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A novel and facile method for the Zn-mediated intramolecular
cyclization of B-porphyrin radicals has been developed for the
convenient and effective construction of newly fused five-
membered porphyrin systems from readily available f-bromo-

tetraarylporphyrins.

Porphyrins, by the nature of their electronic and redox properties,
play a key role in many fields, such as oxygen activation and
transfer, electron transfer, binding or transport of small molecules,
light harvesting, and photosynthesis. Secondary ring systems
fused onto the macrocyclic core are of interest owing to their
special optical, coordination and redox properties. So far, synthetic
routes for these compounds mainly include the intermolecular
reactions of an exocyclic double bond of the porphyrin in Diels—
Alder reactions,’ 1,3-dipolar cycloadditions® and carbene addi-
tions,* and the intramolecular reactions of functional groups on a
porphyrin B-position attacking the ortho-carbon of a phenyl ring
on the adjacent meso-position and the inverse reaction between an
ortho-functionalized meso-phenyl and unsubstituted p-position.®
Because of the existence of functional groups such as formyl, aryl
chloride groups, alkyl or nitro groups, a newly fused six-membered
ring was usually formed. However, a palladium(0)-catalyzed intra-
molecular coupling on ortho-iodinated meso-phenyl porphyrins to
form five-membered fused porphyrins has been recently reported.®
But this method suffered from a lack of easy availability of
the starting materials. Very recently, we also discovered a facile
synthesis of various meso-, B-perfluoroalkylated porphyrins as
well as five-, six-, seven-, and eight-membered fluorinated fused
porphyrins through B-perfluoroalkyl porphyrin radicals.” Here, as
a part of our study toward porphyrin intramolecular cyclization
via a radical pathway, we wish to present a novel and facile
Zn-mediated intramolecular cyclization reaction of B-porphyrin
radicals for formation of newly fused five-membered porphyrin
systems.

It is well known that organozinc reagents can be efficiently and
rapidly prepared from organic bromine compounds by using
activated metallic Zn.® For generating porphyrin-Zn reagent, a
first attempt to activate ZnTPP(Br) (Znl), a most readily available
brominated porphyrin, was carried out by treating it with metallic
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zinc (activated by washing with aqueous HCI)® in DMSO at 60 °C
for 30 min. It was found that the starting material was consumed
completely and two new products were yielded. To our surprise,
no porphyrin-Zn reagent was obtained. According to spectral
analysis, one was a hydrogenated product ZnTPP (Zn3a), the
other an intramolecular cyclization product Zn2a, whose mass
spectrometry indicated the expected mass ion with loss of the
bromine atom and whose NMR spectrum revealed significant loss
of symmetry as shown by an increase in the number of signals for
the B-hydrogens, as opposed to the normal one singlet pattern
found for tetraarylporphyrins. As expected, due to the variation of
the conformation and conjugate pathway by the formation of the
newly fused five-membered ring, the Uv-visible spectrum exhibited
a much larger bathochromic shift and broadening of the Soret
band (Fig. 1)."°

With these encouraging results, various brominated porphyrins
H,TAP(Br) (1)!'and H,TAP(Br), (4)'? for this reaction were then
prepared by the controlled bromination of 5,10,15,20-tetraaryl-
porphyrin (H,TAP) (3) with NBS via the free-base porphyrin
according to the literature procedure'"'*(Scheme 1), after which
we turned our attention to modifying the reaction conditions for
the cyclization reaction. Systematic variation of amounts of Zn,
solvents and reaction temperatures revealed that the optimal
condition was 50 equiv. of Zn in DMSO (the most effective solvent
among the screened solvents DMSO, DMF, HMPA, CH;CN,
THF, benzene, CICH,CH,Cl, dioxane) at 85 °C. The addition of
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Fig. 1 The Uv-visible spectrum of ZnTPP (Zn3a), mono-cyclization
porphyrin Zn2a and double-cyclization porphyrin Zn(6a+7a).
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Scheme 1 Synthesis of various brominated porphyrins.

more reactive metal zinc—copper couples® instead of zinc
powder resulted in a poor yield of the cyclization product. The
fact that the reaction could be completely inhibited in the presence
of an electron-transfer scavenger, i.e., p-dinitrobenzene (p-DNB)
(20 mol%) or radical inhibitor, i.e., hydroquinone (HQ) (20 mol%b)
indicated the radical nature of the reaction.

In order to explore the effect of the substituents on the
porphyrin meso-aryl groups, a series of substrates with diverse
steric and electronic properties were investigated. As illustrated in
Table 1, under the optimal conditions, various substrates could be
subjected to smooth cyclization reaction. The result that the
reactivity of a substrate with an electron-withdrawing group was
somewhat higher than that with an electron-donating group
can probably be ascribed to the nucleophilic properties of the
B-porphyrin radicals."

When 2,3,12,13-tetrabromoporphyrin ZnTPP(Br), (Znda)'* was
used as a substrate under similar conditions, a red band and a
green band were obtained. Spectral analysis of the red band by
mass spectrometry, NMR spectroscopy and elemental analysis
indicated that it was a mixture of isomers Zn6a and Zn7a instead
of the expected product ZnSa, which could not be separated by the
usual flash column chromatography because of the virtually
identical Ry values. The isomers display complicated '"H NMR

Table 1 Zn-mediated intramolecular cyclization reaction of
B-ZnTAP radicals”

R

ZnDMSO
85C A . A
- =
Ar Ar
Zn2aR=H Zn3aR=H
bR=Me bR=Me
cR=MeO cR=MeO
dR=Cl dR=Cl
Entry Reactant Time (min) Product Yield (%)
1 Znla 10 Zn2a 30
Zn3a 62
2 Znlb 20 Zn2b 23
Zn3b 71
3 Znlc 30 Zn2c 20
Zn3c 72
4 Znld 5 Zn2d 35
Zn3d 58

“ Reactions were carried out in 10 mL DMSO under N, with
ZnTAP(Br) (Znl) (100 mg, 1.0 equiv.) and Zn (50 equiv.) at 85 °C.
b Isolated yields.
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Fig. 2 Two views of the X-ray crystal structure of double-cyclization
porphyrin Znéa (phenyl groups, hydrogen atoms and the THF molecule
coordinated to the Zn center are omitted for clarity). Representative bond
lengths (A) and angles (°) are as follows: Zn—-N1 1.954(3), Zn-N2 2.157(2),
Zn-N3 1.945(3), Zn-N4 2.086(3), C3-C22 1.466(4), C12-C32 1.472(4);
C3-C4-C5 112.4(3), C2-C1-C20 128.4(3), C10-C11-C12 113.1(3), C13—
C14-C15 128.4(3).

signals, which cannot be clearly identified. The mass spectrum
gives the expected mass ion at m/z 672 (M") with loss of the
bromine atoms. The Uv-visible spectrum for the isomers
demonstrated a large bathochromic shift and broadening of the
Soret band (Fig. 1). On the other hand, fortunately, one of the
single crystals of the double-cyclization isomers, Zn6a, was
obtained from THF solution of the isomers into which petroleum
ether was allowed to slowly diffuse. As illustrated in Fig. 2, the
X-ray structurei of Zn6a reveals a Zn(1l) porphyrin skeleton that
displays a mixture of the traditional ruffle/saddle distortions. The
bond lengths of Zn-N(1) and Zn-N(3) are notably shorter than
those of Zn-N(2) and Zn-N(4). Significant contractions of the
fused C(3)-C(4)-C(5) and C(10)-C(11)-C(12) bond angles are
also observed in comparisons of C(2)-C(1)-C(21) and C(13)-
C(14)-C(15). All these features might be the consequence of
carbon—carbon bond formation that locks the meso-phenyl groups
into the plane of the newly formed five-membered ring. When
using ZnT(p-Me)PP(Br), (Zndb) and ZnT(p-MeO)PP(Br)4 (Zndc)
as substrates under similar conditions, similar results were
obtained (Scheme 2).

The diversity and complexity of the reaction were further
indicated by demetalation of the mixture of the green band, which
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afforded three different products 8, 9, 10. Their structures have
been assigned by 'H NMR, MS spectrometry, Uv-visible spectro-
scopy and HRMS or elemental analysis (Scheme 3).

In order to further explore the generality of the reaction,
dibromoporphyrin Zn117® was then synthesized for the reaction.
As expected, intramolecular cyclization product Zn12 was obtained
as the main product and debrominated porphyrins Znl3 and Zn14
as the minor products (Scheme 4).

Finally, an attempt to trap the B-porphyrin radicals generated
from ZnTPP(Br) (Znla) with an electron-deficient alkene or
alkyne (ie. acrylonitrile or ethyl propiolate) under similar
conditions met with failure, the intramolecular cyclization product
7Zn2a and hydrogenated product Zn3a still being the main
products.

In conclusion, we have developed a novel and facile method for
the Zn-mediated intramolecular cyclization of f-porphyrin radicals
for the convenient and effective construction of newly fused five-
membered porphyrin systems from readily available brominated
porphyrins. Because of the ready availability of the starting
material, this method might be useful for some applications in
areas such as materials, biomimetics and medicine.

We thank the Natural Science Foundation of China for support
of this work (No. 20272026 and D20032010).
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