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Abstract: We have refined a one-pot synthesis of trans-A,B-cor-
roles via the condensation of 5-(pentafluorophenyl)dipyrromethane
with aldehydes followed by macrocyclization mediated by DDQ.
After thorough examination of reaction parameters and thanks to
theidentification of key factorsinfluencing the formation of bilanes
and the efficiency of their conversion to corroles, we were able to
improveyieldsfrom ca. 6 to ca. 20% for abroad range of adehydes.
We proved that these conditions work well also for dipyr-
romethanes possessing cyano and nitro groups. meso-Substituted
alkyl aryl corrole has been obtained for the first time using this pro-
cedure.
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Corrolest have for some time been the object of intense
study, both because of their fascinating architecture, and
because they may have useful properties as catalysts,?
anti-cancer agents® and sensors.* Since the discovery of
corroles four decades ago,®> much attention has focused on
broadening the scope of their physicochemical investiga-
tions and practical applications.® However, to achieve this
aim we need powerful methods for the synthesis of cor-
roles, and while there has been dramatic progress in the
past six years,” we still have much to learn. We report
herein an efficient approach to trans-A,B-corroles bear-
ing electron-withdrawing substituents, developed from
the detailed analysis of the reaction parameters.

The stability issue playsamuch moreimportant roleinthe
corrole family than in porphyrins.2 Our extensive research
proved that handling of corroles bearing substituents with
electron-donating groups is troublesome, mainly because
of their oxidative decomposition. These compounds are
only partialy stable in solutions and consequently they
undergo decomposition during chromatography’ and fur-
ther synthetic transformations. While working on projects
aimed to develop more sophisticated corrole architectures
for the molecular magnetism phenomenon and electron
transfer systems studies, we encountered tremendous
problems with the stability of our building blocks (e.g.
trans-A,B-corroles bearing two mesityl substituents) dur-
ing derivatization and/or complexation.™ We thought that
the replacement of two mesityl substituents with strongly
el ectron-withdrawing groups would decrease the electron
density on the macrocyclic ring and thereby would im-
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prove the overall stability. The pentafluorphenyl group
appeared to be the best choice due to the strong electron-
withdrawing effect and susceptibility to further transfor-
mations.® One example of such a corrole has been pre-
pared but the yield was only 6%.7d The necessity to ensure
reasonable quantities of stable corrolic building blocksfor
our studies prompted us to develop better reaction condi-
tions for their synthesis.

We have chosen the reaction of (pentafluorophenyl)dipyr-
romethane 1 with 4-cyanobenzaldehyde (2) as a model
system (Scheme 1). The respective corrole 3 has been ob-
tained before™ using the conditions characterized by very
low acid concentration, developed for condensation of un-
hindered dipyrromethanes (DPMs) with aldehydes
(Tablel, entry 1).

CHO

Scheme 1

As the most promising starting point of our optimization
study we turned to the conditions refined for the synthesis
of trans-A,B-corroles from stericaly hindered dipyr-
romethanes and aldehydes.'® Disappointingly, a decrease
intheyield to 4% was observed (Table 1, entry 2). Dipyr-
romethane (DPM) 1 has two striking features. Firstly, the
strong electron-withdrawing character of the pentafluo-
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Table 1 Optimization of Conditions for the Reaction of Dipyrromethane 1 with Aldehyde 22

Entry TFA (mM) Time of acid- DPM (1) (mM) Ratio DDQ:1 x-fold dilution® Yield of corrole 3
catalysed step (%)©
1 0.3 5h 33 1 - 6
2 13 5h 133 13 100 4
3 13 10 min 133 13 - 9
4 13 20 min 133 13 — 10
5 13 5h 133 13 - 14
6 13 20 min 133 13 100 21
7 13 5h 133 13 100 19
8 22 20 min 133 13 100 21
9 43 20 min 133 13 - 11

a All reactions were performed under the following constant conditions: (i) CH,Cl,, DPM (1)-aldehyde 2 = 2:1, r.t.; (i) r.t.
b Where x indicates how many times the reaction mixture was diluted before an addition of DDQ.

¢ |solated yields.
d Ref.7d

rophenyl substituent slightly deactivates pyrrole rings
against el ectrophilic aromatic substitution. It suggests that
ahigher concentration of TFA should be used in thisreac-
tion. Secondly, a key concern upon exposure of dipyr-
romethanesto acidic mediaisthe occurrence of acidolysis
yielding fragments that can recombine to form products
with an undesired substitution pattern (i.e. scrambling).*t
The pentafluorophenyl substituent can cause higher sta-
bility of DPM 1 against acidolysis. It is known that the
analogous CF; group deactivates pyrromethanes toward
a-carbocation formation,*? which alowed the use of a
high concentration of acid in the condensation of the re-
spective dipyrromethane with aldehydes leading to por-
phyrins with the absence of scrambling.'?® According to
the fundamental work of Lindsey et al.,'!? the TFA con-
centration which can be safely used in the condensation of
unhindered dipyrromethanes with aldehydes is very low.
However, a higher concentration of TFA was used when
dipyrromethanes possessing NO, or CN groups were em-
ployed in such syntheses.™®

This consideration prompted us to use an increased con-
centration of TFA in the next experiments. A 10-fold in-
crease in TFA concentration combined with the decrease
in the reaction time and with an increased amount of
DDQ™ furnished corrole 3 in 9% yield (entry 3). Prolon-
gation of the reaction time to 20 min did not improve the
outcome of the process significantly (entry 4). A further
increasein reaction timeto 5 h resulted in asubstantial in-
creasein theyield (14%, entry 5). Theideaof diluting the
reaction mixture before DDQ addition wasinspired by the
mechanistic hypotheses'* (DDQ mediated cyclization)
and by our earlier results'® and gave an additional gain
(21% yield, entry 6). Combining both effects did not af-
fect the yield of corrole 3 (entry 7). While an increase in
the concentration of TFA in first step to 22 mM (entry 8)
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gave essentially the sameyield (21%, entry 8), further in-
crease but without the dilution of the reaction mixture be-
fore the second DDQ-mediated step decreased the yield
(entry 9). The latter result strongly indicates the important
role of the concentration of bilanes during the DDQ addi-
tion on the yield of macrocyclization. It is noteworthy
that, judging from TLC and ESI, M S scrambling was ab-
sent under all these conditions.

Large volumes of solvents are required for the prepara-
tive-scale synthesisif 100-fold dilution precedesthe DDQ
addition. To eliminate this disadvantage while at the same
time maintaining high dilution conditions, simultaneous
addition of the reaction mixture (after 1% step) and DDQ
solution to the small amount of vigorously stirred CH,Cl,
had been previously developed® and was successfully
used for all subsequent reactions described here. The op-
timized procedure (first step: CH,Cl,, [DPM] = 133 mM,
[aldehyde] = 66 mM, [TFA] =13 mM, 20 min, r.t.; sec-
ond step: simultaneous addition of the reaction mixture
dissolved in CH,CI, and DDQ solution to CH,Cl,, 1.3
equiv of DDQ) was subsequently used in the preparation
of various corroles. DPM (1) was reacted with 4-methyl-
benzaldehyde (7) and with 4-methoxybenzaldehyde (8)
(Scheme 2). Reactions gave rise to trans-A,B-corroles 13
and 14 in amost identical yields (19 and 21%), regardless
of the electronic nature of substituentsin the starting alde-
hyde. We had always been eager to employ also aliphatic
aldehydes in dipyrromethane condensation leading to
trans-A,B-corroles. Although mesityldipyrromethane re-
acted with propionaldehyde, the resulting corrole was ex-
ceptionally unstable and did not survive any purification
procedure. Having now in hand the superior reaction con-
ditionsfor theintroduction of strongly electron-withdraw-
ing group, we attempted to synthesize the analogous
corrole 15. The reaction of DPM (1) with propionalde-
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hyde gave corrole 15 by far more stabl e than that one bear-
ing mesityl groups. This compound could be purified
using chromatography, but unfortunately the overall yield
was only 3% (Scheme 2). It is noteworthy that thisis the
first example of a corrole bearing asimple akyl substitu-
ent at the meso position.1®

H1
= = . R2CHO
\ NH HN /
1.R'= CGF5 7. R?= 4'MBCGH4
4. R' = 4-CNCgH4 8. R2=4-MeOCgH,
5. R' = 4-NO,CgHy 9. R%2=CyHs
6. R! = GgHs 10. R? = 3,4-(OCH,CO,Me),CeH3
11. R? = 4-pyridyl
12. R2 = C¢Fs
1. TFA, CHxCl,
2.DDQ
R2
R’ R!
13. R' = CgFs R2 = 4-MeCgH4 19%
14. R = CgF5 R2 = 4-MeOCgH., 21%
15. R' = C¢F5 R2 = C,H5 3%
16. R' = 4-NO,C¢Hs  R2 = 4-MeOCgH, 19%
17.R'=4-CNC¢H,  R%=3,4-(OCHCOsMe):CeHs 9%
18. R' = CgFs R2 = 4-pyridyl 18%
R' = CgHs R? = CgF5 0% (scrambling)
Scheme 2

Subsequently, we expanded the scope of substrates by us-
ing dipyrromethanes 4 and 5 with weaker electron-with-
drawing groups as well as simple phenyldipyrromethane.
Reactions of DPMs 4 and 5 with less reactive aldehydes
(bearing €lectron-donating groups) 8 and 10 gave rise to
corroles 16 and 17 in 19% (compared to 6% under previ-
ous conditions)™ and 9% yield, respectively. Unfortunate-
ly, the reaction of phenyldipyrromethane (6) with
pentafluorobenzal dehyde (12) under the optimized condi-
tionsled to the extensive scrambling (Level 3 according to
Lindsey’s classification).*® Finally, encouraged by these
results confirming the high acidolytic stability of dipyrro-
methanes bearing electron-withdrawing groups, we
decided to examine the behavior of pentafluorophenyl-
dipyrromethane 1 under conditions optimized for the con-
densation of sterically hindered DPMs with aldehydes
bearing basic nitrogen atom.® Generally such syntheses
require significantly higher TFA concentrations dueto the
influence of abase. We had found that unhindered dipyr-
romethanes need much lower acid concentrations to elim-
inate scrambling and thereby gave lower yields of corroles
than sterically hindered DPMs.*® Now we found that the

reaction of pyridine-4-carboxadehyde (11) with DPM 1
in the presence of 3 equiv of TFA leads to the corrole 18
in 18% yield with no scrambling (Scheme 2).

In conclusion, we have developed the refined and versa-
tile procedure for the preparation of pure trans-A,B-cor-
roles bearing two electron-withdrawing substituents at
meso positions from readily available dipyrromethanes.
By identifying the issue of the higher stability of such
dipyrromethanes versus acids and by tailoring thereaction
conditions accordingly, yields of abroad range of corroles
have been improved by a factor of 3. The most notable
findingsare asfollows. Firstly, the dilution of the reaction
mixture after thefirst acid-catalyzed step significantly im-
proves the yields of corroles. Such a phenomenon has
been already recognized in other cases,’® but seemsto de-
pend strongly on specific substituents. Secondly, one
alkyl group can beintroduced at the meso position of cor-
roles provided that the remaining two substituent have
strong electron-withdrawing character. Finaly, dipyr-
romethanes bearing NO, and CN groups can be employed
in this condensation as well as even less reactive ade-
hydes, without noticeable scrambling. We believe that
this new procedure will allow exploration of these more
stable corroles for the construction of more sophisticated
systems and in physicochemical studies.

All chemicals were used as received unless otherwise noted. Re-
agent grade solvents (CH,CI,, hexanes, cyclohexane) were distilled
prior to use. All reported *H NMR and *C NMR spectra were re-
corded on Bruker AM 500 MHz or Varian 400 MHz spectrometers.
Chemical shifts (8) were determined with TMS as the internal ref-
erence; J values are given in Hz. UV-Vis spectra were recorded in
toluene (Cary). Chromatography was performed on silica (Kiesel-
gel 60, 200400 mesh), or dry column vacuum chromatography*’
was performed on preparative thin layer chromatography silica
(Merck 107747). Mass spectra were obtained via electrospray MS
(ESI-MS). Elemental analyses were performed by the staff of the
microanalytical laboratory of our institute. The purity of all new
corroles was established based on *H NMR spectra and ESI-MS
spectra and elemental anaysis (for most compounds). Dipyr-
romethanes 1,8 41° and 5%° were prepared as described in the litera-
ture.

Methyl 2-{2-[(M ethoxycar bonyl)methoxy]-4-(formyl)phe-
noxy}acetate (10)

3,4-Dihydroxybenzal dehyde (2.76 g, 0.02 mol) and BrCH,CO,Me
(3.68 mL, 0.04 mol) were dissolved in acetonitrile (100 mL), and
K,CO; (10g, 72 mmol) was added in one portion. The whole mix-
ture was kept at 70 °C for 16 h while stirring. Then the suspension
was cooled to r.t. and filtered. The solvent was evaporated and the
resulting oil was distilled under reduced pressure (Kugelrohr, 7
mbar, 200 °C) to obtain the aldehyde contaminated with a few un-
identified compounds. The residue was crystallized from EtOAc to
obtain colorless crystals (2.6 g, 46%).

Mp 93-94°C.

IH NMR (400 MHz, CDCl,): 3 = 3.82 (s, 6 H, CH,), 4.79 (s, 2 H,
CH,), 4.83 (s, 2 H, CH,), 6.94 (d, J=8.3 Hz, 1 H, ArH), 7.38 (d,
J=19Hz, 1H, ArH), 7.49 (dd, = 1.9 Hz, 1 H, ArH), 9.85 (s, 1 H,
CHO).

13C NMR (400 MHz, CDCl,): § =52.3, 52.4, 65.9, 112.7, 113.4,
126.9, 131.0, 148.1, 152.9, 168.5, 168.7, 190.4
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HRMS (El): m/z calcd for Cy5H,,0;: 282.0740; found: 282.0738.

Ana. Cacd for Cy3H,,0;: C, 55.32; H, 5.00. Found: C, 55.36; H,
5.17.

trans-A,B-Corrole Starting DipyrromethanesBearing Electron
Withdrawing Groups and Aldehydes; General Procedure
Samples of a dipyrromethane (0.40 mmol) and an aldehyde (0.20
mmol) were dissolved in apre-prepared solution (3 mL) of TFA (10
pL, 0.13 mmol) in CH,Cl, (10 mL). After 20 min at r.t., the reaction
mixture was dissolved in CH,Cl, (300 mL) and a solution of DDQ
(118 mg, 0.52 mmol) in toluene (2 mL) was added, and the reaction
mixture was stirred at r.t. for afurther 5 min. Alternatively, the re-
action mixture was diluted to 10 mL with CH,Cl, and added to vig-
orously stirred CH,Cl, (40 mL) simultaneously with the solution of
DDQ (118 mg, 0.52 mmol) in THF (10 mL) over 10 min, and the
reaction was stirred at r.t. for afurther 5 min. Then the reaction mix-
ture was purified as described below.

5,15-Bis(pentafluor ophenyl)-10-(4-cyanophenyl)corrole (3)
The reaction mixture was evaporated and chromatographed (silica;
acetone—hexanes, 1:9, then 1:4). All fractions containing contami-
nated corrole were combined and evaporated. Subsequent dry col-
umn vacuum chromatography (silica; toluene-hexanes, 1:9, then
2:3and 1:1) afforded pure corrole (32 mg, 21%). Spectral and phys-
ica properties concur with published data.™

5,15-Bis(pentafluor ophenyl)-10-(4-methylphenyl)corrole (13)
After evaporation to dryness, the reaction mixture was redissolved
(toluene—hexanes, 1:3) and passed over a chromatography column
(silica; toluene-hexanes, 1:3) to give corrole contaminated with
porphyrin. Subsequent chromatography (silica; CH,Cl,—hexanes,
1:3) afforded pure corrole (27 mg, 19%), which was crystallized
(CH,Cl ,~hexanes) to give dark crystals.

R¢ = 0.64 (silica, CH,Cl,—hexanes, 2:3)

IH NMR (500 MHz, CDCl): § =—2.70 (br s, 3 H, NH), 2.69 (s, 3
H, CH,), 7.57, 8.06 (AA’'BB’, J= 7.7 Hz, 4 H, MeC¢H,), 8.56 (d,
J=3.6Hz,2H, p-H), 8.69(d, J = 4.7Hz, 2H, B-H), 8.72 (d, I = 4.7
Hz, 2H, B-H), 9.09 (d, J = 4.2 Hz, 2 H, B-H).

HRMS (ESI): calcd for CygHq9F 0N, [M + H*: 721.1445; found:
721.1474.

Anal. Calcd for CggH,5F; 0N, + H,O: C, 62.56; H, 2.62; N, 7.68.
Found: C, 62.86; H, 2.02; N, 7.42.

UV-Vis (toluene): A (¢ x 10%) = 419 (95), 524 (6.8), 563 (15),
617 (9.0), 638 (7.2) nm.

5,15-Bis(pentafluor ophenyl)-10-(4-methoxyphenyl)corrole (14)
After evaporation to dryness, the reaction mixture was redissolved
in CH,Cl,—hexanes (1:3) and passed over a chromatography col-
umn (silica; CH,Cl.—hexanes, 1:3). All fractions containing corrole
were combined and evaporated. The dark green residue was dis-
solved in hot hexanes, and cooled in the freezer. After filtration sol-
id was recrystallized from cyclohexane afforded pure corrole (31
mg, 21%).

R; = 0.47 (silica; CH,Cl,—hexanes, 2:3)

IH NMR (500 MHz, CDCL.): § =—2.66 (br s, 3 H, NH), 4.08 (s, 3
H, CH.), 7.29, 8.09 (AA’BB’, J = 8.5 Hz, 4 H, MeOC¢H,), 8.56 (d,
J=39Hz,2H, p-H), 8.69(d, J = 4.7 Hz, 2H, B-H), 8.72(d, I = 4.8
Hz, 2 H, B-H), 9.10 (d, J = 4.2 Hz, 2 H, B-H).

HRMS (ESI): calcd for CygHy9F;oN,O [M + H*]: 737.1394; found:
737.1412.

UV-Vis (toluene): A, (¢ x 109) = 418 (114), 523 (7.8), 564 (17),
617 (10), 638 nm (8.5).
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Anal. Calcd for CggH,gF;oN,O: C, 61.96; H, 2.46; N, 7.61. Found:
C,61.67;H,211; N, 7.37.

5,15-Bis(pentafluor ophenyl)-10-ethylcorrole (15)

The reaction mixture was evaporated with silica and put on the top
of a chromatography column (silica; CH,Cl,—hexanes, 1:3). All
fractions containing contaminated corrole were combined and evap-
orated. Subsequent dry column vacuum chromatography (silica;
CH,Cl,—cyclohexane, 1:9) afforded pure corrole (4.7 mg, 3.2%).

R; = 0.54 (silica; CH,Cl,—hexanes, 2:3)

IH NMR (500 MHz, CDCly): § =—2.71 (br s, 3 H, NH), 2.08 (t,
J=76 Hz, 3 H, CH,), 488 (q, J=7.6 Hz, 2 H, CH,), 852 (d,
J=35Hz,2H, p-H), 8.78(d, J = 4.7 Hz, 2 H, B-H), 9.06 (d, J = 4.2
Hz, 2 H, B-H), 9.29 (d, J = 4.8 Hz, 2 H, B-H).

HRMS (ESI): calcd for Cy3Hy7FoN, [M + H*]: 659.1288; found:
659.1305.

UV-Vis (toluene): Ay (e x 109) = 418 (94), 523 (5.8), 562 (15),
621 (10), 638 nm (7.4).

5,15-Bis(4-nitrophenyl)-10-(4-methoxyphenyl)corrole (16)

The reaction mixture was evaporated to half of the volume and
passed over a chromatography column (silica; CH,Cl,—hexanes,
3:2) to give corrole contaminated with a few unidentified com-
pounds. After evaporation, hexanes—acetone (4:1) was added to the
dark crystals, and the suspension was filtered. Then the compound
was recrystallized from THF—CH,Cl ,—hexanes to afford pure cor-
role (51 mg, 19%). Spectral and physical properties concur with
published data.™

5,15-Bis(4-cyanophenyl)-10-(3,4-dimethoxycar bonylphe-
nyl)corrole (17)

The reaction mixture was concentrated to half of the volume and
passed over a chromatography column (silica; CH,Cl, then
CH,CI—EtOAc, 95:5). All fractions containing corrole were com-
bined and evaporated. Subsequent crystallization (CH,Cl—hex-
anes) gave dark crystals (26 mg, 9%).

R, = 0.64 (silica; CH,Cl~EtOAc, 9:1).

IH NMR (200 MHz, THF): $=3.73 (s, 3 H, CH.), 3.84 (s, 3 H,
CHy), 4.95 (s, 2 H, CH,), 5.02 (s, 2 H, CH,), 7.38 (d, J=8.4 Hz, 1
H, ArH), 7.72 (d, J=8.0 Hz, 1 H, ArH), 7.83 (s, 1 H, ArH), 8.18
(AA'BB’, J=8.0Hz, 4H, Ar), 853-8.63(m, 8H, p-H + AA’BB),
8.83(d, J=4.2Hz, 2 H, B-H), 9.01 (d, J = 2.8 Hz, 2 H, p-H).

HRMS(ES!): caled for CysHygNgOg: [M + H*] 753.2456; found:
753.2480.

UV-Vis (toluene): L (e x 1075) = 432 (108), 576 (17), 632 (13),
656 nm (13).

Anal. Calcd for CsH,NgOg + H,O: C, 70.12; H, 4.45; N, 10.90.
Found: C, 70.44; H, 4.49; N, 10.65.

5,15-Bis(pentafluor ophenyl)-10-(4-pyridylphenyl)corrole (18)

5-(Pentafluorophenyl)dipyrromethane (125 mg, 0.40 mmol) and the
pyridine-4-carboxaldehyde (19 pL, 0.20 mmol) were dissolved in
CH,CI, (12 mL) and then TFA (46 uL, 0.6 mmol) was added. After
1 hat r.t., the reaction mixture was dissolved in CH,CI, (300 mL),
neutralized with Et;N (84 pL, 0.6 mmol) and then a solution of
DDQ (118 mg, 0.52 mmoal) in toluene (2 mL) was added. The reac-
tion mixture was stirred at r.t. for an additional 5 min. Then the re-
action mixture was evaporated to half of the volume and passed
over achromatography column (silica; CH,Cl,) to give corrole con-
taminated with a few unidentified compounds. After evaporation,
subsequent dry column vacuum chromatography (silica; CH,CI,
then CH,CI,—EtOAc, 95:5) afforded pure corrole (26 mg, 18%)
which was crystallized (CHCIl ;—cyclohexane) to give dark crystals.
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R; = 0.45 (silica, CH,Cl,—acetone, 9:1).

IH NMR (500 MHz, CDCly): 8 =245 (br s, 3 H, NH), 8.20 (br s,
2H, Py), 859 (br s, 2 H, p-H), 8.63 (d, J = 45 Hz, 2 H, p-H), 8.76
(d,J=4.0Hz 2H, p-H), 8.85 (br s, 2 H, Py), 9.13 (br s, 2 H, B-H).

HRMS(ES!): calcd for CygHy6FoNs [M + HY]: 708.1241; found:
708.1276.

UV-Vis (toluene): Xy (¢ x 10°9) 418 (81), 524 (5.9), 565 (14), 612
(7.9), 638 nm (4.3).

Anal. Calcd for CggH,5FoNs: C, 61.11; H, 2.14; N, 9.90. Found: C,
61.02; H, 1.86; N, 9.94.
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