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POLYFORMYLATION OF COPPER(II) PORPHYRINS

Kevin M. Smith,* Graham M. F. Bisset, John J. Case, and Hani D. Tabba
Department of Chemistry, University of California, Davis, California 95616
Vilemeier formylation of copper(II) octaethylporphyrin (1) ig shoun to yield
the copper(II} complexes of meso-monoformyloctaethylporphyrin, meso-o,B- and
meso-a, Y-diformy loctaethylporphyrins, meso-u,B, y-triformyloctaethylporphyrin,
and mesc-a, B, Y, 8-tetraformy loctaethy lporphyrin. There ia therefore no differ-
ence in regioselectivity of meso-diformylaticn between the cctaethylporphyrin

and etioporphyrin-I sertes.

Though an established theory of substituent effects in electrophilic substitution of
benzenoid compounds exists, the situation with regard to substituent orientation in electrophilic
poly-substitution of porphyrin systems remains confused. Nitration of octaethylporphyrin gives]
a mixture of «,B- and a,y-dinitro-octaethylporphyrins, but chlorination affords2 only the a,y-di-
chioro derivative. Nitration of a-nitroporphin, however, gives3 o,R-dinitroporphin as the only
disubstituted product. It has been reported that nitration of zinc(II) octaethylporphyrin [with
In(ND3),.BH,0 in acetic anhydride] produces4 only a,y-dinitro-octaethylporphyrin, and also that
Vilsmeier formylation (with POC14/DMF) of copper(II} octzethylporphyrin (1) gives the a,y-di-
formyl derivative as the only disubstituted product. This last conclusion has been confirmed by

Ponomarev et a].,s

though the unique production of only the o,y-disubstituted product was inter-
preted as being due to steric rather than the electronic factors favored by Watanabe g£_§1,4
The situation is yet more confusing when one considers that Vilsmeier formylation of
cobalt(I1) etioporphyrin-I (2) yie]ds6 both the o,B~ and a,y-disubstituted products, and this
observation has recently been confirmed by Ponomarev gg'gl,,T who also isolated the o,B,y-tri-

4,5,7 put forward to rationalize

formyl compound. In the present Letter we show that explanations
the differences between diformylation in the octaethylporphyrin and etioporphyrin-1 series are
unnecessary since the o,B- and a,y-diformylporphyrins are indeed formed in each case.

Prolonged treatment (18 hours] of copper(II) etioporphyrin-1 (§) with excess Vilsmeier
reagent at 50°C in 1,2-dichloroethane, followed by hydrolysis and aqueous work-up, and then
separation on preparative thick layer plates (silica gel, elution with toluene), gave four major

8
hands. The compounds isolated from this separation were identified, in order of increasing
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polarity, as copper{Il}) o,y-diformyletioporphyrin-I (f) (13%), copper{ll} o.B-diformyletiopor-
phyrin-1 (5) (16%), copper(II) o.B.y-triformyletioporphyrin-1 (6) (16%), and copper(II) a,8,v.5-
tetraformyletioporphyrin-1 (Z) (<1%).9 These compounds, with the exception of (7), were demeta)
ated in 1:1 H2504/CF3COEH to give the appropriate metal-free derivatives (§) > (lg) which also
were fully characterized.

Similar treatment of copper{1l) octaethylporphyrin (1} with excess Vilsmeier reagent at 80°
in 1,2-dichloroethane for 3 hoursm gave a mixture of formylated products which were initially
separated on silica gel by column chromatography (elution with toluene) to afford copper(1I) -

8,11
(

formyloctaethylporphyrin (11) 20%), copper{11) diformyloctaethylporphyrin (23%), copper{il)

a,8,y-triformyloctaethylporphyrin (lg) {9%), and copper{I1)

)3

« o8 {14) asB,y,8-tetraformyloctaethylporphyrin (13) (<1% Further

examination of the diformylated fraction by high pressure

112 showed this material to be an

ayy (15) = liquid chromatography (HPLC
almost 1:1 mixture of two isomers (Fiqure 1) {assuming equal
extinction coefficients at 405 nm). These isomers were separ

ated by careful preparative TLC on silica gel {elution with

inj toluene), to give the copper(II) o,8- and o,y-diformyl com-
pounds (13) (10%) and (Ig) {11%), respectively, with the a,y-
isomer (15) being the least polar of the two. Compounds (1&)
\ and (1§) viere also fully characterized.
Time ~ The copper(11) complexes (11}, (12), (34), (15) were de-
FIGURE 1: wprc’’ of the metalated using 1:1 Hy$0,/CF4C0,H, and were further character

di formyloctaethylporpryrin ized, particularly by NMR spectroscopy at 360 MHz. The o,B-

aopper(I1} complexres.
and o,y-diformyloctaethylporphyrins (16) and (17), respect-
ively, showed very characteristic NMR spactra which are shown, in part, in Figure 2. As would b

expected,]3

the o,R-isomer (16} (Figure 2R} shows four separate methylene signals, while the o,y
isomer (lz) {Figure 2B) exhibits two equal intensity quartets. The identity of isomer (19) vas
further confirmed by comparison with authentic a,B-diformyloctaethylporphyrin obtainedM by

15 copper(I1) v,8-diformyl-

Vilsmeier formylation aof copper(11) trans-octaethylchlorin [to give
trans-pctaethylchlorin], followed by demetalation and oxidation to the porphyrin state.

We therefore conclude that farmylation of coppar(I1) actaethylporphyrin gives both of the



3749

possible diformylation products. These conclusions are contradictory to those of Watanabe et

4 and Ponomarev g;_gl.S for the octaethylporphyrin series. Previous evidence4’5 for unique

al.
formation of only the o,y-diformyl product (17) rests solely on symmetry observed in the NMR
spectrum. In the spectrum published by Watanabe g}»gl,4 we can discern a small resonance to high
field of the two methylene resonances which we attribute to a minor amount of the «,8-isomer (19)
(Figure 2). Moreover, the relative integrations of the methylenes appear4 not to be 1:1, and

neither do the peaks appear as pure quartets (cf. Figure 2B). At the present time we cannot say
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FIGURE 8: 360 MHz NMR epectra, in CDClg, of the formyl, meso, and methylene regions in:

A, o,B-Diformyloctaethylporphyrin (16), and B, o,y-Diformyloctaethylporphyrin {gz).
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whether the previous workers preferentially crystallized the more symmetrical, presumably less
soluble, a,y-diformyl isomer (]Z), or whether the symmetry in the NMR spectrum is due to aggreg-
ation effects.16 Another possibility could be that deformylation takes place in 100% HZSO44’5
{but not in 1:1 HZSOQICF3COZH), and that the o,B-isomer deformylates faster than o,y. A critical

study of all these possibilities is underway.
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