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Abstract-Treatment of meso-tetraphenylporphyrin, H,TPP, with just over one equivalent of mercury(H) acetate in 
methylene chloride-THF gives mercury(H) meso-tetraphenylporphyrin, HgTPP. With excess of mercury(H) acetate, 
H,TPP and HgTPP afford a novel dimetallic mononuclear porphyrin, AcO-Hg-TPP-Hg-OAc. In contrast, HgTPP 
reacts with mercury(H) chloride to give the chloro-analogue, Cl-Hg-TPP-Hg-CI, but there is no reaction between 
H,TPP and mercury(H) chloride. Demetallation of HgTPP in methylene chloride containing small amounts of 
hydrogen chloride proceeds via the dimetallic compound, Cl-Hg-TPP-Hg-CI, to give free base HTPP. The reaction 
rate is dependent upon acid concentration suggesting that the rate determining step is protonation, but dilution 
causes no decrease in the rate; a mechanism which invokes the intermediacy of monohydrogen-meso- 
tetraphenylporphyrinatomercury(l1) chloride, H(TPP)HgCI, in the formation of Cl-Hg-TPP-Hg-Cl and in its 
subsequent decomposition into H,TPP, is proposed. 

N-Methylporphyrins react with mercury(H) acetate in methylene chloride-tetrahydrofuran to give the 
corresponding N-methylporphyrinatomercury(l1) acetates, Me(P)HgOAc. 

An earlier pape? described the isolation of novel 
mercury(U) complexes of octa-alkylporphyrins which, on 
the evidence of physical and spectroscopic data, were 
assigned the unique “double-sandwich” generic structure 
(1). On account of difficulties in obtaining a crystal 

6COCH, 

suitable for absolute structural assignment by X-ray 
methods, we were prompted to investigate other chemical 
methods in order to add further confirmation to our 
structural proposal (1). In this paper we describe the 
formation of and propose structures for novel mercury- 
(H) complexes of meso-tetraphenylporphyrin (2) (H,TPP) 
and N-methylporphyrins (3). Though a negative approach, 
we reasoned that if our proposal concerning (1) was 
correct then neigher H,TPP nor N-methylporphyrins 
should form this type. of complex when treated with 
mercuric acetate under those conditions which are 
successful in the octa-alkylporphyrin series;2 because of 
the tendency, both in solution at room temperature’ and in 
the crystal,4 for the phenyl ring planes in H;TPP (2) to be 
nearly at right angles to the porphyrin ring plane, and 
because N-methylporphyrins are “blocked” with respect 

to complexation on the N-Me substituted side we 
considered that formation of complexes with mercuric 
acetate which showed any spectroscopic or physical 
similarities with those from octa-alkylporphyrins’ would 
be evidence against structure (1). In the event, H*TPP and 
the N-methylporphyrins (3) from the octaethyl- and 
aetioporphyrin-I series formed quite different complexes, 
and one of these in the H,TPP case may be significant in 
some mechanisms for metal insertion into the porphyrin 
ligand.’ 

3 
a: R = Et 
b: R=Me 

Steric hindrance to layering in the H,TPP series has 
been noted previously. H,TPP and its zinc(I1) complex in 
methylcyclohexane solution do not dimerise at low 
temperatures” (220-14O”K), whereas aetioporphyrin, oc- 
taethylporphyrin, and their zinc(H) complexes do. More 
recently, the ruthenium porphyrin dimer has been shown’ 
not to form in the H,TPP case. 
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Fig. I. Visible absorption spectrum, in CH,CI,/THF of AcO-Hg- 
TPP-Hg-OAc (4). 

Treatment of H,TPP with a five molar excess of 
mercury(U) acetate in methylene chloride-THF afforded a 
metal complex, the visible spectrum (Fig. I) of which 
resembled neither the “double-sandwich” species (taking 
into account the normal spectroscopic differences be- 
tween octaethylporphyrin and meso- 
tetraphenylporphyrin) nor that for monometallic HgTPP.* 
The combustion analysis indicated that the product was p - 
meso-tetraphenylporphyrinato-bis [mercury(H) acetate] 
(4). The NMR spectrum of this compound (4) was similar 
to that of H,TPP itself, the ortho-phenyl protons being 

equivalent and suggesting a symmetrical arrangement of 
the two metal atoms. The two acetate ligands were 
evidenced by a six proton singlet at I 9.44, and by a very 
intense absorption band in the IR spectrum at 1565 cm.’ 
(KBr) typical of a metal-bound bidentate acetate.2 

A grass green solution similar to that reported9 for 
py + HgTPP was obtained when a solution of 4 was 
treated with pyridine. When an equimolar mixture of 
H,TPP and (AcO-Hg);TPP (4) was treated with pyridine 
the absorption spectrum of the solution showed no sign of 

tWe have found that pyrrolidine aids solubilisation of some 
metalloporphyrins, probably by coordination with the metal 
atom.” 

free porphyrin; if the same experiment was carried out 
using 2 moles of HZ TPP and only one of (A&-Hg),TPP 
there was evidence of uncomplexed free H?TPP, indicat- 
ing that compound 4 contains approximately one Hg atom 
in excess of the expectation for a monometallic complex. 

With N-methylporphyrins (3), HMe(P), a monometallic 
dinuclear complex, Me(P)Hg(P)Me, is feasible, but a 
“double-sandwich” structure (1) is clearly impossible. 
However, treatment of N-methyloctaethylporphyrin (3a), 
HMeOEP, with various quantities of mercury(H) acetate 
in methylene chloride-THF afforded a compound with a 
visible absorption spectrum resembling that of a porphy- 
rin monocation, and probably more significantly, similar 
to that reported’” for the zinc(U) complex of N- 
methyloctaethylporphyrin. Combustion analysis of the 
mercury complex confirmed it as N-methyl- 
octaethylporphyrinatomercury(I1) acetate @a). The 
NMR spectrum showed a sharp three proton singlet 
assigned to the acetate Me at T 9.9, and the IR spectrum 
(KBr) possessed strong bands at I580 and 685 cm-‘. 

5 
a: R = Et 
b: R=Me 

The N-Me group resonated at 7 14.95, the signal 
showing satellite peaks due to coupling with lwHg 
(J = IO Hz). The 6s orbitals of the Hg atom are so large 
that coupling can occur due to interaction through space 
with the nitrogen orbitals. INDOR ‘*Hg[‘H] experiments 
” revealed only one kind of Hg atom which gave rise to a 
signal at 17.8898 MHz and this molecule served as a 
reference standard for the “double-sandwich” species 
which showed ’ two types of Hg atom in an approx. 2: I 
ratio. The mass spectrum showed an ion at m/e 747 
corresponding to the molecular ion less the acetate ligand; 
this ion lost mercury to give rise to N-methylporphyrin 
(m/e 548) as the base peak. 

N-Methylaetioporphyrin-I (3b) gave a mercury complex 
(5b) with spectroscopic and physical properties similar to 
those for Sa. 

Mercury(U) meso-tetraphenylporphytin and its demetal- 
lation in acid 

Treatment of H,TPP (2) with slightly more than one 
equivalent of mercury(I1) acetate in methylene chloride- 
THF afforded the “normal” monometallic complex, 
HgTPP. This material was identical with the complex 
obtained by refluxing H,TPP with mercury(I1) acetate in 
pyridine.* Significantly (cf compound 4) this material 
showed no band in the IR spectrum (KBr) which could be 
attributed to a residual metal-bound acetate ligand. The 
NMR spectrum of HgTPP in CDCI, containing a little 
pyrrolidinet was similar to that of H,TPP itself except 
that the signals were shifted to higher field, possibly due 
to the added pyrrolidine since similar effects have been 
noted” with H,TPP and CdTPP. On treatment of a 
suspension of HgTPP and mercury(U) acetate in 
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