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Abstract: A generd two-step, one-pot synthesis of meso-triphenyl-
corrole from 5-phenyldipyrrane is presented. A number of p-phe-
nyl-substituted ~ 5-phenyldipyrranes were condensed  with
substituted benzaldehydes under acid catalyzed conditions to pro-
duce a mixture highly enriched in the corresponding tetrapyrranes.
The crude mixtures were oxidized with DDQ or chloranil to pro-
duce the corresponding meso-triarylcorroles in good to excellent
yield. The method is applicable to the synthesis of meso-triarylcor-
roles containing two differently substituted phenyl groups in the
5-,15- and 10-positions, respectively.

Key words: corrole synthesis, tetrapyrrane, oxidative coupling,
“2+2" condensation

Corroles, the parent compound of the hydrocorrole (cor-
rin) macrocycle found in coenzyme B,,, are tetrapyrrolic
fully conjugated macrocycles containing three methine
bridges and one direct pyrrole-pyrrole linkage.! Thus,
their macrocycle skeleton is contracted by one carbon
atom as compared to that of porphyrins. This difference
results inter alia in altered metal coordination properties
of the smaller trianionic tetradentate corrole ligand when
compared to those of the tetradentate dianionic porphyrin
ligand.? Corroles are particularly able to stabilize high
metal oxidation states.3#

One of the most studied porphyrins is meso-tetraphe-
nylporphyrin (TPP) for which optimized syntheses have
been available for sometime.® Surprisingly, the analogous

5a, R, R’ = -H

5b, R, R’ =-NO,

5¢, R, R’ =-CHg

5d, R =-CHg, R’ = -H
5e, R =-H, R’ =-CHg

15 5

Porphyrin Corrole

Figure

meso-triphenylcorrole did not become known until 1999,
although synthetic corroles have also had a long histo-
ry.2&9 [ron complexes of meso-tri(pentafluorophenyl)cor-
role have been pioneered by Gross as catalysts for
epoxidation, hydroxylation and cyclopropanation reac-
tions.1® His group also described chiral N-substituted cor-
roles.!! However, the convenient and simple one-step
syntheses described by Gross and Goldberg for meso-
tri(pentafluorophenyl)corrole are not general since they
are restricted to the use of highly reactive pentafluoro-
benzaldehyde as reactant.”!2 The parent unsubstituted
meso-triphenylcorrole was isolated in (unoptimized) 6%
yield as one of several macrocyclic products from a mod-
ified Rothemund reaction.? Clearly, this method islimited
with respect to the amounts of corrole accessible.

The aforementioned syntheses of triarylcorrole hint at the
mechanism operating in its formation. Particularly,
Gross's and Goldberg's paper, describing linear oligo-

3b, R =-NO,
3¢c,R= -CH3 R
-N02
-CHj
CHO

4a, R, R =-H
4b, R, R’ =-NO,
4¢c, R, R'=-CHj
4d,R=-CHg R'=-H
4e,R=-H, R =-CHj

Scheme Reagents and conditions: (a)1” TFA, 25 °C (b) solvent (see Table), 1 equiv TFA; no isolation of 4a-e (c) neutralization with Et;N; 5
equiv oxidant (see Table) in toluene, 12 h, 25 °C; chromatography CH,Cl.:pet ether 1:1.
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Table Triarylcorrole derivatives 5a-e produced as shown in the Scheme

Entry | Aldehyde | Dipyrmrane | Product Yield 1H NMR Spectroscopic Datad
[%] (400 MHz, CDC1,/5% CD,0D) [ppm]
13, 2a 3a Sa 40 & 8.83 (brs, 4H), 8.50 (br s, 4H), 8.33 (d, J=5 Hz, 4H), 8.15
(d, J=5 Hz, 2H), 7.85-7.70 (m, 9H)*
23,C 2a 3a Sa 348
3fic 2b 3b 5b 18 8 9.04 (d, J=4.5 Hz, 2H), 8.75-8.65 (m, 12H), 8.55 (d, J=8.5
Hz, 2H), 8.48 (d, /=4.5 Hz, 2H), 8.40 (d, J=4.5 Hz, 2H)
4tc 2¢ 3¢ 5c 20 & 8.88-8.80 (m, 4H), 8.50 (br s, 4H), 8.23 (br s, 4H), 8.05 (d,
J=5 Hz, 2H), 7.65-7.50 (m, 6H), 2.67 (s, overlapping, 3H),
2.65 (s, overlapping, 6H)
5a8,¢ 2a 3c 5d 20 & 8.90 (brs, 2H), 8.80 (br s, 2H), 8.55-8.45 (m, 4H), 8.40-
7.95 (m, 6H), 7.80-7.45 (m, 7TH), 2.64 (s, 6H)
6a.C 2¢ 3a Se 30 8 8.92 (brs, 2H), 8.83 (br s, 2H), 8.60-8.40 (m, 4H), 8.40-
8.30 (m, 4H), 8.0 (m, 2H), 7.80-7.60 (m, 6H), 7.50 (m, 2H),
2.66 (s, 3H)

3CH,CN, 1 equiv TFA, 25 °C (ref. 23) Poxidant DDQ Coxidant chloranil 95a-e were characterised by *C NMR, UV-VISand MS;
analytical purity of 5awas proven by elemental analysis &in DM SO-d, additional signal at § -2.7 (br s, 3H) 'CH,CI, distilled over
CaH,; 1 equiv TFA, 0 °C (ref. 23) 99 mmol scale, yield of 1.9g 2a.

pyrrolic pigmentsisolated as side products of their corrole
synthesis,*? indicated to us that it was likely that a tetra-
pyrrane'® was formed as a primary condensation product
and that, upon oxidation, the pyrrole-pyrrole linkage was
established. The macrocycle subsequently formed oxidiz-
esto the final corrole oxidation state. Similar oxidatively
induced formations of direct pyrrole-pyrrole linkages are
known reactions in pyrrole and pyrrolic macrocycle
chemistry, including the formation of heterocorroles.*4%>
Some R-alkylcorrole syntheses a so rely on the formation
of the pyrrole-pyrrole linkage as the penultimate step (be-
fore oxidation), athough their mechanisms are di-
Verse'2,6,16

Hence, the task became the directed synthesis of 5,10,15-
triphenyltetrapyrrane and its oxidative ring closure. The
chemistry of 5-phenyldipyrranes, 5,10-diphenyltripyr-
ranes and their higher homologues has seen rapid devel-
opment in past years.*”'® One- and multi-step syntheses of
5,10,15-triaryltetrapyrranes were recently described by
Lindsey and co-workers,*® Lee and co-workers'®1® and
Liebeskind and Nickel,?° respectively. We opted for an al-
ternative two-step one-pot route towards the required tet-
rapyrranes, illustrated in the Scheme. Pyrrole (1) and
benzaldehydes 2a-c were reacted in known fashion to pro-
duce 5-aryldipyrranes 3a-3c.'® They were condensed with
benzaldehydes 2a-c under mild acid catalysis (molar ratio
of 2:3 1:6). Upon the disappearance of benzadehyde, as
monitored by TLC, the crude reaction mixture containing
the tetrapyrranes 4a-c was treated with a 5-fold molar ex-
cess (based on the amount of benzal dehyde used) of DDQ
or chloranil.?! Flash column chromatography, followed by
recrystallization, was used to isolate and purify the dark
green non-polar corroles 5a-c in moderate to high yields.
Importantly, only traces of other pyrrolic macrocyclesand
no TPP could be detected in these corrole syntheses. The

excess dipyrranes were oxidized to form the basic and po-
lar meso-aryldipyrrins, visible as bright yellow spot on
TLC plates developed with polar solvents, and do not in-
terfere with the isolation of the corroles.?? The table pro-
vides detailed information about the reactions.

The above described syntheses of corroles have the ad-
vantage that the isolation of the intermediate triaryltet-
rapyrranes, while possible,’® is not required. In fact,
isolation of the triaryltetrapyrranes and subsequent oxid-
ation lowered the overall yield as the chromatographic
isolation of the tetrapyrranes is difficult and the products
obtained are only moderately stable. Secondly, the condi-
tions for preparing the tetrapyrranes 4 were selected by
Lindsey to be sufficiently mild to prevent acid-catalyzed
scrambling of the aryl groups.?3 This presented uswith the
option of choosing a substituted benzal dehyde with sub-
dtituents differing from those of the 5-aryldipyrro-
methane. The resulting tetrapyrrane and the derived
triarylcorrole (5d-e) contain, regiospecificaly, two differ-
ently substituted phenyl groups. Our synthesis parallels
the strengths of 2+2 syntheses of TPP. Recent work by
Lee and co-workers describing the oxidative ring closure
of tetrapyrranes and oxidative fusion of tri- with dipyr-
ranesto form corroles and expanded corroles corroborates
our conclusions with complementary findings. However,
their method is not applicable to the synthesis of triaryl-
corroles containing regiospecifically two types of phenyl
substituents in the 5-, 15-, and 10-positions, respective-
ly.2® After the submission of our manuscript, a paper by
Gryko describing the synthesis of A,B-corroles using a
number of (sterically encumbered) 2,6- and 2,4,6-phenyl-
substituted phenyldipyrromethanes and benzaldehydes
was published.?* While the exclusive use of benzalde-
hydeswith electron-withdrawing substituents, the dipyr-
rane:benzaldehyde ratio, the details of the procedure and
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the resulting products differ from those described here,
Gryko's paper further highlights the synthetic utility of
the triarylcorrole synthesis by oxidative coupling of tet-
rapyrranes.

In summary, we present herein a general method for the
synthesis of triarylcorroles, and a method of making tri-
arylcorroles containing regiospecifically two types of aryl
substituents. We present further evidence for the stepwise
mechanism of the corrole formation in Rothemund-type
condensations.®
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