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Bromination reactions of nickel(i1) or copper(ir) complexes
of 5,10,15,20-tetraisopropylporphyrin afford the unusual
porphodimethenes 2-5; crystallographic data for some of
these compounds are presented and possible mechanisms for
their formation are discussed.

2,3,7,8,12,13,17,18-Octahal 0-5,10,15,20-tetraaryl porphyrins
have recently received considerable attention due to their
usefulness as catalysts for the oxidation of organic substrates.t
Although the syntheses and properties of these porphyrins have
been extensively investigated, comparatively little is known
about the bromination reactions of other porphyrins such as
those with alkyl substituents. Bonnett et al.2 have reported that
hal ogenation of deuteroporphyrins preferentially yields periph-
erally as opposed to meso halogenated products, and that
attempts to brominate 2,3,7,8,12,13,17,18-octaethylporphyrin
(H2OEP) resulted in bromodealkylation and benzylic-type
subsitution reactions. Vicente and Smiths have also shown that
treatment of H,OEP with NBSin the presence of AIBN affords
trans-(2-bromovinyl)heptaethylporphyrin, as  well as
(1-akoxyethyl)heptaethylporphyrins when alcohols are pre-
sent. We have recently described the novel chemical and
spectroscopic properties of some 5,10,15,20-tetraal kyl porphyr-
ins with isopropyl or tert-butyl substituents.4> We now show
that one of these porphyrins a so yields unexpected and unusual
products upon bromination with NBS or Br».

When the nickel (i) complex of 5,10,15,20-tetrai sopropy!por-
phyrin 1la was treated with 8 equiv. of NBS, or excess Br, in
CHCl3zinthedark at room temperature, adark green solid 2 was
isolated asthemgjor product in 7.2 and 46% yield, respectively.
The structure of 2, as determined by X-ray crystallography,t is
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shown in Fig. 1. The structure reveas a cyclic tetrapyrrole in
which all of the pyrrole 3,4-positions have been brominated.
Remarkably, the macrocycle is no longer a porphyrin but has a
porphodimethene-like structure with two exocyclic double
bonds on opposite meso positions. The molecule also adopts an
extremely nonplanar ruffled conformation, with a maximum
deviation of the 24 core atoms from the mean plane of 1.44 A
(for a meso carbon atom) and an average deviation from the
mean plane of 0.57 A. As is expected for such a nonplanar
macrocycle, the average Ni-N distance is very short (1.88 A).
The absorption spectrum, which shows two broad bands at 482
nm (& 48 100) and 594 (30 700), resembles that of 5,15-dime-
thyl-2,3,7,8,12,13,17,18-octaethyl-5H,15H-porphinato)nicke-
I(1).6 The *H NMR spectrum, which features two sets of methyl
protons[61.74 (d, 12H), 2.11 (s, 12H)] and one set of isopropyl
methine protons [§ 4.42 (septet, 2H)], is consistent with the
observed symmetrical structure.

When compound 1a was treated with 8 equiv. or less of Bry,
two other compounds were aso isolated. These materials did
not yield crystals suitable for X-ray structure determination but
the structures 3 (10% yield) and 4 (75%) were established from
NMR experiments and mass spectral data. Both compounds
share a common porphodimethene-type structure with one
exocyclic double bond and one sp® meso carbon atom.
Interestingly, in compound 4 the -pyrrolic carbons have been
brominated in a regiospecific fashion.

Only afew porphyrins bearing exocyclic double bonds have
been described in the literature; these include a cyclic
tetrapyrrole bearing four meso exocyclic carbonyl groups
(octaethylxanthoporphyrinogen),” the exocyclic akene ana
logue octaethyl-meso-tetrakis(methylene)porphyrinogen,® and
certain oxidation products of meso-tetrakis(3,5-di-tert-butyl-
4-hydroxyphenyl)porphyirn described by Milgrom.® The for-
mation of compounds with exocyclic double bonds from the
bromination of la suggests that the reaction may involve the
addition of HBr or Br, across the opposite meso carbons of a
partially brominated species, followed by elimination of one or
two molecules of HBr, respectively, to yield compounds 3 and
4 or compound 2. Addition of molecules to the porphyrin
periphery in this fashion has previously been observed in

Fig. 1 Molecular structure of 2. Hydrogen atoms are omitted for clarity.
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Fig. 2 Molecular structure of 5. Hydrogen atoms are omitted for clarity.

5,10,15,20-tetra-tert-butylporphyrin and some of its meta
complexes.4 We believe that similar addition reactions may
occur for compound 1a because they result in arelease of steric
congestion between the meso isopropy! and the adjacent pyrrole
bromo groups. In theory, bromination could also occur at the
isopropyl benzylic positions via a radical mechanism when
NBS is used as the brominating agent. If followed by
elimination of the benzylic bromine atom and loss of a methine
proton from the opposite isopropyl group, this would also
furnish the two opposite exocyclic double bonds seen in
compound 2.

In order to investigate the effects of different metals on the
bromination reaction, the copper(n) complex (1b) of
5,10,15,20-tetrai sopropyl porphyrin was treated with 8 equiv. of
NBS in CHCIj3 in the dark at room temperature. One of three
major products (5) isolated from this reaction gave high quality
crystals enabling its definitive characterization by X-ray
crystallography8 (Fig. 2). Compound 5 is similar to compound
2 inthat al of the pyrrole positions have been brominated, and
the macrocycle has a very ruffled porphodimethene-like
structure; the maximum and average deviations of the 24 core
atoms from the macrocycle mean planein 5 of 1.27 and 0.51 A,
respectively, are dlightly smaller than those seen for 2. An
unusua feature of the structure is that it no longer has any
isopropy! groups attached to the porphyrin periphery! Instead, it
bears two exocyclic alkene groups and two succinimido
moieties. In addition, the copper atom is penta-coordinated,
with a MeOH molecule serving as the fifth ligand (Cu-O 2.29
A, Cu-Naerage 1.98 A). This unusual axia ligation is pre-
sumably a consequence of the very electron-deficient nature of
the macrocycle. It has previously been shown that 5-succin-
imido-OEP can be obtained when zinc(i)-OEP is treated with
NBSin the presence of AIBN.3 When N-chlorosuccinimide was
used in place of NBS under the same conditions, however, only
the mono- and di-meso-chloroporphyrins were obtained. This,
and our current data, suggest that bromodeprotonation and
bromodealkylation of the meso proton and isopropyl groups,
respectively, could be intermediate steps in the formation of
these unusua meso-succinimido products.

This work was supported by grants from the National
Institutes of Heath (HL 22252) and the National Science
Foundation (CHE-96-23117). C. J. M. gratefully acknowledges
financial support from Professor J. A. Shelnutt (Sandia National

1688 Chem. Commun., 1998

Laboratories) through U. S. Department of Energy Contract
DE-AC04-94AL85000.

Notes and References
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I Crystal data for 2 (C3,H26N4BrgNi-CH,Cly): crystals were grown by the
slow diffusion of MeOH into asolution of 2 in CH,Cl,. The selected crystal
was cut to dimensions of 0.22 X 0.14 X 0.06 mm for cell determination and
data collection. The unit cell was triclinic, space group P1 with cell
dimensions a = 11.6952(13), b = 13.214(3), ¢ = 14.909(3) A, o =
98.04(2), B = 106.547(14), y = 115.526(14)°, V = 1899.0(6) A3, and Z =
2 (FW = 1249.5). Diffraction data were collected on a Siemens P4
diffractometer with a rotating anode [A(Cu-K«) = 1.54178 A] at 130(2) K
in 6/20 scan modeto 26,,.x = 112.8°. Of 5310 reflections measured (+h, £k,
+l), 5007 were independent (R,; = 0.081), and 4315 had | >20 (Tmin =
0.25, Tax = 0.55 °C, peac = 2182 g cm=3, u = 12.14 mm—1). The
structure was solved by direct methods and refined (based on F2 using all
independent data) by full-matrix |east-squares methods with 253 parameters
(Siemens SHELXTL ver. 5.03). All bromines and the central nickel ion
were refined with anisotropic thermal parameters; all other atoms were
refined with isotropic thermal parameters. Hydrogen atom positions were
generated by their idealized geometry and refined using ariding model. An
empirical absorption correction was applied (XABS2) (ref. 10). The final
difference map had alargest peak of 1.37 e A—3 and alargest hole of —1.19
e A-3. Final R factorswere R1 = 0.054 (observed data) and wR2 = 0.147
(al data).

§ Crystal data for 5 (CzsH23NeOsBrgCu): crystals were grown by the slow
diffusion of MeOH into a solution of 5 in CH.Cl,. The single crystal was
selected with dimensions of 0.46 x 0.22 x 0.10 mm. The unit cell was
monoclinic, space group C2/c with cell dimensions a = 26.977(4), b =
6.7493(14), ¢ = 25.623(4) A, B = 121.561(9)°, V = 3975.2(11) A3, and Z
= 2 (FW = 1310.41). Diffraction data were collected on a Siemens P4
diffractometer with a rotating anode [A(Cu-K«) = 1.54178 A] at 130(2) K
in 6/26 scan mode to 20,,x = 113°. Of 3655 reflections measured (+h, +k,
+1), 2573 were independent (R = 0.077), and 2309 had | > 20 (Tin =
0.13, Tmax = 0.41 °C, peac = 219 g cm=3, u = 10.65 mm~—1). The fina
difference map had a largest pesk of 1.834 e A—3 and a largest hole of
—1.287 e A—3. Final Rfactorswere R1 = 0.0729 (observed data) and wR2
= 0.218 (all data). The structure was solved by direct methods and refined
(based on F2 using all independent data) by full-matrix least-squares
methods with 136 parameters (Siemens SHELXTL V. 5.03). The bromines
and the central nickel ion were refined with anisotropic thermal parameters.
Hydrogen atom positions were generated by their idealized geometry and
refined using a riding model. An empirical absorption correction was
applied (XABS2) (ref. 10). CCDC 182/920.
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