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Abstract: Octaethylchlorin forms a violet mono-cation and a deer, blue di-cation in two 
discrete stages on spectrophotometric titration with trifluoroacetic acid in 
chloroform solution, and similar results are obtained with chlorophyll 
derivatives although the colour changes are much less pronounced. 

Both porphyrins and chlorins form di-cationic salts on treatment with strong acids, but 

the intermediate mono-cationic salts are less well known. Porphyrin mono-cations can only 

be observed under special conditions' (e.g. with glacial acetic acid in acetone, or toluene), 

and titrations with strong acids afford the di-cation directly. With chlorins, however, 

the situation is not so clearly defined and the nature of the solvent, as well as the acid 

and its concentration may determine whether or not the mono-cation and/or di-cation is 

observed. Thus Delaporte and Leval-Martin* reported that phaeophytin-a (la) forms a mono- 

cation in acetone/perchloric acid whereas Zanke et al 
3 

- 

_--* found evidence for formation of 

both a mono- and a di-cation in aqueous acetone/hydrochloric acid titrations. Katz4 on 

the other hand concluded on the basis of visible and n.m.r. spectroscopic titrations that 

phaeophytin-2 (la) was converted directly to the di-cation with trifluoroacetic acid in 

carbon tetrachloride. In earlier work, however, Dempsey5 has described the formation of 

mono- and di-cationic species of methylphaeophorbide-a (lb) by spectroscopic titrations in 

aqueous detergent solution. 

We find that the much simpler model system, trans-octaethylchlorin (2) forms a violet 

mono-cation in weakly acidic media (e.g. acetic acid) and a deep blue di-cation in strong 

acids. Spectrophotometric titration of trans-octaethylchlorin (2) with trifluoroacetic 

acid in chloroform affords firstly the mono-cation, and then the di-cation in two discrete 

stages (Figure). Two isosbestic points (at 390 and 631 nm) are observed in the formation 

of the mono-cation and the Soret band splits into two peaks, but as the di-cation is 

formed the Soret band reverts to a single peak and two more isosbestic points are observed 

(at 398 and 625 nm). 
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Figure: 

Spectrophotometric Titration of trans-Octaethylchlorin (2) in 

chloroform solution with trifluoroacetic acid 

a) Free base (F) to Mono-cation (!I) 

b) Mono-cation (M) to Di-cation (D) 
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TABLE 

pKa Values for Porphyrins and Chlorins 

PK 
al 

PK 
a2 

Apparent pKa values determined pKa's of N-methyl- 

by TFA titrations in CHC13 Coproporphyri n-1 

in 

Octaethyl j N-methyl octa- 
8 

aqueous solution 

chlorin ethylporphyrin 

4.8 6.5 11.7 

2.9 2.6 0.5 

pKa's of 

Coproporphyri n-1 

in 

aqueous solution 
8 

7.1 

4.0 

We have estimated apparent pKa values for trans-octaethylchlorin and N-methyl- 
n 

octaethylporphyrin by applying the Benesi-Hildebrandt treatment0 to our spectroscopic 

titrations with trifluoroacetic acid in chloroform, and these are compared with the 

data for N-methylcoproporphyrin-I obtained in aqueous solution by Neuberger and Scott.' 

(See Table.) The apparent first pKa of octaethylchlorin is somewhat lower than that 

of N-methyloctaethyl porphyrin, but the apparent second pKa's of both compounds are 

closely similar. We thus conclude that trans-octaethylchlorin is much more like 

N-methyloctaethyl porphyrin than octaethyl porphyrin in its behaviour on protonation. 

The discrete formation of mono- and di-cationic species has also been observed in 

n.m.r. spectral titrations, thus confirming the visible spectral results. Work is 

the chlorophylls 

and basicity. 

now in progress on a more detailed study of the chlorins derived from 

in order to assess the effects of the isocyclic ring on their spectra 

Investigacao 

Acknowledgements: 

We thank the British Council, NATO and the Instituto National de 

Cientifica (Lisboa) for support of this work. 

References: 

1. a) A. Treibs, Annalen, 1929, 476, 1; b) A.H. Corwin, A.B. Chirnis, R.W. Poor, 

D.G. Whitten and E.W. Baker, J.Amer.Chem.Soc., 1968, 90, 6577; c) R. Grigg, 

R.J. Hamilton, C.H. Rochester, M.L. Josefowicz, R.J. Terre11 and H. Wichwar, 

J.Chem.Soc.Perkin II, 1973, 407. - 
2. N. Delaporte and D. Laval-Martin, Analusis, 1972, l_, 289. 

3. V. Zanker, E. Rudolph and F. Hindelang, Z. Naturforsch.B, 1973, 28, 650. 

4. W. Oettmeier, T.R. Janson, M.C. Thurnauer, L.L. Shipman and J.J. Katz, J.Phys.Chem., 

1977, g, 339. 

5. B. Dempsey, M.Sc. Thesis, Sydney, 1961 quoted by J.E. Falk in "Porphyrins and 

Metalloporphyrins", Elsevier, Amsterdam, 1964, pp. 74 and 239. 

6. R. Grigg, G. Shelton, A. Sweeney and A.W. Johnson, J.Chem.Soc.Perkin I, 1972, 1789. 

7. A.H. Jackson and G.R. Dearden, Ann.N.Y.Acad.Sci., 1973, 206, 151. 

8. A. Neuberger and 5.3. Scott, Proc.Roy.Soc.Lond.A, 1952, 213, 307. 

9. cf. R. Winkler-Oswaritsch and M. Eigen, Angew.Chem.Int.Edn., 1979, 18, 20. - 


