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(57) ABSTRACT

A compound having the structural formula:

COOR

where R is H or lower alkyl of 1 through 12 carbon atoms.
In general, the compounds of the invention are 132-Oxo-
bacteriopyropheophorbide—a carboxylic acid and C,-C,,
alkyl esters thereof. A method for the preparation of the
carboxylic acid compounds of the invention includes the
step of reacting bacteriopyropheophorbide—a alkyl ester
with lithium hydroxide tetrahydrofuran and water. A method
of the invention for the preparation of the C,-C, , alkyl ester
compounds of the invention includes the steps of reacting
bacteriopyropheophorbide—a alkyl, especially methyl, ester
with lithium hydroxide in tetrahydrofuran and water to
obtain  13-Oxo-bacterio-pyropheophobide-a  carboxylic
acid followed by reacting the carboxylic acid with an acid
chloride producing reagent to obtain the 13*-Oxo-bacterio
pyropheophobide-a acid chloride (compound 5) and reacting
the 132-Oxo-bacterio pyropheophobide-a acid chloride with
a C,—C,, alcohol to obtain a 13*-Oxo-bacterio-py-
ropheophobide-a carboxylic acid C,—C, , alkyl ester (com-
pound 6). The compounds of the invention may be used as
long wavelength absorbing photosensitizers for photody-
namic therapy.

10 Claims, 5 Drawing Sheets
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OXO-BACTERIOPYROPHEOPHORBIDE-A
CARBOXYLIC ACID AND ESTERS
THEREOF

This application claims the benefit under 35 U.S.C.
§119(e) of U.S. Provisional Application No. 60/630,688,
filed Nov. 24, 2004,

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

This invention was made with funding from the National
Institute of Health Grant Number NIH CA55791. The
United States Government may have certain rights in this
invention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to new stable bacteriochlorins gen-
erally having long wave length absorptions between 700 and
800 nm. Such compounds have utility as photsensitizers for
photodynamic therapy (PDT).

2. History of the Prior Art

PDT has emerged as one of the promising strategies in
cancer treatment. In this therapy, patients are given intrave-
nous injections of a porphyrin-based drug that accumulates
in cancer cells in generally higher concentrations than in
surrounding tissue. The photosensitizing agent is then acti-
vated by a visible or near IR light to cancer sites through
fiber optics which following energy transfer to molecular
oxygen produces the singlet oxygen, the putative cytotoxic
agent. PDT is thus a novel and potentially important form of
cancer therapy. At presents efforts are underway in various
laboratories to prepare photosensitizers exhibiting long
wavelength absorption near 700-800 nm, which could
enable to treat large tumors due to deeper light penetration
in tissues at that wavelength. Therefore, during last ten years
a variety of naturally occurring bacteriochlorins (porphyrin
systems in which two pyrrole rings diagonal to each other
are reduced) have been synthesized and evaluated for PDT
efficacy. Unfortunately, most of the naturally occurring
bacteriuochlorins (e.g. bacteriochlorophyll-a) are not stable
in vivo and slowly convert into chlorin systems.

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is to convert bacterio-
chlorophyl-a into a stable analog having desired long wave-
length absorption and other desirable photophysical and
photosensitizing characteristics.

The compounds of the invention are 132-Oxo-bacteriopy-
ropheophorbide-a carboxylic acid and C,-C,, alkyl esters
thereof.

In accordance with the invention, a method for the prepa-
ration of the carboxylic acid compounds of the invention
includes the step of reacting bacteriopyropheophorbide-a
alkyl ester with lithium hydroxide in tetrahydrofuran and
water.

A method of the invention for the preparation of the
C,-C,, alkyl ester compounds of the invention includes the
steps of reacting bacteriopyropheophorbide-a alkyl, espe-
cially methyl, ester with lithium hydroxide in tetrahydrofu-
ran and water to obtain 13%-Oxo-bacterio-pyropheophobide-
a carboxylic acid followed by reacting the carboxylic acid
with an acid chloride producing reagent to obtain the 13>
Oxo-bacterio-pyropheophobide-a acid chloride (compound
5) and reacting the 13*-Oxo-bacterio pyropheophobide-a
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acid chloride with a C,—C,, alcohol to obtain a 13*-Oxo-
bacterio-pyropheophobide-a carboxylic acid C,-C,, alkyl
ester (compound 6). The acid chloride producing reagent is
thionyl chleride, phosphorous trichloride, phosphorous pen-
tachloride or oxylyl chloride.

A method for the specific preparation of the methyl ester
compound of the invention from bacteriopyropheophor-
bide-a alkyl ester, without forming an intermediate acid
chloride, is by reacting bacteriopyropheophorbide-a alkyl
ester (compound 2) with lithium hydroxide in tetrahydrofu-
ran and water to obtain 13°-Oxo-bacterio-pyropheophobide-
a carboxylic acid (compound 3) followed by reacting the
carboxylic acid with methyl azide (CH,N,) to directly
obtain a 132-Oxo-bacterio-pyropheophobide-a carboxylic
acid methyl ester (compound 4).

In accordance with the invention, a compound is therefore
provided having the structural formula:

COOR

where R is H or lower alkyl of 1 through 12 carbon atoms.

The compounds of the invention may be used as long
wavelength absorbing photosensitizers for photodynamic
therapy.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic equation showing preparation of
bacteriopyropheophorbide-a alkyl ester and 132-oxo-bacte-
riopyropheophorbide-a carboxylic acid and corresponding
esters.

FIG. 2 is a graph showing the absorption curve of light for
bacteriopyropheophorbide-a methyl ester. (compound 2).

FIG. 3 is a graph showing the absorption curve of light for
13%-Oxo-bacteriopyropheophorbide-a  carboxylic  acid
methyl ester. (compound 4).

FIG. 4 is a graph showing percent survival of RIF tumor
cells at various concentrations of 13-oxo-bacteriopy-
ropheophorbide-a carboxylic acid methyl ester upon expo-
sure to light at various energy levels at a wavelength of 768
nm.

FIG. 5 is a graph showing percent survival of RIF tumor
cells at various energy levels of light at a wavelength of 768
nm. against various drug dose concentrations.

DETAILED DESCRIPTION OF THE
INVENTION

Bacteriopheophorbide-a methyl ester 1 (315 mg) was
obtained from Rb. sphaeroides by known methods. As



US 7,147,840 B2

3

shown in FIG. 1, it was dissolved in collidine (20 ml) and
refluxed under nitrogen for 2 hrs. Collidine was removed by
rotavapor under high vacuum (55° C. bath). Hexane was
added. The precipitate was filtered off and washed with
hexane. The precipitate was dissolved in dichloromethane,
chromatographed on silica (eluent: 3%—4% Acetone in
dichloromethane) and the desired bacteriopyropheophor-
bide-a 2 was isolated as the major product. TLC: 4%
Acetone in Dichlormethane. Yield: 180 mg (63%). Light
absorbance of compound 2 was determined at various wave-
lengths of light as shown in FIG. 2. NMR (AMX400): 8.99,
8.48, and 8.43 (each s, 1H, 5-H, 10-H and 20-H); 5.10 (m,
1H, 17-H); 4.93 (m, 1H, 7-H); 4.30 (m, 2H, 8-H and 18-H);
4.14 and 4.04 (m, 2H, 13%-H); 3.62 (5, 3H, 17-CO,CH,);
3.50 (s, 3H, 3-CH,); 3.45 (s, 3H, 12-CH,); 3.17 (s, 3H,
2-CH,); 2.59 (m, 2H, 17>-CH,); 2.32 and 2.25 (each m, 3H,
8'-CH, and 17*-CH,); 2.10 (m, 1H, 17*-CH,); 1.81 (d, 3H,
18-CH,); 1.77 (d, 3H, 7-CH,); 1.12 (1, 3H, 8°-CH,); 0.35
and -1.03 (each s, 1H, 2NH).

Preparation of 132-Oxo-bacteriopyropheophorbide-a Car-
boxylic Acid 3 and the Corresponding Methyl Ester 4:

Bacteriochlorin 2 (50 mg) was dissolved in THF (10 ml) and
a suspension of LiOH (80 mg) in water (1 ml) was added to
the solution. The reaction mixture was exposed to air and
vigorously stirred for 24 hrs at room temperature, then 1%
(v/v) AcOH water solution (70 ml) was added. The product
was extracted with dichloromethane/THF mixture (1:1, 50
ml+25 ml). The combined extracts were washed with water
(50 mlx2), dried over sodium sulfate and the solvent was
evaporated. The intermediate product, mainly containing the
corresponding carboxylic acid 3 was dissolved in dichlo-
romethane/THF mixture (1:1, 20 ml), and briefly treated
with excess of diazomethane (400 mg Diazald, 3 pellets
KOH, 5 ml EtOH, 0.5 ml H,O, 3 ml Ether). The conversion
of carboxylic acid to the corresponding methyl ester was
monitored by TLC. A few drops of acetic acid were then
added to decompose the excess of diazomethane. The reac-
tion mixture was washed with water and the solvent was
evaporated under vacuum. The residue was purified by
preparative plates (hexane/dichloromethane/acetone=5:10:
2), or by silica column (5% —8% acetone in dichlo-
romethane) and was obtained in 39% vyield (20 mg).
'H-NMR (600 MHz): 9.53, 8.99 and 8.92 [each s, 1H (5-H,
10-H and 20-H)]; 5.02 (m, 1H, 7-H); 4.53 (m, 2H, 8-H and
17-H); 4.29 (m, 1H, 18-H); 3.69 (s, 3H, 17-CO,CH,); 3.65
(s, 3H, 3-CH,); 3.59 (s, 3H, 12-CH,); 3.24 (s, 3H, 2-CIL,);
2.72 (m, 1H, 17*-CH,); 2.65 (m, 17'-CH,); 2.34 and 2.32
(each m, 2H, 8'~CH,); 2.17 (m, 1H, 17'-CH,); 1.90 (d, 3H,
18-CH,); 1.81 (d, 3H, 7-CH,); 1.15 (t, 3H, 8°-CH,); -0.39
and -2.11 (each s, 1H, 2NH).

In vitro Photosensitizing Efficacy:

Cells were plated in 96 well plates in complete media.
After overnight incubation to allow the cells to attach, the
compound 4 was added at various concentrations. After 24
hrs incubation in the dark at 37° C. The cells were irradiated
with laser light source at 768 nm wavelength. After laser
treatment, medium was replaced with fresh medium. The
cells were incubated for 48 hrs. Then 10 ul of 4 mg/ml
solution of 3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyl tetra-
zolium-bromide (MTT) dissolved in PBS was added to each
well. After 4 hrs incubation at 37° C. the medium was
removed and 100 pl dimethyl sulphoxide (DMSO) was
added to each well to dissolve the formazin crystals. The
plates were read on a microtiter plate reader (Miles Inc.
Titertek Multiscan Plus MK 1) at an absorbance of 560 nm.
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The results were plotted as percent survival of the corre-
sponding dark (drug no light) control for each photosensi-
tizer tested.

The photosensitizing efficacy of bacteriochlorin 4 was
performed at variable drug and light doses. The results are
is summarized in FIGS. 4 and 5.

What is claimed is:

1. A compound of the formula:

COOR

where R is H or lower alkyl of 1 through 12 carbon atoms.

2. The compound 132-Oxo-bacteriopyropheophorbide-a
carboxylic acid.

3. The compound 132-Oxo-bacteriopyropheophorbide-a
carboxylic acid C,—C,, alkyl ester.

4. The compound of claim 3 where the alkyl ester is a
C,—C; alkyl ester.

5. The compound of claim 3 where the alkyl ester is a
methyl, ethyl or propyl ester.

6. A method for the preparation of the compound of claim
1 where R is hydrogen by reacting bacteriopyropheophor-
bide-a alkyl ester with lithium hydroxide in tetrahydrofuran
and water.

7. A method for the preparation of the compound of claim
1 where R is lower alky of 1-12 carbon atoms by reacting
bacteriopyropheophorbide-a alkyl ester with lithium
hydroxide in tetrahydrofuran and water to obtain 13*-Oxo-
bacterio-pyropheophobide-a carboxylic acid followed by
reacting the carboxylic acid with an acid chloride producing
reagent to obtain the 13-Oxo-bacterio pyropheophobide-a
acid chloridle and reacting the 13°-Oxo-bacterio
pyropheophobide-a acid chloride with a C,—C,, alcohol to
obtain a 13%-Oxo-bacteriopyropheophobide-a carboxylic
acid C,—C,, alkyl ester.

8. The method of claim 7 where the acid chloride pro-
ducing reagent is selected from the group consisting of
thionyl chleride, phosphorous trichloride, phosphorous pen-
tachloride and oxylyl chloride.

9. The method of claim 8 where the acid chloride pro-
ducing reagent is oxylyl chloride.

10. A method for the preparation of the compound of
claim 1 where R is methyl by reacting bacteriopy-
ropheophorbide-a alkyl ester with lithium hydroxide in
tetrahydrofuran and water to obtain 132-Oxo-bacterio-py-
ropheophobide-a carboxylic acid followed by reacting the
carboxylic acid with methyl azide to obtain a 13*-Oxo-
bacterio-pyropheophobide-a carboxylic acid methyl ester.
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