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Use of the Chlorophyll Derivative, Purpurin-18, for Syntheses of Sensitizers for

Use in Photodynamic Therapy

Shwn-Ji H. Lee, Nadine Jagerovic and Kevin M. Smith*
Department of Chemistry, University of California, Davis, California 95616

Reactions of purpurin-18 methyl ester 6 with various nucleophiles have been investigated as a
means for synthesis of sensitizers for use in photodynamic therapy of tumours. Use of butylamine
as the nucleophile resulted in ring-opening of the purpurin-18 anhydride ring to give a mono-
amide-vy-carboxylic acid 8, the purpurin-imide 11, and the di-amide-y-carboxylic acid 12. When
lysine or its esters were used as nucleophile, then lysylamide-y-carboxylic acids 18, 20 and 23 were
obtained, along with the purpurin lysyl-imides 21 and 22. Esterification and hydrolysis of the
various carboxy functions were investigated as a means for obtaining stable water-soluble sensi-
tizers. Similar reactions between ornithine and purpurin-18 methyl ester gave the corresponding
ornithyl-chlorin-ps derivatives (e.g. 31). The lysyl-chlorin-ps 18 was shown (in separate work) to

be a highly effective tumour sensitizer.

Photodynamic therapy (PDT) is a new procedure for the treat-
ment of various types of malignant tumours and involves local
photochemical activation following accumulation of the photo-
sensitizers in the tumours.!'2 Currently, Photofrin II® which
is enriched in the active components of hematoporphyrin
derivative (Hpd), has been used world-wide for tumour
photosensitization, and more than 4000 patients have been
treated so far. Upon light activation, generally delivered from
lasers by way of fibre optics, the sensitizers apparently generate
singlet oxygen which causes both vascular damage and injury to
tumour cells.> Photofrin II®, a gross mixture of components
(hematoporphyrin dimer, trimer, tetramer, pentamer, and their
dehydration products with ether, ester or carbon—carbon
linkages*'4), is currently in phase III clinical trials for a
number of indications.

For a photosensitizer to be clinically useful it should be non-
toxic, selectively taken up and/or retained in malignant tissues,
activated by penetrating light (A,., >600 nm) and photo-
chemically efficient. Photofrin II® meets the above criteria
reasonably well but lacks rapid clearance from normal tissues
including skin, thus rendering patients photosensitive for a
month or longer after treatment. It has the disadvantage of
being chemically complex and its longest wavelength absorb-
ance peak at 630 nm is therapeutically sub-optimal for tissue
penetration. During the last few years, a number of dyes which
absorb strongly in the range of 650780 nm,** such as phthalo-
cyanines,'6'® naphthalocyanines,'® purpurins,?® verdins,?!
pheophytins,?? benzoporphyrin derivatives,?> and bacterio-
chlorophyll and its derivatives2#2®> have been reported as
potential photosensitizers. In the chlorin series, purpurin-18 1
and chlorin-pg 22627 have been shown to be effective in vitro
photosensitizers. The aspartyl derivatives of chlorin-e4,2®
monoaspartyl chlorin-e¢ (4, MACE) and diaspartyl chlorin-eg
(5, DACE) have been reported as effective photosensitizers in
vitro when compared with Photofrin II®.2° In vivo studies show
that MACE is an effective tumour photosensitizer with rapid
clearance properties if the light treatments were performed 3-4
h after drug administration. Neither tumour cures nor normal
skin damage could be induced when the drug was administered
(up to 50 mg kg!) 24 h prior to light treatment.3°

MACE is prepared by standard peptide coupling reactions on
chlorin-¢¢ 3. In our hands, MACE was not particularly simple
to synthesize, mostly because of the troublesome contamination
with DACE, which required high performance liquid chromato-
graphy for separation.?® Under the name NPe6, MACE is
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currently in clinical PDT trials and the problems we en-
countered have, presumably, been solved on the commercial
scale. Meanwhile, we determined that the anhydride ring in
purpurin-18 methyl ester 6 should be easy to open with amino
acid (and other) nucleophiles, and that in such a reaction only
one amino acid residue could be attached. The present paper
reports our results in this area.

Results and Discussion
Methyl pheophorbide-a 7 was extracted from the alga Spirulina
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maxima in excellent yield by following the literature pro-
cedure.3! It was transformed into purpurin-18 methyl ester 6 by
dissolution in pyridine, dilution with ether and addition of
KOH in propanol. After aeration for 30 min Fischer’s ‘unstable
chlorin’3? was obtained. Repeated evaporation to dryness and
addition of dichloromethane-benzene gave purpurin-18 1,
which was converted into its methyl ester 6 using diazomethane.
The overall yield from 7 was 679%;.

Our plan was to attach amino acids, such as lysine and
ornithine, to purpurin-18 methyl ester, making use of the inbuilt
activation provided by the anhydride ring in 6. As a prelude,
however, and because 6 possesses two anhydride carbonyl
groups which were potentially reactive (though the carbonyl
at the 6-position appeared to be less sterically encumbered)
we began our studies using butylamine as a model for the
aminobutyl group in lysine.

Reactions of Purpurin-18 Methyl Ester with Butylamine.—
Excess of butylamine was added to a solution of the purpurin-18
methyl ester 6 in dichloromethane at room temperature.
Spectrophotometry showed the characteristic purpurin-18 ab-
sorption at 700 nm to be progressively replaced with a new peak
at 664 nm. The product was chromatographed to give a single
green product in 90% yield with a A, at 664 nm. Though we
favoured structure 8 for the product, as mentioned above, two

J. CHEM. SOC. PERKIN TRANS. 1 1993

isomeric products, 8 and 10, are possible. The 'H NMR
spectrum of the product 8 showed that the resonances remain
unchanged in the 11-5 ppm region along with one additional
broad triplet amide proton at 6.85 ppm. Low resolution (Liquid
SIMS) mass spectrometry gave a MH™* (652) peak and
elemental combustion analysis indicated that the product is a
mono butylamine adduct. One important characteristic of 8 is
that it was somewhat unstable with time and reverted to a
compound with an electronic absorption maximum around 700
nm. The degradation product (vide infra) is presumably the
imide 11.%3

In order to eliminate the troublesome decomposition and
fully characterize the mono-amide product, compound 8 was
esterified with diazomethane to give the corresponding stable
methyl ester 9. The 'H NMR assignments for 9 were based on
decoupling and a COSY spectrum (not shown).>* The meso
proton chemical shifts (9.72, 9.62 and 8.77 ppm) confirmed the
chlorin structure. Decoupling allowed assignment of the
butylamide group. One triplet proton observed at 6.21 ppm was
assigned as the amide proton; irradiation of this triplet
simplified both multiplets at 3.87 and 3.70 ppm. When either of
these were irradiated, the multiplet at 1.77 ppm collapsed, which
was further found to be coupled with the multiplet at 1.55 ppm.
A triplet at 1.04 ppm was assigned as the terminal butyl-CHs,
and was coupled (J 7.8 Hz) to the multiplet at 1.55 ppm. One
singlet observed at 4.22 ppm was assigned as the y-meso methyl
ester, which was further downfield compared with four other
methyl groups due to its conjugation with the macro ring. The
pairs of methylene protons in the 7-side-chain are slightly
upfield from those in purpurin-18 methyl ester.

When the reaction was conducted in pure butylamine it gave
two major green products in a ratio of about 10:1. These were
separated by preparative silica gel TLC and the major green
product was obtained in 829 yield. This was shown to be
identical with compound 8 described above. The minor green
product was obtained in 7% yield. The visible absorption
spectrum of this was similar to that of 8 but with a slightly lower
extinction coefficient. As expected, no molecular ion peak in
high resolution electron impact (HREI) was observed; the
broad 'H NMR spectrum and high melting point (> 300 °C)
indicated the continued presence of a carboxylic acid group in
the molecule. Structural isomer 10 was initially suspected to
be the minor product, but the Liquid SIMS mass spectrum gave
a peak at m/z 693, corresponding to a molecular weight of
chlorin-pg with two butylamine groups attached (i.e. 12).
Compound 12 is also unstable, as is 8, and readily undergoes
decomposition to a compound with an optical spectrum similar
to that of purpurin-18 methyl ester 6, and also 11, but more
polar than purpurin-18 methyl ester. This brown compound is
presumably 14.

Compound 12 was also treated with diazomethane to give the
corresponding stable methyl ester 13. The 'H NMR spectrum
showed two triplet amide protons at 6.39 and 4.65 ppm,
indicating that two butylamine functions were attached.
Moreover, the missing singlet methyl group in the 3-4 ppm
region and the presence of a singlet methyl group at 4.22 ppm
suggested that the second butylamine is attached at the 7-
propionic group. The chemical shift assignments were again
based on decoupling and a COSY spectrum (not shown).34

Reactions of Purpurin-18 Methyl Ester with Methanol.—The
successful ring-opening of the purpurin-18 anhydride with
butylamine indicated that similar reactions with lysine should
be productive, and also should yield a water-soluble product.
Purpurin-18 methyl ester 6 was dissolved in dichloromethane
followed by addition of a lysine-methanol solution. After 1 h
spectrophotometry and TLC showed complete consumption of
purpurin-18 methyl ester. After work up and purification a new
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green compound was isolated in 80% yield. The *H NMR
spectrum did not show a triplet amide proton in the 6-7 ppm
region and an unexpected three-hydrogen singlet appeared at
4.26 ppm accompanied by an additional small peak beside it,
presumably from a structural isomer. The corresponding fully
esterified compound with visible absorption at 668 nm was
obtained using diazomethane in 90% yield. 'H NMR
spectroscopy identified this compound as the chlorin-pg
trimethyl ester 15. The methanol solvent (rather than lysine)
apparently attacked the anhydride ring to produce 16 and 17
in a ratio of about 7:1 (from ‘H NMR integration). This is
surprising because purpurin-18 methyl ester 6 was usually
recrystallized from dichloromethane and methanol. A solution
of purpurin-18 methyl ester in dichloromethane with a maximal
amount of methanol (avoiding precipitation) was stirred for 3
days but no reaction occurred, indicating that the presence of
lysine (a weak base) is obligatory in the above case for catalysis
of the anhydride methanolysis. Reaction between purpurin-18
methyl ester in dichloromethane and methanol in the presence
of a catalytic amount of triethylamine was complete in 1 h, and
after treatment with diazomethane, gave chlorin-pg trimethyl
ester 151in 809 yield. The above results show that the anhydride
ring in purpurin-18 methyl ester is labile in weakly basic solution.

Reactions of Purpurin-18 Methyl Ester with Lysine.—Pur-
purin-18 methyl ester was treated with aqueous lysine and
reaction was complete after 12 h (spectrophotometry). HPLC of
the crude mixture showed only one peak. The crude product
was purified using a reversed-phase C,g SepPak cartridge
{(Waters Associates). Attempts to remove all the eluted solvents
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using a Rotovapor caused imide-ring cyclization as with butyl-
amine, but freeze-drying gave pure chlorin-pg 6-N*-lysylamide-
7-methyl ester 18.

Compound 18 is very soluble in water and failed to give a
reasonable 'H NMR spectrum in D,0 or [*H,]Jmethanol. The
spectrum was too broad to assign peaks. Low resolution
(Liquid SIMS) mass spectrometry gave the desired MH* (m/z
725) peak. The optical spectrum showed characteristic chlorin-
pe absorption and only one peak was detected by reversed
phase HPLC. We therefore decided to fully characterize its
corresponding methyl ester since this compound should be
more easy to purify and handle. The di-acid 18 was treated with
ethereal diazomethane at 0 °C. Many solvent permutations
were explored but the yield of 19 from the esterification was very
low (~10%); however high resolution electron impact (HREI)
mass spectrometry did show a molecular ion at m/z 752.3861
(calculated 752.3897).

Reactions of Purpurin-18 Methyl Ester with Lysine Esters.—
Lysine methyl ester-2HCl was neutralized with 2 equiv. of
NaOH followed by extraction into CHCIl;. The organic layer
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was evaporated under reduced pressure at temperatures below
40 °C to avoid diketopiperazine formation. The resulting lysine
methyl ester syrup was then added slowly into a CHCl, solution
of purpurin-18 methyl ester 6. The reaction was completed
within 1 h (by spectrophotometry and TLC) to give two green
bands in a ratio of 10: 1. The "H NMR spectrum of the major
product 20 showed a broad amide signal at 6.87 ppm. Gradual
degradation to imide 21 was also apparent using spectrophoto-
metry. The minor component in the mixture was shown to be
23. Low resolution (Liquid SIMS) mass spectra of both pro-
ducts 20 and 23 gave similar fragmentation patterns and a
protonated molecularion at 739 (MH %), and the optical spectra
of 20 and 23 were similar.

Esterification of 20 and 23 with diazomethane gave the
corresponding methyl esters 19 and 24. The chemical shift
assignments were based on decoupling and COSY spectra (not
shown). Overall the chemical shifts of compound 19 are similar
to those of chlorin-pg 6-N-butylamide-y,7-dimethyl ester 9,
except in two places. Instead of a triplet methyl at 1.04 ppm
assigned to the terminal methyl of butylamine, there is one
additional singlet methyl at 3.70 ppm which is due to the methyl
ester of lysine, and the triplet amine peak is slightly downfield
for 19 (6.36 ppm) than for 9 (6.21 ppm). As expected, the optical
spectra of 19 and 24 are similar. HREI mass spectra indicated
that both products are chlorin-pg with one lysine adduct, unlike
in the butylamine case where the minor product was a dibutyl-
amine chlorin-p, derivative.

In order to be tested as photosensitizers the chlorin deriv-
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Fig. 2 The optical spectrum, in CH,Cl,, of lysylimide 22

atives should ideally be water soluble. Chlorin-pg 6-N *-lysyl-
methoxyamide-y,7-dimethyl ester 19 is soluble in organic
solvents but insoluble in water. The corresponding carboxylic
acid derivative 20 is partially soluble in water but unstable; its
decomposition leads to imide purpurin 21. To avoid the
degradation to imide, the carboxylic function in the y-position
should be esterified and the 7-methyl ester should be hydrolysed
to a carboxylic acid which should give a stable water-soluble
chlorin 25. Hydrolysis of chlorin-pg 6-N t-lysylmethoxyamide-
v,7-dimethyl ester 19 gave a mixture of carboxylic acid chlorins
25 and 26. In order to eliminate the hydrolysis of the
methoxyamide group ester, chlorin-pg 6-N t-lysylethoxyamide-
v,7-dimethyl ester 27, in which the amide group is esterified with
an ethyl group, was synthesized and then hydrolysed. The pro-
cedure for preparation of chlorin-pg 6-N &-lysylethoxyamide-y,7-
dimethyl ester 27 was analogous to that of the corresponding
methoxyamide chlorin 19, but using lysine ethyl ester instead of
lysine methyl ester, to give initially the y-carboxylic acid 29;
diazomethane esterification of 29 then gave 27. Fig. 1 shows
the '"H NMR spectrum of 27. Using lithium hydroxide for
hydrolysis of 27 led to decomposition of the starting material.
No hydrolysis of the 7-methyl ester occurred when chlorin 27,
dissolved in tetrahydrofuran, was treated with less than 259
hydrochloric acid. When chlorin-pg 6-N*-lysylethoxyamide-
v,7-dimethyl ester 27 in tetrahydrofuran was stirred with 25%
hydrochloric acid in water overnight at room temperature, thin
layer chromatography showed complete consumption of start-
ing material to give a more polar product. After work-up, the
residue was purified by chromatography to give a green pro-
duct, in 519 yield, with a 4_,,, at 668 nm. HRMS studies and
elemental analysis indicated the product to be 28. The 'H NMR
spectrum of the acid chlorin 28 showed the absence of the signal
at 3.61 ppm corresponding to the resonance of 7d-OMe of the
starting material 27 (Fig. 1). As expected, this compound was
partially soluble in water and more stable than the y-acid
derivative 20.

If, prior to treatment with diazomethane, a solution of
chlorin-pg 6-Nt-lysylethoxyamide-7-methyl ester 29 in THF
and/or methanol was stored, the colour changed from green to
brown (A,., 706 nm). Work-up and isolation of the brown
decomposition product showed it to be the imide 22. Fig. 2
shows the optical spectrum of this imide.

Reactions of Purpurin-18 Methyl Ester with Ornithine.—
Reactions between purpurin-18 methyl ester and ornithine gave
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chlorin-pg 6-N ®-ornithylamide-7-methyl ester 30. The optical
spectrum of 30 is typical of chlorin-pg. As in the case of the lysine
derivative 18, the poor solubility of 30 made the subsequent
esterification step very difficult and resulted in low yields. The
yield of chlorin-pg 6-N3-ornithylmethoxyamide-y,7-dimethyl
ester 31 upon esterification was very low. The optical spectrum
of 31 showed the typical chlorin-pg pattern, whereas the 'H
NMR spectrum was similar to that of chlorin-pg 6-N:-
lysylmethoxyamide-y,7-dimethyl ester 19 and the HREI mass
spectrum gave the expected molecular ion.

Biological Studies.—In vivo, an energy density-dependent
coagulation necrosis of 9L rat glioma cells by chlorin-pg 6-N®-
lysylamide-7-methylester 18 (‘lysylchlorin-p,’; LCP) occurred *°
in treated tumours subcutaneously implanted in the flanks of
rats. Significant inhibition of tumour growth was achieved at a
dose of 2.5 mg kg™ and an energy density of 100 J cm™2. The in
vitro phototoxicity, localization, and intracellular changes
following irradiation were examined® in 9L glioma cells
sensitized with LCP. LCP was shown to be 10 to 100 times more
toxic than Photofrin-II®. It was taken up by endocytosis and
localized in an area of the endocytic compartment and dif-
fusely throughout the perinuclear cytoplasm. Ultrastructural
changes after treatment occurred in the mitochondria, Golgi
apparatus, perinuclear envelope, and rough endoplasmic
reticulum. Biological studies of purpurin imides 21 and 22 are in
progress.

Experimental

M.p.s were measured on a Thomas/Bristoline microscopic hot-
stage apparatus and were uncorrected. Silica gel 60 (70-230 and
230400 mesh, Merck) or neutral alumina (Merck; usually
Brockmann Grade II1, i.e. deactivated with 6% water) were used
for column chromatography. Preparative thin layer chrom-
atography was carried out on 20 x 20 cm glass plates coated
with Merck G 254 silica gel (1 mm thick). Analytical thin layer
chromatography (TLC) was performed using Merck 60 F254
silica gel (precoated sheets, 0.2 mm thick). Reactions were
monitored by TLC and spectrophotometry and were carried
out under nitrogen and in the dark. '"H NMR spectra were
obtained in deuteriochloroform solution at 300 MHz using a
General Electric QE300 spectrometer; chemical shifts are
expressed in ppm relative to chloroform (7.258 ppm). Elemental
analyses were performed at the Midwest Microlab, Ltd.,
Indiana, USA. Unless stated otherwise, electronic absorption
spectra were measured in dichloromethane solution using a
Hewlett—Packard 8450A spectrophotometer. Mass spectra were
obtained at the Mass Spectrometry Facility, University of
California, San Francisco. Methyl pheophorbide-a 7 was
obtained from Spirulina maxima or Spirulina pacifica alga using
the literature method.??

Purpurin-18 Methyl Ester 6.—Methyl pheophorbide-a3! 7
(300 mg, 0.49 mmol) was dissolved in warm pyridine (5 cm?)
and the solution was diluted with ether (500 cm?®). The solution
was stirred with a stream of air passing through it, and a
solution of KOH (4 g) in propanol (10 cm?®) was added. The
bright green mixture (containing precipitated KOH) was stirred
and aerated for 30 min and then extracted with water until the
ethereal layer was no longer green. The ethereal solution was
discarded; the aqueous extracts were combined, adjusted to pH
~ 4 with conc. sulfuric acid (~ 4 cm?) in water (20 cm?) (over-
acidity should be avoided), and then extracted with dichloro-
methane until the aqueous layer was no longer green—brown.
The combined dichloromethane extract containing ‘unstable
chlorin’ was subjected to repeated evaporation and re-dis-
solution in THF (distilled) until no further increase in visible
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absorption at 700 nm was observed. The product was esterified
with ethereal diazomethane and then washed with water, dried
(Na,S0,) and evaporated to dryness. The product was purified
on preparative TLC plates, eluting with 2% methanol in
dichloromethane to give a purple-brown band. After evapor-
ation of the solvents the residue was crystallized from di-
chloromethane-methanol to give purpurin-18 methyl ester 6
(143 mg, 50%), m.p. >260 °C (decomp.) (lit.,>” 260-280 °C);
Amax 698 nm (£ 4.98 x 10%), 642 (9.85 x 103), 592 (3.16 x 10%),
546 (2.46 x 10%), 508 (7.52 x 103%), 478 (5.13 x 10%) and 410
(1.23 x 10%); 64 9.55 (s, B-meso H), 9.35 (s, «-meso H), 8.57 (s,
6-meso H), 7.88 (dd, J 18, 11.7, 2a-H), 6.29 (d, J 18, 2b-H), 6.18
(d, J11.7, 2b’-H), 5.17 (d, J 9.3, 7-H), 4.38 (q, J 7.2, 8-H), 3.76
(s, 3 H), 3.62 (q, J 7.5, 4a-CH,), 3.60 (s, 3 H), 3.34 (s, 3 H), 3.12
(s,3H),2.73 (m, 7b-H), 2.47 (m, 7b’-H), 2.43 (m, 7a-H), 1.99 (m,
7a’-H), 1.74(d, J 7.2, 8-Me), 1.65 (t, J 7.5, 4b-Me) and 0.21 and
—0.09 (each brs, NH) (HRMS) [Found: m/z (HRMS) 578.2509.
C;34H3,N,O; requires 578.25297].

Chlorin-pg Trimethyl Ester 15.—(a) Purpurin-18 methyl ester
6 (30 mg, 0.052 mmol) was dissolved in dichloromethane (20
cm?) to which was added lysine (600 mg, 4 mmol) in methanol
(20 cm?). This mixture was stirred at room temperature in the
dark under nitrogen for 2 h whereupon spectrophotometry and
TLC showed the absence of starting material. The solvents were
evaporated at room temperature, the residue redissolved in
dichloromethane, and the solution washed with water (4 x 50
cm?), dried (Na,SO,) and evaporated to dryness. The material
was purified by preparative TLC, eluting with dichloromethane
—methanol (92:8) to give chlorin-pg 6,7-dimethyl ester 16 (28.5
mg, 90%). The chlorin-pg 6,7-dimethyl ester 16 was dissolved in
dichloromethane and the solution treated with an excess of
ethereal diazomethane and then washed with water, dried
(Na,S0,) and evaporated to dryness. The product was purified
on preparative TLC, eluting with dichloromethane-methanol
(98:2). After evaporation of the solvents the residue was crys-
tallized from dichloromethane—hexane to give chlorin-pg tri-
methyl ester 15 (26 mg, 80%), m.p. 235-236 °C (lit.,38 236 °C).

(b) Purpurin-18 methyl ester 6 (30 mg, 0.052 mmol) was
dissolved in a solution of dichloromethane and methanol (40
cm?; 1:1), to which was added 3 drops of triethylamine. This
mixture was stirred at room temperature in the dark under
nitrogen for 2 h, whereupon spectrophotometry and TLC
showed the absence of starting material. The solvents were
evaporated at riom temperature and eventually with an oil
pump to remove residual traces of triethylamine. The material
was purified as described in method A to give chlorin-pg 6,7-
dimethyl ester 16 (28 mg, 93%) and chlorin-p, trimethyl ester
15 (26 mg, 86%).

(c) Purpurin-18 methyl ester 6 (30 mg, 0.052 mmol) was dis-
solved in 0.1 mol dm™3 sodium hydroxide in 50% methanol (20
cm?). This mixture was stirred at room temperature in the dark
under nitrogen for 1 h, whereupon spectrophotometry showed
the absence of starting material. The aqueous solution was
adjusted to pH ~ 7 with dilute HCI and extracted with dichloro-
methane until no longer green. The combined organic layers
were evaporated at room temperature and the material was
purified by preparative TLC, eluting with dichloromethane~
methanol (85:13) to give chlorin-pg 6-methyl ester (18.6 mg,
60%). The chlorin-ps 6-methyl ester was dissolved in a small
amount of methanol and the solution diluted with dichloro-
methane. It was then immediately treated with an excess of
ethereal diazomethane, washed with water, dried (Na,SO,) and
evaporated to dryness. The product was purified as described on
method A to give chlorin-p4 trimethyl ester 15 (16.2 mg, 50%).

Chlorin-pg 6,7-dimethyl ester 16. M.p. 240 °C (lit.,>® 241—
242 °C);649.75 (s, B-meso H), 9.51 (s, x-meso H), 8.69 (s, 5-meso
H),8.03(dd,J17.8,11.5,2a-H), 6.38 (dd, J 17.8, 1.0, 2b-H), 6.18
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(dd,J11.5,1.0,2b"-H), 5.33(d, J 11.8, 7-H), 4.46 (q, J 7.2, 8-H),
4.26 (s, 3H), 3.79(q,J 7.5, 4a-CH,), 3.71 (s, 3 H), 3.53 (s, 3 H),
3.46 (s, 3 H), 3.30 (s, 3 H), 2.43-2.20, 2.04-1.96 (m, 7a and
7b-CH,CH,), 1.87 (d, J 7.2, 8-Me), 1.73 (t, J 7.5, 4b-Me) and
—0.63 and —0.77 (each br s, NH).

Chlorin-pg 6-methyl ester. 5 9.71 (s, B-meso H), 9.50 (s, «-
meso H), 8.72 (s, 6-meso H), 7.95(dd, J17.7,11.5, 2a-H), 6.33(d,
J17.7,2b-H), 6.14(d, J11.5,2b"-H), 5.40(d, J 12, 7-H), 4.48 (q, J
7.2,8-H),4.24(s,3H),3.72(q, J 7.5, 4a-CH,), 3.63 (s, 3H), 3.42
(s, 3 H), 3.25 (s, 3 H), 2.67-2.70, 2.34-2.00 (m, 7a and 7b-
CH,CH,), 1.92 d, J 7.2, 8-Me), 1.71 (t, J 7.5, 4b-Me) and
—0.71 and —0.89 (each br s, NH).

Chlorin-pg trimethyl ester 15. M..p. 235-236 °C (lit.,>® 236 °C);
Amax 668 nm (£ 4.09 x 10%), 614 (4.85 x 103), 532(5.49 x 103),
498 (9.92 x 103), 402 (1.37 x 10%); 5, 9.70 (s, B-meso H), 9.49
(s, a-meso H), 8.66 (s, 8-meso H), 7.98 (dd, J 18, 11.7, 2a-H), 6.31
(dd, J18,0.9,2b-H), 6.14(dd, J11.7,0.9, 2b’-H), 5.17(d, J 12, 7-
H),4.41(q,J7.2,8-H),4.25(s,3H),4.19(s, 3 H),3.74 (q, J 7.5,
4a-CH,), 3.67 (s, 3 H), 3.54 (s, 3 H), 3.41 (s, 3 H), 3.24 (s, 3 H),
2.39 (m, 7b-H), 2.22 (m, 7a-H), 2.07 (m, 7b’-H), 1.91 (m, 7a’-H),
1.87(d, J7.2,8-Me), 1.71(t,J 7.5,4b-Me) and —0.84 and —1.02
(each br s, NH) [Found: m/z (HRMS) 624.2926. C;H,,N,O¢
requires 624.2947].

Chlorin-pg 6-N-Butylamide-T1-methyl Ester 8. —A solution of
purpurin-18 methyl ester 6 (30 mg, 0.052 mmol) in dichloro-
methane (20 cm?) was cooled to 0 °C and butylamine (0.5 cm?, 5
mmol) was added to it. This mixture was stirred at room
temperature in the dark under nitrogen for 2 h, whereupon
spectrophotometry and TLC showed the absence of starting
material. The reaction mixture was then diluted with dichloro-
methane (100 cm?®), washed with water (2 x 50 cm?), dried
(Na,SO,), and evaporated to dryness, eventually with an oil
pump to remove traces of butylamine. The product was purified
by preparative TLC, eluting with dichloromethane—methanol
(88:12). After evaporation of the solvents the residue was
crystallized from dichloromethane-hexane to give the title
chlorin-p¢ derivative 8 (30 mg, 90%), m.p. > 300 °C (Found: C,
68.0; H,6.7; N, 9.9. C;3H,sN;O, requires C, 67.74; H, 6.58; N,
10.39%); Amax/nm 664 (¢ 4.56 x 10%), 608 (1.08 x 10%), 532
(1.13 x 10%),500 (1.90 x 10%)and 404 (1.37 x 10%); 5 9.65 (s,
B-meso H), 9.60 (s, «-meso H), 8.60 (s, 5-meso H), 8.09 (br dd, J
18, 11, 2a-H), 6.33 (d, J 18, 2b-H), 6.12 (d, J 11, 2b’-H), 6.85
(br t, 6-butylamine-CONH), 4.88 (br d, 7-H), 3.98 (br q, 8-H),
3.77 (m, 6-butylamine-a-CH,), 3.63 (br q, 4a-CH,), 3.40 (br s,
2 x 3 H), 3.33 (br s, 2 x 3 H), 2.50-2.00 (m, 7a- and 7b-
CH,CH,), 1.75(brd, 8-Me), 1.43 (br t, 4b-Me), 1.26-1.00 (br m,
6-butylamine-b and ¢-CH,CH,), 0.54 (br t, 6-butylamine-d-
CH,;) and —1.72 and —2.06 (each br s, NH); m/z (LRMS) 652
(MH™). The product was observed to be erratically unstable in
solution, reverting to a new compound with a 4, around 700
nm (reminiscent of the optical spectrum of purpurin-18 methyl
ester); this degradation product (see text) is probably purpurin-
N-butylimide 11, but was not further characterized.

Chlorin-ps 6,7-Di-N-butylamide 12.—Purpurin-18 methyl
ester 6 (30 mg, 0.052 mmol) was dissolved in butylamine (20
cm?). This mixture was stirred at room temperature in the dark
under nitrogen for 30 min, whereupon spectrophotometry
showed the absence of starting material. The reaction mixture
was then diluted with dichloromethane (200 cm?), washed with
water (2 x 50 cm?), dried (Na,SO,) and evaporated to dryness,
eventually with an oil pump to remove residual traces of
butylamine. The crude product was purified by preparative
TLC, eluting with dichloromethane-methanol (88:12) to give
two major products in the ratio of 7: 3. The faster-running green
band was the chlorin-pg 6-N-butylamide-7-methy] ester 8 the
slower-running green band was the title chlorin-pg 6,7-di-N-
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butylamide 12. Both green compounds were crystallized from
dichloromethane-hexane to give 8 (21 mg, 63%) and 12 (8 mg,
22%;) respectively. The title compound had m.p. >300°C;
Amax/M 664 (£3.55 x 10%), 610 (4.03 x 103), 528 (3.48 x 10%),
500 (1.08 x 10*) and 404 (1.27 x 10%); m/z (LRMS) 693
(MH™" ). Both 8 and 12 were unstable in solution, presumably
degrading to 11 and 14, respectively (vide infra), which were
not further characterized. These compounds had 4, around
700 nm.

Chlorin-pg 6-N-Butylamide-y,7-dimethyl Ester 9.—The crude
product of chlorin-pg 6-N-butylamide-7-methyl ester 8 (30 mg,
0.046 mmol) was dissolved in dichloromethane and treated with
an excess of ethereal diazomethane. The reaction mixture was
then washed with water, dried (Na,SO,) and evaporated to
dryness. The product was purified by preparative TLC, eluting
with dichloromethane-methanol (96:4). After evaporation of
the solvents the residue was crystallized from dichloromethane—
hexane to give the title compound (27.5 mg, 90%), m.p. 229—
231 °C (Found: C, 70.2; H, 7.2; N, 10.4. C;,H,,NO, requires:
C, 70.35; H, 7.12; N, 10.52%); A ax/nm 666 (£ 4.34 x 10%), 612
(3.47 x 10%), 562 (3.90 x 10%), 528 (3.30 x 10%), 498
(1.12 x 10*)and 400 (1.50 x 10°);6,49.72 (s, B-meso H),9.62 (s,
«-meso H), 8.77 (s, 5-meso H), 8.04 (dd, J 17.7, 11.4, 2a-H), 6.34
(dd,J17.7,1.5,2b-H), 6.21 (t, J 5.7, 6-butylamine-CONH), 6.15
(dd, J11.4, 1.5, 2b’-H), 5.04 (d, J 8.1, 7-H), 4.44 (q, J 7.2, 8-H),
4.22(s,3 H), 3.87 (m, 6-butylamine-a-H), 3.75(q, J 7.5, 4a-CH,),
3.70 (m, 6-butylamine-a’-H), 3.62 (s, 3 H), 3.46 (s, 3 H), 3.45(s, 3
H), 3.28 (s, 3 H), 2.40 (m, 7b-H), 2.29 (m, 7a-H), 2.03 (m, 7b’-H),
1.98 (m, 7a’-H), 1.84 (d, J 7.2, 8-Me), 1.77 (m, 6-butylamine-b-
CH,), 1.70 (t, J 7.5, 4b-Me), 1.55 (m, 6-butylamine-c-CH,), 1.04
(t, J 7.8, 6-butylamine-d-Me) and —1.32 and —1.55 (each brs,
NH) [Found: m/z (HRMS) 665.3564. C;,H,,N O requires
665.3577].

Chlorin-pg 6,7-Di-N-butylamide-y-methyl Ester 13.—The
chlorin-pg 6,7-di-N-butylamide 12 (6.0 mg, 0.0087 mmol) was
esterified with an excess of ethereal diazomethane and then
washed with water, dried (Na,SO,) and evaporated to dryness.
The product was purified by preparative TLC, eluting with
dichloromethane-methanol (95:5). After evaporation of the
solvents the residue was crystallized from dichloromethane—
hexane to give the title compound (3.0 mg, 50%), m.p. 114-
115°C; Ap./nm 666 (¢ 4.22 x 10%), 614 (4.57 x 10%), 564
(1.53 x 10%), 530 (4.45 x 103), 498 (1.21 x 10%), 400 (1.44 x
10%). 8, 9.73 (s, B-meso H), 9.61 (s, a-meso H), 8.76 (s, 5-meso
H), 8.04 (dd, J17.9, 11.6, 2a-H), 6.39 (t, J 5.7 Hz, 6-butylamine-
CONH), 6.34 (dd, J 17.9, 1.0, 2b-H), 6.15 (dd, J 11.6, 1.0, 2b'-
H), 5.03 (dd, J 7.2, 2.4, 7-H), 4.65 (t, J 5.1, 7c-butylamine-
CONH), 4.46 (q, J 7.2 8-H), 420 (s, 3 H), 3.86 (m, 6-
butylamine-a-H), 3.76 (q, J 7.5, 4a-CH,), 3.69 (m, 6-
butylamine-a’-H), 3.62 (s, 3 H), 3.46 (s, 3 H), 3.29 (s, 3 H), 2.75
(m, 7c-butylamine-a-H), 2.49 (m, 7c-butylamine-a’-H), 2.36 (m,
7a-H), 2.24 (m, 7a’-H), 1.97 (m, 6-butylamine-b-H), 1.83 (d, J
7.2, 8-Me), 1.77 (m, 6-butylamine-b’-H), 1.71 (t, J 7.5, 4b-Me),
1.56 (m, 7b-CH,), 1.45 (m, 6-butylamine-c-CH ), 1.04 (t, J 7.5,
6-butylamine-d-Me), 0.93 (m, 7c-butylamine-b-CH,), 0.82 (m,
7c-butylamine-c-CH,), 0.63 (t, J 6.9, 7c-butylamine-d-Me) and
—1.26 and —1.48 (each br s, NH) [Found: m/z (HRMS),
706.4194. C,,Hs,N¢O, requires 706.4206].

Chlorin-pg 6-N*-Lysylamide-T-methyl Ester 18.—Lysine (600
mg, 4 mmol) in water (15 cm®) was added dropwise to a solution
of purpurin-18 methyl ester 6 (30 mg, 0.052 mmol) dissolved in
pyridine (50 ¢cm?), to make a homogeneous solution. This
mixture was stirred at room temperature in the dark under
nitrogen for 3 h, whereupon spectrophotometry showed the
absence of starting material. The reaction mixture was then
evaporated to dryness with an oil pump at temperatures below
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40 °C. The crude product was dissolved in a minimum amount
of water and purified by a C-18 Sep-pak cartridge, eluting first
with water (1 dm?) to remove lysine, with water—-methanol
(80:20; 10 cm?) to remove some yellow and green impurities,
and finally with water-methanol (20:80) to remove the desired
green compound. Methanol was partially removed under
reduced pressure before complete removal of water by a freeze-
dryer to give the title chlorin-pg lysylamide (30 mg, 80%,), m.p.
>300°C (Found: C, 65.9; H, 6.85; N, 10.9. C,,H N0,
requires C, 66.28; H, 6.67; N, 11.59%); A,..(MeOH)/nm 660 (¢
3.96 x 10%), 606 (3.92 x 10%), 528 (3.38 x 10%), 3500
(1.09 x 10*) and 400 (1.45 x 10%); m/z (LRMS) 725 (MH ™).

Chlorin-pg 6-N*-Lysylmethoxyamide-7-methyl Ester 20.—
Lysine methyl ester dihydrochloride (5.827 g, 25 mmol) was
dissolved in water (20 cm?) to which was added aqueous sodium
hydroxide (2.5 mol dm™3; 20 cm?). The resulting solution was
extracted with chloroform (4 x 500 cm?®) and the combined
extracts were evaporated (45 °C) to give a syrup. To this syrup
was added purpurin-18 methyl ester 6 (30 mg, 0.052 mmol) in
chloroform (20 c¢m?3). This mixture was stirred at room
temperature in the dark under nitrogen for 3 h, whereupon
spectrophotometry showed the absence of starting material.
The reaction mixture was then poured into a mixture of
dichloromethane (200 cm?) and water (100 cm?) followed by
addition of dilute hydrochloric acid to adjust the aqueous layer
to pH ~ 6. The organic layer was separated, washed with water,
dried (Na,SO,) and evaporated to dryness. The product was
purified by preparative TLC, eluting with dichloromethane—
methanol (80:20) to give chlorin-pg 6-N ®-lysylmethoxyamide-
7-methyl ester 20 as the major product, along with a more polar,
minor green compound which was assigned the structure
chlorin-pg y-N t-lysylmethoxyamide-7-methyl ester 23. Crys-
tallization from dichloromethane-hexane gave compound 20
(26 mg, 70%) and (23) (2.6 mg, 7%), respectively. The title
compound had m.p. 185-186 °C(Found: C, 65.5; H, 6.7; N, 10.8.
C41HsoNgO,-H,0 requires: C, 65.05; H, 6.93; N, 11.11%);
Amax/NM 666 (¢ 4.22 x 10%),612 (4.61 x 10%),560 (1.76 x 103),
530 (4.51 x 10*), 500 (1.18 x 10*) and 402 (133 x 10%); J,
9.69 (s, B-meso H), 9.66 (s, «-meso H), 8.76 (s, 6-meso H), 8.12
(dd, J 17.7, 11.5, 2a-H), 6.87 (br t, 6-lysine-CONH), 6.38 (d, J
17.7,2b-H), 6.16 (d, J 11.5, 2b’-H), 5.03 (d, J 8.7, 7-H), 4.25 (m,
6-lysine-e-CH,), 3.97 (br q, 8-H), 3.76 (q, J 7.5, 4a-CH,), 3.57
(s, 3 H), 3.50 (s, 3 H), 3.42 (m, 6-lysine-«-H), 3.35 (s, 3 H), 2.84
(s, 3H),2.78 (s, 3 H), 2.36, 2.17 (m, 7a- and 7b-CH,CH,), 2.05—
1.54 (m, 6-lysine-B,y,6-CH,CH,CH,), 1.74 (br d, 8-Me), 1.72
(brt,J7.5,4b-Me) and —1.61 and —1.97 (each br s, NH); m/z
(LRMS) 739 (MH"). Chlorin-pg y-N=-lysylmethoxyamide-7-
methyl ester 23 had m.p. 133-134°C; A, /nm 666 (e
4.19 x 10%), 612 (4.42 x 10%), 530 (4.66 x 10%), 500
(1.12 x 10*) and 402 (1.35 x 105); 6,; 9.67 (s, B-meso H), 9.64
(s, x-meso H), 8.77 (s, 6-meso H), 8.09 (dd, J 18, 11.5, 2a-H),
6.69 (br t, y-lysine-CONH), 6.36 (d, J 18, 2b-H), 6.15(d, J 11.5,
2b’-H), 5.15 (br d, 7-H), 4.37 (br q, 8-H), 4.00 (m, y-lysine-g-
CH,), 3.80 (br q, 4a-CH,), 3.74 (s, 3 H), 3.58 (s, 3 H), 3.55 (s, 3
H), 3.50 (m, y-lysine-a-H), 3.30 (s, 3 H), 3.12 (s, 3 H), 2.70-2.50,
2.35-2.10 (m, 7a- and 7b-CH,CH,), 2.02-1.50 (br m, y-lysine-
B,y,6-CH,CH,CH,), 1.80 (br d, 8-Me), 1.69 (br t, 4b-Me) and
—1.51 and —1.87 (each br s, NH); m/z (LRMS) 739 (MH").
Compound 20 was erratically unstable in solution, reverting to
purpurin-N-lysylimide 21; this material was fully characterized
in the case of the lysyl ethyl ester derivative 22 (vide infra).

Chlorin-pg 6-N¢-Lysylmethoxyamide-y,7-dimethyl Ester 19.—
Chlorin-pg 6-N ®-lysylmethoxyamide-7-methyl ester 20 (26 mg,
0.036 mmol) was first dissolved in a minimum amount of
methanol and the solution diluted with dichloromethane before
treatment with an excess of ethereal diazomethane. After this it
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was washed with water, dried (Na,SO,) and evaporated to
dryness. The product was purified by preparative TLC, eluting
with dichloromethane-methanol (96:4), and crystallization
from dichloromethane-hexane to give the title compound (17
mg, 63%), m.p. 108-109 °C (Found: C, 66.7; H, 7.0; N, 10.8.
C4,H;5,N¢O, requires C, 67.00; H, 6.96; N, 11.16%); 4,,,,/nm
666 (¢ 4.71 x 10%), 610 (4.90 x 10%), 530 (4.75 x 10%), 500
(1.29 x 10*)and 402(1.57 x 10%);649.71 (s, B-meso H), 9.61 (s,
a-meso H), 8.77 (s, 6-meso H), 8.03 (dd, J 17.5, 11.5, 2a-H), 6.36
(t,J 5.7, 6-lysine-CONH), 6.33 (dd, J 17.5, 1.5, 2b-H), 6.15(dd, J
11.5,1.5,2b-H),5.04(d, J8.7,7-H),4.45(q,J7.2,8-H),4.21 (5,3
H), 3.87 (m, 6-lysine-e-H), 3.74(q, J 7.5, 4a-CH,), 3.70 (s, 3 H),
3.66 (m, 6-lysine-¢’-H), 3.61 (s, 3 H), 3.48 (m, 6-lysine-«-H), 3.45
(s,3H),3.44(s,3H), 3.27(s, 3 H), 2.38 (m, 7b-H), 2.28 (m, 7a-H),
2.04 (m, 7b’-H), 1.96 (m, 7a’-H), 1.87 (m, 6-lysine-y-CH,),
1.84(d, /7.2, 8-Me), 1.78 (m, 6-lysine-5-CH,), 1.70 (t, J 7.5, 4b-
Me), 1.59 (m, 6-lysine-B-CH,) and —1.32 and —1.55 (each brs,
NH) [Found: m/z (HRMS) 752.3861. C,,H;,N¢O, requires
752.3897].

Chlorin-ps y-N&-Lysylmethoxyamide-6,7-dimethy! Ester 24.—
Chlorin-pg y-N *-lysylmethoxylamide-7-methyl ester 23 (2.6
mg, 0.0035 mmol) was dissolved in a minimum amount of
methanol and the solution diluted with dichloromethane before
treatment with an excess of ethereal diazomethane. The mixture
was then washed with water, dried (Na,SO,) and evaporated to
dryness. The product was purified by preparative TLC, eluting
with dichloromethane-methanol (96:4) and crystallization
from dichloromethane-hexane to give the title chlorin (1.06 mg,
40%), m.p. 129-130 °C; A,,.,(CHCl;)/nm (relative absorbance)
666(30.9), 612(3.9), 530 (4.3), 500 (8.9) and 402 (100); 5 9.74 (s,
B-meso H), 9.58 (s, x-meso H), 8.76 (s, 8-meso H), 8.94 (dd, J
17.7,11.4, 2a-H), 6.34 (dd, J 17.7, 1.2, 2b-H), 6.26 (br t, y-lysine-
CONH), 6.17 (dd, J 11.4,1.2,2b’-H), 5.27 (br d, 7-H), 4.40 (q, J
7.2, 8-H), 4.22 (s, 3 H), 3.96 (m, vy-lysine-e-H), 3.76 (q, J 7.5,
4a-CH,), 3.69 (m, y-lysine-£’-H), 3.66 (s, 3 H), 3.65 (s, 3 H), 3.42
(m, y-lysine-«-H), 3.45 (s, 3 H), 3.29 (s, 3 H), 3.13 (s, 3 H), 2.38—
2.28,2.04-1.96 (m, 7a- and 7b-CH,CH,), 1.84 (d, J 7.2, 8-Me),
1.70 (t, J 7.5, 4b-Me), 1.87-1.59 (m, 7y-lysine-B,y,8-CH,CH ,-
CH,), —1.28 and —1.42 (each br s, NH) [Found: m/z (HRMS)
752.3857. C4,Hs,NgO; requires 752.3897].

Chlorin-pg 6-N*-Lysylethoxyamide-y,7-dimethyl Ester 27.—
To lysine ethyl ester, prepared by neutralization of lysine ethyl
ester dihydrochloride (5 mg, 20 mmol) with aqueous KOH,
purpurin-18 methyl ester 6 (350 mg, 0.606 mmol) in chloroform
(100 cm®) was added. This mixture was stirred at room
temperature under nitrogen overnight. After work-up similar to
that used in the preparation of chlorin-pg 6-N *-lysylmethoxy-
amide-7-methyl ester 20, the resulting chlorin-pg 6-N°*-lysyl-
ethoxyamide-7-methyl ester 29 was not isolated (see below) but
instead was dissolved in tetrahydrofuran (50 cm?®) and immedi-
ately treated with an excess of ethereal diazomethane. After
evaporation to dryness the residue was subjected to preparative
silica gel TLC, eluting with dichloromethane-methanol (95:5),
and crystallized from dichloromethane~hexane to give the title
chlorin-pg derivative (258 mg, 56%,), m.p. 78 °C (Found: C, 67.2;
H, 7.3; N, 10.4. C,3Hs,N4O, requires C, 67.33; H, 7.10; N,
10.96%); Ama,/nm 666 (¢ 4.81 x 10%), 612 (8.16 x 10%), 560
(5.16 x 10%), 528 (8.18 x 10%), 498 (1.60 x 10*) and 400
(1.52 x 10%); 6y(Fig. 1) 9.72 (s, B-meso H), 9.62 (s, «-meso H),
8.79 (s, 5-meso H), 8.04 (dd, J 19.0, 12.6, 2a-H), 6.44 (t, J 6.0, 6-
lysine-CONH), 6.35 (d, J 19.0, 2b-H), 6.15 (d, J 12.6, 2b’-H),
5.05(d, J8.5,7-H),4.47(q, J 8, 8-H), 4.23 (s, 3 H), 4.15(q, J 8.3,
6-lysine-COCH,), 3.86 (m, 6-lysine-g-H), 3.76 (q, J 8.6, 4a-
CH,), 3.67 (m, 6-lysine-¢’-H), 3.61 (s, 3 H), 3.55 (m, 6-lysine-«-
H), 3.46 (s, 6 H), 3.28 (s, 3 H), 2.45-2.20 (m, 7-CH,CH,), 1.85
(d, J 8, 8-Me), 1.71 (t, J 8.6, 4b-Me), 1.64 (q, J 8, 6-lysine-5-
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CH,), 1.25 (t, J 8.3, 6-lysine-CO,Me), 0.89 (g, J 8, 6-lysine-p-
CH,), —1.30 (br s, NH) and —1.53 (br s, NH) [Found: m/z
(HRMS) 766.4065. C,3H s, NO- requires 766.4046].

Chlorin-pg 6-N°-Lysylethoxyamide-y-methyl Ester 28.—A
solution of chlorin-pg 6-N c-lysylmethoxyamide-7,y-dimethyl
ester 27 (150 mg, 0.19 mmol) dissolved in tetrahydrofuran (20
cm?) was stirred with aqueous hydrochloric acid (25%; 10 cm?)
at room temperature under nitrogen overnight. The organic
layer was then separated, diluted with dichloromethane (100
cm?), washed with water until neutral, dried (Na,SO,), and
evaporated to dryness. The residue was purified by preparative
silica gel TLC, eluting with dichloromethane-methanol (90: 10),
and crystallized from dichloromethane-hexane to give the title
chlorin-pg derivative (75 mg, 51%), m.p. 140 °C (Found: C,
66.0; H, 7.05; N, 10.6. C,,H;,N¢O,-CH;OH requires C, 65.78;
H, 7.19; N, 10.71%); An./nm 668 (¢ 4.19 x 10%), 612
(8.01 x 10%), 532 (8.72 x 10%), 498 (1.54 x 10*) and 402
(1.44 x 10%); 8 9.52 (s, B-meso H), 9.12 (s, a-meso H), 8.71 (s,
d-meso H), 8.03 (dd, J 19.3, 13.0, 2a-H), 6.84 (br t, 6-lysine-
CONH), 6.33 (d, J 19.3, 2b-H), 6.15(d, J 13.0, 2b"-H), 4.85(d, J
8.6, 7-H), 4.38 (q, J 8, 8-H), 4.12 (s, 3 H), 3.99 (m, 6-lysine-
COCH,), 3.65(q, J 8.6,4a-CH,), 3.66 (m, 6-lysine-¢-CH,), 3.42
(s, 3 H), 3.29 (s, 3 H), 3.17 (s, 3 H), 2.45-2.20 (m, 7-CH,CH,),
1.75 (d, J 8, 8-Me), 1.44 (t, J 8.6, 4b-Me), 1.26 (m, 6-lysine-
8-CH,), 1.08 (m, 6-lysine-CO,Me), 0.88 (q, J 9.0, 6-lysine-B-
CH,) and —1.72 (br s, 2 NH); m/z (LRMS) 753.3 (C,,H;,N¢-
O, requires 752.2).

Chlorin-pg 6,yN*-Lysylethoxyimide-7-methyl Ester 22.—Dur-
ing the preparation of 27, solutions of chlorin-pg 6-N°®-
lysylethoxyamide-7-methyl ester 29 in organic solvents at room
temperature decomposed with time to give a brown product.
For example, compound 29 in THF and/or methanol, prior to
treatment with diazomethane, slowly but erratically decom-
posed to give 22, which was significantly less polar on TLC and
absorbed at 706 nm instead of ca. 668 nm; the decomposition
was, therefore, monitored using both TLC and spectrophoto-
metry. After evaporation to dryness the residue was
chromatographed on silica gel, eluting with dichloromethane to
give the title imide which was crystallized from dichloro-
methane-hexane; m.p. 132 °C (Found: C, 68.7; H, 6.7; N, 11.3.
C,,;H;5oN¢Og requires: C, 68.63; H, 6.86; N, 11.44%); A,.,/om
706 (¢ 4.42 x 10%), 664 (1.15 x 10%), 548 (2.28 x 10%), 510
(9.69 x 10%), 484 (8.08 x 10%), 418 (1.18 x 10°) (Fig. 2); oy
9.56 (s, B-meso H), 9.33 (s, x-meso H), 8.59 (s, 5-meso H), 7.89
(dd, J 19.6, 12.6, 2a-H), 6.29 (d, J 19.6, 2b-H), 6.16 (d, J 12.6,
2b’-H), 5.40 (d, J 8.5, 7-H), 4.49 (m, 6-lysine-¢ CH,), 4.36 (q, J
8, 8-H), 4.22 (q, J 8.6, 6-lysine-CO,CH,), 3.81 (s, 3 H), 3.60 (q,
4a-CH,), 3.58 (s, 3 H), 3.38 (s, 3 H), 3.14 (s, 3 H), 2.80-2.30 (m,
7-CH,CH,), 2.46 (m, 6-lysine-H), 1.79 (d, J 8, 8-Me), 1.66 (t, J
8.6, 4b-Me), 1.31 (t, J 8.3, 6-lysine-CO,CH,CH3;), —0.08 (br s,
NH) and —0.17 (br s, NH) [Found: m/z (HRMS) 734.3784.
C4,HsoN,O, requires 734.3792].

Chlorin-pg 6-N°:-Ornithylmethoxyamide-y,7-dimethyl Ester
31.—To ornithine hydrochloride (16.8 g, 0.1 mol) dissolved in
water (20 cm?®) was added sodium hydroxide (4 g, 0.1 mol). After
complete evaporation of the water using a freeze-drier, meth-
anol (100 cm?®) was added to the residue, and the suspension was
stirred at room temperature overnight and then filtered. The
clear methanol filtrate was concentrated slowly under reduced
pressure to ca. 10 cm? to give a white slurry; the white solid was
collected and air dried to give ornithine (9.2 g 70%). Ornithine
(5 g, 370 mmol) was dissolved in water (2 cm?) to which was
slowly added pyridine until ornithine was about to precipitate.
Purpurin-18 methyl ester 6 (30 mg, 0.052 mmol) was dissolved
in pyridine (5 cm?®) to which was added water slowly until
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purpurin-18 methyl ester was about to precipitate. The water—
pyridine solution of ornithine was added dropwise over 2 days
to the stirred water—pyridine solution of purpurin-18 methyl
ester at room temperature in the dark, precipitation of either
ornithine or purpurin-18 methyl ester being avoided by ad-
dition of minimal amounts of water or pyridine. After the
addition the reaction mixture was stirred at 55°C until
spectrophotometry showed no remaining starting material. The
reaction mixture was then evaporated to dryness under an oil
pump vacuum at temperatures <40 °C. The crude product was
dissolved in water and purified using a C-18 SepPak cartridge
(Waters Associates), eluting first with water to remove orni-
thine, then with water—methanol (80:20) to remove some yellow
and green impurities, and finally with water—methanol (20 : 80)
to elute the desired green compound. Methanol was partially
removed under reduced pressure at temperatures <40 °C
before complete removal of water by using a freeze dryer to give
chlorin-pg 6-N 3-ornithylmethoxyamide-7-methyl ester 30 (7.5
mg, 20%). This was immediately dissolved in a minimum
amount of methanol and diluted with dichloromethane before
being treated with an excess of ethereal diazomethane. The final
product was purified by preparative TLC, eluting with di-
chloromethane-methanol (96:4). Evaporation of the solvents
gave the title compound 31 (3 mg, 8%), m.p. 129-130 °C;
Amax/NM 662 (£4.27 x 10%), 608 (5.02 x 10%), 528 (4.52 x 103),
498 (1.25 x 10*) and 400 (1.50 x 10%); 84 9.73 (s, B-meso H),
9.62 (s, a-meso H), 8.76 (s, d-meso H), 8.05 (dd, J 17.5, 11.7,
2a-H), 7.10 (t, J 6.6, 6-ornithine-CONH), 6.34 (dd, J 17.5, 1.2,
2b-H), 6.16 (dd, J 11.7, 1.2, 2b’-H), 5.04 (d, / 8.7, 7-H), 4.44 (q,
J7.2,8-H),4.21 (s, 3 H), 3.93 (m, 6-ornithine-8-H), 3.77(q, J 7.5,
4a-CH,), 3.71 (s, 3 H), 3.65 (m, 6-ornithine-3"-H), 3.62 (s, 3 H),
3.50 (m, 6-ornithine-«-H), 3.46 (s, 3 H), 3.44(s,3H), 3.29 (s, 3 H),
2.38-2.27, 2.02-1.94 (m, 7a- and 7b-CH,CH,), 1.87-1.69 (m,
6-ornithine-B,y-CH,CH,), 1.83 (d, J 6.9, 8-Me), 1.71 (t, J 7.5,
4b-Me) and —1.30 and —1.55 (each br s, NH) [Found: m/z
(HRMS) 738.3683. C,,HsoNgO- requires 738.3741].
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