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Departtnent of Clieniistry. University of Areiro. 3800 Aveiro, Portugal 

(Received July 7. 1991) 

High-resolution 13C solid-state NMR spectra of nteso-tetraphenylporphyrin (TPP) and its zinc(l1) 
complex (ZnTPP) are assigned by reference to low-temperature solution NMR results and using ‘H- I3C 
cross-polarization magic-angle-spinning (CP/MAS). The splittings of the signals from pyrrole carbons in 
TPP are attributed to kinetic solid-state effects involved in the migration of the central hydrogen atom. 

Keywords: nieso-tetraphenylporphyrin, Zn(I1) complex, solid-state I3C NM R 

INTRODUCTION 

Because of their exciting chemical properties and biological importance, porphyrins 
and metalloporphyrins are among the most interesting natural products. 
Examples’** include metalloporphyrins and their vital functions in the haemo- 
proteins, cytochromes, catalases, peroxidases, reductases, chlorophylls and bacterio- 
chlorophyll Factor F430 (from methanogenic bacteria). Chemists and biologists 
have often attempted to mimic the biological properties of such natural systems. Por- 
phyrins may act as photosensitive agents to trap energy. Several studies have shown 
that some meso-unsubstituted porphyrins may be used as anticancer materials. A 
porphyrinic drug, Photofrin II@, is on the market.3 Detoxification processes, 
through hydroxylation or other mono-oxygenations, are performed in nature by 
cytochrome P,,,. During the last decade there have been many attempts to use 
analogues of biological systems for the functionalization of cheap substrates in 
catalytic transformations, giving novel value-added compounds. Meso-tetraphenyl- 
porphyrins and some TPP derivatives have been the porphyrins of choice, since they 
are readily available and some of their metal complexes have shown high efficiency in 
such catalytic oxidation, mainly when the complexes are supported on an appropri- 
ate p ~ l y m e r . ~  
NMR is a powerful technique for the characterization of porphyrins. Although 

extensive reviews of solution NMR of these compounds are available,’*’ only a few 
high-resoltuion I3C solid-state NMR studies of porphyrins5 -’ and metalloporphyr- 
ins5 have been measured. We wish to report the first high-resolution solid-state 13C 
NMR spectra of a tetraarylporphyrin, TPP (see Figure 1) and its Zn(I1) complex 
(ZnTPP). 

* Author for correspondence. 
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FIGURE 1 
atoms. 

NH tautomerism in nieso-tetraphenylporphyrin (TPP) showing the labelling of carbon 

EXPERIMENTAL 

The synthesis of TPP and ZnTPP has been described previously.8 13C CP/MAS 
NMR spectra were recorded at 100.613 MHz on a Bruker MSL-400 spectrometer at 
25°C using single contacts with contact times of 4 ms and 40 ps. The length of the 'H 
4 2  pulse was 2.8 ps, the recycle delay 10 s and the spinning rates were in the range 
8-12 kHz. Dipolar dephasedg (DD) spectra were recorded with a 50 ps delay prior to 
acquisition. 

RESULTS AND DISCUSSION 

The dipolar dephased spectrum of TPP shown in Figure 2 reveals only the carbons 
which have no attached protons. It follows that the signals at 153.0, 142.2, 139.0 and 
118.5 ppm must be assigned to C,, iiteso and phenyl C-1 carbons. A comparison with 
the chemical shifts and assignments for TPP low-temperature (-60°C) solution 
spectra listed in Table I, allows the assignment of the 142.2 and 118.5ppm 
resonances to phenyl C-1 and iiieso carbons, respectively. The splittings of the TPP 
pyrrole signals in solution (see Table I) are due to the quenching of the NH 
tautomerism." Similar effects have been observed5-' in the solid-state NMR spectra 
of porphyrins (see below). Accordingly, we assign the resonances at  153.0 and 
139.0 ppm to Cue and C, carbons, respectively. 

When the CP/MAS spectrum is recorded with a contact time of 40 ps [Figure 2(c)] 
only the CH carbons are monitored. The TPP signal centred at  135.6ppm is 
therefore assigned, by reference to solution spectra, to the Cpv and phenyl C-2 
carbons. The three signals which overlap in the range 120-130ppm must be 
associated with Cp.and phenyl C-3 and C-4 carbons. Our spectra, recorded with very 
different contact times, always showed the central signal at 127.5 ppm to be much 
more intense than the two others. We therefore assign it to the more numerous 
phenyl C-3 carbons. The assignment of the signals at 130.0 and 124.1 ppm to 
individual Cp and C-4 nuclei is still an open question. 

In accordance with solution NMR evidence (see Table I), no splitting of the C, and 
Cp carbons is observed in the ZnTPP spectra. The DD spectrum [Figure 3(b)] 
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FIGURE 2 I3C CP/MAS NMR spectra of TPP recorded with (a) contact time of 4ms; (b) dipolar 
dephasing (DD) delay of 5Ops before acquisition, to monitor C, C,,, meso and phenyl C-1 carbons only; 
(0 contact time of 40 ps which allows only the Cp. Cg., and phcnyl C-&, 3 C-1 nnd C-4 clrbnnz to crnv .  
polarize. 
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ZnTPP 

DD I MAS 5 0 p  dephaslng delay 
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FIGURE 3 I3C CP/MAS NMR spectra of ZnTPP. 
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readily allows the assignment of the signals at  150.4, 142.0 and ca 122 ppm to C,, 
phenyl C-1 and ineso carbons, respectively. Note that the phenyl C-1 carbons of 
ZnTPP and TPP resonate a t  very similar frequencies of 142.0 and 142.2ppm, 
respectively, a fact which supports our assignment. The CP/MAS spectrum recorded 
with a contact time of 40 ps [Figure (3)] and evidence from solution NMR suggests 
that the signal at  132.7 ppm should be assigned to Cp and phenyl C-2 and the signal 
at ca 125 ppm to phenyl C-3 and C-4 carbons. The assignments of the different TPP 
and ZnTPP "C CP/MAS resonances are summarized in Table I. 

TABLE I 
13C NMR chemical shifts and assignments of TPP and ZnTPP. 

Cd., cp.,p cines0 c - 1  c-2  c-3 c-4 

TPP solution' 154.0 133.9 119.5 141.0 133.9 126.1 127.3 

TPP solid' 153.0 135.6 118.5 142.2 135.6 127.5 (d) 

ZnTPP solution' 150.8 132.5 121.6 143.3 134.9 127.5 128.0 
ZnTPP solid' 150.4 132.7 122.0 142.0 132.7 125.0 125.0 

137.1 127.0 

139.0 (d) 

a Solutions in CDCI,. Chemical shifts in ppm from internal TMS." At -60°C. Chemical shifts in ppm 
from external TMS. Assignment of  Cp. and phenyl C-4 carbons in solid TPP is uncertain (see text). 

The C, and Cp splittings observed in the 13C CP/MAS NMR spectrum of TPP 
could in principle arise from chemically equivalent nuclei in isolated molecules which 
become crystallographically inequivalent in the crystal lattice. However, the magni- 
tudes of the splittings suggest that their origin is related to perturbations of the 
tautomeric process 1 -2  in the solid.6 Indeed, a variable-temperature "N 
CP/MAS NMR study using isotopically enriched compounds reveals that TPP 
tautomerism is influenced by crystal packing forces which modify the rate constants, 
shifting the equilibrium towards one of the tautomers." In addition, intermolecular 
ring-current shifts are also known to contribute to the splittings of the resonances in 
the solid-state I3C NMR spectra of porphyrins.' Although these shifts are usually 
negligible in solution, less motion and small intermolecular distances (3-4 A) in solid 
porphyrins cooperate so as to produce appreciable shifts in I3C CP/MAS NMR 
spectra. 
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