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Numerous studies of the EPR properties of Cu(I1) 
porphyrins have been reported [l-13]. This, how- 
ever, is the first report of au EPR spectrum of an N- 

substituted metalloporphyrin. The EPR spectra of 
copper porphyrins generally exhibit approximate 
axial symmetry, with A ~~~~~~~~~~ and a well re- 
solved superhyperfine splitting from the porphyrin 
nitrogens. We report here the X-band frozen solution 
EPR spectra of two N-alkyl Cu porphyrin complexes: 
N-methyl-5,10,15,20-tetraphenylporphinatocopper- 
(II) trifluoromethanesulfonate, [Cu(N-CH,TPP)]CF,- 
SOa, and N-p-nitrobenzyl-5,10,15,20-tetraphenylpor- 
phinatocopper(I1) trifluoromethanesulfonate, [Cu(N- 
CH&H4N02TPP)JCFaSOs-. 

Experimental 

Materials and Methods 
Acetonitrile was kept over molecular sieves for 

several days, then stored with calcium hydride, and 
finally distilled from PzOs. Spectrograde chloroform 
(Aldrich) was used as such without further puritica- 
tion. The preparation and purification of Cu(CFa- 
S03)2-6Hz0 has been described [14]. The Zn- 
(ClO&-6H10 and 2,2,6,6_tetramethylpiperidine 
(Aldrich) were used without purification. 

The [Cu(N-CHaTPP)]CFsSOa and [Cu(N- 
CH&H4NO~HTPP)]CFaS0a were prepared accord- 
ing to previously described procedures [ 15, 161. The 
Zn complex, [Zn(N-CHsTPP)]C104, was prepared by 
mixing Zn(ClO&-6Hz0 and N-CHaHTPP (40 and 
16 mg respectively) in CHaCN with the addition of 
an excess of the non-coordinating base, 2,2,6,6- 
tetramethylpiperidine. The mixture was then evapo- 
rated to dryness (UV-visible maxima (CHsCN) were 
similar to those previously reported in CH& for 
[Zn(N-CHaTPP)Cl] [17]: 434, 446, 559, 606 and 
655 nm). The Zn complex was then mixed with 
[Cr.@-CHaTPP)]CFaSOa (3 mg) in 0.5-0.7 ml of 
CHaCN. The mixture was filtered through glass wool 
and transferred to the EPR tube. The ratio of Zn:Cu 
was 4: 1. The sample of N-p-nitrobenzyl-5,10,15,20- 
tetraphenylporphinatocopper(I1) was prepared by 

mixing an excess of Cu(CFsS0&*6Hz0 with N- 
CH&H4N01HTPP in the presence of 2,2,6,6- 
tetramethylpiperidine in acetonitrile and the for- 
mation of the complex was coni%med by visible 
absorption spectroscopy. Excess free ligand was 
added when the spectrum was recorded in the pres- 
ence of free base. In all cases the mixtures were 
filtered. 

EPR spectra were recorded using an X-band 
Varian V-4500 series spectrometer. Samples were 
observed while immersed in a dewar containing 
liquid nitrogen.* 

Results and Discussion 

While the N&y1 complexes are very closely 
related to CuTPP structurally, differing only in the 
presence of an alkyl group on one ring nitrogen, the 
presence of the alkyl group alters the symmetry, 
covalency and the charge of the metalloporphyrin 
complex. In metal N-alkylporphyrin complexes, the 
metal sits out of the plane of the ring, with the 
metal-alkylnitrogen bond considerably lengthened 
[ 19-211. Thus the symmetry is decreased from 
square planar to distorted square pyramidal, and 
there is diminished metal-nitrogen interaction. 
Further, the alkylated nitrogen is formally neutral, 
resulting in a net +l charge for the complex. These 
changes alter not only the reactivity of the complex 
[ 15, 161, but also the nature of the EPR spectrum 
and the behavior of the complex in solution. 

The EPR spectrum of [Cu(N-CHsTPP)]CFs- 
SO3 in frozen CHCls solution at 77 K is shown 
with a computer simulated spectrum in Fig. 1. The 
parameters used in fitting the observed spectrum were 
811 ~2.213, glz2.055, and At1 cu= 149 gauss. The 
poor resolution observed in the perpendicular region 
of the spectrum allowed only an approximate deter- 

and did not permit extraction of 
~~?~e”~p~b&urn of [Cu(N-CH2C6H4N02HTPP)] 
in CHaCN appears similar (Fig. 1). Simulation of the 
spectrum yields A ~~~~ = 142 gauss, gll = 2.220, and an 
estimate of g, as 2.065. 

The EPR spectra of the N-alkyl complexes appear 
considerably different from those of CuTPP. They 
are distinguished by the absence of any observed 
nitrogen superhyperfme structure, as well as smaller 

* II cu and larger gll values. In addition, they also give 

*Spectral simulations were performed using SIM14, a com- 
puter program written in Fortran IV by George P. Lozos, 
Brian M. Hoffman, and Charles G. Franz and obtained from 
the Quantum Chemistry Program Exchange (QCPE Program 
No. 265). 
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in CHCla, benzene, dioxan, or chloronaphthalene 
[ 131. It has been suggested [ 121 that this is a con- 
sequence of the configuration of the phenyl rings. In 
contrast to this, the [Cu(N-alkylTPP]+ complexes 
do exhibit evidence of aggregation. For example, 
the spectrum of Cu(N-CHaTPP)’ is considerably bet- 
ter resolved when diluted 1:.5 with the corresponding 
Zn complex or in the presence of an excess of free 
ligand (Fig. 2). Thus, Cu(N-alkylTPP)’ complexes 
appear to aggregate even though CuTPP does not. 
These complexes differ from CuTPP in both geom- 
etry and charge. It is likely that the geometric differ- 
ence by itself is not the origin of the aggregation. 
While the protrusion of the Cu out of the plane of the 
porphyrin in theory could promote dimer formation 
through direct metal-metal interaction, this mecha- 
nism of dimer formation is more likely for Cu(I) than 
Cu(I1). A more attractive alternative is that aggrega- 
tion arises from stacked Cu(N-alkylTPP)’ complexes 
bridged by intervening anions. 

2.6 1.0 

H(kG) 

Fig. 1. Frozen chloroform solution X-band EPR spectra 
(77 K) of (A) Cu(N-CHsTPP)+ in the presence of excess 
NCHaHTPP, and (B) Cu(N-pCH&H4N02TPP)+ in the 
presence of excess N-pCH2CeH4NOzHTPP. Simulated spectra 
are shown below each spectrum, computed using fitting param- 
eters as described in the text. A:Frequency, 9.295 GHz; 
power, 10 mW; gain, 100; field modulation, 2 gauss. B:Fre- 
quency, 9.291 GHz; power, 20 mW; gain, 400; field modula- 
tion, 8 gauss. 

evidence of aggregation, in contrast to the spectra 
of CuTPP. 

The loss of resolution of the nitrogen super- 
hyperfine structure is a direct consequence of the 
structure. In CuTPP the four ring nitrogens are 
equivalent, leading to constructive overlap of the 
nitrogen superhyperfine splittings and resolution of 
the characteristic pattern of four sets of nine lines. 
However, in the case of the lower symmetry N-alkyl 
porphyrin complexes, a pattern of four sets of 
fortytive lines is expected. This five-fold increase in 
spectral complexity leads to overlapping of lines with 
a consequent smoothing of the spectrum and a loss 
of resolution. 

Variation in AtlCU and glt between related com- 
pounds can result either from distortions of sym- 
rnedy, or from differences in bonding or charge. 

A II and g/t have been used as probes of geometry 
among closely related compounds [22, 231, partially 
because of the ease with which they can be deter- 
mined. While the N-alkyl complexes do exhibit dif- 
ferences in bonding from CuTPP [ 18-211, the 
weakened ligand field which results from the N-alkyl 
copper bond would be expected to yield opposite 
trends in AI, cu and 811 from those observed. For this 
reason, the decrease in AllCU and increase in gtl (rela- 
tive to CuTPP) are attributed to geometric and charge 
differences. 

Aggregation of copper porphyrins in solution is 
common [2, 4, 8, 111. However, CuTPP does not 
aggregate, even to the extent of dimer formation, 

Fig. 2. Frozen chloroform solution X-band EPR spectra 
(77 K) of Cu(N-CHsTPP)+ recorded in the presence (A) and 
absence (B) of excess N-CHsHTPP. A:Frequency, 9.296 
GHz; power, 10 mW; gain, 200; field modulation, 2 gauss. 
B:Frequency, 9.299 GHz; power, 10 mW; gain, 100; field 
modulation, 0.8 gauss. 
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