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Iron and copper complexes of tetraphenyl-m-benziporphyrin (TP-
mBPH)H have been prepared and structurally characterized. The
iron system, (TPmBPH)Fe'Br, contains a high-spin Fe(ll) center.
In the solid state the complex forms dimeric units linked by weak
CH---Br hydrogen bonds. The Cu complex contains a tetrameric
copper cluster with a Cu,Cl,>~ unit bridging two [(TPmBPCI)Cu'"]*
fragments. The formation of (TPmBPCI)H represents an example
of copper-catalyzed chlorination on the internal carbon atom of
(TPMBPH)H.

The idea of replacing a pyrrole ring in the porphyrin
macrocycle with a carbocycle (heterocarbocycle) to exploit
the coordinating properties of porphyrin cores has initiated
studies on carbaporphyrins, a new class of porphyrin
analogued:* Recently, it was shown that N-confused
tetraphenylporphyrin (CTRPH can stabilize unusual metal
oxidation statesand provides a unique environment for
studying the formation and reactivity of organometallic
metal-carbon bond§:8 It has also been found that the
internal C-H bond of the (CTPH)H, system is susceptible
to substitution reactions. The products of alkylatfamitra-
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tion,*%internal fusion'! and cyanatiott have been reported

to date. More recently, tetraargt-benziporphyrin and its

para isomer, which have a pyrrole ring replaced with a

benzene ring, have been prepared and structurally character-

ized1314Both benziporphyrins have already been shown to

coordinate selected metal(ll) ioh%.'® In the reactions of

mrtetraphenylbenziporphyrin with silver salts, the pyridina-

tion'® and acetoxylation produéts have been isolated.

Reactions of 22-acetoxyrbenziporphyrin with zinc(Il) or

cadmium(ll) give metal complexes containing an unmodified

acetoxy substituent while the reactions with nickel(ll) or

palladium(ll) cleave the Ae¢O bond and form 22-hydroxy-

m-benziporphyrin speci€’s. The unusual reactivity of the

internal carbon has inspired us to further exploit the

chemistry of carbaporphyrins. Herein we report the syntheses

and characterization of iron and copper complexes of

tetraphenylr+benziporphyrin (Scheme 1). Interestingly, the

reaction of copper(ll) chloride wittn-benziporphyrin yields

a 22-chlorom-benziporphyrin complex from a chlorination

reaction of the internal carbon on threbenziporphyrin core.

When refluxing a THF solution of free base (fiBPH)H

and FeBs for 4 h in thepresence of a few drops of 2,6-

lutidine under anaerobic conditions, (iBPH)F€'Br (2) can

be worked up in 71% yielé® The final product gives a Soret

band at 431 nm an@ bands at 770 and 860 nm (Figure 1).

Compared with the free base of (TBPH)H the Soret band

is red-shifted only slightly but the bathochromic shift of the

Q bands is significant. The compound is relatively stable

toward dioxygen in contrast to the instantaneous reaction

with O, in the case of HICTPRH)F€'Br.1°
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Figure 1. The absorption spectra @ (—) and 3(:-+).

Scheme 1
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A magnetic susceptibility measurement performed in
solution for 2 using the Evans method gives an effective
magnetic moment of 4.6bg. The value is in the range for
a high-spin Fe(ll) center.

As shown in Figure 2, thég-pyrrolic protons of2 are
located at 49.4, 21.1, and 6.5 ppm at 293 K as identified by
2H NMR for (TPmBPH-ds)F€'Br. These values are close to
those recently reported for high-spin nickel(ll) complexes
of 22-acetoxybenziporphyrihand tetraphenyir-benzipor-
phyrin® The hydrogens on th@-phenylene ring have been
identified by default at 22-H, 440; 2,4-H, 65.8; 3-H33.2
ppm (298 K). Interestingly, the 440 ppm shift of the inner
C—H proton is much smaller than the corresponding shift
observed for ICTPRH)F€E'Br (812 ppm, 298 K¥ but
similar to the value for (TRBPH)NI"CI (386 ppm, 298 K>
An agostic mechanismof spin density transfer, described

(18) Absorption spectrum (GI€l2) [Amax M (loge, M1 cm™1)]: 339
(4.06), 431 (4.34), 770 (3.53, sh), 860 (3.81). MS (ESWjz= 760.9
(calecdmv/z = 760.1 for M+ H™), 680.4 (calcdwz = 680.2 for M"
— Br), 626.5 (calcdwz = 625.3 for M+ H™ — Br — Fe).'H NMR
(CD,Clp): 400 (1 H, 22-H), 65.8 (2 H, 2,4-H), 49.4 (2 H, pyrr), 21.1
(2 H, pyrr), 6.9 (2 H, pyrr);—33.2 (2 H, 3-H). Crystallographic data
for 2. Cs3zHsgBriFeNs, T = 150(2) K, MW = 852.62, triclinic, space
%roup Pla=11.0498(13) Ap = 11.5449 (13) Ac = 16.5738(19)

o = 78.544(2), p = 79.527(2}, y = 77.699(2) V = 2003.0(4)

A3 7 =2, D, = 1.414 Mg/m3, A = 0.71073 A u= 1.416 mm?,
F(000)= 876. The structure was solved by direct methods and refined
by least squares agairfst to R; = 0.0414 (WR, = 0.0788) andSsor
= 0.957.
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Figure 2. NMR spectra of iron(ll) tetraphenyhbenziporphyrin: (A)
(TPMBPH)Fe'Br (*H NMR, dichloromethanek, 298 K); (B) (TPMBPH-
de)F€'Br (*H NMR, dichloromethane, 298 K). Inset in trace A presents the
downfield region with the 22-H resonance. Peak labels follow the systematic
numbering of the porphyrin ring or denote proton groups: pyrr, pyrrole
ring; ph, mesephenyl; s, solvent.

previously for (TPnBPH)Ni"CI, explains the shifts of
(TPmBPH)NI"CI as resulting from electron donation from
the CH bond to the meta?.

The reaction between Cu(ll) and (fBPH)H has been
carried out under much milder conditions. Using Cu&s
the metal carrier under anaerobic conditions at room tem-
perature in the absence of base, [{IBPCI)CuU']2(Cu,Cly)
(3) can be readily obtained in 75% yield The UV—vis
spectrum of3 (Figure 1) resembles that @fwith the Q band
slightly blue-shifted. The elemental analysis suggested that
the compound is a tetranuclear complex with a'}Cly]>~
unit bridging two copper(ll) benziporphyrins. Importantly,
the mass peak at/'z 721.2 suggests that a chlorination reac-
tion proceeds cleanly according to eq 1. This reactivity
resembles the silver-mediated 22-substitutions observed
earlier for the reactions of (TABPH)H with acetate ion'$
and pyridinet®

2(TPMBPH)H + 4Cd'Cl, —
(TPMBPCI)CU'](CU,Cl,) + 2HCI (1)

The structures of bot@ and 3 are confirmed by X-ray
structural analysis. The iron complex crystallized in Bie

(21) Absorption spectrum (G4€12) [Amax NM (loge, M~1 cm™1)]: 433
(5.12), 757 (4.46, sh), 814 (4.56). MS (ESHvz = 721.2 (calcdn/z
= 721.1 for [Cu(TPnBPCI)]". Anal. Calcd for CuClgNeCozHsg CHo-
Cly*CgHia: N, 4.45; C, 63.06; H, 3.95. Found: N, 4.78; C, 64.92; H,
3.73. Crystallographic data f@: CasgH33Cl;CwN3, T = 150(1) K,
MW = 1027.00, monoclinic, space grol2i/c, a = 14.5784(5) A,
b = 25.0959(8) Ac = 12.6346(5) A8 = 108.462(1), V = 4384.6-
(3) A3, Z=4,D. = 1.556 Mg/nT3, 1 = 0.71073 Ay = 1.556 mnr?,
F(000)= 2074. The structure was solved by direct methods and refined
by least squares agairst to R; = 0.0588 (WR, = 0.1329) andSsor
= 1.091.
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Figure 4. The crystal structure 08 with 50% thermal ellipsoids which
shows the tetranuclear complexes andriBPCl cores.

space group with one solvate toluene per asymmetric unit
(Figure 3). The iron center binds to three pyrrolic nitrogens N agreement with the elemental analysis described above,
and a bromide in a distorted tetrahedral structure. The the copper complex is a tetranuclear complex with a bridging
bromide bends toward therphenylene ring and expands [CuCljJ*~ unit. The bridging ligand of [C4Cl,]* is rare
the angle of N2Fel-Brl to 116.15(9). The distance of but has been reported in several structures including the
2.073(3) A for Fe1-N2 is slightly shorter than 2.131(3) and fecent one by Busch et #.The structure parameters of
2.141(3) A for Fe1-N1 and Fet-N3. The distances between [CtzCly]*” in 3 are comparable to the literature values. A
iron and pyrrolic nitrogens are in the range for high-spin chlorine atom on them-phenylene moiety can be clearly
Fe(ll) porphyrin complexe® The tripyrrolic fragment  identified with a distance of 1.751(3) A for C2ZI3. The
arranges in a dome-shaped geometry. The average deviatiod] PMBPCI moiety has a tiltedn-phenylene ring and a saddle
of three pyrrole rings and founesecarbons from the three ~ arrangement of the tripyrrolic unit. The average distance
nitrogen plane is 0.35 A. The iron sits 0.694(2) A above the between copper and pyrrolic nitrogens of 1.976(3) A agrees
three nitrogen plane. The large deviation of iron from the With the presence of a copper(ll) ion in the carbaporphyrin
porphyrin plane has been observed in five-coordinated iron- central cavity?® The distance between copper(ll) and the
(||) porphyrin Comp'exe§_2 As expected, then_pheny'ene inner carbon C22 is 2698(5) A, which is Signiﬁcantly |0nger
ring is tilted away from the mean porphyrin plane. The than the distance i@.
distances from iron to the inner carbon (C22) and inner In conclusion, iron and copper complexesnebenzipor-
hydrogen (H22) are 2.579(4) and 2.439(36) A, respectively. phyrin have been prepared. The studies on the NMR
These distances are longer than the corresponding distancespectroscopy and crystal structure dfsuggest a weaker
of 2.361 and 1.971 A in HCTPRH)FE'Br wherein we interaction between the iron center and internalkCfor 2
confirmed the existence of an agostic interaction between compared with ICTPRH)Fe'Br. The formation of a tetra-
Fe and the inner €H bond? Nevertheless, these values are huclear copper complex and the copper-assisted chlorination
small compared to the van der Waals corffaahd similar is unexpected but further demonstrates the versatile chemistry
to those seen in chloronickel(iybenziporphyrin (Ni--C22,  that can be carried out in carbaporphyrin systems.
2.549(3) A; Ni--H22 2.40(3) A)!> and they evidence the
formation of a weak agostic bond. Importantly, the angle
between FetC22 and them-phenylene ring is 110°5which
is much less than 1262or (HCTPPH)F€'Br.6 In the crystal
lattice, 2 forms a cyclic dimeric structure with mutual
hydrogen bonding interactions between the axial bromides
and H3 atoms on therphenylene rings (see Supporting
Information). Supporting Information Available: Experimental procedures,
The crystal of3 belongs to theP2;/c space group with  spectroscopic data, VT plots fa2 in tolueneds, and X-ray
the molecule located at a symmetry center. The tetranuclearcrystallographic data fa2 and3. This material is available free of
complex (Figure 4) is a neutral compound, and four solvate charge via the Internet at http://pubs.acs.org.
dichloromethanes per tetranuclear complex are located in theicgs9s211
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