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Bromination of meso-tetraphenylporphyrin, H2TPP with controlled amounts of N-bromosuccinimide at
ambient conditions in CHCl3 produced b-dibromo and tribromotetraphenylporphyrins. The regiochemist-
ry of the ZnTPPR3 (R = Br, Ph) complexes indicate the antipodal substitution at the b-pyrrole positions.
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Figure 1. Molecular structure of b-di and tri-substituted porphyrins.
1. Introduction

Functionalised porphyrins and metalloporphyrins have been
widely employed as models of tetrapyrrole pigments of nature.1

Besides, these substituted porphyrins exhibit unique physico-
chemical properties.2 Synthesis of b-pyrrole-substituted porphy-
rins is of growing interest since the substituents are in direct con-
jugation with the p-system which can alter the properties of the
macrocycle dramatically. The preparation of partial b-pyrrole bro-
minated tetraphenylporphyrin leads to mixture of products.3 In a
previous report, the regiochemistry of the H2TPPBrn (n = 2–4) was
suggested based on the 18-p electron delocalisation pathway.4a

Use of such porphyrins as precursor4 resulted in a symmetric
b-pyrrole mixed substituted tetraphenylporphyrins with interest-
ing electrochemical redox and stereochemical properties.5 2,3-di-
bromo-tetraphenylporphyrin was prepared by bromination
reaction of H2TPP(b-NO2) derivative followed by denitration.6

However, the synthesis and regiochemistry of the dibromo and
tribromoporphyrins remain largely unexamined. Synthesis of par-
tially brominated H2TPP provides an easy entry into various asym-
metrically substituted porphyrins or materials, which are
otherwise synthetically difficult.4a,5–8 Furthermore, asymmetri-
cally substituted porphyrins are potentially useful in non-linear
optical applications.9

In this Letter, the synthesis of 2,12/2,3/2,13-dibromo-5,10,-
15,20-tetraphenylporphyrin and 2,3,12-tribromo-5,10,15,20-tetra-
phenylporphyrins are reported (Fig. 1). Suzuki cross-coupling
reaction of H2TPPBr3 has been examined and the crystal structures
of the antipodal-substituted ZnTPPR3 (R = Br, Ph) complexes are
explored.
Elsevier Ltd.

ppa).
2. Results and discussion

b-Dibromo- and tribromo-H2TPP derivatives were synthesised
at room temperature by bromination reaction of free-base meso-
tetraphenylporphyrin using 2.8 equiv of N-bromosuccinimide.10

Refluxing of the reaction mixture resulted in the formation of small
amounts of tetrabromo-H2TPP. Attempted selective synthesis of
H2TPPBr2 or H2TPPBr3 by controlling the concentration of N-bro-
mosuccinimde was unsuccessful. Under optimised reaction condi-
tions, at room temperature, the reaction showed essentially two
products, b-dibromo- and tribromo-5,10,15,20-tetraphenylpor-
phyrins. These porphyrins were separated by silica gel column
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chromatography using 35% CHCl3 in n-hexane solvent mixture.
H2TPPBr2 and H2TPPBr3 were isolated as first and second fraction
with the yield of 30% and 40%, respectively. Synthesised porphyrins
were characterised by electronic absorption, 1H NMR, mass spec-
troscopy, and elemental analysis.10 Electronic absorption spectrum
of the H2TPPBrn (n = 2 and 3) revealed red-shifts of the visible
absorption bands relative to H2TPP and are consistent with the lit-
erature values.3 However, H2TPPBr2 mixture indicates blue shifted
absorption in contrast to reported 2,3-dibromo-H2TPP.6 Interest-
ingly, 1H NMR of H2TPPBr2 mixture showed an intense peak at
�2.94 ppm with moderately intense peak at �2.83 ppm and two
very weekly intense peaks at �2.65 and �2.78 ppm for the core
imino protons. It was reported previously that 2,3-dibromo-
H2TPP isomer showed a singlet for the imino-proton at
�2.83 ppm.6 The presence of an intense imino proton resonance
signal centred at �2.94 ppm suggests the presence of a major iso-
mer as 2,12 (or 2,13) and minor component as 2,3-dibromoporph-
yrin under the above reaction conditions. As proposed earlier, the
suggested regiochemistry of the dibromo-H2TPP was 2,3 or 2,12,
or 2,13-dibromo-tetraphenylporphyrins.4a Moreover, the meso-
phenyl (o-H’s, 8.07–8.18 ppm; m- and p-H’s, 7.71–7.79 ppm) and
b-pyrrole protons (8.72–8.89 ppm) signals showed complex multi-
plets. The formation of the dibromo-H2TPP was evidenced from the
analytical and mass spectroscopy data. The separation of the indi-
vidual isomers was unsuccessful on the silica gel column chroma-
tography using CHCl3/hexane solvent mixture.

1H NMR spectrum of H2TPPBr3 in CDCl3 features two singlets for
imino protons and the number of proton resonances arising from
b-pyrrole and meso-phenyl groups indicates the antipodal substi-
tution of the bromo atoms at the pyrrole positions. The integrated
intensity of the resonances is consistent with the proposed struc-
ture. Considering the 18-electron cyclic polyene model, the tri-bro-
mination is anticipated at the antipodal b-pyrroles. In an effort to
elucidate the regiochemistry, the crystal structure of the ZnTPPBr3

was examined.11,12 The ORTEP diagram of the
ZnTPPBr3(Py)�(C2H4Cl2) complex is shown in Figure 2. The three
bromine atoms showed disorder over four antipodal b-pyrrole
Figure 2. ORTEP diagram of the ZnTPPBr3(Py)�C2H4Cl2 complex. The minor disor-
dered bromine atom is not shown for clarity. (a), Top view; (b), side view. 1,2-
dichloroethane solvate is not shown for clarity. For the side view, hydrogens, meso-
phenyls and axial pyridine are omitted. Thermal ellipsoids are shown at 40%
probability level.
positions with the occupancies of 0.92, 0.76, 0.80, and 0.52 for
Br1, Br2, Br3, and Br4, respectively. Zn(II) ion shows square pyra-
midal geometry with axially coordinated pyridine solvate. The bro-
minated pyrroles exhibited average Zn–N bond distance of
2.115(5)Å while the other unsubstituted pyrroles showed Zn–
N = 2.038(6)Å. This is perhaps due to decreased electron density
on the nitrogens induced by the electron-withdrawing bromine
atoms. Zn(II) ion is situated 0.382(4) Å above the equatorial four
nitrogen plane and the axially coordinated pyridine is almost pla-
nar with a Zn1–N5 bond distance of 2.156(5) Å.13 The macrocyclic
ring is nearly planar within 0.191(4) Å. meso-Phenyl groups are ori-
ented perpendicular to the porphyrin mean plane with an average
dihedral angle of 73.5(2)�.

Suzuki-cross coupling of the H2TPPBr3 with phenyl boronic acid
was performed using reported procedure5 and H2TPP(Ph)3 was iso-
lated in 80% yield. Its Zn(II)-complex was prepared using literature
method.5 The synthesised compounds were characterised by con-
ventional spectroscopic methods.14 Electronic absorption spec-
trum of the MTPP(Ph)3 (M = 2H, Zn(II)) reveal blue shifted
absorption of the spectral bands (3–10 nm) relative to the corre-
sponding MTPP(Ph)4 (M = 2H, Zn(II)) complexes.5 1H NMR of the
H2TPP(Ph)3 shows resonances arising from b-pyrrole, meso-phenyl,
and imino protons. The imino-protons appear as a singlet at
�2.23 ppm. 1H NMR of the ZnTPP(Ph)3 complex revealed the ab-
sence of core imino protons while the phenyl and b-pyrrole pro-
tons are down-fielded marginally (0.1–0.25 ppm) and the
integrated intensity of the resonances are consistent with the ex-
pected structure.14

To examine the distribution of the phenyl groups at the b-pyr-
role positions, crystal structure of the ZnTPP(Ph)3 was examined.15

The ORTEP diagram of the ZnTPP(Ph)3(dioxane) complex is shown
in Figure 3. The Zn(II) ion is situated above (0.280(3) Å) the equa-
torial four nitrogen plane with axially coordinated dioxane as the
fifth ligand. In the equatorial plane, the mean Zn–N bond distance
is 2.099(3) Å along the substituted pyrrole direction and it is longer
than the other unsubstituted pyrrole direction 2.015(3) Å. The axi-
ally coordinated 1,4-dioxane shows two disordered positions with
Zn1–O1 distance of 2.273(4) Å. The macrocyclic ring shows near
planarity within 0.142(3) Å from the mean plane of the 24-atom
core. The average dihedral angle formed by the b-pyrrole phenyls
(77.4(1)�) is slightly higher than that of meso-phenyl groups
(75.9(2)�). Both the ZnTPPBr3(Py)�(C2H4Cl2) and ZnTPP(Ph)3(diox-
Figure 3. Crystal structure of the ZnTPP(Ph)3(dioxane) complex. (a), Top view,
hydrogens and the minor disordered part of the dioxane is not shown for clarity. (b),
side view, hydrogens, phenyls and 1,4-dioxane are omitted. Thermal ellipsoids are
shown at 40% probability level.
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ane) complexes exhibited gentle non-planarity of the porphyrin
rings when compared to five-coordinated ZnTPPBr4(MeOH)�DMF
structure.16 The decreased non-planarity in ZnTPPR3 (R = Br, Ph)
structures is perhaps due to less steric crowding at the periphery
of the porphyrin.

3. Conclusions

In summary, room temperature syntheses of free-base b-dibro-
mo and tribromotetraphenylporphyrins have been reported. Crys-
tal structures of the ZnTPPR3 (R = Ph, Br) complexes reveal
antipodal b-pyrrole distribution of the substituents. Synthesis
and properties of asymmetrically dodeca-substituted porphyrins
and their metal complexes are in progress.
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