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SYNTHESTS OF URDPORPHYRIN-TII, AND RELATED HEPTA~ AND PENTA-CARBOXYLIC PORPHYRINS
BY MODTFTCATIONS OF THE MACDONALD METHOD
M.Chakrabarty, S.A.Ali, G.Philin and A.H.Jackson

Department of Chemistry, University College, Cardiff, Wales.

Abstract - A modification of the MacDonald route has been develgoned in which
all four pyrrole units of uronorphyrin-II1I have been derived from the same
conveniently nrepared starting nyrrele. Related henta- and nenta-

carboxylic porphyrins have alsc been synthesised by condensation of ammronriate
a-formyl pyrromethane- @' -carboxylic acids; in each case other norphyrins with
different numbers of acidic side-chains were also produced but the

desired producté were easily senarated (as their methyl esters) by h.n.l.c.

Although the MacDenald route for vorphyrin synthesis was first developed over twenty
years ago, it is still the most convenient method for nreparine a wide range of vorphyrins
mncludipng uronorphyrin-I11. In the original nrocedure the diformyloyrromethane (1) was
condensed with the di-o-free nyrromethane (2a} in acetic acid containing a catalyvtic amount of
hydriodic acid, and the intemmediate norphodimethene was then autoxidised to uronorphyrin-III,
isolated as the octamethvl ester{3). (Scheme 1)

The precursors of the two nyrromethanes were the two isomerically substituted nyrroles {4a)
and (5a) but the preparaticn of Pyrroles with the second type of substitution pattern (5) is
somewhat more lengthy than that of nyrroles of tyne (4), and if ®-benzyl ester (5b) is required,
two extra trans-esterification steps are required at the end of the svnthesis.2 Furthermore,
the route to the nyrroles (4b) has recently been considerably improved by Kenner and Smith.3

The relative accessibility of pyrrole (4b) gomnared with wyrroles of tyme (5)),
therefore, led us to develop a new synthesis of uroporphyrin-I11 (3) using it as the scle
nrecursor of all four rings (Scheme 2), The pyrrole benzyl ester (4b) was trichlorinated with
sulphuryl chloride and the intemmediate trichloromethyl pyrrole hydrolysed by agueous
sodium acetate at 70° to the nyrrole-2-carboxylic acid (6a). Esterification of the latter with
diazomethane, followed by hydrogenolysis over valladium-charcoal, then afforded the
nyrrole-5-carboxylic acid (6b). Treatment of the sodium salt of the latter with iodine and

notassium iodide, followed by hydrogenolysis over nlatimum oxide then afforded the desired
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o -free nyrrole (6c).

The original pyrrole {4b) was also converted by treatment with lead tetra-acetate
into the acetoxymethyl derivative (6d) and the latter was counled with the o-free pyrrole (6¢)
in dichloromethane in presence of stannic chloride4 at -20° to give the desired unsymmetrical
pyrromethane monobenzyl, pentamethyl ester (7) in good yield. This was hydrolysed to the
hexacarboxylic acid (2b) by heating with 10% agueous sodium hydroxide followed by acidification.

Self condensation of the acetoxymethylvyrrole {6d) afforded the svmmetrical pyrromethane
dibenzyl ester (8a) which was then hydrogenolysed to the corresnmonding di-acid (8b) over
nalladium-charcoal. Decarboxylation of the latter in dimethyvlformamide at 180° followed by
cooling and addition of benzoyl chloride enabled the required diformyl pyrromethane (1) to be
nrenared in good yield.

Uropornhyrin-I11T was then prevared by condensing the vyrromethane hexa-acid (2b)
with the dialdehyde (1) in dichloromethane methancl in nresence of n-toluene sulvhonic acid at
20° for one day. Methanolic zinc acetate was then added and after a further two days the
product was worked up and esterified with 5% sulphuric acid in methanol to afford uronorvhyrin-T1T
octamethyl ester in good yield m.p. 261-262° (lit% 255-260°) .

The product was analysed for isomeric purity both by direct h.n.l.c. and by
decarboxylation to coprovorvhyrin followed by paver chromatogravhy in lutidine-ammonia. This
showed that a small amount of the type-II isomer had been formed, presumably by self-
condensation of the diformyl pyrromethane (1) in accord with our earlier exneriences5 of
using nyrromethane di-acids as intermediates in MacDonald tyne syntheses.

As the original procedure1 utilising di-o-free vpyrromethanes had given nroducts of high
isomeric purity, we therefore, decarboxylated the oyrromethane (2b) by heating with alkali in a
sealed tube, in presence of hydraziné (as in the original MacDenald nrocedurel), and counled
the resulting di-o-free pyrromethane with the diformyl pyrromethane (1) by the same method as
described above. Uroporphyrin-111 was obtained in good vield, essentially uncontaminated with
isomers, as shown by h.n.l.c., and by naper chromatogravhic analysis of the derived
conroporphyrin-I11, These results clearly show all four nyrrole rings of uroporphyrin-III can be
abtained from the one readily accessible nyrrole (4b).

This approach should also be valid for other similarly substituted norphyrins such as
conroporphyrin-IIT, but the synthesis of commletely unsymmetrical pronhyrins such as the tyne-II11
hentacarboxylic nmornhyrin (9} and the related pentacarboxylic morvhyrin (10) cannot be carried
out by the original MacDonald method because none of the nossible dibyrrolic units from which
they might be constructed is symmetrical.

The porvhyrinogen hentacarboxylic acid corresnending to the vorphyrin (9) is the first
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intermediate in the biosynthetic conversion of uroporphyrinegen-11T to conroporphyrinogen-ITI,
Tts structure was elucidated by ourselve55’7 and by other w0rker5,8’9 by total syntheses of the
norphyrin (9) via rationally constructed omen-chain tetranyrroles. The methodsused were,
however, relatively lengthy, and the overall yields were low, so that we sought another simmler
route to such unsymmetrical porphyrins.

The advent of h,p.l.c. and esnecially the nossibility of adanting it to nremarative
scale separations has now led us to develop a mew variant of the Maclonald synthesis invelving
the condensation of two o-fommyl-pyrromethane- o -carboxylic acids with each other.10 Dur
strategy required the two original nyrromethanes to have different nmumbers of acidic (or ester
side-chains) so that the three nroducts formed (Scheme 2} would also have different numbers
of carboxylic side-chains, and hence would be readily sevarable from cne another by h.p.l.c.11

Two of the nyrromethanes required for this work i.e. (12b) and (13b) were synthesised
initially by condensation of the bromomethylpyrrole (1ia) with the ¢-free-@'-formylnyrrole
Girard derivatives {11d) and {6g) in acetic acid in nresence of sodium acetate.12 Dilute
acid hydrolysis of the initially formed nyrromethane Girard derivatives then gave the
formylnyrromethanes (12a) and (13a) and hvdrogenolysis of the latter over palladium-charcoal
afforded the desiTed o-formylnvrromethane-o'-carboxylic acids (12b) and (13b). Later we found
that the formyl pyrromethane benzyl esters (12a) and (13a) could be premared directly by
tin (IV) chloride catalysed4 condensation of the acetoxymethylnyrrele (1le) with the
formylpyrroles (11c) and {(6f). The pyrromethane (14a) was also nrenared in a similar manner from
the acetoxymethylpyrrole (6d) and the formyl vyrrole (6f).

Condensation of the formylnyrromethane carboxylic acids (12b) and (13b), catalysed by
toluene-p-sulphonic acid in methanol, then afforded a mixture of the three porphyrins (10),

(15) and (i6) (Scheme 2). These were readily sevarated by small-scale preparative h.n.l.c.]1
by reason of their differing nolarities (because of the different side-chains) and the desired
pentacarboxylic porphyrin penta-methyl ester (10}, m.»n. 217-2197 (Iit, m.p, 218‘2190,8211-2]20 7]
was obtained in 8% yield from the two nyrromethanes, as well as coﬁronornhyrin—l tetramethyl
ester (15) and a type-1I porphwrin hexamethyl ester (16). Similarly’the heptacarboxylic ester (9}

o8

m.p. 223-228° (lit. mp. 225-226%7, 225-226% 8, 225-225° %) was obtained in 9% yield from the

2,

formyl pyrromethane carboxylic acids (13b) and {14b), and senarated from the other two norphyrins,

uroporphyrin I octamethyl ester {17) and the hexacarboxylic worphyrin (16).

Although the vields of each pornhyrin in the final sten of these syntheses are low,
the overall yields comnare well with those in previous multi-stage synthe5e57’8’9 and the
anoroach is very much more ranid, Further work is in nrogress to imorove the yields in the

final condensations, and other develonments of this new amnroach include the synthesis of
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unsymnetrical type-I porphyrins, which will be described later in a full nublication.
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