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PRODUCl1ON AND USE OF PORPHYRIN
DERIVA ~ AND OF COMPOSmONS
CONTAINING SUCH DERIVA~

This invention was made with Government support
under Grant ROICA43006 awarded by the National
Institutes of Health. The Government has certain rights
in the invention.

5-

lO
REFERENCE TO RELATED APPLICATION
This is a continuation in part of application Ser. No.
142,034, filed Jan. 11, 1988 now abandoned.

BACKGROUND OF THE INVENTION
1. Field of the Invention
This invention relates to the production and use of

. new porphyrin derivatives, to metal complexes of porphyrin derivatives, and to compositions containing the
porphyrin derivatives and the metal complexes._ More
specifically, some of the porphyrin derivatives are compounds for which the name benzochlorins is suggested
because they have a chlorin structure with an exocyclic
benzene ring fused thereto, metal complexes of the
benzochlorins, verdins, metal complexes of verdins,
derivatives which form when certain purpurins stand in
sunlight in contact with air, and metal complexes of the
derivatives which form when the purpurins stand in
sunlight in contact with air. All of these compounds are
useful in the detection and treatment of tumors; after
they have been administered systemically, e.g., intravenously, they localize preferentially in a tumor. After
they have been administered, and have localized in a
tumor, their presence can be detected by illumination
with ultra violet light, which causes them to fluoresce.
The porphyrin derivatives of the invention can also be
used to treat- tumors; after they have been administered
and have localized, irradiation with light of a wave
length at which they show an absorbance peak causes a
r~tion which has been fo~d _to involve the formation
of smglet oxygen, and which ~ges or destro)'.5_ the
tumo~ ~here they hav~ I ~ . The composttions
containing the porphYI?J1 d~vatives 8!1d _me_tal co~plex~ the_reof are solutions m ~ organic liqwd. ~t 1S
~hysiologi':81ly accepta?le f'?r mtrav~ous admirustration, emulsions thereof m saline solutions, or cyclodextrins in whose molecules the molecules of the porphyrin
derivatives ~d metal complexes are encapsulated.
2. The Prior
Art
Certain
porphyrins
and families of purpurins and
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many different porphyrins and related compounds, the
exact composition not being fully known (see, for example, Porphyrin Photosensitization, edited by David Kassel
and Thomas J. Dougherty, Plenum Press, New York
and London, 1983, pp. 3-13). As a consequence, the
chlorins and purpurins of PCT/US86/02824 are preferred over HpD for this use because they are single,
known compounds. In addition, the chlorins and purpurins have absorbance peaks at longer wavelengths and
show greater absorbances, by comparison with HpD;
the longer wavelength peaks are advantageous because
light of the longer wavelengths is capable of greater
penetration of tissue, while the greater absorbances are
desirable because less light energy is required to cause a
given degree of reaction.
The production of the nickel complex of an octaethyl benzochlorin has been disclosed (Arnold et al.,
-!-C.S. PERKIN I. pa~es !~1670, 1?79). The comp!ex
is produced by reaction m d~ NN-d~ethylform~de
between phospho~ oxychlo~de and ruckel meso-vmyl
~taethylporphyrm. :nie maJor product rel?°rted was
ruckel. 5-(,8-_Form~~vmyl) octaethylporphyrm (80 percent yield); m addition, the authors reported a 5 percent
yield of the nickel benzochlorin and a 15 percent yield
of a demetallated product (which was not a benzochlorin) The nickel octaethylbenzochlorin has been found to
be substantially inert insofar as the ability to cause a
cytotoxic response is concerned.
The production of a verdin isomer mixture by refluxing a mesorhodin isomer mixture in acetic acid has been
reported (The Porphyrins, Volume II, pages 137 and 138,
edited by David Dolphin, Academic Press, New York,
San Francisco and London, 1978. Woodward et al.
J.A.C.S., 1960, 82, p. 3800 and Morgan, J.Org.Chem.,
1986, 51, 1347 disclose that the porphyrin derivatives
form when purpurins stand in sunlight in the presence
of air.
The benzochlorins, the verdins, the derivatives
which form when purpurins stand in sunlight in contact
with air and metal complexes of the instant invention
have the same advantages as the purpurins, chlorins and
metal complexes, and, in some cases, the significant
additional advantage that substantially smaller doses are
required to cause a given cytotoxic response.

BRIEF DESCRIPTION OF THE ORAWINGS
FIG. 1 is a structural formula for metal complexes of
th famil Y_ of benzochiorms
·
·
·
according to the mvention.
50 e
2
chlorins and metal complexes thereof and the use of the
FI<:7. is a s~ctural fo1?11ula for ~etal c?mplexes of
purpurins, chlorins, metal complexes and porphyrins in
a family ~f verdins accordmg to the mven~on.
the manner described above for the detection and treatFI<:7. J is a sn:uctural fo1?11ula ~or the family ofbenzomcnt of tumors are all known. For example,
chlorms ~ordmg to the mvention.
.
PCT/US86/02824 discloses certain purpurins, chlorins, ss . FIG. 4 ts a structural formula for verdins of the famand metal complexes thereof, and their use for the deily of FI~. 2·
tection and treatment of tumors In addition European
FIG. 5 is a structural formula for metal complexes of
patent application EP142,732 is said (C.A. 103:
a family of verdins which may be isomers of the com123271S) to disclose certain chlorins of a different famplexes of FIG. 2.
ily and that they accumulate preferentially in the cancer 60 . FIG. 6 is a structural formula for verdins of the famcells of hamsters infected with pancreatic cancer.
ily of FIG. 5.
Further, a chemical mixture derived from hematoFIG. 7 is a structural formula for a family of porphyporphyrin, called hematoporphyrin derivative, and
rins which can be used to produce verdins and metal
often abbreviated "HpD", can be administered intravecomplexes thereof according to the invention.
nously and used in the manner described above for the 65
FIG. 8 is a structural formula for metal complexes of
detection and treatment of tumors. Hematoporphyrin
porphyrins which can be used to produce benzochlorins
can be produced from protoporphyrin IX, a porphyrin
and metal complexes thereof according to the inventhat can be separated from blood. HpD is a mixture of
tion.
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rivative or porphyrin derivative metal complex has an
FIG. 9 is a structural formula for a family ofporphyabsorbance peak.
rin derivatives which form when the corresponding
purpurins stand in sunlight in the presence of air.
OBJECTS OF THE INVENTION
FIG. 10 is a structural formula for metal complexes of
It is, therefore, an object of the invention to provide
the porphyrin derivatives of FIG. 9.
5
a new composition which is a benzochlorin having the
BRIEF DESCRIPTION OF THE INVENTION
structure of FIG. 3 of the attached drawings, a metal
The instant invention, in one aspect, is a metal comcomplex of a benzochlorin having the structure of FIG.
plex of a benzochlorin, of a verdin, or of a porphyrin
1 of the attached drawings, a metal complex of a verdin
derivative having the structure of FIG. 1, of FIG. 2, of 10 having the structure of FIG. 2 or of FIG. 5 of the atFIG. 5 or of FIG. 10 or is a benzochlorin having the
tached drawings, or a metal complex of a porphyrin
structure of FIG. 3 of the attached drawings, where M
derivative having the structure of FIG. 10 of the atis a metal, for example, Ag, Al, Ce, Co, Cr, Cu, Dy, Er,
tached drawings.
Eu, Fe, Ga, Gd, Hf, Ho, In, La, Lu, Mn, Mo, Nd, Pb,
It is another object of the invention to provide a
Pd, Pr, Pt, Rh, Sb, Sc, Sm, Sn, Tb, Th, Ti, TI, Tm, U, 15 solution in an organic liquid of a benzochlorin having
V, Y, Yb, Zn or Zr,
the structure of FIG. 3 of the attached drawings, a
R13 is an alkyl group having from 1 to 4 carbons, and
metal complex of a benzochlorin having the structure of
each of Rt through RU and R14 is:
FIG. 1 of the attached drawings, a verdin having the
Hor CHO,
structure of FIG. 4 or FIG. 6 of the attached drawings,
a primary or secondary alkyl group having from 1 to 20 a metal complex of a verdin having the structure of
4 carbon atoms,
FIG. 2 or FIG. 5 of the attached drawings, a porphyrin
an alkylene group having from 2 to 4 carbon atoms,
derivative having the structure of FIG. 9 of the ata group having the formula R2N(R3)2 where R2 is a
tached drawings, or a metal complex of a porphyrin
bivalent aliphatic hydrocarbon radical having from
derivative having the structure of FIG. 10 of the at1 to 4 carbon atoms, wherein any carbon to carbon 25 tached drawings.
bond is either a single or a double bond, and not
It is a further object to provide an aqueous emulsion
more than one is a double bond; R3 is hydrogen or
· of a solution in an organic liquid of a benzochlorin
an alkyl radical having from 1 to 2 carbon atoms
having the structure of FIG. 3 of the attached drawings,
and the two R3 groups can be the same or different,
a metal complex of a benzochlorin having the structure
a group having the formula R2N<R4)3+ where R2 is a 30 of FIG. 1 of the attached drawings, a verdin having the
bivalent aliphatic hydrocarbon radical having from
structure of FIG. 4 or FIG. 6 of the attached drawings,
1 to 4 carbon atoms, wherein any carbon to carbon
a metal complex of a verdin having the structure of
bond is either a single or a double bond, and not
FIG. 2 or FIG. 5 of the attached drawings, a porphyrin
more than one is a double bond; and R4 is an alkyl
derivative having the structure of FIG. 9 of the atgroup having from 1 to 2 carbon atoms and the 35 tached drawings, or a metal complex of a porphyrin
three R4 groups can be the same or different,
derivative having the structure of FIG. 10 of the at. a group having the formula Rl<)H were R2 is a bivatached drawings.
lent aliphatic hydrocarbon radical having from 1 to
It is still another object of the invention to provide a
4 carbon atoms, wherein any carbon to carbon
composition in which molecules of a benzochlorin havbond is either a single or a double bond, and not 40 ing the structure of FIG. 3 of the attached drawings, a
more than one is a double bond, or
metal complex of a benzochlorin having the structure of
COiR', CH2COiR' or CH2CH2COiR' where R' is H,
FIG. 1 of the attached drawings, a verdin having the
or a primary or secondary alkyl group having from
structure of FIG. 4 or of FIG. 6 of the attached drawone to four carbon atoms, with the proviso that
ings, a metal complex of a verdin having the structure of
R14 can be SO3H or a physiologically acceptable 45 FIG. l or of FIG. 5 of the attached drawings, a porphysalt thereof.
rin derivative having the structure of FIG. 9 of the
In another aspect, the invention is a solution in an
attached drawings, or a metal complex of a porphyrin
organic liquid which is physiologically acceptable for · derivative having the structure of FIG. 10 of the atintravenous or topical administration of one of the foretached drawings are encapsulated in the molecules of a
going benzochlorins, verdins, porphyrin derivatives or SO cyclodextrin.
metal complexes, or an aqueous emulsion of such a
It is yet another object of the invention to provide a
solution.
method for detecting and treating tumors which comIn still another aspect, the invention is a structure in
prises administering one of the foregoing benzochlorins,
which the molecules of one of the foregoing bcnzochlobenzochlorin metal complexes, verdins, verdin metal
rins, verdins, porphyrin derivatives or metal complexes 55 complexes, porphyrin derivatives or porphyrin derivaare encapsulated in the molecules of a cyclodextrin.
tive metal complexes to a human or animal patient.
In yet another aspect, the invention is a method for
DESCRIPTION OF THE PREFERRED
detecting and treating tumors which comprises adminisEMBODIMENTS
tering an effective amount of one of the foregoing bcnzochlorins, a metal complex of one of the foregoing 60 Examples 1 through 9 hereof set forth the best mode
benzochlorins, one of the foregoing verdins, a metal
presently contemplated by the inventors, insofar as this
complex of one of the foregoing verdins, one of the
invention is directed to benzochlorins, benzochlorin
foregoing porphyrin derivatives, or a metal complex of
metal complexes, verdins, verdin metal complexes, porphyrin derivatives and porphyrin derivative metal comone of the foregoing porphyrin derivatives to a human
or animal patient, and irradiating the relevant region of 65 plexes and their production. The in vivo test procedures
the patient with ultra violet or visible light of a wavedescribe the best mode insofar as this invention is dilength at which the benzochlorin, benzochlorin metal
rected to solutions of the benzochlorins, benzochlorin
complex, verdin, verdin metal complex, porphyrin demetal complexes, verdins, verdin metal complexes, por-
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phyrin derivatives and porphyrin derivative metal complexes in an organic liquid and to the production of such
solutions, and the in vivo test procedures describe the
best mode insofar as the invention is directed to the use
of bcnzochlorins, bcnzochlorin metal complexes, vcrdins, vcrdin metal complexes, porphyrin derivatives
and porphyrin derivative metal complexes for the detection and treatment of tumors.
In the examples, and elsewhere herein, the term "percent •N' means percent by volume; the term "percent
w/.,.," means percent by weight; the term "alkyl group"
is used in its ordinary sense to mean a monovalent,
saturated, aliphatic hydrocarbon radical; the term "alkylenc group" is used in its ordinary sense to mean a
monovalent, aliphatic hydrocarbon radical which has
one carbon .to carbon double bond and in which any
othcr carbon to carbon bond is a single bond; all ternperatures arc ~ •c:; ~d the follo~~ abbrcviati?~
have the meamngs mdicated: m~=milligram_or milligrams;_g:='.'gram 0 ~ ~~ kg=kilo~ or kilo~;
ml=millilitcr or millih~; ~m=centimc~e~ or centimeters; E=mo~ absorptivitty; mw=milliwatts; and
nm=nanome er or nanomc ers.
EXAMPLE 1
The production of a novel bcnzochlorin according to
the invention (hereafter "octacthyl bcnzochlorin") from
nickel meso-formyl octacthyl porphyrin is described in
this example. The production of nickel mcso-formyl
octacthyl porphyrin is described in a journal article by
R. Grigg ct al., J. Chem. Soc. Perkin Trans I, 1972, pp.
1789,1798; it has the formula of FIG. S of the attached
drawings where Rl through RS arc ethyl, Rl0 through
RU arc hydrogen, R is CHO, and M is Ni. Four intermediates were produced in the Example 1 procedure,
nickel meso-(.8-cthoxycarbonylvinyl)- octacthyl porphyrin, which has the formula of FIG. S of the attached
drawings where Rl through RS are ethyl Rl0 through
RU are hydrogen, R is CH=CHC(hCH2cH3, and M
is Ni, nickel mcso(J3-hydroxymcthyl- vinyl) octacthyl
porphyrin, which has the formula of FIG. s of the attached drawings where Rl through RS are ethyl, RlO
through RU arc hydrogen, R is CH=CHCH2OH, and
M is nickel, nickel meso-(.8-formylvinyl)octacthyl porphyrin, which has the formula of FIG. S of the attached
drawings where Rl through RS arc ethyl, RlO through
RU arc hydrogen, R is CH=CHCHO, and M is nickel,
and nickel octaethyl bcnzochlorin, which has the formula of FIG. 1 of the attached drawings where Rl
through RS are ethyl, Rl0 through RU are hydrogen,
and M is nickel. Octacthyl bcnzochlorin has the formula
of FIG. 3 of the attached drawings where Rl through
RS arc ethyl, and Rl0 through R12 are hydrogen.

6

brown needles. The product was identified by nuclear
magnetic resonance as nickel meso-(.8-cthoxycarbonylvinyl) octacthyl porphyrin; it showed visible spectrum
absorbancc peaks at 405, 530 and 565 nanometers (94
5 180, 18 604, 27 790).
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Production of nickel
meso-(13-hydroxymethylvinyl)octaethyl porphyrin
Two solutions were prepared, a first by dissolving 50
mg nickel meso-(.8-cthoxycarbonylvinyl)octaethyl porphyrin in 50 ml dry diethyl ether under nitrogen-and a
second by dissolving 5 mg lithium aluminum hydride in
10 ml diethyl ether. The first solution was kept under
nitrogen while the second was added quickly thereto at
room temperature of about 22", and the solution which
resulted was allowed to stand for 24 hours under nitrogen. The reaction was then quenched by making incremental additions of 15 percent .,.,/.,.,aqueous ammonium
chloride until an addition did not cause effervescence.
The organic layer was then collected and washed with
three 50 ml portions of water. The solvent was then
evaporated, and the solid residue was chromatographed
on silica gel, using dichloromethane as the solvent. The
major red band was collected. Red crystals of the desired product were recovered by evaporating the solvent and were crystallized from dichloromethane containing 2 percent •/,methanol. The yield was 26 percent
of theory, U V lambda maximum 559 nm.
Production of Nickel meso-(.8-formylvinyl)octaethyl
porphyrin

A solution was prepared by dissolving 100 mg nickel
meso-(.8-hydroxymcthylvinyl)octacthyl porphyrin and
108 mg pyridine dichromatc in 100 ml dichloromethane,
35
and was allowed to stand under a nitrogen atmosphere
for about 16 hours. The dichloromethanc was then
evaporated and the reaction products were dissolved in
diethyl e~cr, leaving a residue of ~luble chromi~
40 salts, which were scparat':'1 by filtration. The orgaruc
layer w~ collected. The diethyl ether was removed by
cv~~ration and the ~rod~ct was chromatographed on
a silica g~l col~, usmg d1chlor?methane as the eluent.
The maJor reddish green fraction was collected; the
45 solvent was removed by evaporation and the residue
was crystallized from dichloromethane containing 2
percent •/, methanol. The crystallized product was
identical, spectroscopically, to that reported in the literaturc(Amoldetal.,J.CS. PERKIN I, pages 1660-1670,

so

1979).

Production of Ni Octacthyl bcnzochlorin
A 200 mg portion of Ni meso-(.8-formylvinyl) octacthyl porphyrin was treated with 4 ml concentrated (98
Production of nickel
55 percent wJ.,.,) sulfuric acid for two hours. The reaction
meso-(.8-cthoxycarbonylvinyl)octacthyl porphyrin
product was then poured into 20 ml water, neutralized
A solution of 506 mg nickel mcso-formyl octacthyl
with sodium hydrogen carbonate, and extracted with
porphyrin and 1.024 g (carbcthoxymcthylene)triphenyldichloromcthanc. The organic layer was collected and
phosphoranc in 50 ml xylene was heated under reflux
washed with water, and the dichloromcthane was refor 18 hours. The solution was cooled; the xylene was 60 moved by evaporation. The residue was chromatoremoved in vacuo; and the solid which remained was
graphed on silica gel, using dichloromethane as the
dissolved in the minimum amount of dichloromcthane
solvent. The major green band was collected, and the
and chromatographed on silica. A minor fraction of
solvent was removed by evaporation. The residue was
nickel octacthyl porphyrin and a major red fraction
crystallized from dichloromcthanc containing 2 percent
were recovered. The solvent was removed from the red 65 '/, methanol. The crystallized product (yield, 40 perfraction; the solid which remained was recrystallized
cent) was identical, spectroscopically, to that reported
from a solvent composed of equal parts by volume of
in the literature (Arnold et al., J.CS. PERKIN I, pages
dichloromcthanc and methanol, yielding 455 mg small
1660-1670, 1979).
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was removed from the extract by evaporation. The
Production of Octaethyl benzochlorin
solid residue was chromatographed on silica gel, using
A 40 mg portion of nickel octaethyl benzochlorin
dichloromethane containing 2 percent v/v of methanol
was stirred for 2¼ hours in 4 ml concentrated (98 peras the eluent. A major green band was collected, and
cent. w/w) sulfuric acid. The reaction mixture which 5 the Verdin I was recovered by evaporating the solvent.
resulted was poured onto ice, neutralized with sodium
It was found to have an absorbance peak in the visible
hydrogen carbonate, and extracted with dichloromethspectrum at 695 nm. The Verdin I zinc complex was
ane. Two reaction products (20 mg of each) were reprepared by the method described in Example 2; it was
covered by chromatographing the extract on silica gel.
found to have a very broad absorbance peak in the
One of the products was identified as octaethyl benzo- 10 visible spectrum spanning 680 to 72~ nm.
chlorin, while the other was identified as the sulfonate
thereof. The sulfonate was found to have the structure
EXAMPLE 4
_of FIG. 3 of the drawings, where R13 is SO3Na, and is
The procedure described in Example 1 has been used
attached either to the available carbon nearer R2 or to
to produce other benzochlorins. A typical one of the
the available carbon nearer R3, probably the former. IS starting materials, Nickel meso-formyletio porphyrin I,
The octaethyl benzochlorin was crystallized from diproduced four intermediates [I] Nickel meso-(p-ethoxchloromcthane containing 2 percent •/,methanol, while
ycarbonylvinyl)-etio porphyrin I, [II] Nickel mcso-(.,8the octaethyl benzochlorin sulfonate. was crystallized
hydroxymethylvinyl)- etio porphyrin I, [III] Nickel
from dichloromethane. Lambda maxunum, U V, was
meso-(p-formylvinyl)-etio porphyrin I and [IV) Nickel
657 nm for both products. The SO3Na group can be 20 etiobenzochlorin. Both etiobenzochlorin and its sodium
converted to SO3H by acidifying the sulfonate, and the
sulfonate (structure of FIG. 3 where R14 is SO3Na)
hy~ogen of the S~~H gr?up can be converted to other
were produced. The starting material and all of the first
cattons by neutralizing with other bases.
three intermediates have the structure of FIG. 8 of the
EXAMPLE 2
attached drawings where Rl, R3, RS, and R7 are CH3,
25 Rl, R4, R6 and R8 are CH2CH3, RIO through R12 are
Production of Zn Octaethyl Benzochlorin
hydrogen, and M is nickel. R is CHO in the starting
A solution was prepared by dissolving 20 mg octamaterial, CH=CHCOiCH2CH3 in the first intermediethyl benzochlorin in a mixed solvent composed of 15
ate, CH=CHCH2OH in the second intermediate, and
ml dichloromethane and 5 ml methanol and 100 mg zinc
CH=CHCHO in the third intermediate. The fourth
acetate was added to the solution; the mixture which 30 intermediate was a mixture of two isomers, one having
resulted was refluxed for about 24 hours until the electhe structure of FIG. 1, and one having a similar structronic spectrum of the reaction mixture indicated that
ture, except that it was the pyrrole ring to which R3 and
chelation was complete. The reaction mixture was then
R4 were attached that was reduced, and to which the
concentrated to 7 ml and allowed to cool to room tembenzene ring was fused. The etiobenzo chlorin was also
perature of about 22•. Product which precipitated was 35 a mixture of two isomers, one having the structure of
recovered by filtration, dissolved in a mixed solvent
FIG. 3, and one having a similar structure, except that
composed of 5 ml dichloromcthane and 2 ml methanol,
it was the pyrrole ring to which R3 and R4 were atand recrystallized, yielding 18 mg Zn octacthyl benzotached that was reduced, and to which the benzene ring
chlorin in the form of microcrystals. The Zn octaethyl
was fused.
benzochlorin, a metal c~mplex, has the formula of FIG. 40
The procedure of Example 3 has been used to pro1 of the attached drawmgs where Rl throu~ R8 are
duce other verdins. Typical ones of the starting matericthyl, RlO through RU are hydrogen and M 15 Zn; the
als and of the vcrdins produced are set forth in Examcompound has a visible spectrum absorbance peak at
pies 5 through 7.
850 nanometers.
45
EXAMPLES
EXAMPLE3
The production of "Verdin I" from coproporphyrin
I, tetramethyl ester, is described in this Example. The
coproporphyrin I, tetramethyl ester, starting material
·
had the structure of FIG. 7 of the attacbed d rawmgs
where Rand RIO through RU are hydrogen, Rl, R3,
RS, and R7 are CH3 and Rl, R4, R6 and R8 are
CH2CH2CO2CH3. "Verdin I" has the structure of FIG.
6 Of the a ttached drawings where RlO through RU are
hydrogen, Rl, R3, RS, and R7 arc CH3 and R4, R6, and
R8 are CH2CH2COOCH3.
Production of Verdin I

.;:Co::;m:;:po:;;:.;;;un;;:;d;...__ __;._ _ _ _ _ _ _ _F_o_rm_u1a
......o_f_
S~g Matmal, ?eu~po~hyrin IX .
FIFIGG. 7:
4
~n Final product, an IIOlllenc 1111Xt11re of Verdin II
.7V and Verdin
FIG. 6
III

~_.;..=---------------

ss

•where:
RI, R4, R6 and RI are CHpnd u, R7 and RIO through Rl2 are hydrogen:
1n the _ , malerial, R is hydropn and R2 and R3 are CH2CH2COOCHi:
In Veniin 11• R2 ii CH~zCOOCHi:
b Venlill ID. Ill ii CH?CJ{i(X)OCH),

EXAMPLE6

A 100 mg portion of coproporphyrin I, tetramethyl
ester was heated to so· with 2 ml concentrated (98 60 .,;,Com=pound;,,;_.;.;..._ _ _ _ _ _ _ _ _ _ _ _F_o_rm_ula_o_f_
S~g Matmal,_ Meso:po~hyrin IX
.
FIFIGG. 7:
percent w/ ~ sulfuric acid for about 5 hours until an
w
.
. .
Final product an IIOlllenC Dllltture of Verdin IV
4
absorbance peak developed m the V1S1ble spectrum at
and Verdin v
FIG. 6•
695 nm. The reaction product was then cooled and
,;;;•Where~...;,...;,;;;.__ _ _ _ _ _ _ _ _ _ _ _ _ __
stirred for 16 hours in 100 ml methanol. Solvent was
RI, R4, R6111c1 RI.,.. CHi, u and R7.,.. CH~i, and Rio through R12 are
then removed from the solution by evaporation until its 65 h)'drosen.
volume was 20 ml, and the concentrated solution was
~~
~~
R2 and R3 are CH2CHiCOOCH3,
poured into an equal volume of water. Organic material
1n Vmlill v, R3 ii cH~zCOOCHi,
was then extracted into dichloromethane and solvent

:;~~~t,c1
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EXAMPLE7
Compound

Formula of

Starting Material, Methyl pyrroporphyrin
Final product, Verdin VI

FIG. 1•
FIG. 6°

s

•Where:
RI, R3, R6 R7 and RI are CH3, R4 and R5 are CH:zCH3 and RIO throup Rll are
hydrosen.
In Ille lllrlin& malaial, Rl ia CH:zCHpxlCH3 and Ria hYdro&ea,
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phyrin derivatives and metal complexes. In all cases,
names used in the table for the purpurins and purpurin
metal complexes have the meanings set forth therefor in
the PCT application, and the structural differences between the porphyrin derivatives and metal complexes
and the purpurins and purpurin metal complexes from
which they are produced are analogous to those between Porphyrin NT2 and Purpurin NT2.

10 - - - - - - - - - - ----Porphyrin
derivative
or - The procedure was modified, by comparison with that
Purpurin or Metal Complex
Metal Complex
of Example 3, in that, after the visible spectrum peak
developed at 695 nm, the steps of pouring the reaction
~~urin NT2
:~~~~~ NT2
product into 100 ml methanol and stirring for 16 hours
Zn Purpurin ET2
Zn Porphyrin ET2
were omitted. The purpose of these steps, in Example 3, 15
Sn(IV) Purpurin ET2
Sn(IV) Porphyrin ET2
was to re-cstcrify any free COOH groups; they were
_ _......_..;..._ _ _ _ _ _..;.....;._,_;,,..;..._ _ __
unnecessary in Example 7, because neither the starting

porphyrin nor V crdin VI includes a moiety that would
form free C~H groups.
.
. .
.
The production of a porphynn dcnvatt~c havtng the
structurc 0 ~ FIG. 9 of_ th~ attach~ d~wmgs from !he
corresponding purpunn 1s dcscnbed m the followmg
examp1e.
EXAMPLE 8
A s_o mg portion of Purpurin NTl was dissolved in 20
ml dichloromcthanc, and the resulting solution was
allowed to .stand for a total of 16 hours in sunlight, in
contact with air, and under ambient conditions (temperaturc about 22"). The dichloromcthanc was then removed by evaporation, leaving so mg porphyrin dcrivativc (hereafter "Porphyrin NT2") which was found by
nuclear magnetic resonance to have the formula of
FIG. 9 of the attached drawings where Rt through RS
arc ethyl, RIO through RU arc hydrogen, and R13 is
CH2CH 3• The production of Purpurin NT2 is described
in Example 1 of PCT/US86/02824; it has the formula of
FIG. 5 of the drawings of that application where Rt
through RS arc ethyl, R9 is COiCH2cH3, and RIO
through R13 arc hydrogen.
Thc production of a porphyrin derivative metal complcx having the structure of FIG. 10 of the attached
drawings from the corresponding purpurin metal complex is described in the following example.
EXAMPLE9
A SO mg portion of Zn Purpurin NT2 was dissolved
in 20 ml dichloromcthanc, and the resulting solution
was allowed to stand for a total of 16 hours in sunlight,
in contact with air, and under ambient conditions (tcmperaturc about 22•). The dichloromcthanc was then
rcmoved by evaporation, leaving SO mg porphyrin derivativc, zinc complex (hereafter "Zn Porphyrin NT2")
which was found by nuclear magnetic resonance to
have the formula of FIG. 10 of the attached drawings
where Rt through RS arc ethyl, RIO through RU arc
hydrogen, and R13 is CH2CH3. The production of Zn
Purpurin NT2 is described in Example 2 of
PCT/US86/02824; it has the formula of FIG. 1 of the
drawings of that application where Rt through RS arc
ethyl, R9 is CQiCH2CH3, RIO through R13 arc hydrogen, and M is Zn.
The procedures of Examples 8 and 9 have been used
to produce other porphyrin derivatives and metal complcxes from purpurins and purpurin metal complexes
disclosed in PCT/US86/02824 Examples of the porphyrin derivatives and metal complexes arc given in the
following table, where names arc assigned to the por-

°

2

25

30

35

40

45

so

55

60

65

In vivo testing of various compounds accordi,ng to
the invention was conducted on male Fisher 344 rats
weighing 135 to 150 g in whom the transplantable
FANFT (N-(4-(5-nitro2-furyl)-2-thiazolyl]formamide
tumor system had been implanted. (Use of this system is
reported by se Iman, s. H ., et al., Cancer R esearc h , pp.
1924-1927, May, 1984.) Two tumors were implanted
into the subcutaneous tissue of the flanks of each test
animal; when the testing was carried out, each tumor
was about 1_ cm in diameter.
.
In ~me mstanccs'. the co':llpounds ~t:<f wcr~ ~1ssolved m ~ commc~cially availa~le non-1oruc so!ub~er
and cm~~cr ob~ed by reacting ethylene oxi~e with
castor oil m a ra~o ~f 3_S moles of et_hylene o~de ~r
mole of cast~r oil, diluting ~c resulting ~lut10~ with
1,2-pr_opancdi~l, and producmg an emuls10n with. the
resulting solution and 0.9 percent w/w aqueous sodium
chlori~c so~ution. The specific non-ionic so!ubili~cr
used IS available from BASF under the designation
CREMOPHOR EL; it is composed of fatty acid esters
of polyglycols, glycerol polyglycols, polyethylene glycols and cthoxylatcd glycerol. The test solutions were
prepared from S mg test compound, O.S ml warm solubilizcr (enough to dissolve the test compound), enough
1,2-propancdiol to make a solution of the test compound
in a mixed diol/solubilizer solvent containing 32.9 percent w/w solubilizcr; fmally, enough 0.9 percent w/w
aqueous sodium chloride was added to make 2 ml test
solution so that the fmal concentration of the test compound in the test solution was 2.5 mg per ml. Each test
solution was made, with mechanical shaking and stirring, by dissolving the test compound in the solubilizer,
diluting the resulting solution with the indicated
amount of 1,2-propanediol, and adding the sodium chloride solution to the diluted solution. A control solution
was also prepared for use with each test solution. The
control was identical with the test solution except that it
contained no test compound. The test solutions were
prepared in air, but it is believed that a nitrogen atmosphere would be advantageous because it would minimizc the chance of a reaction with oxygen.
In other cases a solution made by dissolving S.2
µ.mole of the compound under test in 1 ml chloroform
was mixed with a 0. lM phosphate buffer containing 150
µ.mole sodium chloride and 20.8 µ.mole T-cyclodextrin,
and the resulting composition was vortexed under pressure until the chloroform had evaporated completely, at
which time it was found that an aqueous solution of an
inclusion complex had been produced in which the
molecules the compound under test were encapsulated
within molecules of the cyclodextrin.

11
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Molecules of phthalocyanines, for example, zinc
phthalocyanine, can also be encapsulated within cyclodextrin molecules by the method described in the
preceding paragraph, but a different solvent, e.g., tetrahydrofuran, should be substituted for the chloroform.
Such compositions are significantly advantageous by
comparison with previously known delivery systems
for phthalocyanines.
Three cyclodextrins are known, a, f3 and T. The
molecules of all three are annular rings 0. 78 nm high.
The outer and inner diameters are, for /3-cyclodextrin,
1.37 and 0.57 nm, for ,8-cyclodextrin, 1.53 and 0.78 nm,
and, for T-cyclodextrin, 1.69 35 and 9.5 nm.
The testing involved injecting each rat with a solution of the compound under test, dosage 1 mg test compound per kg of body weight or with the same volume
of the appropriate control, irradiating one of the two
tumors with light for 30 minutes, sacrificing the animals, and examining the tumors. The injections were
made via the dorsal tail vein. The irradiation of one of
the tumors occurred twenty four hours after each rat
was injected while the other of the two tumors was
shielded by an opaque box.

5

10

15

20

Tumor
· edtemperature
· th and
· body core temperature
ed • th were 25
morutor , usmg cmustors, one p1ac mto e tumor
and one placed intrarectally. Tumor temperature was
k t "thin 2" 0 f bod
tem
tur b dir tin
. ep fwi
.
Y core
pera e Y ec g a
Jet O ~1 8ll' over the tum_or.
.
The light sour~ was a slide proJ~t~r tha~ had a 500 30
watt ?ulb fitted with a red filter whi~h IS ~vailable from
<?ommg Glass Works ~der ~e des1gna~on 2418. The
light was reflected 90 by a silvered mirror, and was
focused onto the tumor with a secondary condensing
l~. The light intensity ?n the tumo~ was ~onitored, 35
~g a photometer /radiometer that IS av~le fr?m
~mted Dctc;tor Technol?gy_ under the dCSignation
UDT #351 , and was mamtained at 200 mw per cm2•
Six rats were injected with each test solution and two
were injected with the appropriate control solution
40
Four hours after the irradiation three of the rats that
had been injected with the test ~lution 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 45
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 barbituate anesthesia (65 mg per kg body weight).
SO
.
Th tum
th excised , placed m 10 percent
; e h ors
hatwere
bufti en
ed tiOrmalin d
.
thr
w ~ P osp e-. er
•
an _cut mto
ee
secti0ns perpendicuJai: to their long axIS•• The run:iors
were then
embedded
paraffin. and cut mto. sections
fi
•
•
•dth mThe
ed with 55
vc rmcr~ m Wt • •
sections were stain
hematoxylin and eosm.
Histologic examination of the stained sections revealed that all purpurins, benzochlorins, porphyrin
derivatives (FIG. 9 of the attached drawings) and ver- fiO
dins tested, and their metal complexes, with the exception of the nickel complexes, produced hemorrhage,
vacuolization, vascular stasis and necrosis. The purpurins and benzochlorins were the most active compounds, followed by the porphyrin derivatives (FIG. 9) 65
and the verdins. This test did not show a difference
between emulsions of the compounds and cyclodextrin
solutions in which molecules of the compounds were
encapsulated within molecules of the cyclodextrin.
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The production of Octaethyl benzochlorin, Zn octaethyl benzochlorin, Verdin I, Verdin I zinc complex,
Etiobenzochlorin, an isomeric mixture of Verdin II and
Verdin III, an isomeric mixture of Verdin IV and Verdin V, Verdin VI, Porphyrin NT2, and Zn Porphyrin
NT2 is described in the foregoing Examples hereof. In
each case, the benzochlorin had the structure of FIG. 3
of the attached drawings and the verdin the structure of
FIG. 4 where Rl through RS had certain.meanings and
RIO through RU were hydrogen. The benzochlorins
were produced from metal complexes of porphyrins
having the structure of FIG. S of the attached drawings
where Rl through RS meant the same as in the benzochlorins, R was CHO, and RIO through RU were hydrogen. The verdins were produced from porphyrins
having the structure of FIG. 7 of the attached drawings
where one of~• R3, R~. and R7 had the structure
CH2CH2COOR , where R 1s an alkyl group, preferably
methrl, and ~e others ~f Rl through RS had the same
mcarungs as m the verdins. .
.
.
Th~ o~er_ metal porphynns which are reqwr~ for
substitution m the procedure ~f Example 1 for ruckel
meso-:formyl_ octaethyl porphyrm to produce the beI?-Zochlonns havmg the structure of FIG. 3 of the drawmgs
wh ere RIO through RU arc h ydrogen are e1"ther dis losed • th lit tur
be od ced b
thod
c
m. e era_ e or.can
pr . u_
Y me
s
that are dISClosed m the literature. Similarly, the other
porphyrins which are required for substitution in the
procedure of Example 3 for coproporphyrin I, tetramethyl ester to produce the verdins having the structure of FIG. 4 of the drawings where RIO through RU
are hydrogen are either disclosed in the literature or can
be produced by methods that are disclosed in the literature.
In general, porphyrins are produced by condensing
two pyrroles, and by then condensing two of the
condensation products. The two condensation products
can be the same or different, and each can be made by
condensing two pyrroles that arc the same or different.
The pyrroles necessary to produce porphyrins having
the structure of FIG. 7 of the attached drawings where
R is H or CHO, RIO ~ough RU are hydrogen, and
each of RI through RS IS
H 0 ~ CHO,
.
a pnmary or secondary alkyl group havmg from 1 to
4 carbon atoms,
an alkylenc ~oup having from 2 to 4 carbon ato?15,
a ~oup ha~g ~e formula R2N(R3~2 wher~ R2 IS a
bivalent aliphatic hydr~n radical havmg from
l to 4 ~?On ato~, whcrem any carbon to carbon
bond IS either a smglc or a double bond, and not
· d bl bo d R · h dr
more than one IS
a ou e n ; 3 IS y ogen or
an alkyl radical having from 1 to 2 carbon atoms
and the two R3 groups can be the same or different,
· the tiormula R2Nv'4)3+
ro .
· a
a group havmg
where R2 IS
bivalent aliphatic hydrocarbon radical having from
I 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 I to 2 carbon atoms and the
three R4 groups can be the same or different,
a group having the formula R 2OH were R 2 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, or CO2R',
CH2COiR' or CH2CH2COiR' where R' is H, or a
primary or secondary alkyl group having from one
to four carbon atoms, are all known or can be made

4,988,808
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by known methods. The nickel complex can be
made by the method disclosed in Example 2, substituting the porphyrin for the benzochlorin and
nickel acetate for zinc acetate. To produce benzochlorins, the alkoxycarbonylvinyl group, the /3- 5
hydroxyalkylvinyl group and the /3-formylvinyl
can then be introduced in the known way disclosed
in Example 1 hereof. To produce verdins, a porphyrin starting material wherein at least one ofR2,
R3, R6 and R7 is CH2CH2COOR' is subjected to 10
the procedure of Example 3. These porphyrins
produce,
(a) when used in the procedure of Example 1, hen. zochlorins having the structure of FIG. 3 of the
attached drawings where Rl0 through RU and 15
R14 are hydrogen, and,
(b) when used in the procedure of Example 3, verdins having the structure of FIG. 4 of the attached drawings where RIO through RU are
hydrogen
20
Such benzochlorins and verdins can be reacted with the
Vilsmier reagent to introduce a formyl group, Rl0 in
the latter case or as R14 in the former. The formyl
group, after separation of the isomers, if necessary, can
be reduced to CH3, or can be reduced to CH2OH or 25
converted to an oxime group, which can then be converted to a cyano group, which, in turn, can be converted to an amide. The formyl group can also be reacted with Wittig reagents to give alkyl, alkenyl or
carboxy side chains or to introduce the previously iden- 30
tified substituents which have an amine or an alcoholic
OH function in the Rl0 position. After the desired
group has been introduced as Rl0, the benzochlorin or
verdin can be reacted in the same way to introduce a
desired group as Rll. Finally, the chemistry can be 35
used to introduce a desired group as RU. The metal
complexes can be produced by the method of Example
2 or by modifications thereof which are subsequently
discussed herein.
·
It will be appreciated that benzochlorins, verdins, 40
porphyrin derivatives and metal complexes according
to the inventfon where Rl0 through R12 are hydrogen
are preferred, other factors being equal, because the
production of the compounds with other groups in
these positions is complicated, time consuming and 45
expensive. The methods of Examples 8 and 9 are
general in the sense that the former can be used to
produce any porphyrin derivative having the structure
of FIG. 9 from the corresponding purpurin while the
latter can be used to produce any porphyrin derivative 50
metal complex having the structure of FIG. 10 from
the corresponding purpurin metal complex. The purpurins and purpurin metal complexes required to
produce the porphyrin derivatives and porphyrin derivative metal complexes
are disclosed in 55
PCT/US86/02824.
The method of Example 2, supra, can be used to
produce metal complexes of other benzochlorins, of
porphyrin derivatives having the structure of FIG. 9,
and of verdins. Specifically, an equivalent amount of 60
another benzochlorin, of a porphyrin derivative, or of a
verdin can be substituted for the octaethyl benzochlorin, or copper acetate, nickel acetate, cobalt acetate,
silver acetate, palladium acetate, or platinum acetate
can be substituted for the zinc acetate, or both substitu- 65
tions can be made. In this manner, metal complexes
having the formula of FIG. 1, of FIG. 2, of FIG. 5 or of
FIG. 10, where M is one of the metals named above in
this paragraph can be produced from the corresponding

as
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benzochlorins, verdins, or porphyrin derivatives. Other
complexes can be produced by the method of Example
2 from salts containing cations other than acetate, and
producing complexes which have . the structures of
FIGS. 1, 2 5 and 10, but where M does not represent
merely a metal anion. Examples of salts that can be
substituted for zinc acetate in the Example 2 procedure
are identified below, together with the identity of M in
FIGS. 2 and 5:
Salt

Identity of M

FeCl3
MnC4
lnCl3
VC4•
TI(CF3CQih
SnCl2
[Rh(C0)2Clh

Fe(Cl)
Mn(Cl)
ln(CI)
V(O)
TI(OAc)(H20)
Sn(OH)l
Rh(Cl)(H20)

•Uling phenol u the solvent imteod of glacial acetic acid.

The procedure of Example 2 can also be modified by
substituting phenol for glacial acetic acid and metal
chelates of pentane, 2,4-dione for zinc acetate to produce complexes of any of the benzochlorins, verdins or
porphyrin derivatives. Metals that can be so reacted (as
pentane, 2,4-dione chelates) and the identity of M in the
complex that is produced are set forth in the following
table:
---- - - - -Metal
--------Metal
Identity ofM
Identity ofM

Al
Sc
Ga

In
Mo
Ti

Zr
Hf
Eu
Pr
Yb

y

Lu
"The

Al(acac)*
Sc(acac)
Ga(acac)
ln(acac)
Mo(acac)

Ti(acac)l
Zr(acac:)2

Hf(acac)l
Eu(acac)
Pr(acac)

Yb(acac)
Y(acac)
Lu(acac)

penlane, 2 , ~

Th

u

La
Ce

Nd
·Sm
Gd
Th
Dy
Ho

Er
Tm

Th(acac)l
U(acac)l
La(acac2
Ce(acac)
Nd(acac)
Sm(acac)
Gd(acac)
Th(acac)
Dy(acac)
Ho(acac)
Er(acac)
Tm(acac)

portion of a cbelale thereof with a metal.

Complexes of any of the foregoing benzochlorins,
verdins and porphyrin derivatives can also be produced
by the procedure of Example 2, substituting dimethylformamide for glacial acetic acid and CrCh 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 benzochlorins,
verdins and porphyrin derivatives can be produced by
the procedure of &ample 2, substituting pyridine for
glacial acetic acid and PbCii for zinc acetate. M in the
complexes is Pb.
The preferred metal complexes according to the invention, because optimum results have been achieved
therewith, are ones where M is Zn, Sn, Al, Ag, Ce or
Ga.
The production of benzochlorin, verdin and por:phyrin derivative solutions in the specific non-ionic solubilizer that is available under the designation 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 benzochlo-
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rins, verdins, porphyrin derivatives and their metal
FIG. I
Rl4
complexes can be dissolved in other non-ionic solubilizers and that the solutions can be used to produce emulR3
sions that can be administrated intravenously. For ex5
ample, other reaction products of ethylene oxide and
R4
castor oil can be so used, as can reaction products of
ethylene, propylene and other similar oxides with other
N
fatty acids and the reaction products of propylene and
/
Rl2
RI
M
other similar oxides with castor oil. Similarly, glycols 10
/
other than 1,2-propancdiol can beused in producing the
N
emulsions for intravenous administration, or the glycol
RS
R5
can be omitted, particularly if the solubilizer is prepared
to have a lower viscosity and greater compatibility with
R6 ·
R7
Rll
water, by comparison with the solubilizcr that is avail- 15
FIG. 3
R14
able under the designation CREMOPHOR EL. It is
necessary only that the solution or emulsion be one
which is physiologically acceptable and of a suitable
concentration, or dilutable to a suitable concentration, 20
R4
for intravenous administration or for local administration, should that be desirable. An indefinitely large
number of such solutions and emulsions will be apparRl2
ent to those skilled in the relevant art from the foregoing specific disclosure. Similarly, the aqueous phase 25
need not be 0.9 percent w /w or any other concentration
RS
of sodium chloride. Such saline is presently favored for
intravenous administration, but other aqueous phases
R6
R7
Rtt
can also be used, so long as the entire composition is 30
wherein
physiologically acceptable for intravenous administraM comprises a metal cation that is complexed with
tion and, in fact, other aqueous phases may subsequently
two of the nitrogens of the benzochlorin and is Ag,
be favored. Indeed, other aqueous phases or organic
Al, Ce, Co, Cr, Cu, Dy, Er, Eu, Fe, Ga, Gd, Hf,
Ho, In, La, Lu, Mn, Mo, Nd, Pb, Pd, Pr, Pt, Rh,
phases may also be favored for local administration.
Sb, Sc, Sm, Sn, Th, Th, Ti, Tl, Tm, U, V, Y, Yb, Zn
Dosages ranging of 1 mg per kg of body weight were 35
or Zr, and
used in the in vivo procedures described above. It has
each of Rl through RS and RIO through RU is H or
been determined only that the biological consequences
CHO,
an alkyl group other than t-butyl having from 1 to 4
described above were caused by the dosages adminiscarbon atoms,
tered, not that any dosage reported is either a minimum 40
an alkylene ~oup having from 2 to 4 carbon atoms,
or a maximum. It will be appreciated, therefore, that it
a group havmg the formula R2N(R3)2 where R2 is a
· is necessary only to use an effective amount of a bcnzobivalent aliphatic hydrocarbon radical having from
1 to 4 carbon atoms, wherein any carbon bond is
chlorin, verdin, porphyrin derivative or metal complex
either a single or a double bond, and not more than
according to the invention in the detection and treatone is a double bond; R3 is hydrogen or an alkyl
ment of tumors, preferably as small a dosage as possible, 45
radical having from 1 to 2 carbon atoms and the
and that the exact dosage can be determined by routine
two R3 groups can be the same or different,
a group having the formula R2N~)3 A where R2 is
experimentation. While systemic administration has
a bivalent aliphatic hydrocarbon radical having
been described above, specifically intravenous, it will
from 1 to 4 carbon atoms, wherein any carbon
also be appreciated that local administration will be
bond is either a single or a double bond, and not
50
suitable, at least in some instances.
more than one is a double bond; A is a physiologically acceptable anion and ~ is an alkyl group
lliumination of tumors containing a bcnzochlorin, a
having from 1 to 2 carbon atoms and the three ~
verdin, a porphyrin derivative or a metal complex in
groups can be the same or different,
accordance with the instant invention can be a surface
a group having the formula R2OH were R2 is a bivaillumination with a conventional light source, as de- 55
lent aliphatic hydrocarbon radical having from 1 to
4 carbon atoms, wherein any carbon to carbon
scribed above; or can be a surface illumination with a
bond is either a single or a double bond, and not
laser. The illumination can also be into the body of a
more than one is a double bond, or
tumor, for example through optical fibers inserted
COiR', CH2COiR' or CH2CH2COiR' where R' is H,
thercinto.
or an alkyl group other than t-butyl having from
two to four carbon atoms, with the proviso that
Various changes and modification can be made from 60
R14 can be SO3H or a salt thereof and that not
the specific details of the invention as described above
more than one ofRl through RS, Rl0 through R12
without departing from the spirit and scope thereof as
and R14 is CHO, a group having the formula
defined in the appended claims.
R2N(R3)2, or a group having the formula
R2N~)3A.
We claim:
65
2. As a composition of matter, a benzochlorin or a
1. As a composition of matter, a bcnzochlorin having
metal complex of a bcnzochlorin as claimed in claim 1
the structure of FIG. 3 or a metal complex of a benzowherein each of Rl0 through RU is hydrogen.
chlorin having the structure of FIG. 1, below,
• • •

•

•
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column 16, line 37 should read

-each of R1 through RS. [arid) R10 through R12 and R14 Is Hor-

column 18, Une 69

3, As a coroposJtton of matter, a benzochlorlo or a metal complex of a benzochlocio as
ctalmed lo elalm 2 whereto each of Bl through 88 Is methyl or ethyl.
4, f4s a comi;,osltlon of matter, a benzoct,lodo or a metal complex of a benzoct,1oci □ as

es and R7 are the same and B2, 84, Be and RS are
the same, but are different from Bl, B3, es and 87,
s. As a composition of matter, a benzochfoclo as cia1med lo claim 4,
claimed Jn ctalm 3 wherein Bl, B3,

6. As a eomposlt!on of matter, a metal complex of a benzochlodo as .claimed io claim

Z, As a composition of matter, a metal complex of a benzochlorl □ as ~imed
bbtceln Mis Zn,

i□

claim

so, Al, Ag, ca or Ga,

a, As a comoosltloo

of matter, a benzochloclo or a metal complex of c!

benzochlorl □

as

e1a1med lo c!alm 4 wherein Bl. B3, Rs and 87 are methyl, and B2, Bi, !36 and As ethyl,

9. As a composition of matter, a benzochloclo as c!afmed in claim a,
1o, As a comcosltlon of matter, a metal complex of a benzochtorln as claimed io claim

a.
1l, As a composition of matter, a metal complex of a benzochlorio as claimed lo c1arm
10 wbecelo M Is Zn, Sn, Al, Ag, Ce or Ga,
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12, As a CX2mposit1on of matter, a benzochtorto or a metal complex of a benzochlorln as
dafmed lo c(atm 2 whecefo each of Bl through Ra, Js ethyL
13, Aa a CX2mpos1t!on of matter, a benzochfodo as claimed lo cJalm 12,
14, As a composftloo of matter, a metal complex of a benzochlorfo as claimed lo cta;m
1s, Aa a composltton of matter, o meta.I comptex of a benzochJocJo as claimed Jo ctaim
14 whereto M11 Zn. Sn, Al. Ag. Qe or Ga.
l 8, As a composition of matter. a benzochloclo or a metal comRJ.ex of a beozochlorln as
ol1lmed lo ctarm ZS whereto Bl, 83, As and BZ are ethyl, and 82, B4, 86 and BO methyl.
l Z, As a composltton of matter, a ben2ochlodo as claimed Jo c1a1m , e.
,a. As a composition of matter. a metal complex of a benzochtodo as clalmed In c1a1m
19, As a composition of matter. a metal complex of a benzocblodo as ctalmed lo ctafm
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