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A New Three-Component Pathway to the Production
of Chlorin Ketazines. Optimized Functionalization Method
of 13'-Keto Group of Pheophorbides
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Attempts have been made recently by our research group to functionalize and modify the 13"-ketone group of
phorbine derivatives via intermediate formation of the corresponding hydrazones. However, such an approach had a
number of disadvantages, which were successfully eliminated in this work. We have synthesized various ketazines of
methyl pyropheophorbide a (and its derivatives) via a three-component nucleophilic addition reaction. The in situ
formed benzaldehyde hydrazones reacted at moderate temperatures with the carbonyl group at the 13'-position,
which led to reproducible yields of previously unavailable products.
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13'-keTo rpynmsl ¢heodopOUAOB

E. C. BeAﬂeB,@ A. C. Tomc

Hnemumym usuvecxou xumuu u snexmpoxumuu um. A.H. @pymxuna Poccuiickoti akademuu nayk, 119071 Mockea, Poccus
@E-mail: cronse@yandex.ru

Panee 6 naweii nayunoii zpynne Goiu nPeORPUHAMbL NONLIMKY (yHKyuonanuzayuu u moouduxayuu 13'-kemonnor
epynnuvl hopOUHOBLIX NPOUZBOOHBIX YePe3 NPOMENCYMOUHOE 00PA308AHUE COOMBEMCMBYIOWUX eudpazonos. Oouaxo,
OaHHBIL NOOX00 UMen psi0 HedOCmamKo8, KOMopbvle ObLIU YCHEWHO YCMPAHEeHbl 8 PAMKAX HAcmoswelu pabomul.
Hamu 6vi1u cunmesuposanvl paziuynvle KemasuHvl Memuio6020 sgupa nupogeopopbuoa a (u e2o npouzso0HbIX)
uepes Mpex-KOMNOHEHMHYIO peakyuio HYK1eo@QuibHoco npucoedunenus. In situ obpazoseannvie 2u0pa3oHbl
Gen3anboeudos npu yMepenHoli meMnepamype peazuposani ¢ Kapbowunsnoti epynnoti 6 13'-nonoscenuu, umo
npUBOOUNIO K BOCHPOU3BOOUMBIM BbLIXO0AM panee HeOOCYNHLIX NPOOYKMOB.

KiaroueBrblie ciioBa: XHOpI/IHLI, TETPAIUPPOJIbHBIC COCAUHCHUSA, a3UHbI, KCTa3WHbI, MOILI/I(l)I/IKaIII/IH 131—K€TO TpYyIIIbL.

Introduction

At present, tetrapyrrole compounds, and natural
chlorins in particular, are widely used for various
applications.”) In most cases, chlorins and porphyrins with
new unique photophysical and optical properties are
required for these purposes. This is often achieved by
chemical modification of the tetrapyrrole frame or its
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peripheral substituents. Due to the unique electron system
of natural chlorins (Figure 1), their absorption spectra have
an intense Q, absorption band, the position of which in the
electronic absorption spectrum strongly depends on the
nature of the substituents located along the y axis of the
macrocycle. For example, it is well known that the
introduction of electron-donor or electron-withdrawing
substituents into the pyrrole rings A and C, as well as the
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exocycle E, leads to a significant bathochromic shift of the
Qy band.** Therefore, methyl pyropheophorbide a is a
very promising starting material, since the presence of a
reactive functional groups (vinyl and carbonyl) at the 3 and
13" positions, allows one to easily introduce substituents of
various nature and influence the properties of the whole
molecule.

The formyl group at 3' position of methyl pyropheo-
phorbide d, and carbonyl keto group at 13' position of all
phorbine derivatives is a great opportunity to create azine
and ketazine derivatives.””! The introduction of substitu-
ents through the formation of an azine bridge can increase
the antimicrobial, antibacterial, and antiproliferative
activity of chlorine derivatives, which is also important for
the development of effective photosensitizers.®'” Such
activity of both symmetrical and unsymmetrical azines
(aldazines and ketazines) has been demonstrated and used
in various pharmacological studies.!'!

Experimental

General

Reactions were carried out under argon atmosphere, using
commercially available reagents that were purchased and used as
soon as received. Starting methyl pheophorbide a was obtained
from commercial sources (spirulina). Heating reaction vessels was
performed with oil bath. Column chromatography was performed
using 40-63 pm silica gel, preparative thin layer chromatography
(TLC) was performed using glass plates coated with 540 pum
silica gel (5 mm thick). Reactions control was provided by TLC
using aluminum-backed Silica Gel 60 F254 precoated plates. 'H
and °C NMR spectra were recorded with a Bruker Avance III 600
MHz spectrometer at 30 °C in CDCl;. Chemical shifts are reported
relative to signals of residual protons of solvents (CDCl;—7.26
ppm). Mass spectra were recorded with UltrafleXtreme mass
spectrometer (Bruker Daltonics) in a positive-ion mode using
reflection mode with 20 kV voltage without matrix. Electronic
absorption spectra were recorded with U-2900 (Hitachi)
spectrophotometer in quartz rectangular cells of 10 mm path
length at concentration 10° M in CH,Cl,.

Synthesis

Obtaining of anhydrous hydrazine. The procedure included
a double distillation of hydrazine monohydrate with NaOH in an
argon flow. 1 step: 200 ml of hydrazine monohydrate was distilled
with 150 g. of NaOH under argon atmosphere. 2 step: the second
time hydrazine was distilled with 25 g. of NaOH under argon
atmosphere.

Figure 1. 20 = electron tetrapyrrole system of which 18 electrons
are in any one localized pathway.
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Synthesis  of methyl  pyropheophorbide a, methyl
pyropheophorbide d and methyl (E)-3°-bromopyropheophorbide a
was carried out using known methods.'">"*! The synthesis of
hydrazone 5 is also known and it was obtained following the
corresponding procedure.'!

General procedure for the formation of unsymmetrical
chlorin azines (7, 9a, 9b). Trifluoroacetic acid (3 equiv.) was
added to a solution of 1 (20 mg, 0.036 mmol, 1 equiv.) or 8 (20
mg, 0.032 mmol, 1 equiv.) in CH,Cl, (3 mL). A mixture of dry
hydrazine (1 equiv.) and aromatic aldehyde (1 equiv.) in methanol
was added to the chlorin solution every 12 hours for 72 hours (6
times) at 30 °C (total amount of hydrazine and benzaldehyde
added was 6 equivalents each). After the final addition, the reac-
tion mixture was stirred for 12 hours at 30 °C until the reaction
was complete. The reaction mixture was poured to a water solu-
tion of 0.01M NaHCOj; and extracted with CH,Cl,. The combined
extracts were washed with water, dried over Na,SO,, and evapo-
rated in vacuo to dryness. To remove excessive symmetrical azine
benzaldehydes formed in the reaction, preliminary purification
was carried out using thin-layer chromatography in ethanol (The
required product was «at the start»). A subsequent purification
was also carried out using thin layer chromatography in a
CH,Cl,/EtOH system (100:2). The products were crystallized
from CH,Cl,/hexane to afford 7, 9a and 9b.

Methyl mesopyropheophorbide a hydrazone (2). A methanol
solution of dry hydrazine (18 pL, 0.562 mmol) and TFA (14 puL,
0.182 mmol) were added to a solution of methyl
pyropheophorbide a (100 mg, 0.182 mmol) in CH,Cl, (15 mL).
The reaction was stirred for 96 h at 40 °C. The progress was
monitored by TLC. The reaction mixture was poured to a water
solution of 0.01M NaHCOj; and extracted with CH,Cl,. The
combined extracts were washed with water, dried over Na,SOy,,
and evaporated in vacuo to dryness. The residue was redisolved in
CH,Cl, and purified by preparative thin-layer chromatography in a
CH,CI,/EtOH system (100:1). The product was crystallized from
CH,Cly/hexane to afford 2 (71 mg, 69%). m/z (SALDI) found:
564.4, 565.4, 566.4; calcd. for C3HyNgO,: 564.32 [M],
C33 3 CH40N¢O: 565.32 [M], C3,"°C,HyoN6O,: 566.33 [M]". UV-
Vis (CH,Cl) Amax (Are) nm: 403 (1.00), 504 (0.18), 555 (0.06),
608 (0.10), 661 (0.75)."H NMR (CDCly) &}, ppm: 9.65 (1H, s, 10-
H), 9.65 (1H, s, 5-H), 8.80 (1H, s, 20-H), 5.44 (1H, d, /= 17.9 Hz,
13%-CH,", 5.30 (1H, d, J = 17.9 Hz, 13>-CH,"), 4.66 (1H, dq, J =
7.4 Hz, J=1.7 Hz, 18-H), 4.48 (1H, m, 17-H), 4.01 2H, q,J=7.8
Hz, 3'-CH,), 3.85 (2H, q, J = 7.8 Hz, 8'-CH,), 3.71 (3H, s, 12'-
CH,), 3.63 (3H, s, 17*-CH3), 3.46 (3H, s, 2'-CH;), 3.43 3H, s, 7'-
CH;), 2.79 (1H, m, 17'-CH,%), 2.63 (1H, m, 17°-CH,%), 2.40 (1H,
m, 17'-CH,"), 2.26 (1H, m, 17>-CH,"), 1.88 (3H, d, J = 7.4 Hz,
18'-CH;), 1.83 (3H, t, J= 7.8 Hz, 3%-CH,), 1.80 (3H, t, /= 7.8 Hz,
82-CHj), 0.16 and —2.83 (2H, each bs, NHx2). *C NMR (CDCls)
S¢ ppm: 173.8, 168.1, 160.7, 151.3, 150.7, 150.1, 144.8, 143.6,
140.6, 139.9, 139.6, 135.7, 134.7, 133.7, 129.1, 124.5, 105.0,
100.9, 97.1, 92.4, 52.7, 51.6, 49.6, 37.2, 30.8, 29.5, 23.7, 19.7,
19.6,17.7,17.3,12.2, 11.5, 11.1.

13'-(4-Pyridine)hydrazono methyl mesopyropheophorbide a
(3). Pyridine-4-carbaldehyde (25 pL, 0.256 mmol) was added to a
solution of 2 (20 mg, 0.035 mmol) in CH,Cl, (3 mL), and the
mixture was stirred for 96 h at 30 °C. The reaction mixture was
poured to water and extracted with CH,Cl, several times. The
combined organic layer was dried (using anhydrous Ns,SOy),
filtered, and concentrated in vacuo. The residue was purified by
preparative thin-layer chromatography in a CH,Cl,/EtOH system
(100:1) and crystallized from CH,Cly/hexane to afford 3 (12 mg,
52%). m/z (SALDI) found: 653.1, 654.1, 655.1; calcd. for
CyoHiN,0,: 65334 [M]', BCCyHpiN,0,: 654.35 [M]',
BC,12C44H43N;0,: 655.35 [M]'. UV-Vis (CH,Cly) Aax (Arer) nm:
415 (1.00), 508 (0.17), 538 (0.08), 615 (0.11), 671 (0.84). 'H
NMR (CDCls) &y ppm: 9.59 (1H, s, 10-H), 9.44 (1H, s, 5-H), 8.82
(2H, m, ortho-H), 8.80 (1H, s, -N=CH- ), 8.65 (1H, s, 20-H), 7.91
(2H, m, meta-H), 5.80 (1H, d, J = 19.8 Hz, 13%-CH,"), 5.67 (1H, d,
J=19.8 Hz, 13%-CH,"), 4.58 (1H, m, 18-H), 4.46 (1H, m, 17-H),
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3.93 (2H, q, J= 7.8 Hz, 3'-CH,), 3.78 (5H, m, 2-CH; and 8'-CH),),
3.61 (3H, s, 17-CO,CHj3), 3.38 (3H, s, 12-CH3), 3.35 (3H,s, 7-
CH;), 2.78 (1H, m, 17'-CH,%), 2.60 (1H, m, 17>-CH,%), 2.42 (1H,
m, 17'-CH,%), 2.24 (1H, m, 17°>-CH,"), 1.85 (3H, d, J = 7,4 Hz,
18'-CH;), 1.78 (6H, m, 3°-CH; and 8°-CHj3), 0.11 and —2.25 (2H,
each bs, NHx2). *C NMR (CDCl3) 8¢ ppm: 173.7, 170.0, 169.7,
160.4, 156.4, 153.3, 150.4, 150.3, 150.1, 146.2, 144.4, 142.6,
1412, 141.0, 138.9, 135.7, 135.5, 131.8, 130.3, 1272, 122.2,
106.6, 102.4, 96.4, 92.5, 52.0, 51.6, 49.9, 40.9, 30.8, 29.8, 29.7,
23.4,19.6,19.5,17.6,17.1,12.6, 11.4, 11.0.
13'-(4-Pyridine)hydrazono methyl pyropheophorbide a (7).
The reaction yield was 12 mg (51%), following the general
procedure for aldehyde-derived hydrazone formation. m/z
(SALDI) found: 651.1, 652.1, 653.1; caled. for C4oH4N;O,:
651.33 [M]*, BC2C3H,N;0,: 652.33 [M]", 13C,2Cy5H4N;O,:
653.33 [M]". UV-Vis (CHyCly) Amax (Ar) nm: 416 (1.00), 513
(0.17), 542 (0.08), 623 (0.09), 681 (0.69). 'H NMR (CDCl5) &y
ppm: 9.62 (2H, m, 10-H and 5-H), 8.80 (2H, m, ortho-H), 8.79
(1H, s, -N=CH-), 8.74 (1H, s, 20-H), 8.12 (1H, dd, J=11.5 Hz, J
=17.8 Hz, 3'-H), 7.91 (2H, m, meta-H), 6.34 (1H, d, J= 17.8 Hz,
32.H%, 6.21 (1H, d, J=11.5 Hz, 3%-H), 5.79 (1H, d, J = 19.7 Hz,
13%-CH,", 5.68 (1H, d, J = 19.7 Hz, 13°-CH,"), 4.60 (1H, m, 18-
H), 4.47 (1H, m, 17-H), 3.80 (3H, s, 2-CH;), 3.78 (2H, q, J = 7.9
Hz, 8'-CH,), 3.61 (3H, s, 17*-CO,CH3), 3.50 (3H, s, 12-CH3),
3.34 (3H, s, 7-CH3), 2.79 (1H, m, 17'-CH,?%), 2.61 (1H, m, 17°-
CH,?, 2.42 (1H, m, 17'-CH,"), 2.26 (1H, m, 17>-CH,"), 1.86 (3H,
d,J=17,5Hz, 18'-CH;), 1.76 (3H, t, J = 7.9 Hz, 8°-CHj3), 0.10 and
-2.29 (2H, each bs, NHx2). *C NMR (CDCl;) 8¢ ppm: 173.7,
169.6, 169.5, 160.9, 156.4, 153.3, 150.7, 150.5, 150.0, 146.3,
1443, 142.7, 140.2, 139.5, 136.2, 135.3, 134.7, 1322, 130.5,
129.6, 127.6, 122.2, 122.1, 106.8, 102.2, 97.7, 93.1, 52.2, 51.6,
49.8,41.0, 30.8,29.8,29.7,23.4,19.6,17.5, 12.6, 12.2, 11 4.
13'-(4-Pyridine)hydrazono methyl (E)-3’-bromopyropheo-
phorbide a (9a). The reaction yield was 11 mg (47%), following
the general procedure for aldehyde-derived hydrazone formation.
m/z (SALDI) found: 729.0, 730.0, 731.0, 732.0, 733.0; calcd. for
BrCaoHsoN;0,: 729.24 [M]", Br'3C'2C54H,N-0,: 730.25 [M],
81].D)I'CA;()I‘I4()I\I702 and 79Br13C212C3gH40N702:73 1.24 [M]+,
3B C12CoHoN;0,: 732.24, ¥1Br'C,"2Cy5HyoN;0,: 733.25. UV-
Vis (CH,Cl) Apax (Are)) nm: 392 (1.00), 513 (0.15), 545 (0.17),
628 (0.07), 685 (0.51). '"H NMR (CDCl5) &;; ppm: 9.60 (1H, s, 10-
H), 9.45 (I1H, s, 5-H), 8.81 (2H, m, ortho-H), 8.78 (IH, s,
-N=CH-), 8.74 (1H, s, 20-H), 8.45 (1H, d, J = 14.1 Hz, 3'-H), 7.79
(2H, m, meta-H), 7.31 (1H, d, J = 14.1 Hz, 3*-H), 5.76 (1H, d, J =
19.6 Hz, 13%-CH,*), 5.65 (1H, d, J = 19.6 Hz, 13*-CH,"), 4.61 (1H,
m, 18-H), 4.47 (1H, m, 17-H), 3.77 (5H, m, 2-CH; and 8'-CH,),
3.62 (3H, s, 17°-CO,CH;), 3.44 (3H, s, 12-CH3), 3.32 3H, s, 7-
CH3), 2.79 (1H, m, 17'-CH,%), 2.61 (1H, m, 17°-CH,"), 2.41 (1H,
m, 17'-CH,"), 2.28 (1H, m, 17>-CH,"), 1.87 (3H, d, J = 7.5 Hz,
18'-CH;), 1.76 (3H, t, J = 7.8 Hz, 8°-CH3), 0.11 and —2.43 (2H,
each bs, NHx2). *C NMR (CDCl;) 8¢ ppm: 173.5, 169.3, 169.0,
1613, 156.6, 152.9, 151.0, 150.2, 146.3, 144.3, 142.4, 139.9,
139.5, 136.3, 133.6, 132.7, 130.1, 127.9, 122.1, 111.7, 107.0,

N2H4
—_—
H CH,Cl,/MeOH H
TFA W
A
MeO, 1 MeO,C 2

102.0, 97.4, 93.3, 52.4, 51.5, 49.7, 40.9, 30.9, 29.8, 29.7, 23 .4,
19.6,17.4,12.5,12.4,11.3.

131-(4-Br0m0benzylidene)hydrazono methyl (E)-3°-bromo-
pyropheophorbide a (9b).The reaction yield was 12 mg (47%)
following the general procedure for aldehyde-derived hydrazone
formation. m/z (SALDI) found: 805.9, 806.9, 807.9, 808.9, 809.9,
810.9, 811.9; caled. for 'C,;HyNgO,”Bry: [M]", 806.16,
BC12C40H4NgO,”Bry: [M]", 807.16; '2C4 HyoN:O,’Br¥'Br: [M]",
808.16; BC2C4HyNgO, B Br: M], 809.16;
12C41H40N60281Br2: [M]+, 81016, 13C12C40H40N60281Br2: [M]+,
811.16, 3C,"2C3oHyg NcO,*'Br,: [M]*, 812.16. UV-Vis (CH,Cly)
Amax (Ager) N 429 (1.00), 516 (0.21), 546 (0.03), 629 (0.05), 683
(0.72). "H NMR (CDCls) 8y ppm: 9.66 (1H, s, 10-H), 9.54 (1H, s,
5-H), 8.83 (1H, s, 13'-N=CH-), 8.78 (1H, s, 20-H), 8.52 (1H, d, J
= 14.1 Hz, 3'-H), 7.94 (2H, d, J = 8.2 Hz, 13'-meta-H x 2), 7.70
(2H, d, J = 8.2 Hz, 13"-ortho-H x 2), 7.36 (1H, d, J = 14.1 Hz, 3*-
H), 5.78 (1H, d, J = 19.7 Hz, 13*-H%), 5.68 (1H, d, J = 19.7 Hz,
13%-HP), 4.62 (1H, m, 18-H), 4.50 (1H, m, 17-H), 3.81 (5H, m, 12-
CH; and 8'-CH,), 3.61 (3H, s, 17°-CO,CHj), 3.48 (3H, s, 2-CH3),
3.37 3H, s, 7-CH;), 2.80 (1H, m, 17'-H?), 2.60 (1H, m, 17°-H?),
2.43 (1H, m, 17'-H®), 2.28 (1H, m, 17>-H%), 1.87 (3H, d, J = 7.4
Hz, 18-CH3), 1.78 (3H, t, J= 7.7 Hz, 8>-CHj,), 0.11 and —2.47 (2H,
each bs, NH x 2). 3C NMR (CDCl;) 8¢ ppm: 173.4, 168.9, 167.6,
161.4, 158.0, 152.7, 151.1, 146.3, 144.2, 140.2, 139.2, 139.1,
136.3, 134.2, 133.4, 132.6, 132.0, 130.2, 129.9, 129.8, 127.8,
125.1,111.5,107.2, 101.8, 97.5, 93.3, 52.5, 51.3, 49.7, 40.9, 30.9,
29.7,29.6,23.4,19.6,19.5,17.4,12.4,12.3, 11.3.

Results and Discussion

Modification of the most important 3 and 13 positions
of chlorophyll a phorbine derivatives has always been one
of the main scientific direction of our research group. In
earlier works method was showed for selective
halogenation of MePPB’s vinyl group which was further
used to increase the conjugation chain and, consequently,
fine-tune the optical properties.!'*!”

In addition, the possibility was demonstrated for
synthesis of azine and ketazine derivatives of methyl
pyropheophorbides a/d. However, the nucleophilic addition
reaction of hydrazine with 13'-keto group proceeded much
worse than the same reaction with formyl group. The reason
for this was a low yields, long reaction time, poor
reproducibility, hydrazone instability and its dimerization
tendency.”! In case of the nucleophilic addition reaction of
hydrazine to carbonyl atom of the keto group there is
another one significant problem: the use of aqueous
hydrazine (with varying degrees of water content) leads to
very low conversion due to reversible reaction character in
the presence of water.

\ —
NN
—_—
CH,Cl,/MeOH H
TFA
—NH \N N
X _
MeO, 3 \\-QN

Scheme 1. Non-selective formation of hydrazone methyl pyro-pheophorbide @ and its reaction with 4-pyridinecarboxaldehyde.
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Therefore, an attempt was made to carry out this
reaction using dry hydrazine, which was carefully dried and
distilled under alkali and argon flow. These conditions in
fact allowed one to significantly increase the reaction rate
and the initial chlorin completely reacted. However, the
stronger reducing power of anhydrous hydrazine also
resulted in complete vinyl group reduction (the active agent
for the reduction of alkenes being diimide) at 3-position of
methyl pyropheophorbide a. Subsequent addition of 4-
pyridinecarboxaldehyde resulted in the formation of
compound 3 in 52 % yield (Scheme 1).

The non-selectivity of this method makes it not
fascinating for further synthesis of chlorins with extended n
system. In order to avoid reduction of the vinyl group, an
attempt was made to search for a new synthetic approach. A
theoretically possible alternative way involving the
synthesis of hydrazones of various aromatic aldehydes,
followed by their purification and use in the reaction with
pyropheophorbide failed, since most of such hydrazones are
also tend to easily dimerize to the corresponding non-
reactive azines even at low temperature when trying to
concentrate them in a vacuum evaporator.''® Hydrazone 5,
formed as a result of the reaction of 4-pyridinecarbaldehyde
4 with hydrazine monohydrate, was sensitive to heating,
and temperatures exceeding 30 degrees led to its rapid
conversion to the azine structure 6 (Scheme 2).

Scheme 2. Hydrazones dimerization process.

Taking into account all the factors described above, a
three-component synthesis was proposed. The mixture of
aldehyde 4 and dry hydrazine (1:1 eq.) in MeOH was added
several times to a solution of methyl pyropheophorbide a in
CH,Cl, until the reaction was completed. Temperature was
set to 30°C to avoid dimerization of in sifu generated
aldehyde hydrazone. Due to the weak electrophilicity of the
carbonyl carbon atom in the 13'-keto group, the reaction rate
was low and the reaction time was 84 hours (Scheme 3).

Q,
\ —
O
N2H4(dry) / MeOH
CH,Cly, 30C

Scheme 3. One-pot three-component synthesis of azine 7.
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Such a three-component approach can be used to
synthesis of bifunctionalized derivatives 9a/9b via the
modification of previously obtained methyl (E)-3*-
bromopyropheophorbide a 8 (Scheme 4). As in the case of
methyl pyropheophorbide, compound 8 reacted with
hydrazones of various aromatic aldehydes to form
unsymmetrical azines. As a result, in addition to the
functional bromovinyl group (the use of which has been
described in detail previously!")) it becomes possible to
more effectively use the carbonyl group at position 13' to
obtain more effective photosensitizers based on forbin
derivatives. Such sequential functionalization of positions 3
and 13 opens up the possibility of creating multifunctional
molecules with different properties that depend on the
nature of the introduced substituents.

aldehyde
N2H4(dry) / MeOH

CH,Cl,, 30C

Scheme 4. Application of a new synthesis strategy on methyl (E)-
3%-bromopyropheophorbide a.

Conclusions

In conclusion, a facile and efficient one-pot three-
component method was developed for modification difficult
to react keto group located in the exocycle E of methyl
pyropheophorbide a and its derivatives. The use of this
method enabled to obtain previously unavailable 13'-
substituted chlorin derivatives. The approach proposed
opens up a broad possibility for synthesis of biologically
active conjugates based on natural chlorins. This will also
allow one to introduce a numerous aromatic and
unsaturated substituents along the y-axis of the macrocycle
to form extended n-conjugated chlorin systems.
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