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Abstract: 

Purpurins bearing p-functionalised phenyl substituents in the 6,16-meso positions have been 
synthesised. Theirformation in comparison to thepuqourins derivedfrom octaethylpot&yrin (OEpwpurin) is dis- 
cussed. 

A class of hydroporphyrins called purpurins have recently received much attention as photosensitizing 

agents with particular interest in their application to photodynamic cancer therapy’-*. Their chromophores are 

directly influenced by extended conjugation via an annelated cyclopentenyl ring, which gives rise to major absorp- 

tions in the region 650 - 715nm, a region of the visible spectrum with excellent tissue penetrating properties. As 

part of our research into the reactions of ptupurin derivatives substituted at the 6,16-meso positions a number of 

interesting observations have been ma& with respect to the mechanism of cyclization of the meso- 

(methoxycarbonyl)vinylporphyrins to give their respective purpurin derivatives. In this communication several 

aspects of the mechanism of cyclization are discussed. 

In 1960 Woodward and co-workers’ fist described the synthesis of a 17,18-trans-purpurin (type A, 

Fig.1) from a meso-[P-(methoxycarbonyl)vinyl]porphyrin in their successful synthesis of chlorophyll. Cycliza- 

tion of the porphyrin to its purpurin derivative was achieved by mfhrxing the porphyrin in glacial acetic kid under 

an atmosphere of nitrogen. In 1966 Fuhrhop and Wit&’ produced the first of the OEP series purpurins by 

refluxing a sterically crowded octaethyl-meso-[&(2-metboxycarbonyl-2-carboxyl)vinyl]porphyrin in toluene un- 

der a nitrogen atmosphere to give an OEpurpurin of type A (la). The mecanism of cyclization most probably in- 

volves attack onto the pyrmle ring by the radical formed via decarboxylation. 

More recently Morgan and Tertel” have cyclized meso-[~(ethoxycarbonyl)vlnyl]octaethylporphyrin 

(1) (Scheme 1) under two different reaction conditions to give both type A (la) and type B (lb) purpurins . It 

was noted that refluxing the meso substituted porphyrin in glacial acetic acid under a nitrogen atmosphere 

produced only purpurin of type A. However when oxygen was allowed into the system a 1 : 1 mixture of type A 

and B purpurins were recovered. It was proposed that in the presence of oxygen the less stable of the 

thermodynamic epimers may be trapped as its Zhydmxy derivative (2) which under the maction conditions 
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SCHEME 1 

(2) 

C&Et 

Typo A OEpurpurln (la) 

Typo B OEpurpurln (lb) 

may dehydrate to the OEpurpurin of type B. This does not adequately explain the formation of the two products in 

equal yield, since it was demonstrated that the reaction was not under thermodynamic control, as interconversion 

of the two products did not occur under the reaction conditions. The product distribution then must reflect in- 

dependent kinetically controlled pathways, which may involve a common intermediate. 

In our laboratories many 6,X-di@-fimctionalized phenyl)purputin derivatives of type A and B (eg. (3) 

and (4), Fig.1) have been synthesised. The p-functionalixed phenyl rings allows covalent attachment of the pur- 

purin to other organic molecules, or incorporates water solubiixing groups. The purpurins am formed by cyclixa- 

tion of their respective meso-[P-(methoxycarbonyl)vinyl]porphyrin derivatives under specific reaction conditions. 

Purpurins of type A (3, R = CHs)13 are synthesised readily in high yield (77%) by refluxing the respective meso- 

substituted free base porphyrin’* in a KOH / MeOH / CH2C12 solution in the presence of air. No trace of the 

type R puxpurin (4) is observed as might be expected if the hydroxy-intermediate as proposed by Morgan 

dehydrates . Reaction under neutral (A toluene) or acidic conditions as used by Morgan et al ( A glacial acetic acid, 

Nz) gives no purpurin formation. Conversely, treatment of (1) with KOH / MeOH / CH2C12 produces none of 

the purpurins (la) or (lb) (Scheme 1). Under these conditions rapid hydrolysis of the ester results, giving the 

corresponding acid derivative which does not undergo cyclixation to the acid purpurin. 



287 

FIGURE 1 

Purpurln Type A R-Cl& (3) Purpurln TypeB RIGIS (4) 

Purpurins of both types A and B (3 and 4, R = CHs)14 are formed by refluxing the respective free 

base porphyrin in KOH / MeOH / DMP or KSCN / DMP. The yield of each purpurin type is dependent on the 

temperature used, but generally both pmpurin types are formed by this method. At reflux temperature, the major 

product is the Type B purpurin. At lower temperatures however, quite reasonable yields of the Type A are ob- 

tained with only small amounts of Type B being present. It is especially significant that the product distribution 

is independent of whether the reaction is carried out under nitrogen or in air. Under similar reaction conditions, 

type A purpurins are not converted to type B purpurins. These observations suggests that two different 

temperature dependent pathways exist for the formation of both purpurin types. 

To investigate this idea futther, cyclization of (1) was attempted in the presence of oxygen at different 

reaction temperatures. Reaction of (1) in refluxing benzene to which trifluomacetic acid (3-5 molar excess) had 

been added produced no appreciable amounts of purpurin after 48hrs. Reaction of (1) in refluxing toluene under 

similar reaction conditions produced a 8 : 1 mixture of type A : B OEpurpurins. At higher temperatures. in 

mfluxing xylene / TPA (24hrs). only OEpurpurin of type A is obtained in good yield Thus it seems likely that the 

formation of type B OEpurpurins may be governed by either or both the temperature and the solubility of oxygen 

in the various solvents at these temperatures. 

Thus on the basis of these observations it is clear that the mechanism of cyclization of the meso- 

substituted octaethylporphyrin is different to that of the meso-substituted biphenylporphyrins. Cyclization of the 

octaethyl porphyrin to produce OEpurpurhts may proceed via a radical mechanism. Such a mechanism would ex- 

plain why. purpurins of type B are formed on the introduction of air into the reaction vessel. Cyclization of the 

meso-substituted diphenylporphyrins to their respective purpurins on the other hand, most probably involves a 

nucleophilic mechanism and so is unaffected by the presence of oxygen. 
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Methyl 3-( 10’[5’,15’-Bis(4”-methy1pheny1)-2’,8’,12’,18’-tetraethy1-3’,7’,13’,~7’- 

tetramethylporphyrinyl])propenoate. ‘H N.M.R. (CDCls) 3OOMHzz a -1.54 (brs, W, NH.), 1.39 (t, 

6h, 2 x CHs.), 1.54 (t, 6H, 2 x CH,.), 2.04 (s, 6H, 2 xCHs.), 2.23 (s, 6H, 2 x U-Is.), 2.66 (s, 6H, 

ArCHs.). 3.39(q. 4H. 2 x CHz.), 3.69 (q, 4H. 2 x CHp), 3.93 (s, 3H, CO$Hs.), 6.07 (d, 1H. vinyl 

Hs.), 7.50 (d, 4H, ArH.), 7.89 (d, 4H, ArH.), 9.51 (s, lH, meso-H.), 10.10 (d, lH, vinyl H.). 

Anal.Calc.for Cs0H54 N,02.Hz0 C: 78.90. H: 7.42. N: 7.36. Found C: 79.06. H: 7.54. N: 7.08. 

UV / Vis (nm max) Benzene: 442 (125785). 528 (8200), 610 (8370). 

Purpurin (3).‘H N.M.R. (CDCls) 300MHz. a -0.38 (t, 3H, U-Is of 3-ethyl&O.08 (brs, lH, 

NH.), 0.87 (brs,lH, NH.), 1.47 (t, 3H, CHs.), 1.48 (d,3H, CHs of 2-methyl.), 1.59 (t, 3H,CH,.), 

1.63 (t, 3H, CHs.), 1.25 (hidden m, lH, CH of 2-ethyl.), 2.12 (s, 3H, U-Is.), 2.23 (s, 3H, CHs.), 

2.25 (s, 3H, CHs.), 2.43 (m, lH, CH of 2-ethyl.), 2.59 (s, 3H, ArCHs.), 2.65 (s, 3H, ArCHs.), 3.53 

3.80 (m, 6H, 3 x CH2.), 3.96 (s, 3H, CG,CH,.), 4.46 (q, lH, 2-H.), 7.08 (d, lH, ArH.), 7.23 (d, 

IH, ArH.), 7.42 (d, lH, ArH.), 7.52 (d. 2H, ArH.), 7.57 (d of d, lH, ArH.), 7.96 (d of d, lH, 

ArH.), 8.13 (d, IH. ArH.), 9.47 (s, 2H, meso-H and isocyclic ring-H.). Anal.Calc.for C50H54N40. 

Hz0 C: 78.90. H: 7.42. N: 7.36. Found C: 78.45. H: 7.59. N: 6.96. UV / Vis ( nm max) 

CHCls: 435 (132430). 508 (4845). 539 (6780), 579 (14050), 641 (6460), 697 (26490). 

Purpurin (4) ‘H N.M.R. (CDCls) 3OOMHz: a,-0.01 (brs, 1H. NH.), 0.08 (t. 3H, CH, of 3- 

ethyl.), 0.88 (brs,lH, NH.), 1.53 (t, 3H, CHs.), 1.64 (t, 3H, CHs.), 1.65 (t. 3H, CH3.), 2.11 (s, 

3I-L cH3.1, 2.18 ( m, lH, CH of 2-ethyl.), 2.23 (s, 3H, CHs.), 2.32 (s, 3H. CH3.), 2.41 (m, lH, CH 

of 2-ethyl.), 2.60 (s, 3H, ArCHs.), 2.65 (s, 3H, ArCH3.), 3.47 - 3.81 (m, 6H, 3 x CI&.), 4.00 (s, 

3H, CG+ZHs.). 4.79 (s, 1H. vinyl-H.), 6.08 (s. 1H vinyl-H.), 7.31 (s, 2H, ArH.), 7.43 (d, lH, 

ArH.), 7.52 (d, 1H. ArH.), 7.53 (d, 1H. ArH.), 7.59 (d of d, lH, ArH.), 7.93 (d of d, 1H. ArH.), 

8.07 (d, 1H. ArH.), 9.40 (s, lH, isocyclic ring-H.), 9.48 (s,lH, meso-H.). Anal. Calc. for CSoHs2_ 

N&.H@ C: 79.12. H: 7.17. N: 7.37. Found C: 79.42. H: 7.13. N: 7.36. UV / Vis ( nm max) 

Benzene: 362 (29270). 444 (165360), 548 (12380), 590 (17400), 652 (11290), 714 (38870). 
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