Synthesis and unusual properties of the first
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The new perhalogenated porphyrin 2,3,7,8,12,13,17,18-
octabromo-5,10,15,20-tetrakis(trifluoromethyl)porphinato-
nickel(1r) exhibits several striking features, including an
extremely ruffled macrocycle with a very short Ni-N
distance, an unusually red-shifted optical spectrum, and,
surprisingly, hindered rotation of the meso-trifluoromethyl
substituents (AG3;3 = 47 kJ mol—1).

During the last decade a number of highly nonplanar dodeca-
substituted porphyrins have been synthesized, including dode-
caarylporphyrins (e.g. 1), dodecaakylporphyrins (e.g. 2),
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octaa kyltetraphenylporphyrins (e.g. 3), tetraaryloctahal opor-
phyrins (e.g. 4), octaethyltetranitroporphyrin (5), and systems
with substituents fused to the pyrrole rings (e.g. 6).1 Detailed
studies of these compounds have provided a much greater
understanding of the effects of nonplanar distortions on the
properties of porphyrins, and have also led to speculation about
possible functional roles for the nonplanar deformations seen
for some tetrapyrroles in biological systems. Two classes of
dodecasubstituted porphyrin which have so far proved elusive
are the tetraal kyloctahal oporphyrins (7) and octaal kyltetrahal o-
porphyrins (8); the non-availability of these compounds can be
related to undesirable side-reactions (e.g. benzylic substitution
and bromodealkyation) which occur during the bromination of
tetraalkyl- and octaalkyl-porphyrins.2 Here we report the first

synthesis of a tetraakyloctahaloporphyrin, 9 (M = Ni), and
describe some of the unusual features of this compound.

In an attempt to avoid the side-reactions seen during the
bromination reactions of tetraalkyl- and octaalkyl-porphyrins,
we investigated bromination of the tetra(perfluoroakyl)por-
phyrin 10 (M = Ni). The precursor porphyrin10 (M = 2H) was
prepared using aliterature procedure.3 Refluxing 10 (M = 2H)
with Ni(acac), in toluene gave 10 (M = Ni) which was more
suitable for use in the bromination reactions. Bromination of 10
(M = Ni) proved difficult but was eventually achieved by
refluxing a solution of the porphyrin in CHCl3 containing a
large excess of Br, for 10 days under argon. The perhal ogenated
porphyrin 9 (M = Ni) was then isolated in 88% yield after
column chromatography (silica gel/cyclohexane) and recrys-
tallization (from CH,Cl, with slow diffusion of MeOH).
Porphyrin 9 (M = Ni) gave satisfactory mass spectral analysis
(M* 1269.27; calc. for Cy4N4BrgFoNi 1269.27) and micro-
analysis (found C, 23.54; H, 0.00; N, 4.43; cac. C, 23.79; H,
0.00; N, 4.62%), and was further characterized by X-ray
crystallography and visibleand NMR spectroscopy as described
below.

Thecrystal structureof 9 (M = Ni)T (Fig. 1) revealed avery
ruffled macrocycle in which the meso positions were displaced
alternately up or down by an average of 1.06 A with respect to
the least-sguares plane of the porphyrin ring. The average out-
of-plane displacement for all of the porphyrin atoms with
respect to the least-squares plane of the porphyrin macrocycle
was 0.50 A. By these measures 9 (M = Ni) is the most ruffled
porphyrin ever reported; the largest ruffling distortion pre-
viously observed was for 11 (M = Zn), where the correspond-
ing displacements were only 0.90 and 0.44 A .4 The conforma-
tion seen for 9 (M = Ni) can be contrasted with the saddle
conformation seen for the perhal ogenated tetraaryl porphyrin 12
(M = Ni),5 where the meso carbons are in the least-squares
plane of the porphyrin macrocycle and the pyrrole rings are
tilted alternately up or down. The strongly ruffled structure of 9
(M = Ni) isaccompanied by an extremely short Ni—-N distance
of only 1.88 A. This can be compared to Ni—N distances of 1.90
A in the very saddle-distorted porphyrin 12 (M = Ni)5 and 1.96
A in planar (triclinic A) NiOEP.6 The significant shortening of
the Ni—N distance seen for 9 (M = Ni) is consistent with the

Fig. 1 Crystal structure of porphyrin 9 (M = Ni).
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larger degree of core contraction expected for ruffling versus
other types of nonplanar distortion.” Molecular modelling
studies using a previously published force-field™° demon-
strated that the conformations seen in the crystal structures of 9
(M = Ni) and 12 (M = Ni) were the minimum energy
structures for these porphyrins, and that the different Ni—N
distances in the two compounds could be accurately re-
produced.

Porphyrin 9 (M = Ni) possesses some unusual spectroscopic
characteristics. Nonplanarity isknown to cause ared-shift in the
optical spectra of porphyrins due to a greater destabilization of
the HOMO compared with the LUMO,®* and the optical
spectrum of 9 (M = Ni) [A/nm (e/dm3 mol—1 cm—1) 444
(77000), 636 (8100) and 690 (24000)] is indeed red-shifted
compared to the spectrum of 10 (M = Ni) [408 (120000), 550
(7700) and 590 (25000)]. However, the red-shift of the Qo
band upon addition of eight § bromo substituents to 10 (M =
Ni) (2450 cm—1) is substantially larger than that seen upon
addition of eight 3 bromo substituents to 13 (M = Ni) (1050
cm—1) or 14 (M = Ni) (1250 cm—1) which yields saddle-
distorted macrocycles. This suggests that the porphyrin -
system may be more sensitive to ruffle versus saddl e distortions
of the macrocycle. Additional support for thisidea comes from
the fact that other properties related to the porphyrin r-system
(eg. the frequencies of Raman marker lines!® and the
magnitude of the porphyrin ring current effect!!) are also
affected more by ruffle than by saddle distortions.

The 283 MHz 19F NMR spectrum of 9 (M = Ni) in CD,Cl,
at ambient temperature displayed an unusually broad signal at &
—39 (referenced to internal CF,Cl, at 6 —8.0)12 for the meso
trifluoromethyl substituents. Heating the complex resulted in a
sharp singlet at § —39.0, whereas cooling produced two signals
at 6 —34.7 (d, 2F, Je.r = 114 Hz) and —47.8 (t, 1F, Jr.r = 114
Hz). The activation energy (AG*) for the observed dynamic
process was calculated to be 47 kJ mol—1 at the coalescence
temperature of 278 K. In contrast, the unbrominated precursor
10 (M = Ni) gave a single sharp CF; signal at al of the
temperatures studied. The non-equivalence of the trifluor-
omethyl fluorinesin 9 (M = Ni) indicates that rotation of the
CF3 groupsis slow on the NMR timescale at low temperatures.
Hindered CF; rotation is a rare phenomenon but has been
observed in some very sterically crowded compounds. For
example, the activation energy for CF3 rotation in CF3CCl.l is
36 kamol—1 at 201 K13 with the coupling constant between the
fluorines being 101 Hz in the slow exchange spectrum. The
unusualy slow rotation of the CFz groups in 9 (M = Ni)
provides evidence of a very high degree of steric crowding in
this compound.

In earlier NMR studies of nonplanar porphyrins, dynamic
processesin1 (M = 4H),242 (M = Ni)*4and 15(M = 2H or
Zn)15 were initially attributed to macrocyclic inversion but
subsequently reassigned as substituent rotation.16-18 |In an
attempt to avoid any confusion about the nature of the dynamic
process in 9 (M = Ni), we used molecular mechanics
calculations?® to estimate the energies of the two possible CF3
rotation pathways (CF; rotation about a ruffled porphyrin core
versus CF3 rotation during inversion of the porphyrin macro-
cycle). The barrier for rotation of the CF; groups in the ruffled
structure was calculated to be 34 kJ mol—1. The lowest energy
inversion—rotation barrier (103 kJ mol—1) was found between
the ruffled structure (designated «f«f3) and a structure which
had three CF3 groups on the same side of the porphyrin plane
(designated cvex3). On the basis of these calculated energies it
seems probabl e that the process being observed for 9 (M = Ni)
is rotation of the CF3 groups in the ruffled structure.

Porphyrin 9, with a novel combination of a strongly ruffled
macrocycle and very electron-withdrawing substituents, clearly
has many unusual features even when compared with other very
nonplanar dodecasubstituted porphyrins. It will beinteresting to
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investigate this porphyrin further and perhapsto examine how 9
compares with tetraaryloctahal oporphyrinsin terms of catalyz-
ing the oxygenation reactions of unactivated alkanes.1®
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Notes and references

T Crystals were grown by the slow diffusion of cyclohexane into a CH,Cl»
solution of 9 (M = Ni) (C4N4BrgF12Ni). The selected crystal (0.06 X 0.06
X 0.04 mm) had an orthorhombic unit cell, space group Pnma, cell
dimensions a = 8.1106(7), b = 23587(2), ¢ = 155831(14) A, Vv =
2981.2(5) A3, Z = 4 (FW = 1270.27). Datawere collected in o scan mode
to 26max = 63° (29685 total reflections measured) on a Bruker SMART
1000 diffractometer with graphite monochromated radiation from aceramic
seadled tube source [A(Mo-Ka) = 0.71073 A]. The crystal was cooled to
93(2) K during data collection with an anhydrous N stream supplied from
a Cryolndustries low temperature apparatus. The structure was solved by
direct methods (SHELXS-97) and refined (based on F2 using all data) by
full matrix least-squares methods with 232 parameters (SHELXL-97). Of
3511 unique reflections used in the refinement (26max = 55°), 1937 were
observed [| > 20(1)]. An empirical absorption correction (SADABS) (ref.
20) was applied [Tmin = 0.546, Tmax = 0.657, pcac = 283gcm—3, u =
11.47 mm—1]. Final Rfactorswere R1 = 0.042 (observed data) and wR2 =
0.077 (all data). CCDC 182/1413.
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