containing 1
percent v/v methanol and chromatographed on silica
Identity ofM
Metal
Identity ofM
Metal
gel. The CHO group of Chlorin I is then reduced to
CH3, for example by the method described above as
Al(acac)•
Tb(acac)2
Th
Al
Sc(acac)
U(acac)2
Sc
u
(i() Example 5, producing Chlorin II.
......:.;;;.;;;;;.;:.:::....;:.:....:;;:._
Identity of M

Salt

6a

In
Mo
Ti

Zr
Hf
Eu
Pr
Yb
y

Ga(acac)
ln(acac)
Mo(acac)
Ti(acac)2
Zr(acac)i
Hf(acac)2
Eu(acac)
Pr(acac)
Yb(acac)
Y(acac)

La
Ce
Nd
Sm
Gd
Th
Dy
Ho

Er
Tm

La(acac)2
Ce(acac)
Nd(acac)
Sm(acac)
Gd(acac)
Tb(acac)
Dy(acac)
Ho(acac)
Er(acac)
Tm(acac)

40

Production of Purpurin XXIII
A solution of 60 mg sodium borohydride in 10 ml
methanol is added dropwise to a solution of 200 mg
65 Chlorin II in 5 ml dichloromethane; the resulting solution is stirred at room temperature of about 22• for 2
hours, and is poured into 100 ml water. The organic
phase is separated from the aqueous phase; the solvent is
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removed from the organic phase; and the solvent is
It will be appreciated that the purpurins that can be
evaporated. The residue is dissolved in 50 ml chloroproduced by the methods of the foregoing examples,
f?rm containing 25 percent v /v methanol; a 10 mg addiand the chlorins that can be produced from those purtton of p-toluene sulfonic acid is made; and the reaction
purins by the hydrogenation method of Example 5,
mixture is refluxed for 6 hours. Water is then added to 5 have seven substituents which are present in the parthe reaction mixture; the organic layer is collected; and
phyrin starting materials from which the purpurins are
the solvent is removed by evaporation. The residue is
produced. These are seven of the eight RI-R8 substitudissolved in 5 ml dichloromethane containing 2 percent
ents, all but R6 in the purpurins of FIG. 34, all but R4
v/v methanol; the resulting solution is chromatoin the purpurins of FIG. 35, etc. The identifies of these
graphed on silica gel; and Purpurin XXIII is recovered 10 substituents depend on the identities of their pyrrole-,
by evaporating the solvent from the chromatographed
dipyrromethane-, and porphyrin precursors. At least as
solution.
initially produced, each purpurin also has an R9 substitThe procedure of Example 10 can also be used to
uent, an RIS substituent, or both; as is explained above,
produce other chlorins and other purpurins. For exam!he i~e.ntities of_these subs~tuents are determin~ by the
pie, Purpurin XI can be substituted for Purpurin IV and 15 1dent1t1~ of their porphynn precursors. In_addition, th_e
Chlorin III, Chlorin IV and Purpurin XXIV can then
purpunns of FIGS. 29-33 have the potential for subst1be produced by the method of Example 10; these comtution at RI4, which is _formyl when the purpurins are
pounds are identified in the following table·
first produced, as descnbed above, and can be reduced
·
to methyl, as also described above, or to any other
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 20 desired substituent by the reactions about to be deCompound
scribed to which a formyl group introduced as RIO,
Structure (referring to attached drawings)
RU, RU, RI3 or RI6 can be subjected. Finally, each
Chlorin III
FIG. 20: Rl-R3 and RS-RS are CH2CH3
Chlorin IV
purpurin has additional sites for potential substitution, a
FIG. 25: Rl-R3 and RS-R8 are CH2CH3
and R14 is CH3
plurality of RIO, RU, RU, RI3 and RI6 (see FIGS.
Purpurin XXIV
FIG. 30: RI-R3 and RS-R8 are CH2CH3,
25 34-38) substitutions being possible, which ones dependRIO and Rll are HR14 is CH3, and
ing on the position of an exocyclic ring to which RIS
R15 is COiCH2CH3
and RI6 are attached; as the purpurins are produced,
. .
.
.
.
there is hydrogen in each of these positions. A formyl
S1milarly, Purpunn XVI can be substituted for Purpunn
group can be introduced by reaction with the Vilsmier
IV and Chlorin V, Chlorin VI and Purpurin XXV can 30 reagent as the lowest of RIO, Rll and RI2, as RI3 and
then be produce_d by_the ~ethod of E~ple 10; these
as RI6 (in the compounds of FIGS. 34-38), or the unsatcompounds are identified m the followmg table:
urated exocyclic ring or rings can be saturated by hydrogenation (see procedure of Example 5, supra) and
Compound
Structure (referring to attached drawings)
the formyl group can then be introduced as the lowest
- - - - - - - - - - " - - ' ; ; . . __ _ _ _....:;..;.__ _ 35 of RIO, RU and RU. The formyl group, after separaChlorin V
FIG. 21: Rl-R7 are CH2CH3
·
f·
if
Chlorin VI
FIG. 26: Rl-R7 are CH2CH3 and R14 is CH3
tion O lSOmers, necessary, can be reduced to CH3, or
Purpurin XXV FIG. 31: Rl-R7 are CHiCH3, Rll and R12
can be reduced to CH2OH or converted to an oxime
are H, RI4 is CH 3, and
group, which can then be converted to a cyano group,
RIS is COiCH2CH3
which, in turn, can be converted to an amide. The for40 my! group can also be reacted with Wittig reagents to
In a like manner Purpurin XIX can be substituted for
give alkyl, alkenyl or carboxy side chains or to introPurpurin IV and,Chlorin VII, Chlorin VIII and Purpuduce t_he previously id:11tified subs~tuents which have
rin XXVI can then be produced by the method of Exan amme or an alcoholic OH function as the lowes_t of
ample 10; these compounds are identified in the followRIO, RU and RU, as RI3 or as RI6. After the desired
ing table:
45 group has been introduced as the lowest of RIO, RU
and RU, as RI3, as RI6, or as some combination, the
purpurin can be reacted in the same way to introduce a
Compound
Structure (referring to attached drawings)
desired group as RU, if present. Finally, the chemistry
can be used to introduce a desired group as RU, is
Chlorin VII
FIG. 22: RI-R4 and R6-R8 are Ch2CH3
50 present.
·
Chlorin VIII
FIG. 27: RI-R4 and R6-R8 are CHiCff3, and
and R14 is CH3
As has been indicated above, the instant invention, in
Purpurin XXVI FIG. 32: RI-R4 and R6-R8 are CHiCff3, RIO
one aspect, is a purpurin, a chlorin or a metal complex
and R11 are H, R14 is CH3, and RIS
which has a structure that has been enriched in an atom
is COiCH2CH3
that can be detected by nuclear magnetic resonance.
.
.
.
. 55 Such purpurins are produced by repeating the proceFinally, Purp~ VII~ be substituted_for Purpunn
dure of Example l, but producing Pyrrole I from a
IV and Chlonn IX, Chlonn X and Purpunn XXVII can
saturated aqueous solution containing one gram equivathen be produce_d by. the ~ethod of E~ple 10; these
lent of sodium nitrite enriched in N-15, a 5 percent w /w
compounds are identified m the followmg table:
solution in glacial acetic acid containing one gram
(i() equivalent of benzyl propionylacetate, a suspension in
_Co_m_po_un_d_ _ _ _Struc--ture--(r_c_femn-.
-._g_to_a_ttac_h_ed_dra_wm_·_gs_)- glacial acetic acid of one gram equivalent of ethyl aceChlorin IX
Chlorin X
Purpurin XXVII

23: Rl-R6 and R8 are CH2CH3
28: Rl-R6 and RS are cH2c 83, and
R14 is cH3
FIG. 33: Rl-R6 and R8 are CH2CH3, RIO
and RI2 are H, RI4 is CH3, and
RIS is COiCH2CH3
FIG.
FIG.

toacetate and four gram equivalents of zinc dust, and
producing Pyrrole III from a saturated aqueous solution '
containing one gram equivalent of sodium nitrite en65 riched in N-15, a 5 percent w/w solution in glacial
acetic acid containing one gram equivalent of benzyl
propionylacetate, a suspension in glacial acetic acid of
one gram equivalent of 2,4-pentanedione and four gram
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equivalents of zinc dust. A 10 percent enrichment of the
It will be appreciated that Purpurins I through V
sodium nitrite in N-15 is adequate to produce Purpurin
produced as described above, and enriched in N-15, in
I, Purpurin II, Purpurin III, Purpurin IV and Purpurin
C-13, in C-14, or in 1-131 can be used as also described
V enriched in N-15 to such an extent that, after they
above to produce other purpurins which are so enhave been administered intravenously as described 5 riched and that the methods of the examples hereof can
above, their location in the patient to whom they were
be varied as described above to produce purpurins havadministered can be monitored by nuclear magnetic
ing the structures of FIGS. 7, 9-18, 29-33 and 34-38
resonance.
which are enriched in N-15, in C-13 or in C-14, and
Purpurins that can be detected by nuclear magnetic
wherein each of Rl through RS has the meaning set
resonance are also produced by repeating Example I, 10 forth above. Similarly, the method described above can
but producing Porphyrin Complex VII from a solution
be used to produce purpurins that are so enriched where
in 50 ml xylene of 506 mg Porphyrin Complex v and
each of R9 through R16 has the meaning set forth
1.024 g (carbethoxymethylene)triphenyl-phosphorane
above. Likewise, chlorins and purpurin metal comin which the carbethoxymethylene moiety is enriched
plexes can be produced from those purpurins as dein C-13. A IO percent enrichment of the carbethox- 15 scribed above, and metal complexes can be produced
ymethylene moiety in C-13 is adequate to produce Purfrom the chlorins as so described.
purin I, Purpurin II, Purpurin III, Purpurin IV and
As is indicated above, there are indications that the
purpurins, chlorins and metal complexes are X ray senPurpurin V enriched in C-13 to such an extent that
·
the theraP<:utic rati. 0 of X. rays
after they have been administered intravenously as de-'
si'tize'rs ~hic h ~crease
. ·
scribed above, their location in the patient in whom 20 Accordinglr,. m ?ne aspect, the instant ':°-vention mthey were administered can be monitored by nuclear
volves ~~tenng, for example, as descnbed above, a
.
purpurm havmg the structure of one of FIG. 7, 9-18
t
magne ic resonance.. .
· or a c hlonn
· or pur.
.
and 29- 38, a corresponding chlonn
As has al so been mdicated above, the mstant mven.
tal
d afte th
· chlonn· or
·
·
th
•18
•
h1 .
purm me comp1ex an ,
r e purpurm,
tion, m ano er ~pect,
a purpunn, a c onn or a 25 com· lex has localized treating the affected remon with
metal complex which has a structure that has been enX p
th • • .' radiati'o
o·
· heel ·
ha • rad'
•
h
rays or o er ioruzmg
n.
nc . m an atom t t is
mactive to. sue an extent
As is also indicated above, the purpurins, chlorins and
that its presence can~ ?~tected _b~ an instrument t~t
complexes can be administered topically, for example as
measures the level of io~g radiation. Such purpurms
dilute, e.g., 1 percent w/w solutions in DMSO or ethaare produ~d by repea1':°-g the procedure ofExampl~ 1, 30 nol to non-malignant lesions, e.g., of the vagina or blad~ut producmg Porphynn Complex ~II from a solution
der, or to such cutaneous lesions as are. involved in
m 50 ml xylene of 506 mg Porp_hynn Complex V ~d
psoriasis, followed by illumination of the area involved
1.0~4 g (carbethoxymethylene)tnphe?ylp~osph?rane ~
with light of a wavelength at which the purpurin, chlowhich the carbethox~ethylene moiety is ennched m
rin or complex has an absorbance peak. The purpurin or
C-14. A _10 ~rcent e~chment of the carbethoxyme~y- 35 the like solution should be applied only to the lesions to
lene m~ie~y m C-14_is adequate t~ produce Purpw:m I,
prevent damage to healthy tissue adjacent the lesions.
Puryunn ~I, Purpurm III, Purpurm IV and Purpurm V
lliumination of the lesions, for example, for from 15 to
ennched ~ ~-14 to ~uch an extent that, aft~r they have
30 minutes then completes the treatment. It is to be
bee~ ad~s~red mt~avenously as descnbed a~~e,
understood, however, that purpurins, chlorins and comtheir location m th~ patient to w~om they were _admmis- -40 plexes according to the invention can also be administered can be momtored by an mstrument which meatered systemically in the treatment of non-malignant
sures the level of ionizing radiation. C-14 has an exlesions.
tremely long half life; it will be appreciated, therefore,
The reaction of a monoclonal antibody with Purpurin
that a purpurin, chlorin or complex that has a structure
II is described in Example 2. The monoclonal antibody,
which is enriched in C-14 should not be administered to 45 when it is one which localizes in tumors, can enhance
a human, but that such a compound can be administered
the ability of the purpurin, or of a chlorin or complex
to a laboratory animal and that monitoring its location
produced therefrom, to localize in tumors, as discussed
in the body of the laboratory animal can then provide
above, However, the monoclonal antibody can also be
extremely valuable information which has application
of a different type, for example one which localizes in a
in the treatment of humans.
50 particular kind of lymphocyte, in a leukemia cell, in a
Purpurins, chlorins and complexes having structures
lymphoma cell, or the like; a product of the reaction of
which are enriched in an atom that emits ionizing radiaPurpurin II or the like with such an antibody which
tion and which are suitable for administration to hulocalizes in a particular kind of lymphocyte can be used
mans can also be produced. For example, any of the
to modulate lymphocyte populations in the treatment of
purpurins according to the invention where at least one 55 immune diseases, e.g., arthritis, or to re-establish a lymof RlO through R14 is hydrogen can be reacted in sunphocyte balance in transplant patients. Some of the
light with elemental 1-131 or with 131 IC1, and chlorins
blood is removed from the patient's body, and such a
and complexes can be produced as described above
purpurin, chlorin or complex according to the invenfrom the iodinated purpurin which is produced. Furtion, i.e., one where at least one of the substitucnts is a
ther, purpurin and chlorin complexes can be produced 60 monoclonal antibody directed against the lymphocyte
as described above from a gallium or molybdenum cheor lymphocytes present in excess, is mixed with the
late of pentane, 2,4-dione where the gallium is Ga-67, or
blood in a suitable amount; after the purpurin or the like
the molybdenum is Mo-99. Mo-99 becomes Tc-99m,
localizes in the lymphocyte or lymphocytes present in
which, like Ga-67.and 1-131, is physiologically acceptexcess, the blood is exposed to light ofa wave length at
able for use as a tracer in human patients. Accordingly, 65 which the purpurin or the like has an absorbance peak,
such compounds containing 1-131 and the Ga-67 and
destroying the lymphocyte or lymphocytes where loTc-99m complexes are suitable for administration to
calization had occurred. The blood is then returned to
humans.
the patient's body. This technique can be carried out
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repeatedly as required to modulate lymphocyte populations in treating immune diseases and transplant patients
who develop the lymphocyte imbalance that is associated with the rejection of a transplanted organ. Since
the treatment is entirely outside the patient's body, there 5
is no opportunity for the development of a natural resistance to the treatment which is characteristic or prior
attempts to modulate lymphocyte populations. Purpurins or- the like according to the invention where one of
the substituents is an antibody against leukemia cells or 10
against lymphoma cells can be used in a similar manner
in the treatment of leukemia and lymphoma.
It will be appreciated that purpurins and chlorins
according to the invention where RIO through R13 and
R16 are hydrogen are preferred, other factors being 15
equal, because the production of the compounds with
other groups in these positions is complicated, time
consuming and expensive. R9 and R15 in chlorins and
purpurin and chlorin complexes according to the invention are preferably CO2R' where R' is a primary or 20
secondary alkyl group having from 1 to 4 carbon atoms,
other factors being equal, because these groups are
present at the end of the ring closure reaction which
produces the purpurins (see Examples 1 and 3); R9 and
25
R15 in purpurins according to the invention are preferably CO2R' where R' is a primary or secondary alkyl
group having from 2 to 4 carbon atoms, other factors
being equal, and for the same reason. However, the
esters of these R9 and R15 substituents can be reduced 30
to formyl groups and reacted as discussed above to
introduce any of the Rt to RS, RIO to R14 and R16
substituents.
The production of purpurin solutions in the specific
non-ionic solubilizer that is available under the designa- 35
tion CREMOPHOR EL, and the production of emulsions of such solutions with 1,2-propanediol and saline
solution is described above, as is the use of such solutions to detect and treat tumors. It will be appreciated
that purpurins, chlorins and their metal complexes can 40
be dissolved in other non-ionic solubilizers and that the
solutions can be used to produced emulsions that can be
administrated intravenously. For example, other reaction products of ethylene oxide and castor oil can be so
used, as can reaction products of ethylene, propylene 45
and other similar oxides with other fatty acids and the
reaction products of propylene and other similar oxides
with castor oil. Similarly, glycols other than 1,2propanediol can be used in producing the emulsions for
intravenous administration, or the glycol can be omit- so
ted, particularly if the solubilizer is prepared to have a
lower viscosity and greater compatibility with water,
by comparison with the solubilizer that is available
under the designation CREMOPHOR EL. It is necessary only that the solution or emulsion be one which is 55
physiologically acceptable and of a suitable concentration, or dilutable to a suitable concentration, for intravenous administration. An indefinitely large number of
such solutions and emulsions will be apparent to those
skilled in the relevant art from the foregoing specific 60
disclosure. Similarly, the aqueous phase need not be 0.9
percent w/w or any other concentration of sodium
chloride. Such saline is presently favored for intravenous administration, but other aqueous phases can also
be used, so long as the entire composition is physiologi- 65
cally acceptable for intravenous administration, and, in
fact, other aqueous phases may subsequently be favored.
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Dosages of 4 and 10 mg per kg of body weight were
used in the in vivo procedures described above. It has
not been determined that 4 mg per kg is the minimum
dosage or that 10 mg per kg is the maximum. Both
dosages caused the biological consequences described
above. It will be appreciated, therefore, that it is necessary only to use an effective amount of a purpurin or
chlorin according to the invention in the detection and
treatment of tumors, preferably as small a dosage as
possible, and that the exact dosage can be determined
by routine experimentation. Both systemic administration, specifically intravenous, and local administration,
i.e., as a solution in dimethyl sulfoxide or ethanol, have
been described above; however, it will also be appreciated that other methods of administration will be suitable, at least in some instances.
Illumination of tumors containing a purpurin, a chlorin or a metal complex in accordance with the instant
invention can be a surface illumination with a conventional light source, as described above, or can be a surface illumination with a laser. The illumination can also
be into the body of a tumor, for example through optical
fibers inserted thereinto.
Various changes and modification can be made from
the specific details of the invention as described above
without departing from the spirit and scope thereof as
defined in the appended claims.
We claim:
1. A composition consisting essentially of a solution
in a solvent of a chlorin having the structure of any of
FIGS. 24-28 or a purpurin having the structure of any
of FIGS. 14-18
R9

R9

FIG.14
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60 wherein each of RIO through R14 is hydrogen, and
each of Rl through R9 is:
Hor CHO,
an alkyl group other than t-butyl having from 1 to 4
carbon atoms,
an alkylene group having from 2 to 4 carbon atoms,
65
a group having the formula R2N(R3)2 where R2 is a
bivalent aliphatic hydrocarbon radical having from
1 to 4 carbon atoms, wherein any carbon to carbon
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bond is either a single or a double bond, and not
more than one is a double bond; R3 is hydrogen or
an alkyl group having from 1 to 2 carbon atoms and
the two R3 groups can be the same or different,
a group having the formula R2N(R.i)3A where R2 is a
bivalent aliphatic hydrocarbon radical having from
1 to 4 carbon atoms, wherein any carbon to carbon
bond is either a single or a double bond, and not
more than one is a double bond; A is a physiologically acceptable anion; and R4 is an alkyl group
having from l to 2 carbon atoms and the three R4
groups can be the same or different,
a group having the formula R20H were R2 is a bivalent aliphatic hydrocarbon radical having from 1 to
4 carbon atoms, wherein any carbon to carbon
bond is either a single or a double bond, and not
more than one is a double bond,
an amino acid moiety which is a part of an amide
produced by reaction between an amine function of
a naturally occurring amino acid and a carboxyl
function of the purpurin or chlorin,
C02R', CH2C02R' or CH2CH2C02R', where R' is
hydrogen or an alkyl group other than t-butyl having from 1 to 4 carbon atoms,
a monoclonal antibody moiety which is attached to
the purpurin or chlorin moiety through a carbonyl
which is a part of an amide produced by reaction
between an amine function of a monoclonal antibody and a C02R' CH2C02R' or CH2CH2C02R'
group of the purpurin or chlorin, and wherein the
moiety is of a monoclonal antibody which selectively binds to malignant tumors, or
one or both of Rl and R2 can be a bivalent aliphatic
hydrocarbon radical having from 2 to 4 carbon
atoms wherein both of the valences of the radical
are attached to the same carbon atom thereof and
to a carbon atom of the chlorin or purpurin, with
the proviso that not more than one of the Rl
through R9, and R14, is a group having the formula R2N(R3)2, a group having the formula
R2N(R.i)3A, an amino acid moiety or a monoclonal
antibody moiety,
and wherein the solution comprises an organic liquid,
and is one which is physiologically acceptable and of a
suitable concentration or dilutable to a suitable concentration for intravenous administration.
2. As a composition of matter, a chlorin having the
structure of any of FIGS. 24, 25, 27 and 28, or a purpurin having the structure of any of FIGS. 14-18,
R9
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a group having the formula R2N(R3)2 where R2 is a
bivalent aliphatic hydrocarbon radical having from
1 to 4 carbon atoms, wherein any carbon to carbon
bond is either a single or a double bond, and not
more than one is a double bond; R3 is hydrogen or
an alkyl group having from 1 to 2 carbon atoms and
the two R3 groups can be the same or different,
a group having the formula R2NCR4)3A where R2 is a
bivalent aliphatic hydrocarbon radical having from
1 to 4 carbon atoms, wherein any carbon to carbon
bond is either a single or a double bond, and not
more than one is a double bond; A is a physiologically acceptable anion; and R4 is an alkyl group
having from 1 to 2 carbon atoms and the three R4
groups can be the same or different,
a group having the formula R20H were R2 is a bivalent aliphatic hydrocarbon radical having from 1 to
4 carbon atoms, wherein any carbon to carbon
bond is either a single or a double bond, and not
more than one is a double bond,
an amino acid moiety which is a part of an amide
produced by reaction between an amine function of
a naturally occurring amino acid and a carboxyl
function of the purpurin or chlorin,
C02R', CH2C02R' or CH2CH2C02R', where R' is
hydrogen or an alkyl group other than t-butyl having from 1 to 4 carbon atoms,
a monoclonal antibody moiety which is attached to
the purpurin or chlorin moiety through a carbonyl
which is a part of an amide produced by reaction
between an amine function of a monoclonal antibody and a CQiR' CH2COiR' or CH2CH2C02R'
group of the purpurin or chlorin, and wherein the
moiety is of a monoclonal antibody which selectively binds to malignant tumors, or
one or both of Rt and R2 can be a bivalent aliphatic
hydrocarbon radical having from 2 to 4 carbon
atoms wherein both of the valences of the radical
are attached to the same carbon atom thereof and
to a carbon atom of the chlorin or purpurin,
with the proviso that not more than one of the Rt
through R9, and R14, is a group having the formula
R2N(R3)2, a group having the formula R2NCR4)3A, an
amino acid moiety or a monoclonal antibody moiety.
3. As a composition of matter, a chlorin having the
structure of any of FIGS. 24-28 or a purpurin having
the structure of any of FIGS. 14-18
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which can be detected by nuclear magnetic resonance,
said atom being present in the purpurin, cblorin or com-

f

plex in a sufficient proportion to enable the use of nu-

Rl2

clear magnetic resonance testing to detect small quanti10 ties of the purpurin, cblorin or complex.

NH

RS

4. As a composition of matter, a cblorin having the
structure of any of FIGS. 24-28 or a purpurin having

R6

15 the structure of any qf FIGS. 14-18

R9

wherein each of RIO through R14 is hydrogen, and
each of RI through R9 is:
20
Hor CHO,.
an alkyl group other than t-butyl having from 1 to 4
carbon atoms,
an alkylene group having from 2 to 4 carbon atoms,
a group having the formula R2N(R3)2 where R2 is a 25
bivalent aliphatic hydrocarbon radical having from
1 to 4 carbon atoms, wherein any carbon to carbon
bond is either a single or a double bond, and not
more than one is a double bond; R3 is hydrogen or
an alkyl group having from 1 to 2 carbon atoms and 30
the two R3 groups can be the same or different,
a group having the formula R2NCR4)3A where R2 is a
bivalent aliphatic hydrocarbon radical having from
1 to 4 carbon atoms, wherein any carbon to carbon
bond is either a single or a double bond, and not 35
more.than one is a double bond; A is a physiologically acceptable anion; and R4 is an alkyl group
having from 1 to 2 carbon atoms and the three R4
groups can be the same or different,
a group having the formula R2OH were R2 is a biva- 40
lent aliphatic hydrocarbon radical having from 1 to
4 carbon atoms, wherein any carbon to carbon
bond is either a single or a double bond, and not
more than one is a double bond,
an amino acid moiety which is a part of an amide 45
produced by reaction between an amine function of
a naturally occurring amino acid and a carboxyl
function of the purpurin or cblorin,
C02R', CH2C02R' or CH2CH2CO2R', where R' is
hydrogen or an alkyl group other than t-butyl hav- 50
ing from 1 to 4 carbon atoms,
a monoclonal antibody moiety which is attached to
the purpurin or cblorin moiety through a carbonyl
which is a part of an amide produced by reaction
between an amine function of a monoclonal anti- SS
body and a COiR' CH2COiR' or CH2CH2COiR'
group of the purpurin or cblorin, and wherein the
moiety is of ll monoclonal antibody which selectively binds to malignant tumors, or
one or both of RI and R2 can be a bivalent aliphatic 60
hydrocarbon radical having from 2 to 4 carbon
atoms wherein both of the valences of the radical
are attached to the same carbon atom thereof and
to a carbon atom of the cblorin or purpurin,
with the proviso that not more than one of the RI 65
through R9, and R14 is CHO, a group having the formula R2N(R3)2, a group having the formula
R 2N<R4)3A, an amino acid moiety or a monoclonal
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wherein each of RIO through Rl4 is hydrogen, and
each of RI through R9 is:
Hor CHO,
an alkyl group other than t-butyl having from 1 to 4
carbon atoms,
an alkylene group having from 2 to 4 carbon atoms,
a group having the formula R2N(R3)2 where R2 is a
bivalent aliphatic hydrocarbon radical having from
1 to 4 carbon atoms, wherein any carbon to carbon
bond a either a single or a double bond, and not
more than one is a double bond; R3 is hydrogen or
an alkyl group having from 1 to 2 carbon atoms and
the two R3 groups can be the same or different,
a group having the formula Rffe04)3A where R2 is a
bivalent aliphatic hydrocarbon radical having from
1 to 4 carbon atoms, wherein any carbon to carbon
bond is either a single or a double bond, and not
more than one is a double bond; A is a physiologically acceptable anion; and R4 is an alkyl group
having from 1 to 2 carbon atoms and the three R4
groups can be the same or different,
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moiety is of a monoclonal antibody which seleca group having the formula R20H were R2 is a bivatively binds to malignant tumors, or
lent aliphatic hydrocarbon radical having from I to
one or both of Rl and R2 can be a bivalent aliphatic
4 carbon atoms, wherein any carbon to carbon
hydrocarbon radical having from 2 to 4 carbon
bond is either a single or a double bond, and not
atoms wherein both of the valences of the radical
5
more than one is a double bond,
are attached to the same carbon atom thereof and
an amino acid moiety which is a part of an amide
to a carbon atom of the chlorin or purpurin,
produced by reaction between an amine function of
with the proviso that not more than one of the Rl
a naturally occurring amino acid and a cai:boxyl
through R9, and R14 is CHO, a group having the forfunction of the purpurin or chlorin,
10 mula R2N(R3)2, a group having the formula
C02R', CH2C02R' or CH2CH2C02R', where R' is
R2N(~)3A, an amino acid moiety or a monoclonal
hydrogen or an alkyl group other than t-butyl havantibody moiety, and wherein the purpurin, chlorin or
ing from 1 to 4 carbon atoms,
complex has & structure which is enriched in an atom
a monoclonal antibody moiety which is attached to
which emits ionizing radiation, said atom being present
the purpurin or chlorin moiety through a carbonyl 15 in the purpurin, chlorin or complex in a sufficient prowhich is a part of an amide produced by reaction
portion to enable the use of an instrument which detects
between an amine function of a monoclonal antithe presence of ionizing radiation to detect small quantibody and a C02R' CH2C02R' or CH2CH2C02R'
ties of the purpurin, chlorin or complex.
group of the purpurin or chlorin, and wherein the
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