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Several studies of the deuterium exchange of metalloporphyrin meso-protons 

have been rep0rted.l In these investigations, the source of dcuterium was usually 

deuterioncetic or deuteriotrifluoroacetic acid, and interpretation of the data was often 

complicated by demetallation of the su?,strates under tho exchange conditiona. No 

information on the electrophilic substitution of magnesium porphyrins has been gathered 

because the magnesium would be removod,immediately by the acidic media. However, from 

simple electronic considerations, 2 magnesium porphyrine would be expected to be extremely 

susceptible to douterium exchange. Making use of an original observation by Woodward 

and gkari.6, 3 magnesium chlorins have been &own4 to u&ergo exchange at the 6-position 

under neutral conditions in deuteriomothanol. However, no exchange of the more 

porphyrin-like'* a and 6 protons WIS observed, even on prolonged treatment@ 

We now report a simple method for the meso-deuteriation (and triftation) of 

magnesium porphyrins, together with preliminary results5 which allow comparison of the 

susceptibility of r,.dgnesirml and other metalloporphyrins towards electrophilic sub- 

stitution. 

As a result of an unexpected observation6 during the magneoiation of tritiran 

labclled porphyrins, we have found that treatment of porphyrins Ce.&. coproporphyrin-1 

tetramethyl ester; la) with hexapyridyl magnesium iodide' in pyridine and deuterionethanol 

or deutorium oxide, affords the magnesium chelate in which a high degree of deutcrintion 

of the meso-positions has been achieved. 

A standard solution of hexqyridyl magnesium iodide was prepared as fcllov#: 

A mixture of magnesium <SC0 mg:), ?ctfinz (1.5 g), and diethyl ether (30 ml) was heated 

dddrcss correspondence to this author. 
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under rcflux, in .nn atmosphere of nitrogen, until colourless (se 20 min), before being 

filtered and the filtrate evaporated to dryness, The residual yellow solid was quencbcd 

with pyridine (50 ml) aud deuteriomethanol S (2 ml). In n typical deuteriation crpcrinient, 

20 ml of this standard solution was added to coproporphyrin-I tetrnmethyl ester9 (123 mg) 

in dry pyridine (3 ml) and the mixture was heated under reflux, in an atmosphere of 

nitrogen, during 4 hr. (Spectrophotometry showed that magnesiation was complete within 

1 hr). The cooled solution was diluted with chloroform (50 ml) and then poured into 3% 

citric acid in water (200 ml). After thorough washing, the organic phase was dried 

(Na2S04), evaporated, and the residue was set aside overnight in 5% v/v sulphuric acid 

in methanol. 10 The solution was poured into water (250 ml) and the porphyrin was 

extracted into chloroform, which was washed with water, dried (Na2S04), and evaporated 

to dryness. The residue was chromatographed on alumina (Merck; Brockmann Grade V) and 

the methylene chloride eluates were evaporated; crystallization of the residue from 

methylcne chloride - methanol gave 110 mg (90%) of (lb), having the same melting point 

as the undeuteriated star+:?;: niaLer~i1. NNR and mnss spectroscopy showed that the meso- 

positions were deuteriated to the extent of 90-95%. 

(1) 
a : R = Ii 

b: R=D 

P - Cl1 
2 
cR2co2Mo 

P Me 

(2) 
a: M = >lg 

b: M s Zn 

c: M=Pd 

We have subsequently fowd 11 that mcgnesiciion of porphyrins with hcxnpyridyl 
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very high radiochemical yield; we have user! tbcse tritiated porphyrins in some of our 

e.gO ii biosynthetic investigations.- 

outlined, 

(2b), and 

magnesium 

The Table shows the percentages of dcuteriation obtained using the procedure 

with coproporphyrin-I tetramethyl ester ('la) and its magnesium (2a), einc 

palladium (2~) chelates. As might be expected, 2 the results show the 

chelate to be more susceptible to deuteriation than the sine or palladium 

TABLE 

Compound Reaction Time -_- 

Copr;oorphyrin-I tetraaiethyl ester 

(la) 

4hr 

Magnesium coproporphyrin-I tetramethyl 80 min 

ester (2a) 

Zinc coproporphyrin-I tatrundiyl e0 min 

ester (2h) 

Palladium coproporphyrfu-I tetramethyl 20 hr 

ester (PC) 

* 
Estignatcd from both n.m.ro and mass spectra (error + 2%). 

Percentage 

Deuteriatiod 

92 

68 

28 

< 10 

complexes. The use 

has been shown l2 to 

molecules. Garnett 

ccqlex between the 

of aluminium dihalide catalysts in the presence of tritiated water 

be a useful method for the rapid tritium labelling of organic 

and co-workers 12 have suggested a mechanism involving a rt-associated 

organic compound and the catalyst, which 1s hydrolysed with the 

tritiated water. In view of our results (Table) and since we have been :*r.able to 

deuteriate simple aromatic compounds with hoxapyridyl magncsiin iodide (and a deuterium 

source), we bclicve that we aro observing a simple clectrophilic substitution of a 

mctallopo.rphyrin. Magnesium iodide is a Lowis acid, and interaction of dcuteriomrthanol 

wi-th hexnpyridyl magnesium iodide might be expected to displncc pyridinc, giving a 

:::lczJ ~3 (3) which woolo appear $1 i!2 a gl;crl, %eutral" s~urcc of dcutcron;. Df?UtCri3.tion 

cf i!tL\L;:ilf,~?~pllyrir?lj can alao bo :;cc:r.npl.~:~1~~' with n!-tllox;lil.r~;rlc~i~~ Irtor.t~dc 0.r m3:;:1cr,i.10: 

i:c;,c!klo; sic hytirntc, in pgridiuz <:.::' ~'~lrt,~riu~l;ct!ls~lol or rle~i:.erium oxiclc, 
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