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Corroles and oxacorroles were synthesized by acid-catalyzed. 2+2 condensation. The condensation afforded
different corroles bearing core-heteroatoins at the predesignated locations. Regioselective - linkage be-
tween pyvrrole and furan or between pyrrole and pyvirole was achieved by keeping the linking carbon at different
position of starting dipyviromethanes. The condensation was only fruitful when furan-containing dipy rromethanes

were condensed.

Introduction

Corroles are porphyrinoid macrocycles bearing onc bipyr-
role ring junction and considered as 187 macro-aromatic
svstems, The mctal complexcs of corroles and corring are
important biclogical cofactors and the study of their phys-
ico-chemical propertics has been contributed (o the develop-
ment of the chemistry of oligopyrrolic macrocyclic comp-
ounds.' The corrin ring has been known Lo be more (lexible
than chlorins and thus allows casy change ol the steric envi-
ronment around (he ceniral metal ion.” This steric fexibility
facilitates the catalvsis ol carbon-carbon bond lormation in
vilamin B)-* Mosl of the corrole synthesis known so [ar has
been focused on the cvclization of (cirapyrrolic units. These
include biladicne cyclization.” meso-carbon or sullur extru-
sion of meso-thiaporphyvrin® or dirccl synihesis [rom substi-
tuted pyrroles.” More recently. corrolc has been isolated
rom the solventless condensation of aldchydes with pyr-
role.” The primary target for the corrole rescarch has been
locused on the svnthetic access Lo the ring structure of corrin
and corrolcs. The bipyrrole ring junction in the corrole usu-
ally exihibits the same dvnamic range as found in porphyring
and chlorns indicating macro-aromatic character of the par-
ent macrocveles. The synthesis of core modificd corroles
containing oxy gen or sullur has been reported by Broadhurst
et af* But McDonald typc condensation of dipyrromethancs
and 2.2 -bifuran or 2.2 -bithiophene at clevated temperature
resulied in complex mixture of products duc to scrambling
of starting malcrial” The synthesis of meso-aryl corroles
from monopyrrole precursors has been reported. ' The perip-
heral substitution usually induccs allcration of the clectronic
propertics and 1s known (o posscss reversed energy level
compared with porphyrin.”! But little has been known for the
svnthetic methods of corrole by 2+2 condensation from two
different dipyrromethancs, We herein report the synthesis and
characterization of new free-base oxacorroles bearing oxy-
gcn atom at the designated position and having three meso-
substitucnts. 1t 1s of inferest to cvaluate the rclationghip
between the core-modification of corrole and clectrochemi-
cal propertics. These tvpes of studics are now possible with
the convenicnee of customized modification of corc-ligand

reported here. 1t 1s also possible to svathesize corroles bear-
ing three diflerent meso-substituents in a regiospecific man-
ner. Conscquently. the study of clectronic ¢ffect induced by
the meso-substitucnts or hetero-atoms in the core is cven
possible. The approach provided with this article may be
adaplablc as a generic procedure for the synthesis of corrole
nuclcus.

Experimental Scction

'H NMR speetra (400 MHz. Bruker 1FS 48). [R spectra
(JASCO IR 100). and absorption spectra (Kontron 94 1) were
collected routincly. Mass spectra were obtained by FAB. Col-
umn chromatography was performed on silica (Merck. 230-
400 mesh). Pyrrole was distilled at atmospheric pressure
from CaH-. CH-CI: (rcagent grade) was distilled from K-CO:s,
All other reagents were obtained from Aldrich unless noted
otherwisc. meso-(p-Tolvl)dipyrromethane (10) was synthesized
from the condensation of p-tolualdchyde with pyrrole as
reported previously. ™ Compound (14) was synthesized from
the condensation of [2-a-hydroxy-2-o~(p-tolymethy || furan
with pyrrole.

P-Tolyl-[5-{p-toluoyl)furan-2-yl]-(pyrrol-2-yl)methane (3a).
To a solution of (p-tolyD)-(furan-2-yD-(pyrrol-2-vI|methane
(0.237 g. 1.0 mmol) and p-toluoyv] chloride (0.199 mL. 1.503
mmol) in CH-Cl> (20 mL) cooled in icc bath was added
AICI: (0.302 g. 2.265 mmol). The mixture was stirred for <4 h
at room temperature and then saturated NaHCO; solution
(L0 mL) was added slowly. The mixture was extracted with
cthyl acctate (30 mL x 3). The organic laver was washed with
water and dricd (Na-SOs). Solvent was removed in vactio
and the remaming black oil was purificd by column ¢chroma-
tography on silica. The first moyving band cluted with CH-Cl»
was identificd as the monoacy| compound 3a (0.11 g. 36.6%)
and the sccond moving band cluted with CH-CI/EIOAC (30/
1) was identificd as the bisacylated compound 2a (0.076 g.
16.0%). For 3a; mp 44-435 °C: 'H NMR (CDCl3) 8 8.17 (bs.
IH. N-H). 7.81 and 7.25 (two doublets. ./ = 8.2 Hz. 4H. Ar-
H). 7.16-7.12 (m. 5H. Ar-H and furan-H). 6.74-6.72 (m. 1H.
pymole-H). 6.27 (d. .7 = 3.5 Hz. 1H. furan-H). 6.17-6.15 (m,
LH. pyvrrole-H). 5.977-5.976 (m. [ H. pyrrole-H). 5.53 (s, 1H,
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meso-H). 2.42 (s. 3H. Ar-CH;). 2.34 (s. 3H. Ar-CH;). IR
(C=0) 1634 em™. For 2a: mp 66 °C: '"H NMR (CDClx) §
9.45 (bs. 1H. N-H). 7.82 (d. 2H./=8.1 Hz. Ar-H). 7.78 (d.
2H../=8.1 Hz. Ar-H). 7.28-7.24 (m. 5H. Ar-H and Furan-H).
7.17-7.16 (m. 4H. Ar-H). 6.82 and 6.81 (dd. 1H. /=3.7 Hz.
pyrrole-H). 6.28 (d. 1H. [uran-H). 6.12-6.11 (m. 1H. pvrrole-
H). 5.62 (s. 1H. meso-H). 2.421-2.417 (m. 6H. Ar-CH3). 2.33
(s. 3H. Ar-CHs). Anal. calcd for Ci:H-7NOs: C. 81.16: H. 5.75:
N. 2.96 found: C. 80.98: H. 3.91: N. 2.90. IR (C=0) 1640 (s)
and 1605 (s) cm™.
P-Tolyl-|5-(p-toluoythien-2-vl|-(pyrrol-2-y)methane (3b).
The mixture of (p-tolyl)-[(pyrrol-2-v1)-(thien-2-v1)jmethane
(1.01 g. 4.0 mmol). p-toluoy] chloride (1.33 mL. 10.02 mmol)
and AICL: (2.03 g. 15.21 mmol) were trealed identically as
for the svnthesis of 3a. Column chromatography of crude mix-
turc on silica afTorded two products. Elution with CH-Cl:
gave clean scparation of 2b (0.33 g. 27.1%) and succcssive
clution with CH:CI/EIOA¢ (+0/1) afTorded 3b (0.38 g. 39.0
%). For 2b: mp 82-83 °C. 'H NMR (CDCl3) §9.49 (bs. 1H.
N-H). 7.78 and 7.28 (two doublets. +H../ = 8.1 Hz. Ar-H).
7.75 and 7.27 (two doublets. 4H. ./ = 8.1 Hz. Ar-H). 7.48 (d.
1H../=3.8 Hr. thiophene-H). 7.20-7.15 (m. 4+H. Ar-H). 6.90-
6.89 (m. 1H. thiophene-H). 6.82 and 6.81 (dd. 1H../=3.7 Hz.
pyrrole-H). 6.13-6.12 (m. 1H. pyrrole-H). 3.72 (s. 1H. meso-
H). 2.43 (s. 6H. Ar-CH3). 235 (s. 3H. Ar-CH;): *C NMR
(CDCLy) & 187.67. 184.41. 13536, 142.85. 142.72. 142 40.
140,75, 137.72. 13739, 135,55, 135.28. 134,55, 130.87. 129.57.
12925, 12912, 12899, 128.93. 128.18. 126.99. 120.04. 110.57.
46.01. 21.33. 21.04: Anal. caled for C5:HxNO-S C. 78.49:
H.3.36: N. 2.86 found: C. 78.24: H. 5.53: N. 2.77. IR (C=0)
1603 (s) em™. For 3b: mp 36-37 °C '"H NMR (CDCls) § 7.93
(bs. 1H. N-H). 7.76 and 7.28 (lwo doublets. 4H../ = 8.1 Hz.
Ar-H). 748 (d. 1H..J = 3.7 Hz. thiophcene-H). 7.18-7.13 (.
4H. Ar-H). 6.88 (d. 1H. thiophene-H). 6.73-6.71 (m. 1H.
pyrrole-H). 6.18-6.16 (m. [H. pyrrolc-H). 3.998-3.995 (m.
TH. pyrrole-H). 3.66 (s. 1H. meso-H). 2.43 (s. 3H. Ar-CH,).
234 (s. 3H. Ar-CH3). IR (C=0) 1623 () and 1605 (s) cm™".
p-Tolyl-(furan-2-yD)|5-(p-toluoyl)pyrrol-2-yljmethane  (4a).
EtMgBr (1.0 M solution in THE. 3.5 mL. 3.5 mmol) was
added 1o a solution of (p-loly)-(furan-2-vI)-(pyrrol-2-y1)-
mcthanc (0.167 g. 0.703 mmol) and THF (20 mL) n icc bath
under nitrogen. The mixture was stirred for 30 min and then
p-toluov] chloride (0.186 mL. 1,406 mmol) was added. The
wholc mixture was stirred for 12 h at room (cmperature. The
mixture was combincd with sal. NH4Cl1 (10 mL) then extracted
with CH-~Clx (20 mL x 3). The organic layer was washed with
watcr (30 mL) and dricd (MgSOs3). The solvent was removed
in vacto and resulting brown oil was purificd by column
chromatogaphy on silica (mcthvlenc chlonde/hexancs. 2/1).
Yicld 0.158 g (63.0%): mp 84-83 °C: 'H NMR (CDCLy) &
9.30 (bs. 1H. N-H). 7.78 and 7.26 {(two doublcts../ = 8.1 Hz.
4H. Ar-H). 7.409-7.406 (m. | H. furan-H). 7.17-7.12 (m. 4H.
Ar-H). 6.81-6.79 (m. IH. pyrrole-H). 634-633 (m. 1H.
furan-H). 6.094-6.086 (m. |H. furan-H). 6.07-6.03 (m. |H.
pyirole-H). 5,47 (s. 1H. meso-H). 2.42 (s. 3H. Ar-CH;). 2.34
(s. 3H. Ar-CH;). IR (C=0) 1600 cm™".
P-Tolyl-[3-(p-toluoyl)pyrrol-2-y1]-(thien-2-yl)methane  (4h).
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EtMgBr (1.0 M solution in THE. 9.3 mL. 9.3 mmol). (p-tol-
yvD)-(pyrrol-2-v1)-(thien-2-y)methane (0.48 g. 1.90 mmol) and
p-1oluovl chloride (0.38 mL. 2.84 mmol) in THF (30 mL) were
treated identically as for 4a. Column chromatography on sil-
ica (CH:Cl:/Hexanes. 2/1) afforded pure product. Yicld (.47
g (66.7%): mp 37-58 °C: '"H NMR (CDCls) §9.24 (bs. 1H.
N-H). 7.78 and 7.26 {two doublcts. 4H. ./ = 8.1 Hz. Ar-H).
7231 and 7.228 (dd. 1H. thiophene-H). 7.18-7. 14 (m. +H. Ar-
H). 696 and 695 (dd. 1H. thiophene-H). 6.83-6.84 (m. 1H.
thiophene-H). 6.81-6.80 (dd 1H. pvrrole-H). 6.08-6.07 (m.
1H. pyvrrole-H). 3.68 (s. 1H. meso-H). 2.42 (s. 3H. Ar-CH3).
2.35 (5. 3H. Ar-CH;). IR (C=0) 1599 cm™,

Reduction of carbonyl group. NaBH4(5.602 g 0.148 mol)
was carclully added portion wisc to a stirred solution of p-
tolyl-(furan-2-y )-| 3-(p-toluov Dpyrrol-2-v1jmethanc ($a) (0.526
2. 1.48 mmol) in McOH/EIOH (2/1. 300 mL). The mixture was
stirred for 20 min at room temperature. The reaction mixture
was quenched with water (20 mL) lollowed by extraction
with cthyl acetate. The organic phase was dried (K-CO;3) and
the solvent was removed to afford pale vellow amorphous
solid Sa. The strong O-H stretching band obscrved at 3407
em™ indicates the reduction accompanicd with the disap-
pearance of carbonyl stretching at 1634 cm™". Duc to limited
stability of the reduced alcohol. it was immediately used in
the next step without further purification. Reduction of com-
pounds 4b. 3a and 3b was carricd out similarly. 100 molar
cquivalents of NaBHj were used to cnsure complete reduc-
tion in all the rcactions.

5,10,15-Tri{p-tolyl)-21-oxacorrole (9). To an icc~cold mix-
turc of alcohol (Sa) (0.303 g. 1.406 mmol). meso-(p-tolyl)-
dipyrromethane (0.333 g. 1407 mmol). NH,CL(0.753 . 14,068
mmol) in acctonitrile (1:40.6 mL) was added BF;-OEt- (17.8
HL. 0. 141 mmol). The mixture was stirred for | hat 0°C and
then DDQ (0.958 g. 4.219 mmol) and tricthylamine (2 mL)
were added. The whole mixture was stirred for | h followed
by the addition ol water (30 mL). The mixture was extracled
with cthy] acctate (60 mL % 3) and the organic phasc was
dricd (Na-SO,). The solvent was removed in vacio and the
resulting solid was purificd by column chromatography on
silica (CH~Cl~/hexancs. 1/2). The purple soild was recryslal-
lized from methanol. Yicld 72.4 mg (9.0%). 'H NMR
(CDCl3) §9.52(d. IH..J =42 Hz).9.22 d. 1H../= 4.4 H7).
9.04 (d. 1H. /=42 Hz). 8.89-8.84 (m. 3H). 8.74-8.73 (m.
LH). 8.63 (d. |H..J =45 Hz). 821-8.17 (m. 4H). 8.06 (d.
2H..J =78 Hx). 7.63-7.60 (m. 4H). 7.54 (d. 2H..J = 7.8 Hx).
2.69 (s. 3H. Ar-CH3). 2.68 (s. 6H. Ar-CH3). -2.996 (bs. 1H.
N-H). C NMR (CDCLy): § 152.32. 150.15. 147.27. 13944,
139.34. 137.65. 137.52, 137.01. 136.70. 135.99. 134.78. 134 49,
13424 134,08, 133.63. 131.66. 13032, 12891, 128 45, 127.63.
126.20. 125.27. 12328, 123.26. 120.19. 117.11. 115.02. 113.35.
112.32. 10697, 21 .48. 21.43. UV-vis (CH-CI-/EIOH. 3/1)
A (EX 10Y) 402 (93). 418 (49). 488 (3.2). 524 (7.2). 551
(19). 604 (7.4). FAB MS caled for CyqHy N;O 569.25. found
570.07 (M" +H).

5,10,15-Tri{p-tolyl)-22-oxacorole (11). To an ice-cold mix-
turc of alcohol (6a) (0. 1435 g. 0,408 mmol). meso-(p-lolyDdi-
pyrromethane (0.104 g. 0.410 mmol). NH,C1(0.219 g. 4.085
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mmol) in acetonitrile (41.0 mL) was added BF;OEt (5.2
4L, 0.041 mmol). The mixture was stirred for | hat 0 °C and
then DDQ (0.278 g, 1.225 mmol) and tricthylamine {50 uL)
were then added. The whole mixture was stirred for 1 h and
then combined with water (20 mL). The mixture was extracted
with cthyl acctate (40 mL x 3) and the organic phasc was
dried (NaxSO4). The solvent was removed in vacuo and the
resulting solid was purified by column chromalography on
silica (CT1:Cly/hexancs, 1/2). The purple soild was recerystal-
lized from methanol. Yield 35.09 mg (15.1%): 'HIENMR (CDCIs)
89.07(d, 111,.7 - 5.1 1), 9.02-9.01 (m. 1£), 9.00 (d, 111, .7
—4.0112).8.81 (d. 11,7 - 4.3 H2). 8.78 (d, 11[,.J— 4.8 [1z).
8.76 (d, 111,.7— 5.1 Hz). 8.55-8.54 {m, 111), 834 (d. 1H1,.7—
4.5 1z), 8.19-8.15 (m, 41I0). 7.99 {d, 2t1..7 - 7.8 llz), 7.61-
7.59 (m, 4t1), 7.54 (d, 2t1. .7 — 7.7 Hz). 2.68 (s. 311, Ar-Cli3).
2.67 (5. 611, Ar-C115). -1.85 (br s, 111.N-I1). “"C NMR (CDCl;):
& 150.44, 149.84, 14544, 142.75, 138.30, 137.78, 137.63,
137.29, 137.05, 135.78. 134.70. 134.00, 133.88. 133.74, 132.23,
12920, 129.00, 128.56. 12827, 124.75, 123.71. 123.19, 123.17,
122,76, 121.21, 120.09. 120.02, 114.75. 108.79, 108.73, 10529,
21.54,21.48, 21.44. UV-vis (C1LCL/ELONL 3/1) A (£ 10%)
412 (211). 498 (13), 529 (13). 583 (6.2), 634 (20). FAB MS
caled for Cyl131Nz0 569.25, found 570.48 (M~ -11).

Results and Discussion

The fiest synthesis of corroles was teported in 1965 by
photochemical cyclization of a.c-biladiene.'® This classical
approach has been extensively applied for various model
systems and yiclds have been improved.™ The synthesis ol
mesa-substituted corroles [rom tetrapyrrolic precursor has
been repotted in 1993 by Paolesse ef «l." But the reaction
proceeds only in the presence of cobalt (11) ion and required
tedious separation. The accidental discovery that acid cata-
lyzed 212 condensation of diol {7) with meso-(p-tolyl)dipye-
romethane (10) alforded trace amount of corrole (9) prompted
us to investigaic the scope of the reaction (wither.'® As shown
in Scheme 2. a selective bond cleavage between C2 and 2o~
methyl must preeede the cyclization during the formation of
corrole 9. Thus. mono-hydroxy compounds such as (5a), (Sb),
(6a), and (6b) could be condensed with meso-(p-toly Ddipyt-
romethanes o aflord corroles bearing heteroatoms at the des-
ignated locations. In order to verily this assumption, we syn-
thesized several precursors.

The synthesis of p-tolyl-{furan-2-yl)-{pytrol-2-yl)methanc
(1a) and p-tolyl-(thien-2-y1)-(pyrrol-2-yl)methane (1b) was
achicved by acid catalyzed condensation ol 2| o-hydroxy-o-
(p-tolyD)]luran ot 2| c-hydroxy-o-(p-tolyl) thiophene and pyr-
role. As shown in Scheme 1. Lewis acid {(SnCly) catalyzed
acylation of (1a) or (1b) resulted in the products {2a). (2b).
(3a) and (3b) respectively. Selective acylation on the furanyl
side (3a and 3b) was achicved by employing SnCly as the
catalyst. The acylation led to mono-acylation on pyrrole
moicty and 1.9-bisacylated products (2a, 2b) were also iso-
lated in good yiclds. But mono-acylation product on furan or
pyrrole-moiety was not observed in this reaction. The reac-
tions were successful with sterically hindered mesitoyl chlo-

Ry Ry

Ry = = . \ Z
M R,COCI \ SN \_x nys
X N7 AlCly R, Ry Ry

o]

o d
1a. X=0, Ry= p-Tol
1b, X=S, Ry= p-Tol 2a. X=0, Ry=R,= p-Tol

3a. X=0, Ry=R,= p-Tol
2b, X=S, Ry=R;= p-Tol

3b. X=S, Ry=R,= p-Tol

1. EtMgBr
2. R,COCI NaBHy | EtOH/MeOH
Ry Ry Ry
A = NaBH, = = = =
\x i/ EOHMeOH “X mN \ IS Y
Ry Ry Rz
g W 'OH

4a. X=0, Ry=R,= p-Tol

5a. X=0, R{=R,= p-Tol
4b. X=S, R{=R;= p-Tol

6a. X=0, Ry=R,= p-Tol
5b. X=S, R{=R,= p-Tol

6b. X=S, Ry=R,= p-Tol

Scheme 1

ride. 1.9-Bisacylated products were always dominant regardless
of the nature of acid chloride. When AICI: was used as cata-
lyst (Table 1), similar results were obtained. Almost equal
amounts of mono- and bis-acylated products were usually
isolated in all cases but no pyrrolic acylation occurred.

The site of acylation was casily determined by analyzing
the chemical shifls of the cach protons in (uran. thiophene
and pyrrole. Since the two 5-membered aromatic systems in
(1a) or {1b) were magnetically and chemically non-equiva-
lent, acylation on furan did not change the chemical shifts of
the pyrrole protons and vice versa.

For example, the chemical shifls of the furan protons in
(1a) were observed at 7.37, 6.32 and 6.06 ppm respectively
and those of pyrrole protons were obscrved at 6.70, 6.15 and
5.93 ppm respectively. When itis acylated on Turan side. the
chemical shifis of the pyrrolic-protons remained unchanged
while onc of the furanyl-protons has disappeared. The same
pattern was observed when acylation occurred on pyrrole
side.

On the other hand. acylation carried out via pyrrole-Grig-
nard’s aflorded compounds (4a and 4b) exclusively. Treat-
ment of (1a) or (1b} with EtMgBr (5.0 cquiv) in THF followed
by adding acy1 chloride (2 cquiv) gave high yicld ol (4a) or
(4b) as the only product.

Since site-selective acylation of (1a) and {1b) has been
achieved, we atlempted to reduce the carbonyl group to the
corresponding alcohol. 1.9-Bisacylated dipyrromethanes were
successiully reduced to the corresponding diols employing
large excess of reducing agents.'® Treatment of 3a, 3b. 4a or
4b with excess NaBIy (100 molar equiv) in MeOl VEIOFH
(2/1) gave clean reduction and aflorded the corresponding
alcohols 6a. 6b, Sa and Sh respectively. The use of large
excess amount of reducing agent was crucial to make the

Table 1. Yields of Lewis acid catalyzed acylation ot dipyrrometh-
anes in the presence of catalysts

Yield (%)
Catalyst X R, R:
4a 4b 3a 3b 2a 2b
SnCli - O Phip-1) mesityl 5 81
S Phip-1)  mesityl 13 82
AlCl; O pTol  p-Tol 37 16
S pTol p-Tol 39 27
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p-Tol
+10 BF3OEt;
—_—— Tol Tol + 9(~1%
CHiCN INHCI © ~ (-1%)
0°c
7
p-Tol
8 (15%)
Scheme 2
p-Tol
1. BF3OEt,
p-Tol p-Tol ———————  pTol -p-Tol
2.DDQ
5a 10 9
p-Tol
1. BF3OEt,
Tol — — ——+ p-Tol p-Tol
2.DDQ
10 1
Scheme 3

reduction complete. The progress of the reaction was casily
followed by TLC and IR spectrometer: the disappearance of
carbony| stretching associated with the appearance of -Ol 1
stretching. The reduced compounds were rather unstable in
air. Thus they were not purilied (urther and used immedi-
ately in the next step. The 2+ 27 type approaches in the por-
phytin synthesis have been well documented.'” but the same
approach applicd in the synthesis of corrinoids has not been
studied much. We applied the previously identilied low-seram-
bling. acid-catalyzed conditions' in the condensation of the
two diflerent dipyrromethanes such as (6a). (6b) and {10).
When the diol (7) was reacted with (10) under the low-
scrambling 212" condensation conditions and subscquent oxi-
dation with DDQ. the desired porphyrin {8) were isolated in
15% yield (Scheme 2). The green pigment characterized as
(9) was isolated in less than 1%. The formation of corrole (9)
from the condensation of (10} with (7) might have occurred
viu cleavage ol the furan-C2 and 2¢-C bond during the reac-
tion. The identity of compound (9) was verified by indepen-
dent synthesis of authentic (9) via diflerent route. At the same
time, the site of cleavage between the two hydroxyl groups
in (7) was also identified (vide infra).

Acid-catalyzed condensation of {(3a) with meso-(p-tolyl)-
dipyrromethane (10) exclusively alforded corrole (9) in 9%
yicld. The spectroscopic data ol the minor product obtained
from the reaction shown in Scheme 2 were completely iden-
tical with the compound isolated from the condensation of
(10) and (5a). Scheme 3 shows two dilferent types ol *212°
condensation. Different o« linkage was achicved by apply-
ing the regio-isomers such as {3a) and (6a) in the condensa-
tion. Although the exact mechanism leading to the corrole is
not conclusive. all the experimental evidence indicated that
the presence of BFz and oxygen in the core is important in
the tormation of w-« linkage.
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Figure 1. Partial 400 MI1z proton NMR spectra of corrole (9)
(howom) and (11} (top) in CDCli. ‘The meso-tolyl groups have
almost identical chemical shitts while the S-pyrrolic and S-turany!
signals show large differences.

The absorption spectra of (9) and (11) have distinctive lca-
turcs. The Sorct band was observed at 402 nm lor (9) and at
412 nm for (11) as shown in Figure 2. A typical serics of Q-
bands were also obscrved between 470 and 750 nm. These
values are somewhat red-shified compared with those which
do not have meso-substituents.* The blue-shifted Soret band
in (9) indicates that it is less lexible and more resonance-
stabilized than (11). The proton NMR spectra also support
this assumption. As shown in Figure 1, the Spyrrolic reso-
nances ol (9) are shified (urther down field and the inner N-

700 800

nm

Figure 2. U'V-vis spectra of the two core-modified corroles 9
(8.99x 10 ° M) and 11 (3.90 x 10 ® M). Each spectrum was obtained
in CH:CLEtOH (3/1).
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H protons were observed at -1.83 ppm in (11) while that of
(9) was obscrved at -3.00 ppm.

A proposced mechanism for the cyclization is shown in
Scheme 4. The [irst step would be the acid-catalyzed con-
densation of the two dipyrromethancs to afford oxa-tetrapyr-
rolic compound (12) complexed with BFs. The development
of vellow color at the carlv stage of the reaction indicates
that a biladicne-ty pe intermediate (12) may be involved.

The boron-dipy rromethene complex (12) has been known
1o be stable and studicd as a fluorescence probe previously.'”
The subscquent nucleophilic attack by the other end-pyvrrole
might Icad to (13) which will give risc to corrole (11) on sub-
scquent oxidation. The proposcd mechanism is somcwhat
different from the oxidative cyclization using Ni(11) as tem-
plate reported.~” This is the first example of the synthesis of
corc-modificd corroles by the “2+2° condensation. BF; must
be acting as a catalyst and as a template in the reaction.

Attempted condensation of 3-(p-loly1)-2-| ohy droxy -o~(p-
tolyhmethyl]dipyvrromethance (14) with meso-(p-toly Ddipyr-
romethane (10) didn’t resull in any corrole components bul
scll~condensed porphyrin (15) was isolated in 9% yicld
instcad (Scheme 3). The similar condensation of dipyrromethanc
(16) with (10} also gave trace amount of porphyrin (17) as a
single product. The condensation of (18) with (109 did not
give anv corrinoid components and starling maicrial was
rccovered. The furan moiety 1s strongly basic than that of
pvrrole or thiophene. Thus. exceptionally strong complexation
of [uran with BFs makes the intramolccular cyclization pos-
sible. Attempled condensation carricd oul in the presence of
Co(QAc): and HBr' in methanol didn{ give any obscrvable
corrimoid components. Attempited condensation in the pres-
ence of protic acid (trifluoroacctic acid and p-tolucne sul-
fonic acid) m acclonitrile at 0 °C resulted in much lower
viclds of corroles. These results indicale that a strong tem-
plating cflect of BFymight have led to the formation of cor-
roles.

The optimization of the 2+2 condensation discussed in this
article would provide new approaches to corc-modificd cor-
rolcs (hat have diffenrent meso-substituents and corc-ligands.
This will also open a new horison of building blocks for the
construction of porphyrin-corrolc array and polential appli-
cation 1o molccular devices.
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