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Abstract: Syntheses of novel 15-substituted-oxophlorins via the MacDonald condensation of diformyl-
dipyrroketones and 5-substituted-dipyrromethanes are described. The electronic and steric features of the
15-substituent enable facile control over the oxidation potential of the oxophlorins. Introduction of an
elecuon-withdrawing group cfficiently minimizes the formation of oxophlorin ®-radicals. Stabilization
of neutral w radicals is promoted by hyperconjugation with a 15-rerr-butyl group. A sterically induced
stabilization of a novel non-aromatic tautomer of oxophlorin, the so-called “iso-oxophlorin” is
demonstrated. These species exist also as 15-iso-oxophlorins upon complexation to divalent metals.
Radical formation, enhanced by mild oxidants such as K,FeCNy, yielded pure cligomers and
stereospecific supramolecular arrays by radical dimerizations taking place at the 10- and 10’-positions.

© 1999 Elsevier Science Ltd. All rights reserved.
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step in the oxidative degradation of iron porphyrins. Hemes in hemoglobin and myogliobin are degraded, via
iron meso-oxyporphyrin radicals, reacting further with O, to give biliverdin and eventually bilirubin
pigments.! Due to the biological significance of oxophlorins in relation to heme catabolism, studies have been
carried out to characterize their electronic structure.2 Oxophlorins are tetrapyrrolic macrocycles that possess
an oxygen at a meso-carbon and exist as the keto (oxophlorin) 1 rather than enol (hydroxyporphyrin) 2 species

in neutral solution as shown by numerous spectroscopic techniques.3 In acidic solution or when complexed

with divalent metals, the enol-structure predominates; with trivalent metals such as iron(III), either the keto- or
enol-form can nredominate. dependine upon pH.3
|-form can predominate, depending upon pH.
/\/ﬁ\/\ H Oxophlorins 1 are relatively strong bases, accepting one
= -

‘jZ p['O[OI'l on a central mtrogen atom to lorm IEOIleC mOnOC&tlUl'lb A
> second proton can be added to the meso-oxygen, forming a dication
\ derived from the hydroxyporphyrin tautomer 2. In neutral solutions

the oxidation potentials of oxophlorins and their metal complexes are
approximately 300 mV lower than those observed for related

porphyrins. In alkaline solution, deprotonation further lowered these oxidation potentials by 300 mV.4

Light induced oxidation of oxophlorins and their metal complexes yiclds fairly stable neutral -

dicals, which were reported to dimerize in high vields in chloroform solution.4 Structural characterization of
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a nickel(Ii) octaethyioxophiorin dimer reveaied the formation of a carbon-carbon bond betiween two meso
carbons, lying opposite to the meso-carbonyl groups.5 These regiospecific radical dimerizations or known
oxidations of oxophlorins to give 5,15-dioxoporphodimethenes® led us to believe that the 15-position might
have unique chemical reactivity. Huckell-McLachlan calculations also showed the highest spin density
distribution of the oxophlorin radical to be located at the 15-position.4 We therefore chose to synthesize 15-
substituted oxophlorins in order to alter the spin density distribution, hoping that radical oligomerization
reactions of these substrates would take place through the 10- and 20-positions. We now demonstrate that
oxidation potential o
oxophlorin n-radicals, (b) a sterically induced stabilization of an

oxophlorins, and (c) formation of regio- and stereo-chemically pure oligomers and supramolecular arrays
through radical dimerizations taking place at the 10-positions.

RESULTS AND DISCUSSION

Although several approaches have been developed for the syntheses of oxophlorins, meso-substituted
oxophlorins are scarce in the literature.3:7 meso-Substituted oxophlorins have been obtained by oxygenation
of meso-substituted metalloporphyrins8? or by nucleophilic displacement of a nitro group using the sodium
salt of E-benzaldoxime.10 meso-Unsubstituted oxophlorins have been prepared directly via a MacDonald-type
condensation (i.e. "2+2") of 1,9-diformyldipyrroketones with dipyrromethanes,!! by reaction of 1-formyl-9-

(hydroxymethyldipyrroketones with dipyrromethanes,8 or by macrocyclization of b-oxobilanes.12
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In the present work, adaptation of the MacDonald approach enabled us to efficiently prepare a series of

novel 15-substituted-5-oxophlorins in order to furth u 1eir chem

urther study their chemical properties. We first targeted 15-



tert-butyl-5-oxophiorins assuming that radical formation and stabilization would take place at the 15-position
due to hyperconjugation through the tert-butyl substituent. Condensation of 1,9-diformyl-5-oxodipyrrometh-
ane 311 with S5-tert-butyl-2,8-diethyl-3,7-dimethyldipyrromethane-1,9-dicarboxylic acid 413 in trifluoroacetic
acid (TFA) followed by a basic work-up resulted in formation of the 15-tert-butyl-5-oxophlorin 6 in 43%
yield. Exposure of compound 6 dissolved in CH»Clj to air and daylight afforded a new green species 7 which
ESR and magnetic studies confirmed to be the pure neutral m-radical species of the 15 -tert-butyl-5-
oxophlorin, 13

ution of 7 generated, via the rea
hydroxyporphyrin 5. This reduction/protonation process could be followed by spectrophotometry, which
showed clean isosbestic points at A, 438 and 540 nm, further demonstrating the quantitative radical character
of 7. Synthesis of 12,13,17,18-unsubstituted-15-tert-butyl-5-oxophlorin 8 stressed the essential role played by
steric congestion on the radical stabilization, via the interaction of the 15-substituent with abutting groups in
the 13- and 17-positions. Indeed, air oxidation of 8 afforded unstable radicals which were trapped by O, to
give 15-tert-butyl-15-hydroxy-15-iso-5-oxophlorin 9.
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such as a i5-ethyi-5-oxophiorin 12, which would ailow the formation of these new iso-oxophiorin tautomers in
higher yields.

Syntheses and Characterization of Iso-Oxophlorins

Preparation of the 15-ethyl-5-oxophlorin 12 was accomplished via condensation of 1,9-
diformyldipyrroketone 310 with S-ethyldipyrromethane-1,9-dicarboxylic acid 1115 in TFA, following the
MacDonald approach. Basic work up of the reaction product followed by exposure to air and light in CH,Cl,

T T4

(45 min) afforded the novel compound 13. The molecular structure of 13 was confirmed by X-ray
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By comparison with the isoporphyrin/porphyrin equilibrium, the structure 13 can be described as an
iso-oxophlorin which is remarkably stable with regard to its aromatic oxophlorin tautomer 12. These novel
iso-oxophlorin tautomers predominate under non-acidic conditions because the 15-tetrahedral carbon allows
steric strain between the abutting 13- and 17-substituents and the 15-ethyl to be relieved. The gain in aromatic
stabilization by having a fully conjugated oxophlorin form 12 is not sufficient to overcome an increase in
steric congestion introduced by a 15-sp? carbon.
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In contrast, the aromatic stabilization afforded by formation of the conjugated porphyrin chromophore,
as in dication 14 or in 5-acetoxy-15-ethylporphyrin 18, is sufficient to outweigh the steric strain introduced at
the 15-sp2 carbon in these compounds. Given the opportunity to become a fully conjugated hydroxyporphyrin
by protonation, the chromophore converts reversibly between iso-oxophlorin 13 and oxophlorin dication 14,

depending upon pH. Whereas the aromatic porphyrins display extremely shielded central nitrogen protons, the
iso-oxophlorin tautomer has an interrupted conjugation pathway and features '"H NMR peaks characteristic of a
non-aromatic macrocycle with D;0O/EtsN exchangeable NHs at 12.6 ppm. This loss of aromaticity is

| TSR J I

observed as well for all iso- OXOPHIOUD dimer and tetramer SpCClCS (vzae m]ra)
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As mentioned earlier, metal(II) oxophlorins exist in the enol form. In order to determine whether or
not iso-oxophlorins behave similarly to oxophlorins upon metal(II) complexation by tautomerization to
metallo(IT) hydroxyporphyrins, we synthesized two different metal complexes [Zn(II), Ni(IT)] of the novel iso-
oxophlorin tautomer 13. Treatment of iso-oxophlorin 13 with zinc(II) acetate afforded the zinc(Il) iso-
oxophlorin 16, and the nickel(1l) iso-oxophlorin 17 was prepared by refluxing a CHCl3/MeOH solution of 13

n presence of nickel(Il) acetate and sodium acetate. Figure 1 shows the optical spectra of compound 13 and

its nickel(Il) complex 17. Upon metalation a large red shift of the Soret band was observed from 408 (13) to
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hydroxyporphyrin did not occur even when 16 and 17 were refluxed in toluene, further demonstrating the
stability of these iso-oxophlorin tautomers. The molecular structure of 16 was determined by X-ray
crystallography (Figure 2). A dimeric species of 16 is formed where the keto group of each iso-oxophlorin is
coordinated to a zinc of another iso-oxophlorin, placing the two macrocycles within -1t contact. A slightly
ruffled conformation is found in both macrocycles. The average Zn-O distance is 2.09 A. A similar head-to-
tail dimeric structure was shown for In(IIT) octaethyloxophlorin and it was suggested to exist for iron(III)



octaethyloxophlorin.!7 The larger red shift of the Soret band observed for 16 is probably a consequence of its
dimeric nature.
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Figure 1: Optical spectra, in CH,Cl, of iso-oxophlorin 13 (" ) and its nickel(Il) complex 17 (—).
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Figure 2: Molecular structure of the head-to-tail dimer of compound 16. A) Side view; B) Top view.
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Syniheses of 1,16°-1so-Oxophiorin Dimers.

Another product isolated in smaller amount (29%) along with the 15-ethyl-15-iso-5-oxophlorin 13 was
identified as 10,10'-bis-(15-ethyl-10-iso-oxophlorin) 18/19. Presence of two stereoisomers resulting from the
dimerization demonstrates that 15-substituted-5-oxophlorins do indeed dimerize at the 10,10'-positions.
Stereoisomers 18/19 are stable both as solids and in solution. The molecular structure of 18 was confirmed by
X-ray crystallography.!8 Molecules of 18 pack in a crystalline lattice with alternating columns of stacked

1ers and ordered cyclohexanes. Formation of the 1()-sp3 carbons allow for major distortions of the
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macrocycle. Higher yields of 18/19 could be obtained by treating a solution of 12 with a mild oxidant such as
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Condensation of 3 and 20 in TFA gave 15-phenyl-5-oxophlorin 21 which was not isolated but was
exposed to air and light in CH2Cl; for 4 hours to yield, after chromatography, the novel iso-oxophlorin dimers
22/23 in 66% yield. Synthesis of 15-pentafluorophenyl-5-oxophlorin 25, via condensation of 3 and 24,15
allowed us to observe the first NMR spectrum of a metal-free oxophlorin. Proton NMR spectra of metal free
oxophlorins are difficult to observe because of the fact that they exhibit line-broadening due to the presence of
small amounts of the oxophlorin n-radical. This problem is usually overcome by the addition of TFA to form
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resolved 10,20-protons peak at 8.12 ppm (a 1.2 ppm downfield shift compared with the non-aromatic dimeric
species 26/27). Dimerization of 15-pentafluorophenyl-5-oxophlorins 25 required a longer period of time



(approximately one week) confirming that the 15-substituent plays a significant role in tuning the oxidation
potential of the oxophlorin macrocycle. Treatment with K3Fe(CN)g in THF resulted in complete dimerization
in 20 minutes to yield regioisomers 26/27 in good (86 %) yields.

Addition of acid reverses quantitatively the dimerization process to form the monomeric oxophlorin
dication as shown by the clean isosbestic points in UV-visible studies. Addition of TFA to a chloroform
solution of 15-ethyl-10-iso-oxophlorin dimer 18/19 followed by crystallization by slow diffusion of methanol

generated crystals of the oxophlorin dication 14 suitable for X-ray crystallography. The molecular structure of
ility of the dimerization process
Syntheses of Iso-Oxophiorin Tetramers

Having established the oxidative dimerization chemistry of the 15-substituted-5-oxophlorins, we next
attempted the synthesis of an oxophlorin supramolecular array. 15,15’-Oxophlorin dimer 29 (not shown) was
prepared via a condensation between diformyldipyrroketone 3 and a symmetrical bis-dipyrromethane 28.19.20
Oxidative dimerization of crude 29 (O,/hv/CH,Cly) afforded a 37% overall yield of the macromolecule 30
consisting of four iso-oxophlorin-type subunits connected in a stereochemically unique fashion.
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Figure 3: Molecular structure of oxophlorin dication 14. A) Side view showing TFA H-bonding network. B) Top view.

The optical spectrum of 30 was similar to that of the iso-oxophlorin dimers, but was blue-shifted. The
short wavelength absorption appeared at A_,, 378 nm and the long wavelength band was at 654 nm. The

max

proton NMR spectrum of 30 again demonstrated interrupted conjugation in the macrocycle, with exchangeable
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positions was obtained. Compound 31 was also studied by X-ray crystallography (Figure 4); it possesses a
“stepped” structure with the trans,cis,trans orientation at the 10,10’-bridges which differs from the stereo-
chemistry of the “helical” structure of 30 (Figure 5) bearing a trans,trans,trans orientation.

rft o] Tr Ff o] izt
Me—</Y Y// Me Me—<\Y \((\>—Me
H

N HN NH N
MeO-g/: \
= H =~
ot ] / r\IIH rﬂ = [=$3 & \ Hw \ E+
=t — / / 153 b b \ . =t

oxidation, oxophlorin tetramer 33 was isolated in 28% yield.

Syntheses of Oxophiorin-Porphyrin Tetramers

The next step was to take advantage of the radical dimerization process to design other supramolecular
arrays containing different macrocyclic chromophores. Condensation of bis-dipyrromethane 34,1920 with 1,9-
diformyldipyrromethane 3521 was carried out in CH;Cl; in the presence of p-toluenesulfonic acid. The

porphyrin-diethyl ester 36 was decarboxylated to give 37, and was then reacted with 3 in a mixture of TFA and



B M Ay

Figure 4: Molecular structure of the oxophlorin tetramer 31. A) Side view showing “stepped” orientation. B) Top view.

oxophlorin-porphyrin tetramer 38 in 39% yield. When the MacDonald condensation was performed in
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trans, trans,trans oxophlorin tetramer 30. A) Side vi

A porphyrin-oxophlorin tetramer obtained from a tetraphenylporphyrin template was readily available.
Acidic condensation of 5-(p-formylphenyl)-10,15,20-triphenylporphyrin 3922 with two equiv. of ethyl 3,4-
dimethylpyrrole-2-carboxylate 4023 gave the TPP-dipyrromethane 41. Subsequent hydrolysis and

decarboxylation in r thylene glycol afforded the di-ot-unsubstituted dipyrromethane 42 in

[
[
0
[
i
[

afforded the corresponding tetramer 43.

The electronic absorption spectra of these compounds are characterized by the strong absorptions of the
porphyrin moiety that overwhelm those of the oxophlorin subunit. Superimposition of the absorbance of the
porphyrin moiety with the broad band of the oxophlorin subunit can be observed in the Q bands region. The
multiplicity of the resonances in the '"H NMR spectra of tetramers 38/43 indicates the presence of
regioisomers, depending upon the arrangement of the porphyrins with respect to the oxophlorin moieties (not

ove),

shown; similar to the 10,10”-iso-oxophlorin dimer regioisomers described )
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hesis of Oxophlorin-Corrole Tetramers

Our recent success in the synthesis of porphyrin-corrole heterodimers through the cyclization of a
porphyrin-biladiene precursor,!® led us to follow a similar route for the formation of an oxophlorin-corrole
dimer. Attempts to synthesize an oxophlorin-biladiene precursor failed. However, the corrole moiety could be
used as a starting block for the synthesis of this heterodimer. We first synthesized a,c-biladiene 46, by
reaction of 2-formyl-3,4-diethylpyrrole 4524 with bis-dipyrromethane 44.20 This biladiene was cyclized to
give corrole 47 in good yields, using p-chloranil as oxidant; subsequent alkaline decarboxylation in diethylene
glycol afforded the corresponding o-unsubstituted dipyrromethane 48, showing good stability of the corrole

When 48 was condensed with 1,9-diformyldipyrroketone 3 following the
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MacDonald procedure, tetramer 49 was obtained.

congestion at the 15-position generates novel non-aromatic species of oxophiorins, calied iso-oxophiorins.
These species, which are stable upon complexation of divalent metals, revert to aromatic chromophores upon
protonation or acetylation. 15-Substituted oxophlorins experience electronic and steric effects which directly
affect their oxidation potentials. Light induced oxidation of these oxophlorins is enhanced by electron-
donating groups and suppressed by electron-withdrawing substituents such as pentafluorophenyl. Formation
of m-neutral radicals and their subsequent dimerization at the 10,10’-positions, afford regioisomeric iso-

oxophlorin dimers as well as various tetrapyrrolic tetramers. Dimerizations are reversible and treatment with

acid regenerates the protonated oxophlorins (via an extremely facile reduction of oxophlorin radical cations)
which can be re-cycled to the dimeric species.

EXPERIMENTAL

Mps were measured on a Thomas/Bristoline microscopic hot stage apparatus and were uncorrected.
Silica gel 60 (70-230 and 230-400 mesh, Merck) or neutral alumina (Merck; usually Brockmann Grade 111, i.e.
deactivated with 6% water) were used for column chromatography. Preparative thin layer chromatography
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
(aluminum foil). '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 (7.26 ppm)
Flamantal analvqag wara narfarmed af tha Midweact Mirralah Tne Indiananalic TN TInlecg ctated nthermyuice
~aCliing: aliairyses WEIT peIiGIimica at ulC vilGWESst viiliGido., ncC., 1iGialiapOiis, uN. Ulilss S5iall Suiliwist,

electronic absorption spectra were measured in dichloromethane solution using a Hewlett-Packard 8450A
spectrophotometer. In a few cases, amounts of final products were insufficient for elemental analyses, or
amounts of intermediates were sufficient only for completion of the reaction sequence; therefore, elemental
composition was verified using high resolution mass spectroscopy (HRMS), after obtaining evidence of
homogeneity using proton NMR spectroscopy. Mass spectra, both HRMS and low resolution (LRMS), were
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btained at the Mass Spectrometry Facility, University of California, San Francisco, CA. Dipyrroketone 3,
dipyrromethanes 4, 11, 21 and 24, bis-dipyrromethane 28, 32, and 34, 1,9-diformyldipyrromethane .55, ethyl
3,4-dimethylpyrrole-2-carboxylate 40, 2-formyl-3,4-diethylpyrrole 45, 5-(4-formylphenyl)-10,15,20-
triphenylporphyrin 39 were prepared according to literature procedures (vide supra).

Crystal Structure Data for 14: Crystals of 14 were grown from chloroform/TFA/methanol. A parallelipiped
single crystal with dimensions 0.40 x 0.25 x 0.08 mm was selected. The crystal lattice was triclinic with a P]
space group. Cell dimensions were: a = 10.876(2), b = 13.741(2), ¢ = 15.079(2) A, o= 103.437(10), B8 =
. Siemens P2;
dlffractometer [A(Cu Ka) = 1.54178 A] in 6/26 scan mode to 20max = 112°. Of 5467 reflections measured
5409 were unique (Riny = 0.0087, Tpin = 0.58, Tmax = 0.66, L = 1.084 mm-!, reqc = 1.424 g cmi®). The
structure was solved by direct methods and refined (based on F2 using all independent data) by full matrix
least-squares methods (Siemens SHELXTL V. 5.03). Non-hydrogen atoms were refined with anisotropic
thermal parameters. Hydrogens were generated by idealized geometry and treated as riding using isotropic
thermal parameters. R-values are reported for Rl (based on observed data, > 20) and wR2 (based on all data).

R1 and wR2 were 0.0569 and 0.1508 (574 parameters). The datasets were corrected for absorption.25

Crystal Structure Data for 16: Crystals of 16 were grown from chloroform/cyclohexane. A parallelipiped
single crystal was selected with dimensions 0.08 x 0.05 x 0.04 mm. The crystal lattice was triclinic with a P!
nnnnnnnnnnn 7111 ,.l'..‘,._.,.v:A_..v iimEat: 5o §1 NNLDION L _ 17 NNN/AN pa—s] f\"{\/")\x ~ L0 TTOYAAN o;_""'\ Q177N
dpacc gioup. CEll CIISIONS WECIC. d = 11.UOJ(4), U= [LUJUL), C= 1L TINI)A, &L= 00./7(4), /J = /2£.01{2),
Y= 64.47(3)°, V = 1435.7(5), and Z = 2 (FW = 586.07, pcalc = 1.356 g cm3, u = 1.444 mm!). X-ray

diffraction data were collected on a Siemens P2 diffractometer [A(Cu Ka) = 1.54178 A] at 130(2) K in 6/28
scan mode to 28,4 = 112°. Of 3776 reflections measured (th,tk,+1) 3738 were independent and 2344 had
I>26 (Rjn = 0.049). The structure was solved by direct methods and refined (based on F? using all
independent data) by full matrix least-squares methods (Siemens SHELXTL V. 5.03); number of parameters =
361. Hydrogen atom positions were located by their idealized geometry and refined using a riding model. A
difference map followed by subsequent refinement revealed that two of the methyl groups bear statistical sets

Of vdraoene rotated hy annravimately 60° relative to each other An ahearntion correction wace annlied neing
i AR J\JLU&\JIILT IR WARFARNAN Y UJ “l_llll IARLLIRALW R AVAY AWilGLi YW LV vawil Vvl . 4 2k2 uUaUlt}l—.lULl WL LW LLIVRL VY L, “tlyl.\-’u u’lll&

XABS2.25 Final R factors were R1 = 0.0730 (based on observed data) and wR?2 = 0.1718 (based on all data)

I\I"\L)\) 'llldl 1~ 1dCLOULy CIC AL = U, U/OU DddTU UL DUBTLVEU Udlad) dliu WAL — U. 1 /710 {UddCd Uil all uata ),

1 L I R S 1 .. Nn=e~n _§.72

the maximum residual eleciron acnsity was Uo1Z eAa™

Crystal Structure Data for 31: A crystal of 31 (grown from chloroform/methanol) with dimensions 0.40 x
0.25 x 0.08 mm was selected. The crystal lattice was triclinic with a PT space group. Cell dimensions were: a
= 14.565(4), b = 15.407(5), ¢ = 19.421(5) A, o = 77.94(2), B = 74.52(2), Y= 66.63(2)°, V=3829(2) A3, Z=1.
Data were collected at 130(2) K on a Siemens P4 diffractometer with a rotating anode [A(Cu Ko) = 1.54178 Al
at 130(2) K in 6/26 scan mode to 20yax = 112°. Of 8543 reflections measured 8220 were unique Rjn =

0.0517, Tin = 0.45, Tiyax = 0.85, 4 = 2.002 mm- 1 Fealc = 1.194 g em-3 The structure was solved by direct

£min max UV 211111 1:27 L2983 L vy

methods and refined (based on F2 using all mdependent data) by full matrix least-s quares methods (Siemens

SHELXTL V. 5.03). Non-hvdrogen atoms were refin amlombieimin thamas ] aania atano _n
SNCLA L L 3). Ti-nyarogen alomis WeIe el
gen erated Dy 1dealized geometry and treated as rmmg usmg ISOU‘OplC thermal parameters. The structure of 31

exhibited disorder in a small portion of the parent molecule. R-values are reported for RJ (based on observed
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1
were corrected for absorption.25 Crystallographic data (excluding structure factors) for the three new structures
reported in this paper (and for compound 30)i8 have been deposited at the Cambridge Crystallographic Data

Centre (CCDCQC).

15-tert-Butyl-3,7,12,18-tetraethyl-2,8,13,17-tetramethyl-5-oxophlorin 6. 1,9-Diformyl-5-dipyrroketone 3
(160 mg, 0.533 mmol) and 5-tert-butyl-2,8-diethyl-3,7-dimethyldipyrromethane-1,9-dicarboxylic acid 4 (200
mg, 0.534 mmol) were dissolved in TFA (5 mL) under nitrogen in the dark, and stirred for 2 h. The reaction

mixture was diluted with cold methano! (15 mL) and neutralized with 10% aagueous NH OH. The purple
mixture was diu nh ¢old methano! (1) ml) angd neutral agueo JUH. purp

nracinitata wne ~nllantad radicenluvad in CH M. and wachad cavaral timac with watar Tha cnlvant wac
pLvvipitatvy wad VULIVLIVUL, TOUIDJULIVOU THL LI 1) Alitl WdaddhLU dvvVeidl Liiiivd willl vwatvl 11V JUlvueilt wao

evaporated under vacuum and the residue was purified by chromatography on an alumina column (eluting with
CHClp). The title compound was recrystallized from CH;Cly/cyciohexane (126 mg, 43%). Mp 272-275 °C;
UV-Vis: Apax 400 nm (€ 176 000), 632 (18 000), 694 (29 000); 'H NMR (CDCl3/d-TFA) & 10.06 (s, 2 H),
3.89 (m, 8 H), 3.43 (s, 6 H), 3.26 (s, 6 H), 1.69 (t, 6 H), 1.56 (t, 6 H), 1.48 (s, 9 H); FAB-MS: 550.3 (M"),
493.8 (-Bu").

15-tert-Butyl-3,7,12,18-tetraethyl-2,8,13,17-tetramethyl-5-oxophlorin Radical 7. 15-terz-Butyl-5-
oxophlorin 6 (110 mg, 0.23 mmol) was stirred in CH»Cl, (50 mL) open to air and in the daylight for 45 min;
the solvent was evaporated under vacuum, and the residue was purified by chromatography on an alumina

(‘nlumn elnted with CHA(15 to oive 7 (97 mo. 00%) n 1R0. ]Q’)O(‘ UV-Vis: A A1D (¢ ﬁf\ 7(\n\ 62R (11

i , C1UTE 10 LR 10 give (D Mg, Ve ), MIp 18U-184 VISi Amax 91V (E ), 08 (il

TN AGA (11 NN, 11T NIAMMD 7T /A TEAY. addlstinmn ~F THEA ~saxra o ocmantmime sdantinal ith that ~AF

YU ), UUS (11 UUUJ, TI1 INIVIN (LU 3/d-11'A ), duldilon vl 1rn 54\'5 ad DPCL«LIU 1 Iucriticdar wiill Lildt vl
re -~ kY ety

compound 6; FAB-MS: m/z 550.3 (M").

3,7,12,15,18-Pentaethyl-2,8,13,17-tetramethyl-15-iso-5-oxophlorin 13. Dipyrroketone 3 (150 mg, 0.64
mmol) and 5-ethyldipyrromethane-1,9-dicarboxylic acid 11 (130 mg, 0.61 mmol) were dissolved in TFA (5
mL) under nitrogen in the dark and stirred for 2 h. The reaction mixture was diluted with cold methanol (15
mL) and neutralized with 10% aqueous NH4OH. The purple precipitate was collected, redissolved in CHClp
and washed with water. The solvent was evaporated under vacuum and the residue was purified by filtration
through an alumina plug (eluting with CH,Cl5) to give 12 (138 mg, 43%). Crude oxophlorin 12 was

a ljght TLC monitorine

TLC monitort 1351

a solution of CH»Cl> opened to air and stirred for 45 min in the d

redissolved in

S

(alumina, CH,Cly/cyclohexane, 3/1) showed disappearance of 12 and appearance of a green faster running
band (13) and a slower running blue band (19/20). The solvent was removed under vacuum and the residue
was purified by chromatography on an alumina column using CH,Cl; as the eluent. The first band was
collected to give 13, which was recrystallized from CH,Cly/petroleum ether (75 mg, 54%/12). Mp 190-
192°C; UV-Vis: Amax 408 nm (¢ 59 000), 588 (9400); 1H NMR (CDCl3) 8 12.65 (s, 2 H), 6.91 (s, 2 H), 4.10
(t, 1 H), 2.87 (m, 4 H), 2.66 (m, 4 H), 2.27 (s, 6 H), 2.14 (s, 6 H), 1.97 (m, 2 H), 1.19 (t, 9 H), 0.88 (t, 6 H);
FAB-MS: 522.7 (M*, 20); 493.5 (-Et, 100); Anal. Calcd for C34HgoN4O: C, 78.12; H, 8.10; N, 10.72. Found:
C,77.95; H, 8.20; N, 10.39.

5-Acetoxy-3,7,12,15,18-pentaethyl-2,8,13,17-tetramethylporphyrin 15. Iso-oxophlorin 13 (40 mg, 0.065
mmol) was dicenlved in nvridine (10 mI ) and acetic anhvdride (3 mI ) The reaction mixture was heated at 75
,,,,,,,, vas dissoived 1n pynding (1U ML) and acelic annydaride (2 mi,). 10¢€ reaction muxiure was neated at /o
O far IN min nndar arocan Tha onlyvante Ara rarmiasrad 1mmdas vasiiim o nAd tha o S [N rac miirifiad ey
L 10T <uU min Unaer argon. 1€ sOivenis were rémoved undaer vacuum and ine resiauc was puriiied oy

chromatography first on a silica gel column and then on an alumina thick layer plate, using

CH,Cly/cyciohexane (1:1) as eluent, to yield 25 mg (63%) of the title compound as a red powder. Mp 260-
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LY O TTY Wie. 200 wmenm fo VTN NN AQD 782 NN €20 720 NN &S (29 NN AVA 7219 &N 11T NIAADR
<035 "L, UV-VIS, Amax %Y 0N (E £/U UUU)J, 452 (05 YUV}, JSU (3 UUUJ, I0J (30 WU}, U448 (52 JUVU), "I INIVIR
7o 22l TR U Y2 VWavs B2 ~ T AL = ~ s ~ TEY A4 "o s A TEN -~ -~ A TY - N s £ YA o BN -4 » 2V d TN ~ ONn s - YT\
(CDCl3) 0 10.09 (s, 2 H), 5.12(q, 2 H), 4.08 (q, 4 H), 3.73 (q. 4 3.62 (s, 6 H), 3.58 (s, ), 2.89 (s, 3 H),

6
MH?*); Anal. Calcd for C36H44N4O2*H70:
C, 74.19; H, 7.96; N, 9.61. Found: C, 74.50; H, 7.74; N, 9.35.
Zinc(I1) 3,7,12,15,18-Pentaethyl-2,8,13,17-tetramethyl-15-iso-5-oxophlorin 16. Iso-oxophlorin 14 (30 mg,
0.061 mmol), NaHCO3 (20 mg) and Zn(OAc), (50 mg) were placed in MeOH (10 mL) and CHCI3 (20 mL)
and refluxed for 2 h. The green reaction mixture was washed several times with H»O, dried over Na;SOy, and

the solvent was evaporated. The residue was purified by chromatography on a silica gel column eluting with
CH,Cls. Recrystallization from CH7Cly/cyclohexa

"
JAN 09 § S S L L N N YA

ne afforded the title compound as a purple solid (28 mg

AW CRGSALN AL AWRE BAN RALAW "‘-’“‘r"' Attt ydhttnl wfhadde e i RRAEY

83%). Mp 167-170 °C; UV-Vis: Apax 470 nm (£ 68 000), 522 (6700), 574 (12 500); TH NMR (CDCl3) & 6.75
TIN A 1£ e 1 YT\ ﬂ()t'/_ »IYI'\ EOI.. ATIIN N NVL fomwe YTITVN N £ TIN 1 oNn 7~ (YY\ 1 1L /¢ £ TTIN 1 NL
\a,z.n),qu)\ 1njzo>(q,4n D20 ([, 4 ), £.50 {im, Ll‘l),AlU\b on), 1.6y {8,0nj, 1.10{{, 0 ), 1.0
(t, 3 H), 0.71 (1, 6 H); FAB-MS: 58‘ 2 (M*, 30), 555.2 (-Et, 100); Anal. Calcd for C34H49N40Zn: C, 69.68; H,

6.88; N, 9.56. Found: C, 69.29; H, 6.59; N, 9.83.

Nickel(IT) 3,7,12,15,18-Pentaethyl-2,8,13,17-tetramethyl-15-iso-5-oxophlorin 17. Iso-oxophlorin 13 (20
mg, 0.041 mmol), NaHCO3 (20 mg) and Ni(OAc); (50 mg) were placed in MeOH (10 mL) and CHCI3 (20
mL) and refluxed overnight. The reaction mixture was then washed several times with HyO, dried on
NapSOy4, and the solvent was evaporated. The residue was purified by chromatography on a silica gel column

(CH2Cl; as eluent). The main brown band was collected and the solvent was removed under vacuum to giv
the title nickel comnley ac a nurnle nowder (17 mo 74%) n 121183 °C- IJV-Vig: A 449 nm (e 70 00O
the title nickel complex as a purple powder (17 mg, 74%). Mp 181-183 °C; UV-Vis: Ajpax 449 nm (g 70 000),
SEA QTN IITNMB (CTW T AYNKR L LA 70 DL 2786t 1T ENY D RO AN D A2/~ ALY Y"NK 7fc ALY 1 Q0 (¢
JUA AT /UU), i INVIR (L1330 0.04 (8, £ 11}, 2./0 (L, L 11), 297 (111, 0 11, £.45((, &4 11), 2.U0 3, O 11), 1.00 5,
6 H), 1.09 (m, 9 H), 0.82 (m, 6 H); FAB-MS: 578.3 (M", 100), 549.3 (82, -Et).
10,10°-Bis(3,7,12,15,18-pentaethyl-2,8,13,17-tetramethyl-10-iso-5-oxophiorin) 18/19. The experimental

procedure followed as for compound 13. The second blue band was collected to give 18/19, which was
recrystallized from CH,Cly/petroleum ether (40 mg, 29%/12). Mp 190-192 °C; UV-Vis: Apax 412 nm (€ 71
500), 602 (24 500). 'H NMR (CDCl3) (main regioisomer) 8 12.97 (s, 2 H), 12.64 (s, 2 H), 6.64 (s, 2 H), 5.40
(s, 2H), 3.75 (t,4 H), 2.59 (m, 8 H), 2.43 (m, 8 H), 2.06 (s, 12 H), 1.88 (s, 12 H), 1.09 (m, 12 H}), 0.82 (m, 18
H); FAB-MS: 1043.7 (M"); Anal. Calcd for CsgHgyNgO7°1.5H,0: C, 76.30; H, 8.00; N, 10.47. Found: C,
76.50; H, 7.75; N, 10.26.

10 10° . Ric(27 12 18 _tatraacthyl.? € 12 17 tatramathyl. .18 nhanvl. 10 icn. B avanhlarinl 27/92 The
L\I,L\I ulﬂ\J,I,LH,lU“r\'I’l ““vll_’l H’U,JJ,LI LR alllblll]l Rt PIILIIJI-AU IV W UAUPIIIUI lll} et Bt} dt 0T 41
Alcciimmnl e . D AN = QR L U R -Gy FRpRRS [ IR S SRR [ e W [, MU, bR I, 71 S Oy ¥~ 1 122
Ulpy TOKCLUILIC O (4UV ug, 2 1) aid J-pm:nylmp TTOMmCeLNaic-1,7-UlCdI DUAYIIU dCld LU {(0L0 llg, 1.20

1.33 1

mimnol) were dissolved in TFA (5 mL) under nitrogen in the dark and stirred for 2 h. The reaction mixture was
diluted with cold methanol (15 mL) and neutralized with 10% aqueous NH4OH. The purple precipitate was
collected, redissolved in CH;Clj and washed with water. The organic phase opened to air was stirred in the
daylight for 4 h. The solvent was evaporated under vacuum, and the residue was purified by chromatography
on an alumina column eluted with CHCly. The first blue band was collected to give 22/23, which was
recrystallized from CH»Cly/hexane (500 mg, 66%). Mp > 300 °C; UV-Vis: Apax 414 nm (e 56 000), 630 (25
500), 660 (24 000); 1H NMR (CDCl3) (both regioisomers) 8 13.49 (s, 1 H), 13.31 (s, 2 H), 13.26 (s, 1 H), 7.45
(m, 10 H), 6.67 (s, 1 H), 6.68 (s, | H), 5.38 (s, 1 H), 5.35 (s, 1 H), 2.88 (m, 8 H), 2.56 (m, 8 H), 2.24 (s, 6 H)

1y AN 2R, YU i AR/ V.U i AR)y eV Ty IR), LI Oy 4 K1), L.00 (121, O TR, L. (411, O 2% (S 8 Y 2

2.21 (q 6H),188 (@ 6 H), 1.59 (s, 6 H), 1.49-0.76 (m, 24 H); FAB-MS: 11394(M+) 5702(M2*) Anal.

LIT =
I

01 AALNT I PO =P o
Y.o1, 11, 7.4 IN, ¥./70. Founda: «,

._
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3,7,12,18-Tetraethyl-2,8,13 1‘7-“tetramethyl-1S-pentaﬂuorophenyl-s-oxophlorin 25. Dipyrroketone 3 (160
mg, 0.533 mmol) and 5-pentafinorophenyldipyrromethane-i,9-dicarboxylic acid 24 (250 mg 0.516 mmol)
were dissolved in TFA (5 mL) under nitrogen in the dark and stirred for 2 h. The reaction mixture was diluted
with cold methanol (15 mL) and then ncutralized with 10% aqueous NH4OH. The precipitate was collected,
redissolved in CH7Cl, and washed with water. The solvent was evaporated under vacuum, and the residue was
purified by chromatography on an alumina column (eluted with CH;Cl3). The blue-violet band was collected.
Recrystallization from CHClay/cyclohexane afforded the title compound (200 mg, 57%). Mp 135-138 °C; UV-
Vis: Amax 404 nm (e 140 000), 586 (17 500), 634 (24 000), 720 (7900); 'H NMR (CDCl3) §8.12 (s, 2 H), 3.51

(q,4 H),3.22 (q,4 H), 2.73 (s, 6 H), 1.99 (s, 6 H), 1.49 (t, 6 H), 1.40 (t, 6 H), NH not observed; FAB-MS:

g ]

660.3 (M*); Anal. Calcd for C3gH37FsN4O: C, 69.08; H, 5.64; N, 8.48. Found: C, 68.81; H, 5.49; N, 8.45.

10 109 D 277 19 10 ‘,4_1_\._41.-.1 2013217 tetramet VST I VRSP . [T Ao BN 71 JE-POy Sy Toaiey VLYY
IUL IV =DIMO,y /31 L, 10~CLTACLIIY 17 4,0,1 3,1 / =LELIAIIICL llyl'la pCllldlluUl Upllcll_yl lv-lbU'D‘UKUpluUl ul; LUIAI

i5-Pentafiuorophenyi-5-oxophiorin 25 (40 mg, 0.062 mmol) was dissolved in THF (20 mL) and treated with
K3Fe(CN)g (100 mg, 0.31 mmol). After stirring for 20 min, the solvent was evaporated under vacuum, and
the residue was purified by chromatography on an alumina column using CH»Cl; as eluent. Recrystallization
from CH,Clp/hexane afforded 26/27 (34 mg, 86%). Mp > 300 °C; UV-Vis: Apax 369 nm (g 62 000), 414 (71
000), 632 (21 500); 'H NMR (CDCls) & 13.38 (s, 2 H), 13.36 (s, 2 H), 6.89 (s, 2 H), 5.24 (s, 2 H), 2.59 (m, 16
H), 1.69 (s, 6 H), 1.55 (s, 6 H), 1.36 (s, 6 H), 1.23 (s, 6 H), 1.11 (m, 24 H); FAB-MS: 1319.5 (M"), 659.3
(M2%); Anal. Caled for C7H72F1gNg05: C, 69.18; H, 5.50; N, 8.49. Found: C, 69.06; H, 5.62; N, 8.29.

& A

10.10°.10” 10”’-R|cfl A di-lﬂ-('l 712 lR-tn‘ sthvl.2 8 13 .17-tetramethvi-10-iso-S-oxonhlori “\b_n'l nel

ATV9AY 92 AFMS| &y AT Ty s g R g RN TRARY AVl Py XSy A 7 TV VR GRRAaT ARy 2T A TRORS prRRaR 2o

30. Compound 28 (250 mg, 0.468 mmol) and dipyrroketone 3 (280 mg, 0.933 mmol) were dissolved in TFA
(6 mL) under nitrogen in the dark and stirred for 2 h. The reaction mixture was diluted with CHCl; and
neutralized with 10% aqueous NH4OH. The organic phase was washed with water and evaporated under
vacuum. The residue was purified by filtration through a silica gel plug (CH2Cl,/2% MeOH as eluent, crude
29, 200 mg, 40%). The product was redissolved in a solution of CH,Cl; opened to air and stirred for 4 h in the
daylight. The solvent was evaporated under vacuum and the residue was purified by chromatography on a
silica gel column (eluted with CH;Clp/MeOH). Recrystallization from CHpCly/hexane gave 30 (185 mg,

93%/29). Mp > 300 °C; UV-Vis: Apax 378 nm (g 134 000), 654 (53 000); "H NMR (CDC]3) 813.20 (s, 4 H),

12.85 (s, 4 H), 7.53 (s, 4 H), 7.25 (s, 4 H), 6.8 (s, 4 H), 5.39 (s, 4 H), 2.91 (m, 8 H), 2.78 (m, 8 H), 2.62 (m, 8
HY 246 1(m 4HY 220¢(¢ 17HY 218 (m 4H)Y 1AA(c¢ 17HY 180(¢ 17H)Y 141 (¢ 12HY 1223 (m 36 H
LhJy LT \J1ly F L1 jy) dada7 \Oy Lo XRJy &0l \Jlhy T LX)y LJU Dy L& 10Jy Lol 7 \Oy dde K1)y 171 \5y 24 LhJ, Lo&d \Ukly IV L1,
NTT 7 1D I TIAD MMC. 2121 & /AAEY 1NLN T (RADF Al M_1.1 £ M SIXT L NT M M 7L AT, IT 7T &1 AT
U./7 (4, 12 N}, FAD-IMID: 2121.0 (iv1'), 1U0U.7 (Ivi<7); Anai. Laica 1or CiqonisaiN1eUg: L, 7/6.47; 0, /.01, N,
10.10. Found: C, 76.44; H, 7.36; N, 9.90.

10,10°,10°°,10°’-Bis[1-(15-{3,7,12,18-tetraethyl-2,8,13,17-tetramethyl-10-iso-20-methoxy-5-oxophlorin})-
4-(15-(2,8,13,17-tetramethyl-3,7,12,18-tetraethyl-10’-iso-5-oxophlorin})benzene] 31. The synthetic method
was identical to that for preparation of compound 30, except that methanol (20 mL), CH>Cl, (100 mL) and p-
toluenesulfonic acid (500 mg) replaced TFA. Mp > 300°C; UV-Vis: Apax 380 nm (g 128 000), 664 (50 000);
FAB-MS: 2181.1 (M*); Anal. Calcd. for C142H156N1606: C, 77.49; H, 7.24; N, 10.18. Found: C, 77.34; H,
7.10; N, 10.36.

10.10°,10”,10°”°-Ris[1 _3-di-15-(3,7,12 18-tetraethyl-2.8.13.17-tetramethyl-10-iso-5-oxophlorin)benzene]
33 Big-d{nvrrnmn! ana T2 7NN mao N RAD? mmal) and dinvrrakeatane T 7337 mo 1 12 mmoal) were dicenlved
A ltl LIVJLILINULIEQULEING o/ ded \JVU 1115, AV RN p llllll\.lll (2984 V Y ult})ll\ll\\/k\lll\f - \.}J i 1116, Aol RILIVI] Wi WMISOVLIT VW
i TEA /& .1 . an dam ala o aa mam ol b3 assan A £ Y L M. .. v nbiaae aas #rrmm vvrac Ailiiead seriehh LT M1 naa 3
M 1rAoi1 dall U blllICU IO £ 11, 111C ICACLIVIL HHALULC wWad UiiuiCl WILL L Iriowi) alia

[ PRy M Jn .
ILL) UIJCT dl gOI1 111 Ll aarg
O

neutralized with 10% NH4OH. The

(=%

rganic phase was washed with water and evaporated under vacuum. The
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PR - f' e PP, e mal el L .._..,1 ............. L .. Jh SOV l’) n me ENCL 1A\ cxino
1 DIUUC was 1 1CQ nruugn as lbﬂ gcl piug. 11ce crud UC EICCII VAUPINULIL ULLICE (O 1V 11y, JL70/3) wad
redissoived in ""2L12 and stirred for 4 h open to air and in the daylight. The soivent was evaporated under

vacuum and the residue was purified by chromatography on an alumina column (eluted with CH,Cl3).
Tetramer 33 was recrystallized from CHCly/cyclohexane (164 mg, 28%/3). Mp > 300 °C; UV-Vis: Amax 399
nm (¢ 153 000), 645 (60 000); FAB-MS: 2123.3 (MH"), 1062.2 (MH;2"); Anal. Calcd for
Ci40H152N 1604°H20: C, 78.54; H, 7.25; N, 10.47. Found: C, 78.20; H, 7.33; N, 10.18.
1-(13,17-Diethyl-2,3,7,8,12,18-hexamethylporphyrin-5-yl)-4-(1,9-diethoxycarbonyl-3,7-dimethyl-2,8-
diethyldipyrromethane-5-yl)benzene 36. Bis-dipyrromethane 34 (641 mg, 0.87 mmol) and 1,9-
dlfnrmvldlnvrrnm thane 35 (290 mg, 1.10 mmol) were dissolved in CH2Cls (400 mL). p-Toluenesulfonic

Rt R R N A 591418 L i 4 ) 1::1230057 W A2 2 YA ST Vi LAYAVIEP I3 3 N U F A Y R LTI SRS A

acid (1.2 g, 6.97 mmol), dissolved in methanol (25 mL), was added under nitrogen and the mixture was stirred

l UC le.fK. OVlegﬂI p- \,mor‘mu (135 mg, 1.2 mmou was added and me redc,uon IIlleUfe was b[lITGU lOI' 4 h.
The organic phase was washed several times with saturated aqueous NaHCO3 and evaporated under vacuum.
The residue was purified by chromatography on an alumina column (eluted with CH,Cly). The title
compound was recrystallized from CH;Cly/hexane (300 mg, 35%). Mp 285-289 °C; UV-Vis: Apax 402 nm (g
245 000), 502 (43 000), 532 (36 000), 570 (32 000), 622 (26 000). 'H NMR (CDCl3) & 10.29 (s, 2 H), 9.95 (s,
1 H), 8.49 (s, 2 H), 8.19 (d, 2 H), 8.01 (d, 2 H) , 5.89 (s, | H), 4.46 (g, 4 H), 4.23 (q, 4 H), 3.64 (s, 6 H), 3.52
(s, 6 H), 2.87 (q, 4 H), 2.51 (s, 6 H), 2.09 (s, 6 H), 1.89 (t, 6 H), 1.48 (t, 6 H), 1.37 (t 6 H), -3.27 (br s, 1 H),
H); FAB-MS: 898.3 (MH"); Anal. Caled for C57HggNgO4: C, 76.14; H, 7.40; N, 9.75. Found: C,

45 (brs, 11 \B
"'J VAV o
76.20: H.7.39:- N. 94
. Yy ARy . TTy LNy T T
1-(13.17-Diethvl-2.3.7.8.12.18-hexamethvlporohvri 8] dhimethvidivviromethane-5
A7 RTY L/ =LIICU1 Y 1%Ly Oy [ 4Oy 1 Ly LO=1ICXAHICLIIY IO DI Y T ll'J‘yl}"i'[é,O'u Iyl'J,I “UulneuIyiuipyi meéunane-o5-

yhbenzene 37. Compound 36 (270 mg, 0.31 mmol) was suspended in ethylene glycol (30 mL) containing
NaOH (1 g). The mixture was heated at 190 °C under argon for 2 h, then allowed to cool to room temperature.
The resulting solid was collected, washed with water and dried to give the title product (230 mg, 91%). Mp
290-293 °C. UV-Vis: Apax 402 nm (€ 245 000), 502 (44 000), 534 (34 000), 570 (33 000), 624 (26 000); 'H
NMR (CDCI3) 6 10.29 (s, 2 H), 10.01 (s, 1 H), 8.05 (d, 2 H), 7.59 (s, 2 H), 7.49 (d, 2 H), 6.59 (s, 2 H), 5.87 (s,
1 H), 4.13 (q, 4 H), 3.61 (s, 6 H), 3.36 (s, 6 H), 2.71 (q,4H),244(s 6 H), 1.95 (s, 6 H), 1.21 (m, 12 H), -3.23
(br s, 2 H); FAB-MS: 754.4 (MH"); Anal. Calcd for C51HsgNg*3H,0: C, 75.71; H, 7.97; N, 10.39. Found: C,
75.83; H, 7.37; N, 10.42.

N 1IN Pic T1E 17 12117 _Aiathel ) 272 19 12 _ havoamathuylnarnhyrin & _gyllnhangyl ) 1€ _Aiathyl

AVyAU “IOII~| AJ "W ATy L {1 "UICUNY 1= LTy / §Oy Ly LONICAGIIICUR Y IPUT PILY T RE=D=Y 1 fFIICEL Y R J= bty RO=URC IR Y 2™

20 19 173 1 L _aL_.1 10N :__ & __.__Li__*_17 20 M1 A AN . N N"T JU | -
I3/ 30414y 10,1 /-ICXAMCLNY1-1VU-IS0-O-0X0PpNIOrINj] S50. vompouna J5/7 (£UVU 1y, VU.Z/

dipyrroketone 3 (105 mg, 0.35 mmol) were dissolved in TFA (8 ml) under nitrogen in the dark and stirred
overnight. The reaction mixture was diluted with CH,Cl; and washed several times with saturated aqueous
NaHCO3. The organic phase was separated and dried over sodium sulfate. The product was then stirred in a
solution of CH,Cl; opened to air for 4 h in the daylight. The solvent was evaporated under vacuum and the
residue was purified by chromatography on alumina, eluting with CH7Cl;. The main brown-reddish band was
collected; the solvent was evaporated under vacuum and the residue was recrystallized from CH;Cly/hexane to
give 210 mg of the title compound (39%). Mp > 300 °C. UV-Vis: Aqax 404 nm (€ 243 000), 502 (42 000),

1c \J 18

534 (33 000), 572 (32 000), 624 (25 000). FAB-MS: 2036.8 (M
C136H146N16O
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dimethylpyrrole-2-carboxylate 40 (300 mg, 1.8 mmol) and p-toluenesulfonic acid (100 mg) were dissolved in
toluene (50 mL) and the solution was refluxed for 2 h. After cooling to room temperature the reaction mixture
was diluted with CH,Cl» (200 mL) and washed with water and saturated agueous NaHCO3. The solvents
were evaporated under vacuum and the residue was purified by chromatography on silica gel column (eluted
with CH,Cly). The red fraction was collected, evaporated under vacuum and recrystallized from
CH;Cl/methanol to give the title compound as red crystals (613 mg, 82%). Mp > 300 °C; UV-Vis: Ayax 419
nm (€ 200 000), 515 (16 000), 550 (12 000 ), 590 (10 000), 646 (9000); IH NMR (CDCl1) 8 8.85 (s, 8 H), 8.13
-7.75 (m, 21 H), 5.82 (s, | H), 4.36 (g, 4 H), 2.48 (s, 6 H), 2.02 (s, 6 H), 1.62 (t, 6 H), -2.80 (br, 2 H); FAB-

NAC « QRO N /AALTH . Awal MA1AA Pn.. QP & 4 7110 0. I & £7. N Q TE Tarnmdc M 7Q A0 11 € QA- N
WYha o 707.U 1VlLl ), Miliadl. wdlvd 1ut \.0511341VOU4 “, /10.07, k1, J. U/, 1IN, UL UL Vo JOYLy 11y J.OU, LY,

1-(10,15,20-Triphenylporphyrin-5-yl)-4-(2,3,7,8-tetramethyldipyrromethan-5-yi)benzene 42. Diethyl
ester 41 (250 mg, 0.26 mmol) was suspended in ethylene glycol (25 mL) containing NaOH (1 g). The mixture
was heated at 190 °C under argon for 2 h, then allowed to cool to room temperature. The resulting solid was
filtered, washed with water, and dried to give the title product (190 mg, 89%). Mp > 300 °C; UV-Vis: Anax
419 nm (e 202 000), 516 (18 700), 549 (14 400), 592 (11 600), 647 (8800). lH NMR (CDCl3) 6 8.88 (s, 8 H),

8.12-7.62 (m,21 H), 6,42 (s, 2H), 5.77 (s, | H), 2.03 (s, 6 H), 1.99 (5, 6 H), -2.76 (br, 2 H); Anal, Calcd for
(‘EHUAI J.- (" QA 0N- T § A0 N 102 Fannd- 0 QAN £ A1-N 1N 1A

OTIE461NG o, OV, XL, JUT, I, 1VLT 1. T UUIUL U, 00,0V, 11, J.UL, iy, 1U.1U.

i 10 D2 A= 71_. /1N 129N 4_s__ L ___.¥____ ___L___*_ = IN_L___.11 %10 32 4L _..1 72~ O 15 123 1™ L .. 4L

AU 1V =DId-{ 10"~ =1y, 10, LU'll'lpllC lyl UL pllyll I'Q'yljpllcllylj'L,lO'ulclllyl'J,I,D,l‘,l.’, / llclulllclllyl'l\!'

iso-5-oxophlorin) 43. Porphyrinyl-dipyrromethane 42 (100 mg, 0.12 mmol) and dipyrroketone 3 (40 mg, 0.13
mmol) were dissolved in TFA (20 mL) under nitrogen in the dark and stirred for | h. The reaction mixture
was diluted with CH,Cl; and washed several times with aqueous NH4OH. The organic phase was separated,
stirred for 4 h at room temperature, then dried over sodium sulfate. Solvents were removed under vacuum and
the residue was purified by chromatography on an alumina column (CH;Clj as eluent). Compound 43 was
recrystallized from CH,Cly/hexane (63 mg, 48%). Mp > 300 °C; UV-Vis: Amax 372 nm (g 124 000), 419

ol

(388 000), 517 (53 000), 550 (35 000) R 500). 651 (50 000): 'H NMR ¢ ,Dr‘ 3) 8 13.58, 13.52, 13.21,

), 517 (53 000 ), 550 (35 000), 8 500), 651 (50 000); 'H NMR (CDCl3) , , 1
12 1Q fonrh har AIINN QOO e « 14 LIV Q NQ T LY fen 2QTLIN £O0) 7o TLHIN £ 2INA DIHIY D8N M Q@ TIN D IN
15.16 (C4aCii O 8, 4 nj, 0.67 (DI §, 10 11), 0.0 - /.01 \ill, 50 11}, U.7& {5, < 11}, J.5U Q, £ 11}, £.0U {Ill, 6 11, £.4V,
2.18, 2.16, 2.02, 1.90, 1.78, 1.70, 1.63 (each s, totai 36 H), i.i9 (i, i2 H), -2.72 (br s, 2 H), -3.02 (br s, 2 H);
FAB-MS: 2157 (MH*), 1078 (MH2*); Anal. Calcd for C14gH12oN1602: C, 82.42; H, 5.70; N, 10.39. Found

C, 81.99; H, 5.53; N, 10,18
1-[(2,3,17,18-Tetraethyl-7,8,12,13-tetramethyl)-a,c-biladien-10-yl}-4-(1,9-diethoxycarbonyl-2,3,7,8-
tetramethyldipyrromethan-5-yl)benzene Dihydrobromide 46. Bis-dipyrromethane 44 (500 mg, 0.703
mmol) was dissolved in TFA (20 mL) and stirred for 5 min. 2-Formyl-3,4- dlethvlpvrrolc 45 (215 mg, 1.42

¥ n acetic ac mL Afte nwice additi athyl ethar ( the a c-hiladiene calt 46

iveL PYYAOU QUi LR R T U2 Alldufy MUAV OyvTuULIGLICLIL SGar v
meaniemitntad oo o wad Eeaor vecprdar (AN saa v T2 07N A =~ AINN O TIWU i, 2 AR e~ (o 128 NN SN
precipiialcl as a i u—gl {21} pUWU 1 (V44U 1L 15, 12 70) LVll) P LV IV W U V¥-VIS. Avmax 420 1L 139 \AWWJ ), LU
(74 G00). Anal. Calcd for CseH70BrpNgOg4: C, 64.00; H, 6.71; N, 8.00. Found: C, 64.12; H, 6.45; N, 8.11.

1-[(2,3,17,18-Tetraethyl-7,8,12,13-tetramethyl)-corrol-10-yl]-4-(1,9-di-ethoxycarbonyl-2,3,7 8-
tetramethyldipyrromethan-5-yl)benzene 47. a,c-Biladiene 46 (500 mg, 0.49 mmol) was dissolved in MeOH
saturated with NaHCO3. p-Chloranil (500 mg, 2.0 mmol) was added. The solution was stirred for 5 min at
room temperature and then 15% N>oHg4 in water (2 mL) was added. The solvent was evaporated under vacuum

and residue was purified by chromatography on an alumina column (CH»Cl; as eluent). The red-green band
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wag rallantad tA giva tha titla nnreala whisnh wae ranesuctallizad fram (HoaCla/havana (224 moa S9.)Y Mn -
Wad VULITLICU LU BIVO LU LILIC LULTUIC WIHILH Wdd 1CLL ystalllZlud iUt Rl LM HUIVAGHY \ &1 Llg, JI /U VAP
aINN O TTL7 X7 A At fe 111 AN A17 710 AN EAZ 7791 ANNY EN0Q /A0 ANy 11T AT AD sy §
300 °C; UV-Vis! Apax 401 nm (e 111 000), 413 (107 000), 546 (31 00U), 395 (258 UUU). ‘1 NMR (CDLI3) O
9.40 (s, 2 H), 8.44 (s, 2 H), 7.96 (d, 2 H), 7.40 (d, ), 5.82 (s, 1 H), 4.37 (g, 4 H), 4.00 (q, 4 H), 3.87 (q, 4

H), 3.32 (s, 6 H), 2.38 (s, 6 H), 2.37 (s, 6 H), 1.99 (5, 6 H), 1.76 (m, 12 H), 1.41 (t, 6 H), -2.60 (br, 3 H); FAB-
MS : 887 M"); Anal. Calcd for Cs6HeeNgO4: C, 75.82; H, 7.50; N, 9.47. Found: C, 75.42; H, 7.86; N, 9.29.
1-[(2,3,17,18-Tetraethyl-7,8,12,13-tetramethyl)-corrol-10-yl}-4-(2,3,7,8-tetramethyldipyrromethan-5-
yDbenzene 48. Compound 47 (120 mg, 0.14 mmol) was suspended in ethylene glycol (25 mL) containing
NaOH (1 g). The mixture was heated at 190 °C under argon for 2 h, then allowed to cool to room temperature.
The resulting solid was filtered, washed with H,Q, and dried to give the title product (91 mg, 90%). Mp 245-

248 °C (dec.); UV-Vis: Anax 403 nm € 106 000), 413 (105 0
(

el n7al PAY W) 2 /- YIIN QO AL /- Y LIN T O1 /A ﬁl'l'\ T2 71 LI Al DI &§QN /- 1T LIV A 1D 7~ A LIN
(LCI3) 0505 (8, 2 1), 0.45 (8, 2 1), /.91 (4, 2 nj, /.52 (q, 2 n), 48,2 m}, 25U (8, 1 N}, 4.12 {4, 4 1,
3.86 (q, 4 H), 3.31 (s, 6 H), 2.38 (s, 6 H), 2.34 (s, 6 H), 1.96 (s, ) 1.76 (m, 12 H), -2.81 (br, 3 H); Anal

Calcd for CsgHsgNg: C, 80.82; H, 7.87; N, 11.31. Found: C, 80.80; H, 7.61; N, 11.56.
10,10’-Bis-(15-[p-{2,3,17,18-tetraethyl-7,8,12,13-tetramethylcorrol-10-yl}phenyl]-2,18-diethyl-
3,7,8,12,13,17-hexamethyl-10-iso-5-oxophlorin) 49. Corrolyl-dipyrromethane 48 (130 mg, 0.126 mmol) and
dipyrroketone 3 (55 mg, 0.183 mmol) were dissolved in CH,Clz (50 mL) and p-toluenesulfonic acid (100 mg,
0.581 mmol) was added under nitrogen in the dark. The reaction was diluted with CH;Cl; and washed several
times with saturated agueous NaHCO3 and stirred for 1 h. The solvent was evaporated under vacuum and the

residue purified by chromatography on an alumina column (eluting with CH»Cl,). Compound 49 was
T‘CC{'"S{aﬂiZ\"id fram (CHalClafhavana (AD mo 210) NMn ~ ’1(\[\ ot. TIV._.Vig: 2 266 nm (e 82 DD AA4Q (A1

AX\VJRLE \./ILZ\/AZI 1IvAQlLly \"‘L Lllé, -7 4 IU] iV LP FaEReAvViv) vy wy Y 1D, lmax JUV LI \C JL VUV, TS T
000), 626 (20 000); 'H NMR (300 MHz, CDCl3) & 13.10 (br d, 2H), 12.82 (br d, 2 H), 9.45 (s, 4 H), 8.00, 7.56

(d, 8 H), 6.94 (s, 2 H), 5.61 (d, 2 H), 4.00 (q, 8 H), 3.96 (q, 8 H), 3.51 (s, 12 H), 3.04 (s, 12 H), 2.62 (q, 8 H),
2.25 (s, 12 H), 2.21 (s, 12 H), 2.00 (s, 12 H), 1.80 (t, 36 H), -2.53 (br, 6 H); FAB-MS: 2012 (MH"); Anal.
Calcd for Cy34H 146N 1602: C, 79.96; H, 7.31; N, 11.13. Found: C, 80.43; H, 7.14; N, 10.66.
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