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The demetalation of M"(HCTPPO)Br (M = Mn or Fe) afforded two hydroxylated N-confused porphyrinoids. CTPPOH retains the tautomer form
of the N-confused porphyrin with a hydroxyl group substituted in the inner-core carbon. The further attack of OH~ to the meso carbon
afforded a dihydroxylated N-confused macrocycle, CTPP(OH),.

Investigations into the chemistry of N-confused porphyrins Recently, Furuta and co-workers reported the oxidative
(NCPs) have progressed rapidly in recent yédisaportant liberation of tripyrrinone metal complexes from NERMore
results from the studies of NCPs include the nontraditional recently, novel ring reduction on the manganese NCP com-
coordination modes of the NCP compleXéshe stabilization plex to form a phlorine-type porphyrin core has been reported
of abnormal metal oxidation statethe formation of organo- by Ziegler et al'® All of these reactions provide routes to
metallic metal carbon bondsand the formation of dinuclear  obtain novel porphyrin macrocycles, which are difficult to
or polynuclear N-confused porphyrin complexes through access from other approaches. However, there are only a few
nitrogen coordination on an inverted pyrrole rih@ne par- reports available for the demetalation reaction of N-confused
ticularly intriguing result from the study of NCP complexes porphyrin complexes to obtain the free base form of novel
is the unusual reactivity of the internal carbon on an inverted macrocycles. Recently, we have found that the iron(ll) and
pyrrole ring. Reactions including halogenatforyanizatior? manganese(ll) complexes of NCP react with dioxygen in a
oxygenatiort? and internal fusioh have been reported. sequential two-step process. The metal center of five
coordinated M(HCTPPH)Br (M= Fe or Mn) is oxidized
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followed by inner C-H deprotonation to form M(HCTPP)- | NN

Br.2 Further dioxygen activation inserts an oxygen atom into

the iron—carbon bond to form B¢HCTPPO)BI!® As an 25
attempt to isolate the free base of the oxygenation product CTPPH
for future coordination chemistry study, here we reportthe .,  #{ e CTPPOH
isolation and characterization of the oxygenation product, === CTPP(OH)2
CTPFOH. A novel CTPP(OH) compound with aninsertion
of the second hydroxylation group intoraesocarbon of §
the tripyrrin unit is also reported. §
2
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O Figure 1. Absorption spectra of CTPPHee base, CTPPOKIL)
] and CTPP(OH) (2).
+
O shifts of compoundl spanned the region af 0—12 with
N unusually broad peaks. The lowering of temperature down
M(HCTPPO)Br /) to —50 °C did not significantly sharpen the peaks. A rapid
M = Fe, Mn HO flipping of the pyrroles or phenyl rings might be attributed

to the peak broading. Also, rapid interconversion between

keto- and enol-tautomer forms cannot be ruled out. Outside

2 the aromatic region, three peaksjat1.29, 11.88, and 2.05

are visible. These chemical shifts originate from the two
The method of treating M{CTPPO)Br with HCIQ in a pyrrolic NH and a hydroxyl proton, which are confirmed by

solvent mixture of CHCI/THF (3:1) was used for the isotope exchange experiments.

demetalation reactions. The color of the solution changed In contrast tol, the half-widths ofH NMR signals for2

immediately from dark green to yellow-green when HEIO ~ are in the normal range. Noticeably, thepyrrolic protons

was added. The reaction mixture was neutralized with are significantly upfield shifted to 6—7 ppm, an indication

NaOHaq and then washed with 8. After column chro- of diminished aromatier system. As shown in Figure 2, the

matography the productisand? (ratio 3:2) can be obtained. ~ A-pyrrolic protons on the dipyrrin fragment are located as

Demetalations of both manganese(lll) and iron(lll) com-

plexes were carried out with a similar procedure. The re- _

sults showed higher yields (1, 549; 38%) for iron(lll)

complexes in comparison with manganese(lll) complexes phenyl

(1, 30%;2, 18%). Preliminary study reveals that the iso- ot

lated products are relatively stable. The exposure of toluene

solutions ofl and 2 to air gave no significant change in

UV —vis spectra during the course of 12 h. The mass spectra p-H

clearly indicated the presence of hydroxyl substituents on -|-|

the isolated products. The UWis spectra shown in Figure phenyl

1 are distinctively different from the starting MCTPPO)- ~
Br.15 Both compound. and2 showed split Soret bands with
absorption coefficients lower than that of CTP.PHie Soret NH
~JLQ

bands for both compounds are blue-shifted and broadened, ] OH

suggesting the diminishing of aromaticsystem. The further TR T o

blue-shifted Soret peak @fagrees with a shorter and discrete ’
conjugate system.
To have an insight of the structures, compoundnd 2 ﬂ f\;\

were characterized by NMR spectroscopy. The chemical

g
®
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two pairs ofAB pattern a® (6.667, 6.719) and (6.099, 6.125). | NGNS

The much broader pair of doublet &t6.472 and 6.332 is
assigned to thg-pyrrole protons between the two hydroxyl
groups. The COSY spectrum showed that these two protons
further coupled to a peak @t 15.284. The peak at 15.284
ppm was therefore assigned to the pyrrolie Nlon the same
pyrrole ring. A singlet integrated into one protonda?.661
was assigned to the pyrrolic proton on the inverted pyrrole
ring and therefore suggested the presence of an imino
nitrogen on the inverted pyrrole ring. Two broadened peaks
at 14.278 and 3.245 ppm were assigned to the hydroxyl
protons on the inner carbon antesocarbon, respectively.
The explicit evidence of the structure was obtained from
the X-ray single-crystal analysis. CT@H, 1, crystallized
in triclinic P1 with one molecule in the unit celf. The
molecule sits on a center of symmetry and only a half
molecule was located from the electron density map. The
hydroxyl group on the inner carbon of inverted pyrrole ring
was refined to an occupancy factor of 0.5 in agreement with
a crystallographic disorder involving the inverted pyrrole ring
and the pyrrole ringransto it. As depicted in Figure 3, the

Figure 4. Relative energies (in kcal/mol, with respect3id-3) of
I e tautomers of CTRBH (1) at the MP2/6-31G(d) level. In

parentheses are energies including solvation free energy of THF.

our surprise, a keto structure was obtained during our study.
The relative energies of species (in kcal/mol, with respect
to 3H-3) are shown in Figure 4. Our result shows that the
3H form tautomers are significantly more stable than those
with the 2H form. The inner core hydrogen bonding inter-
actions may play an essential role to the stabilization energies
as in the case diCTPPH!8 3H-2, 3H-3, and the keto form

are the most stable tautomers at the MP2/6-31G(d) level.
When we include the solvation free energy with isodensity
surface polarized continuum model (IPCM) at the dielectric
constant of THP? 3H-3 is 4.3 and 2.8 kcal/mol lower in
energy tharBH-2 and the keto, respectively. The computa-
tional result of 3H-3 as lowest energy form is in good
agreement with the crystal structure parameters. The obser-
vation of peaks at 3426 and 1080 chin the IR spectrum

of 1 provides further evidence of an enol form structure.

distance of 1.497(4) A for C2301 suggested a hydroxyl The dihydroxyl C(_)mpoundz crystalliz_ed in monoclinic
group with diminutive keto form contribution. The planarity SPace grougP2y/n with four molecules in a unit ceff: A
of 01—-C23—-C19—C22 as well as the distance of 1.397(3) toluene that disordered into two positions was located in the
A for both C23-C19 and C23-C22 agree with a garbon crystal lattice. As depicted in Figure 5, the most intriguing
on C23. CTPPH exhibits a distorted porphyrin ring. Part of the structurg is the reaction mesoC13 atom to
Whereas the pyrrole rings of N1 and N1A are nearly coplanar form a sp carbon with a hydroxyl group substituted on the
to the porphyrin mean plane, the inverted pyrrole ring and equatongl position and the pheny] ring tilted to nearly
the N3A pyrrole are tilted, in the opposite direction, away Perpendicular to the mean porphyrin plane. The geometry
from the mean plane. The angle between the inverted pyrrole®f C13 is a distorted tetrahedron with an angle of 118:2(4)
ring and the plane of other core atoms is.Ihe oxygen is (17) All computations were performed using the Gaussian98 suite of
deviated 0.96 A from the mean porphyrin plane. orograms. " P 9

Six enol tautomers (Figure 4) were examined using ab  (18) Ghosh, A.; Wondimagegn, T.; Nilsen, HJJPhys. Chem. B998§
initio quantum chemistry at the MP2/6-31G(d) levelTo 102, 10459.

(19) Foresman, J. B.; Keith, T. A.; Wiberg, K. B.; Snoonian, J.; Frisch,
M. J. J. Phys. Chem1996,100, 16098.

Figure 3. Structure of CTPPOHL1) in 35% thermal ellipsoids.

(16) Crystal data forl: CasH3zoN4O, My = 630.72, triclinicP1, a = (20) Crystal data foR: CasH3zoN4O,°0.5 tolueneM,, = 692.79, mono-
6.1556 (6)b = 10.6385(11)¢c = 12.5323 (13) AV = 791.60(14) & D. clinic P2y/n, a=6.6176 (17)b = 24.138(6)c = 22.081 (6) AV = 3499.9-
= 1.323 Mg/n¥, Z =1, R = 0.0676, wR= 0.1869, GOF= 1.018 (I > (15) A3, D, = 1.315 Mg/n#, Z = 4, R = 0.0582, wR= 0.0695, GOF=
20(1)). 0.517 (1> 20(1)).
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Figure 5. Structure of one of the enantiomers of CTPP(@{2)
in 50% ellipsoids.

Figure 6. Polymeric chain of2 linked by hydrogen bonding
interact@ons betweerj two hydroxyl groups. (Unrelated phenyl groups
for C14-C13-C12. The distance of 1.440(5) A for are omitted for clarity).

C13—-02 is close to the €0 bond distance on methoxy-
substituted isoporphyritt. The inner core hydroxyl group . )
is disordered into two positions with 50% occupancy on each Theoretical calculation suggested that the keto form would
site. The second site of the inner hydroxyl oxygen was have the lowest energy in the gas phase. However, the
located on the N4 pyrrole ring and suggested a cocrystalli- spectroscopic data as well as the solid-state crystal structure

zation of the enantiomers. The distance of 1.418(6) A from Sudgest that a 3H enol form is the isolated product. The
O1 to C1 is significantly shorter than the corresponding further hydroxylation via nucleophilic addition of the OH

distance inl. The shorter distance of the inner C—0 bond N the presence of base afforded the dihydroxylated CTPP-
suggests a higher degree of contribution of keto tautomer (OH)z

Presumably, the regioselectivity ®originates from
form. The porphyrin core of the macrocycle displays a roof- the electron-donating ability of the inner hydroxyl group of
like geometry with atoms of C13 and C3 at the top deviated

1, which makes further nucleophilic attack on theeso
0.550 and 0.183 A, respectively, from the mean plane defined carbons neighboring to the hydroxylated inverted pyrrole ring

by the 24 atoms porphyrin plane. Interestingly, as shown in Unlikely. The porphyrinoid2 has a sp mesocarbon with
Figure 6, the porphyrins exhibit ladder-type polymeric chains the phgnyl substltuent.tllted nearly perpendlcular to the
in the crystal lattice linked by hydrogen bonding between porph_ynn plane. The solid state of the dl_hydroxylatgd product
two hydroxyl groups. Although the orientation of hydrogen €Xhibits an unusual ladder polymeric chain linked by
atoms on hydroxyl groups cannot be precisely determined Nydrogen bonding between the hydroxyl groups.

because of the disorder, the distance (2.812 A between O1
and O2) and direction of hydroxyl groups strongly suggest
hydrogen bonding interactions. In the ladder, the porphyrin
rings partially overlap neighboring molecules with an aver-
aged separation of 3.749 A while the perpendicular phenyl
rings sit nearly coplanar with each other.

In conclusion, two novel N-confused porphyrinoids,  gypporting Information Available: Synthetic procedures
CTPROH and CTPP(OH) are isolated from the deme'talgtlon and spectral data of CTPP(OH))(and CTPP(OH)(2) and
of M"(HCTPPO)Br (M= Fe or Mn). Both porphyrinoids ¢y files for the X-ray structural data of and 2. This
showed diminished aromaticity and split Soret bands. material is available free of charge via the Internet at

http://pubs.acs.org.
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