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Abstract: A novel method for selectively synthesising 5,15-diphenylporphyrins bearing different
substituents on the 5- and 15-phenyl rings is reported. It has been found that the presence of zinc acetate

reserved.

The control of substitution patterns in the synthesis of meso-phenylporphyrins has relied largely on two

mathnd (1Y th e tal A de tinn nf diff; thy cnhetitntad h . i 3
methods: (1) the acid catalysed condensation of differently substituted benzaldehydes with pyrrole to give a

mixture of products! which are then separated, (2) electrophilic substitution reactions on the pre-formed
porphyrin at either the B pyrrolic positions? or the phenyl rings.” Both of these strategies, however, generate
mixtures of different leveis of substitution and/or regioisomers which can be difficuit to separate. As part of an

ongoing program in our laboratory to develop methods for conjugating porphyrins and their derivatives with

biologically active molecules, we required a reliable method for controlling the number, nature and position of
functional groups attached to the porphyrin macrocycle. Recently we have reported an efficient method for
synthesising and purifying 5-phenyldipyrromethane in gram quantitigs, and the subsequent use of this compound

to oive the svmmetrical 5. 15-dinhenvinomhvrin in g¢ood vield.” We became interested in whether this
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methodology could be adapted and expanded to give access, without the need for mixed condensations, to 5,15-
diphenylporphyrins bearing different substituents on opposing phenyl rings.
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Conditions: i.) p-Toluene sulphonic acid, CH;Cl, r.t., dark, 8 hr, Zn(OAc),.2H,0 in MeOH, stir, r.t., 17 hr
ii.) Trifluoroacetic acid, CHCl3, r.t, 0.1 hr
Yields; 4(1) 11.2%, 4(ii) 11.1%, 4(iii) 28.1%, 4{iv) 13.1%, 4(v) 8.9%, 4{v1) 18.6%. Mp. 4(i-vi) >350°C decomp.

The MacDonald 2+2 method’ for synthesising porphyrins from dipyrromethanes relies upon introducing
the incipient 10-, 20- meso carbons of the porphyrin as formyl groups at the 1- and 9- positions of one
dipyrromethane, and then condensing this under acid catalysed conditions with another dipyrromethane which
does not bear substituents at the 1- and 9- positions. In this way the possibility for self-condensation of two
identical dipyrromethanes is removed. The MacDonald method was originally developed using dipyrromethanes
substituted with alkyl groups at the 2-3- and 7-,8- positions, but no substituent at the 5- position. 5-
Phenyldipyrromethane, conversely, is substituted at the 5- position with a bulky pheny! group, while the 1-,2-3-
and 7-,8-.9- positions lack substituents. A method was therefore required to introduce formyl groups
regioselectively at the 1- and 9- positions of 5-phenyldipyrromethane. Using an adapted Vilsmeier® procedure

(POCI3/DMF) 1,9-bisformyl-5-phenyldipyrromethane (1) was obtained in 52% yield.
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Having successfully obtained the compound (1) we investigated the acid catalysed condensation of this
(‘nmnmmd with several ‘i-nhenv]dlnvrrnmpthnnpq bearino different substituente on the phenvl nng A]rhmmh it
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was expected that this reaction would proceed smoothly, it was found in all cases that only minor amounts of
porphyrm (<0. l%) could be generated using MacDonald’s orlgmal conditions (HI in acetic acid). As the orlgmal
conditions OI the MacDonald bananlS were GE:VISCQ o )’ICIG porpnm i "4 D 7-tetraacetic acid-2 3 3 8-
tf-tmnrnnmmc acid octamethvl ester (nrnnnmhvrm v mpfhvl ester), it wag hphpvpd that gnlnhnhty r‘lffprpn(‘Pc
may "have been responsible for the poor yields "Several attempts were made to perform the condensation of (1)
with pheny] substltuted 5~phenyld1pyrromethanes usmg different orgamc solvents (CHgClg, CHCI-;, THF) and
UleIllL plldbC bUlUDlC d(.lub \p-wrucucampnume d(..lu LnlluUrUdLCllL d(..lu, l.nLnlOdeLGll(. d(.«l(l) Dul Iﬂls rebm[ea 1n
no significant improvement in yields. It seemed therefore, that factors other than the pK; of the acid or the
solubility of the dipyrromethanes in the reaction solvent were responsible for the failure of the reaction.

In order to form the 1mmed1ate _precursor of the porphyrm the porphyrmogen the formyl groups of the
1,7 Ul\lUlllllelpyllUlllUllldllU lllubl UC ur“Oligm into L}USL plUKlllllly Wlul mc 1' d.rl(.l y PUblllUnb Ul mt: Seeonu
dipyrromethane. Molecular modelhng7 of (1) and (2), and comparison with similar models for the
dipyrromethanes used by MacDonald in his original 2+2 synthesis, revealed a significant twisting of the two
pyrrole rings for the 5-phenyldipyrromethanes after energy minimisation. The results of molecular modelling
suggest that a greater amount of steric strain is involved in the formation of 5,15-diphenylporphyrinogen when
compared to the formation of uroporphyrin IV methyl ester. In the synthesis of nhtha!ocvamnees
(tetraazatetrabenZOporphynns) it is necessary “to incorporate a metal template in the condensation process. This
presumably stabilises the intermediate cyclic tetrameric structure, which is subsequently oxidised to the fully
aromatic macrocycle. It was decided, therefore, to adopt a similar strategy and incorporate a metal template in the
condensation of (1) with phenyl snbstituted 5- nhenvldlpvrmmethanee

Zinc porphyrms undergo facile demetallation using strong acids.? Zinc acetate was therefore selected as a
template candidate due to this property, and also because of the pdl‘tld] solubrhty of this salt in orgamc solvents.
Condensation reactions were pcuuuucu uy mixmg (1) with each of the pncnyl substituted S-
ph_e_nvldmvrmmeth_anes (2) (i-vi) (1:1 molar ratio) in degassed (argon) dichloromethane, followed by injection of
a 4-fold excess of p- toluenesulphomc acid in methanol. After stirring in the dark for 8 hours a saturated
methdnohc solution of zinc acetate dihydrate was added and the mixture was stirred for a further 17 hours
(SCht‘:mt: 1).

Condensation of (1) and (2) in the absence of zinc acetate gave only _m,mor ao nts (<0.01%) of
porphyrin products, which were identified by UV-visible spectroscopy. “Addition of the zinc salt to the reaction
medium, however resulted in a dramatrc increase in yields to between 8.9 and 28% dependmg on the substituent
present on the urpyuomethane Demetallation of compounus J\l-vu was carried out with trifluoroacetic acid in
chloroform, at ambient temperature, to yicld the free-base 5,15-diphenylporphyrins 4(i-vi). We believe that the

method reported here will be of wide interest to those involved in conjugdtmg porphyrms to biologically active
molecules and solid qupports for use in targeted photochemotherapy, as fluorescent probes and also in the areas
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0. Experimental Data,

3 () [5-(4- Nitrophenyi) i5-phenylporphyrinatoizinc Il UV-vis (CHCly) Apx 412, 542. 4 (i) 5-(4-Nitrophenyi)-i5-
2 T

[ A TV o el e AW ANQ SNK KAt {7( ")0 g NMR (270 MHZ 18.318 (br g ’)” nurrnln" N’!—I\
pnellytpu![.ln_yuu, UV-vis \Vu\ug; Amax TUZ, IS, I, 1 INIVIR (/Y IVAERZ, 3, C 156 (O §, 253, PYITO:C INS
7.80-7.82 (m, 3H, m/p-phenyl), 8.26-8.27 (m, 2H, o- nhenvl) 8 52-8.74 (m, 4H, p-substituted phenyl), 9.05-9.27 (m, 4H, B),

9.49-9,58 (d, 4H, J = 4.5 Hz, B), 10.39 (s, 2H, meso); MALDI, 508.4 (M -H, 100).



