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In the present paper, we report the synthesis of free 5- and 10-monophenylcorroles, 4 and 3 respectively
as well as the first example of molecular oxygen oxidation of the corrole macrocycle identified as an open
chain tetrapyrrole (biliverdin) structure 7. Reaction of 1 and 2 in acetic acid leads to a mixture of two a,c-bil-
adienes 3b and 4b and therefore to a mixture of two corrole isomers 3 and 4. Reaction of 1 and 2 in tri-
fluoroacetic acid leads only to the symmetrical corrole isomer 3 in 41% yield.
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Introduction.

Recently, macrocyclic tetrapyrrole systems have gained
considerable interest as they play an important role in var-
ious biological processes. Included among those com-
pounds are the metal complexes of corroles, corrins and
porphyrins, these ring systems being present in many nat-
ural products and synthetic derivatives [1,2]. Corroles can
be considered as an intermediate between corrins and por-
phyrins as they present a direct link between two pyrroles
and retain an 18 mw-electron aromatic system [3,4].
Synthesis of these fundamental tetrapyrrole ring systems
have attracted increasing interest during the last twenty
years [3-9]. Indeed, novel macrocycles possessing the
corrole nucleus present a particular challenge since the
chemistry of corrole is far from developed.

In view of recent increasing attention to corroles, we
wish to report the synthesis of free monophenyl-substi-
tuted corroles obtained by an isomerization reaction and
the first example of molecular oxygen oxidation of the
corrole macrocycle into an open chain tetrapyrrole struc-
ture, i.e. a biliverdin structure.

Results and Discussion.

Despite the absence of a C-20 meso carbon bridge, cor-
roles are really attractive macrocycles as they possess a
corrin like skeleton with double bonds involving por-
phyrin-like conjugation [3]. Johnson et al. showed in
1964 that oxidative intramolecular coupling of an a,c-bila-
diene led to the corresponding corrole macroring in yields
higher than 60% [10]. Until the present, a,c-biladienes are
the most important open-chain tetrapyrroles used in mod-
ern porphyrin and corrole syntheses and many methods
have been developed since 1961 for their synthesis [11-15].
Condensation of a dipyrromethane-$,5'-dicarboxylic acid
with an appropriately substituted 2-formylpyrrole pro-
vides high yields of the required a,c-biladienes. They are
usually obtained in solution as a red dihydrobromide salt
and thus it appears to be one of the best known methods

to date. Interestingly, the chemistry of 1,19-dibromo-a,c-
biladienes has been further extended by Smith ez al. in
1994 [7]. They observed that an a,c-biladiene can be
transformed into either or both corroles and biliverdins,
under appropriate conditions. By refluxing the a,c-biladi-
ene in acidic (para-toluenesulfonic acid) dimethyl sulfox-
ide, the corresponding biliverdin can be formed in yields
as high as 70%. By refluxing in methanol, the correspond-
ing corrole is formed in yields averaging 26% [7]. As the
methods for the synthesis of a,c-biladienes and corroles
steadily progresses [4,7,9], different functional groups
have been appended to corroles. While not meant to be
comprehensive, a few examples are instructive. Licoccia
et al. have described the synthesis of cobalt(III) com-
plexes of meso-phenyl-substituted corroles [S] and have
also shown that even in the presence of steric groups at
the periphery of the corrole macrocycle, a planar structure
is finally obtained. Recently, Smith et al. have reported
the first formylcorroles [6]. They have described the syn-
thesis of biscorrole derivatives also [8]. Our group is also
involved in the synthesis of free monoaryl-substituted
corroles because the investigation of such a class of com-
pounds might lead us to determine how variations in sym-
metry and the degree of conjugation affect the reactivity
and the stability of tetrapyrroles. In order to prepare 3, the
proper precursor 3b was first synthesized by dissolving
5,5'-dicarboxy-4.4'-diethyl-3,3'-dimethyldipyrryltoluene 1
with two equivalents of 3,4-diethyl-2-formylpyrrole 2 in
acetic acid, followed by dropwise addition of 33% hydro-
bromic acid in the same solvent. The mixture was stirred
at room temperature for two hours and the reaction moni-
tored by spectrophotometry to determine complete con-
version of the starting material to biladiene. Surprisingly,
removing of the solvent in vacuo yielded a mixture of iso-
meric a,c-biladienes 3b and 4b. This reaction was further
studied to find the origin of the isomerization step.
Therefore, no attempts were made in order to separate the
mixture of these two a,c-biladienes which were used in
the following cyclization step.
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3:R;,Rg=Me; Ry, R3, Ry, R5,Rg, R7=Et; Rg=Ph; Ryo=H
4: R, R7=Me; Ry, Rz, R3, Ry, Rs, Rg=Et; Rg=H; Ryg=Ph
s Rl.Rz,R7, R8=Me;R;,R4,R5,R6=Et;R9=H1;Rw=H

The mixture of 3b and 4b was dissolved in methanol
saturated with sodium hydrogencarbonate and stirred for
5 minutes at room temperature. Addition of p-chloranil
followed by addition of 50% hydrazine in water led, after
removing the solvent, to a crude mixture of 3 and 4 in
34% yield (Scheme 1). Final purification was accom-
plished by means of preparative scale thin layer chro-
matography on glass plates. The less polar band (blue
when protonated) was shown to correspond to the asym-
metrical corrole 4 and the most polar band (green when
protonated) corresponded to the symmetrical corrole 3.
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The 'H nmr spectra of the 5- and 10-phenyl derivatives
were easily identified by the number and the integration
of the meso methylene bridge (Figure 1). The assignment
of the resonances was made on the basis of symmetry
properties. Only one signal (2H) due to the meso hydro-
gens was present in the 1H nmr spectrum of the symmetri-
cal 10-phenyl derivative 3 whereas two signals (each 1H)
were observed in the low field region of the spectrum of
4. The isomer which shows two signals (each 3H) due to
the methyl groups has been identified as being 4. The 'H
nmr spectrum for the second isomer indicated that the
methyl groups were equivalent (one signal, 6H), these
data were in good agreement with the structure 3. It has to
be noted that some similar isomerization reactions have
been recently described by Paolesse et al. [16] and by
Smith et al. [8]. In one case, separation of the two isomers
isolated as Co(IHI) complexes has been accomplished by
careful fractional crystallization from n-pentane at -30°
but no further investigation was done [16].

To obtain a better understanding of such intriguing iso-
merization, we decided to carry out the same reaction
with a prior in situ decarboxylation of the tetraalkyldipyr-
romethane-3,5'-dicarboxylic acid 1 before addition of the
dialkyl-2-formylpyrrole 2. Only the required a,c-biladiene
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Figure 1.

salt 3b was observed and isolated as a green solid.
Oxidative cyclization was then carried out and this later
led only to the symmetrical corrole 3 in 41% yield
(Scheme 1). Similarly, only compound 5b was obtained
when 6 with 2 were allowed to react, and then in the next
cyclization step, corrole 5§ was isolated in 37% yield. It

appears that the electron-withdrawing character of the
meso-phenyl substituent slows down the decarboxylation
reaction rate by making the a-pyrrolecarboxylic position
less reactive to proton attack. A possible pathway leading
to the formation of the two isomers 3 and 4 is shown in
Scheme 2. Indeed, the condensation reaction can proceed
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Scheme 2
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via the two tripyrryl-like intermediates 3a and 4a. Two
possible isomeric forms can further react with mono-
formylpyrrole 2 yielding first, two different substituted-
a,c-biladienes 3b and 4b followed by a mixture of the two
corrole isomers 3 and 4.

Compounds 3, 4 and 5 were found to be air-sensitive
when left in solution. In order to identify the decomposi-
tion products, 'H nmr studies were carried out on com-
pound 5 as this later presents a TH nmr spectrum easier to
assign in the methyl and ethyl regions than compounds 3
or 4. In the presence of air and light, 5§ in solution slowly
transformed over a few hours into a more polar compound
7 and a large amount of base-line material as well as less
polar materials. The mass spectra of 7 reveals a molecular
peak at m/z = 574 corresponding to the parent peak of §
plus 32. This can be explained by the gain of two oxygen
atoms in the molecule. The nmr and ir studies revealed
that the isolated product from the degradation reaction of
5 is a ring-opened compound possessing two amide func-
tions. The 'H nmr spectrum of 7 shows that the NH reso-
nance has moved considerably downfield when compared
to the spectrum of 5. The shielding of the CH bridges
linking the pyrrole rings observed at around 6 ppm for 7
has also to be noted since these resonances appear around
10 ppm in the case of the corrole macrocycle. This is con-
sistent with the loss of the macrocyclic aromaticity and
the presence of an open-chain tetrapyrrole derivative. This
hypothesis was further confirmed by an ir spectroscopic
study. Indeed, the ir spectra of 7 shows a characteristic
absorption band at 1660 cm-! (strong) owing to the pres-
ence of two amide functions.

A possible mechanism of this oxidation reaction would
proceed via the cleavage of the pyrrole-pyrrole bond after
the attack of dioxygen as proposed in Scheme 3. It is
interesting to note that in the case of meso-unsubstituted
corrole, and to the best of our knowledge, a similar degra-
dation reaction has never been reported. In contrast, such
oxidative cleavage is usually observed in heme series
[17,18]. Indeed, heme compounds are particularly sensi-
tive to oxidative attack at the meso positions leading to
the rupture or elimination of the carbon bridge. This
results in the cleavage of the porphyrin macrocycle and
the formation of an open chain tetrapyrrole (bilin) struc-
ture. Moreover, Hanack et al. have shown very recently
that photolysis of the silicium complex of the substituted
o, B, y-triazabenzcorrole results in an open chain triazate-
trapyrrole structure [19], the cleavage of the 1,2-double
bond of the corrole derivative giving two amide groups as
terminal functions. It is also important to note that up to
now no product has ever been isolated from the degrada-
tion reaction of the corrole ring. Compound 7 is therefore
the first example of molecular oxygen oxidation of the
corrole macrocycle.
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EXPERIMENTAL

The uv-visible spectra were recorded on a Varian Cary 1 spec-
trophotometer. Mass spectra were obtained with a Kratos
Concept 32 S spectrometer in the eims mode or the hrms mode.
Data were collected and processed using a Sun 3/80 workstation.
The 'H nmr spectra were recorded on a Bruker AC 200 Fourier
transform spectrometer at the Centre de Spectrométrie
Moléculaire de 1'Université de Bourgogne. All chemical shifts
are given downfield from internal tetramethylsilane. The nmr
data are presented in the following order: chemical shift, integra-
tion, peak multiplicity (s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet). Preparative scale thin layer chromatog-
raphy was carried out on 20 cm x 20 cm glass plates coated with
Merck G 254 silica gel (2 mm thick). 5,5'-Dicarboxy-4,4'-
diethyl-3,3'-dimethyldipyrryltoluene 1 [20], 5,5'-dicarboxy-
3,3',4,4'-tetramethyldipyrryltoluene 6 [20] and 3,4-diethyl-2-
formylpyrrole 2 [21] have been synthesized as already
described.
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1,19-Dideoxy-2,3,7,13,17,18-hexaethyl-8,12-dimethyl-10-
phenyl-a,c-biladiene Dihydrobromide (3b).

5,5'-Dicarboxy-4,4'-diethyl-3,3'-dimethyldipyrryltoluene 1
(325 mg, 0.8 mmole) was dissolved in trifluoroacetic acid (25 ml)
and the resulting orange solution was stirred for 5 minutes at
room temperature. 3,4-Diethyl-2-formylpyrrole 2 (250 mg,
1.6 mmoles) in methanol (30 ml) was added dropwise, and the
red solution was stirred for 15 minutes, before addition of 33%
hydrobromic acid in acetic acid (5 ml). After dropwise addition
of diethyl ether (50 ml), the title a,c-biladiene salt did not pre-
cipitate and was further isolated by evaporation of the solvent as
a green solid. Compound 3b was not further purified but used as
a crude compound in the next reaction.

2,3,7,13,17,18-Hexaethyl-8,12-dimethyl-10-phenylcorrole (3).

a,c-Biladiene dihydrobromide 3b was dissolved in methanol
(200 ml) saturated with sodium hydrogencarbonate and stirred
for 5 minutes. p-Chloranil (300 mg) was then added. The solu-
tion was again stirred for 15 minutes, and then 3 m! of 50%
hydrazine in water was added. After 1 hour, the solvent was
evaporated under vacuum to give a crude solid which was redis-
solved in methylene chloride, washed with water and dried over
magnesium sulfate. Chromatography on basic alumina (methy!-
ene chloride elution), afforded product 3 (m = 193 mg, 41%)
which corresponds to the first purple eluted compound.

Compound 3 had uv-vis (methylene chloride, Ay,,, nm, (€ X
10-3, mol-11 cm-1)): 401 (72.8), 413 (69.7), 546 (10.3), 555
(10.0), 598 (10.1); 'H nmr (deuteriochloroform): & 1.63 (t, 6H,
CH,CHj3), 1.76 (m, 12H, CH,CH3), 2.31 (s, 6H, Me), 3.84 (m,
8H, CH,CH3), 4.00 (q, 4H, CH,CHj3), 7.69 (m, 3H, Ph), 7.98
(m, 2H, Ph), 9.45 (s, 2H, meso 5,15); ms: (ei) m/z 570 (M%)
(100), 285 (M2+); hrms: Caled. for C3gH46N4: 570.3722 (M),
Found: 570.3727.

Anal. Caled. for C3gH46Ny: C, 82.05; H, 8.13; N, 9.82.
Found: C, 82.33; H, 7.94; N, 9.43.

1,19-Dideoxy-2,3,7,13,17,18-hexaethyl-8,12-dimethyl-10-
phenyl-a,c-biladiene Dihydrobromide (3b) and 1,19-Dideoxy-
2,8,12,13,17,18-hexaethyl-3,7-dimethyl-5-phenyl-a,c-biladiene
Dihydrobromide (4b).

A mixture of compounds 3b and 4b was obtained by dissolv-
ing 1 (325 mg, 0.8 mmole) and 2 (250 mg, 1.6 mmoles) in 50 ml
of acetic acid followed by addition of 33% hydrobromic acid in
acetic acid (5 ml). The mixture was stirred at room temperature
for two hours with monitoring by spectrophotometry until the
complete conversion of the starting material to biladienes was
accomplished. The solvent was removed in vacuo to yield a
mixture of isomeric biladienes 3b and 4b.

2,8,12,13,17,18-Hexaethyl-3,7-dimethyl-5-phenylcorrole (4) and
2,3,7,13,17,18-Hexaethyl-8,12-dimethyl-10-phenylcorrole (3).

These compounds were prepared as described above from
a,c-biladienes 3b and 4b. The solution was evaporated to dry-
ness and the residue was dissolved in methylene chloride,
washed with water until neutral pH and dried (magnesium sul-
fate). The residue was dissolved in methylene chloride and fil-
tered through a column of tlc alumina gel eluted and packed
with the same solvent. This first purification affords the title
compounds as a mixture of the two isomers 3 and 4 (m = 158
mg, 34%). Final purification was accomplished by preparative
scale thin layer chromatography glass plates using methylene
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chloride/methanol (98:2) and few drops of triethylamine. This
purification step was shielded from light. The less polar band
(blue) corresponds to the asymmetrical corrole 4 and the most
polar band (green) corresponds to the symmetrical corroles 3.
The yields were: symmetrical isomer 3 (n = 77 mg, 17%): see
above and the asymmetrical isomer 4 (m = 77 mg, 17%); uv-vis
(methylene chloride, A,,, nm,(€ x 10-3, mol-1l cm-1)): 402
(88.4), 412 (77.1), 560 (17.5), 596 (12.2); *H nmr (deuteriochlo-
roform): § 1.57 (m, 6H, CH,CH3), 1.78 (m, 12H, CH,CHj,),
2.28 (s, 3H, Me), 2.46 (s, 3H, Me), 3.86 (m, 12H, CH,CHj;),
7.70 (m, 3H, Ph), 8.05 (m, 2H, Ph), 9.13 (s, 1H, meso), 9.30 (s,
1H, meso); ir (potassium bromide): v 3350 (NH), 2962 (CH),
2928 (CH), 2868 cm-! (CH); ms: (ei) m/z 570 (M**) (100), 285
(M2+%); hrms: Caled. for C3gH46N4: 570.3722 (M*). Found:
570.3724.

Anal. Calcd. for C39H46N4: C, 82.05; H, 8.13; N, 9.82.
Found: C, 82.26; H, 7.74; N, 9.43.

1,19-Dideoxy-2,3,17,18-tetraethyl-7,8,12,13-tetramethyl-10-
phenyl-a,c-biladiene Dihydrobromide (5b).

The title compound was prepared as reported for 3b from
182 mg (0.5 mmole) of 5,5'-dicarboxy-3,3',4,4"-tetramethyldi-
pymryltoluene 6 and 150 mg (1 mmole) of 2. This biladiene 5b
was used without further purification.

2,3,17,18-Tetraethyl-7,8,12,13-tetramethyl-10-phenylcorrole (5).

The title compound was prepared from Sb as described for 3
(m = 100 mg, 37%); 'H nmr (deuteriochloroform): & 1.77 (m,
12H, CH,CH3), 2.29 (s, 6H, Me 8,12), 3.31 (s, 6H, Me 7,13),
3.88 (q, 4H, CH,CH3), 4.00 (q, 4H, CH,CHj3), 7.69 (m, 3H, Ph),
7.94 (m, 2H, Ph), 9.40 (s, 2H, meso 5,15); ms: (ei) m/z 542
(M*) (100).

2,3,17,18-Tetraethyl-7,8,12,13-tetramethyl-10-phenyl-a,b,c-bila-
triene (7).

Compound § (30 mg) was dissolved in methylene chloride
(150 ml) in the presence of air and light and stirred at room tem-
perature for two hours (until monitoring by spectrophotometry
indicated the complete degradation of the corrole). Compound 7
was obtained as a purple solid after purification by chromatogra-
phy (tlc basic alumina gel eluted with methylene chloride), (m =
7.6 mg, 24%); H nmr (deuteriochloroform): 3 1.01 (t, 3H,
CH,CH3), 1.20 (m, 9H, CH,CHj3), 1.54 (s, 3H, Me), 1.60 (s, 3H,
Me), 1.99 (s, 3H, Me), 2.24 (s, 3H, Me), 2.53 (m, 4H, CH,CH,),
2.80 (m, 4H, CH,CHj,3), 6.10 (s, 1H, CH), 6.84 (s, 1H, CH),
[7.09 (m, 3H), 7.87 (m, 2H)] Ph, 10.61 (s, 1H, NH), 11.49 (s,
2H, NH); ir (potassium bromide): v 3350 (NH), 2963 (CH),
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2926 (CH), 2853 (CH), 1656 cm-1 (C=0); ms: (ei) m/z 574
(M+) (100).

Anal. Caled. for C37H4oN4O,: C, 76.32; H, 7.69; N, 10.18.
Found: C, 75.98; H, 7.49; N, 10.34.
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