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Ah&act-Treatment of octa-akylporphyrins (e.g. 1-3) with mercury(II) acetate in methylene chloride and 
tetrahydrofuran atfords novel complexes (4) containing two porphyrin rings layered between three Hg atoms. A new 
type of stereoisomerism in regularly substituted porphyrins (e.g. la, 2a) is identified; it is observed by NMR 
spectroscopy and occurs because two forms of the complex (4) are possible, depending upon which faces of the 
porphyrin molecule are turned in towards the central Hg atom. The NMR spectra also indicate that in concentrated 
solution the double sandwich complexes (4) are stable towards disproportionation and recombination. On the basis of 
the inherent geometrical arrangements in the complexes (4), an efficient NMR method for unambiguous identification 
of the four primary type isomers of the aetio- and copro-porphyrin series is described. 

In very die solution, or in mixtures containing nucleophilic solvents such as pyridine, methanol, dioxan, or 
tehahydrofuran (in the absence of excess mercury(I1) acetate), the double sandwich complexes (4) are destroyed to 
afford-normal I :.I metalloporphyrins. 

MetaIIoporphyrins have been the subject of intense 
research during the last decade: and the reason for this 
interest is associated with the vital biological roles of 
some metalloporphyrins in Nature. One of the more 
recent developments in metalloporphyrin chemistry has 
been the synthesis of some porphyrin complexes which 
deviate from the usual 1: 1 stoichiometry of metal to 
porphyrin. A number of complexes containing two metal 
ions complexed with the same porphyrin molecule are 
known,f’O and some of these have been implicated as 
models for the intermediates of metalloporphyrin fomm- 
tion.“.” Recently, a complex having a different metal ion 
on either side of the porphyrin molecule has been 
described. 

Treatment of porphyrins with mercury(R) acetate in 
retluxing pyridine results in the formation of the normal 
1: 1 chelatey2 occasionally isolated as the pyridine 
adduct. However, treatment of aetioporphyrin-I (la) in 
methylene chloride and tetrahydrofuran with mercury(U) 
acetate rapidly yielded a complex with a visible absorp- 
tion spectrum (Fig. 1) quite unlike that expected for a 
normal mercury(R) chelate. When the product was 
shaken with water or chromatographed on alumina (in 
order to remove excess mercury(H) acetate), only 
metal-free aetioporphyrin-I was isolated. The excess 
acetate could, however, be removed by passage of the 
reaction mixture through a bed of Kieselgel G silica, and 
from this solution the required chelate was obtained 
crystalline. 

The combustion analytical data were also at variance 
with calculated figures on the basis of a 1: 1 complex. By 

1: R=Et 
2: R = CH2CH2C01Me 
a: R’=R’=R’=R’=Me 

R’=R’=R’=R’=R 
b: R’=R‘=R”=R’r&fe 

R’=R’=R’=R’=R 
e: R’=R’=R’=R’=Me 

R’=R’=R’=R’xR 
d: R’=R’=R*=R’=& 

R’=R’=R’=R’zR 
3: Rla = Et 

normal semi-micro C, H, and N analysis, the C and N 
figures were surprisingly low, whereas the H percentage 
found was very high. The high H figure could be explained 
by the tendency of mercury from such complexes to 
condense in the water condensation tube normally 
employed in this type of combustion analysis. 

Infrared spectroscopy of the novel mercury complex 
from aetioporphyrin-I showed a broad, strong absorption 
band at 1580cm-‘, characteristic (Table I) of a metal- 
bound acetate group in the apical position of a metal- 
loporphyrin. This fact suggested that only one of the 
acetate groups in the reagent had been replaced by the 
porphyrin ring. Taking into account the C and N 
combustion values, this ahowed the molecular composi- 
tion [Aetioporphyrin-I), HgJOAch to be derived, and 
since it was known that metal bound apical acetate ligands 
were present from the IR spectrum, the novel “double 
sandwich”’ or “triple decker”” structure 4 was formu- 
lated. Assuming the correct H figure in the combustion 
analysis, it was possible to back-calculate for the mercury 
figure “found”; in many, but not all cases (uide in@) 
these manipulated combustion figures gave close agree- 

Fig I. Visible absorption spectra in CHCI, of: 0, novel complex 
(4) from aetioporphyrin-I; -, normal 1: 1 mercury-porphyrin 

complex (7). 
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Table 1. Comparison of physical properties of axial acetate ligands in metalloporpbyrins 

‘J. W. BuchIer, G. Eikelmann, J. Ruppe, K. Rohbock, H. H. Sclrneehage and D. Week, Ann. Chem. 745,135 (1971); 
‘R. J. Abraham, G. H. Barnctt and K. hf. Smith, 1. Ckcm. Sot., Perkin Trans. I,2142 (1973); ‘J. W. Buckler and K. 
Rohbock, Inorg. Nucf. Gem. Mt. 8, 1073 (1971). 

ment with the proposed generic structure 4. In cases 
where there was not complete correspondence, the 
mercury figure was slightly low, possibly owing to 
incomplete condensation of the mercury into the water 
condensation tube used for determination of the H% 
composition. However, an independent mercury analysist 
on the chelate 4 from aetioporphyrin-I gave data well in 
agreement with the proposed structure (Found: Hg, 
35.3 -C 1%. CaHaHgsNsO, requires: Hg, 36.0%). 
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The NMR spectrum of the aetioporphyrin-I complex (4) 
showed a number of interesting features, all of which 
added confirmation to the proposed structure. A reso- 
nance at 10.247 which integrated for 3 protons per 

+By flame ionisation; we are grateful to Prof. J. P. Riley, 
Department of Oceanography (Liverpool), for these anaiyses. 

SThe INDOR experiment revealed that the ‘?Jg-‘H coupling 
actuaffy gives rise to a doublet of deubkts rather than the single 
doublet assumed in our preliminary communication;’ thus the J 
value is 5 Hz and not 10 Hz as originally quoted. 

porphyrin ligand was observed (HA 100, CHCL lock), and 
this is assigned to the methyls of the acetate ligands, being 
at high field owing to the effect of the ring current in the 
porphyrin ring; this shift is similar to those observed 
(Table 1) in thallium(II1) and scandium(III) porphyrin 
acetates. The NMR spectrum (Fig. 2) also featured a 
meso-proton resonance at surprisingly high field; on the 
basis of structure 4, this shit was readily interpreted in 
terms of the anisotropic effect of one porphyrin ring lying 
above another in the layer compound, and such uptield 
shifts in concentrated solutions of porphyrins and 
metalloporphyrins have been extensively examined.” 
However, as might be expected from the “fixed” layering 
occurring in (4), only a small downfield shift of the 
resonances was observed upon dilution (contrast with 
Ref. 14). The meso-proton resonance (Fig. 2) showed 
satellite peaks due to coupling of the meso-protons with 
‘?Ig (J= 5 Hz).+ The observation of this coupling 
enabled an INDOR ‘%g(‘H] experiment to be carried 
out; this revealed two Hg signals at 178866 and 
17.8854 MHz with approximate relative intensities of 2: 1. 
This indicated the presence in the molecule of two 
different types of Hg atom, and this conclusion was 
checked by performing a similar experiment with N- 
methyloctaethylporphyrinatomercury(I1) acetate” which 
possesses a clearly observed ‘?Ig coupling to ‘the N-Me 
group, has only one type of Hg atom, and showed only 
one ‘?Ig[‘H] INDOR resonance at 17.8898 MHz. 

Another interesting feature of the ‘H NMR spectrum of 
the complex (4) from aetioporphyrin-I was the two 
singlets for the nuclear Me groups and the two sets of 
triplets for the terminal Me’s of the Et groups (Fig. 2). 
This is somewhat surprising in that aetioporphyrin-I is a 
regularly substituted porphyrin, but the observation is 
explained by the fact that two different stereoisomers are 
possible (Fig. 3) depending upon which faces of the 
aetioporphyrin-I molecule turn inwards towards the 
central Hg atom. Each stereoisomer has an approximately 
equal probability of being formed and this explains the 
equal intensities of the two nuclear Me singlets and the 
two Me triplets from the Et groups. The fact that these 
NMR signals do not equilibrate in solution indicates that 
no disproportionation and recombination of the complex 
is occurring. Our preliminary publication’ represented the 
first observation of this type of stereoisomerism in 
porphyrins, and we chose to formulate the complex 4 in 
the eclipsed (Fig. 4A) rather than staggered form (Fig. 4B) 
since it appeared to cause least geometrical complications 
in the bonding of the porphyrin N atoms to the central Hg 
atom. However, none of the NMR experiments can 
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Fig. 2. NMR spectrum (in CDCI,, Varian HA 100 instrument) of cdmplex (4) obtained from aetioporphyrin-I (la). 

Fig. 3. Stereoisomers obtained in complex (4) from 
aetioporphyrin-I (viewed from above; metal atoms omitted). 
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Fig. 4. Relative orientations of rings in complex (4): A, Eclipse-d 
orientation; B, Staggered orientation. 

exclude rotation of the two porphyrin planes about the 
central Hg since the Me and Et groups in both 
stereoisomers (Fig. 3) always experience different en- 
vironments. 

A second example of this type of porphyrin 
stereoisomerism has recently been identified” in the 
complex (aetioporphyrin-I)2Ruz, which exhibits an ex- 
tremely strong ruthenium-ruthenium bond; significantly, 
orbital models indicated that the eclipsed type of structure 
(Fig. 4A) should be preferred in this dimer. 

The final point in the NMR spectrum of 4 from 
aetioporphyrin-I (Fig. 2) concerns the complex pattern for 
the methylene protons of the Et groups. Rather than 
attempt to interpret this, we prepared the more symmetri- 
cal compound 4 from octaethylporphyrin (3) since there 
could be no complication due to stereoisomerism of the 
type in Fig. 3. The NMR spectrum of the octaethylpor- 
phyrin complex is shown in Fig. 5, and possessed all of the 
features expected for the “double sandwich” complex 4. 
The Me portions of the Et groups showed no evidence of 
stereoisomerism, serving to reinforce the conclusions 
regarding the two sets of triplets in Fig 2. SigniIicanUy, 
the methylene protons occurred as a complex pattern; 

irradiation of the Me triplet signal caused this pattern to 
collapse to an AB quartet (Fig. 5) indicating that the 
methylene protons of the Et groups are diastereotopic. 
Non-equivaknce of the methylene protons inthaRium(III) 
octaethylporphyrin chelates has been observed be- 
fore;“‘” our initial preference for non-equivalence of the 
methylene protons due to hindered rotation” was 
modifiedI8 in favour of diastereotopicity due to the metal 
atom being out of the plane of the porphyrin ring, in the 
light of observations of the spectra of thallium complexes 
of the aetioporphyrins and of meso-tetraphenylporphyrin 
(which showed’* non-equivalence of the ortho-protons in 
the meso-phenyl rings). An X-ray investigation of octa- 
ethylporphyrinatothaihum(II) chloride, which showedI 
the thallium atom to be well out of the porphyrin plane 
was also instrumental in this change of opinion. The 
diastereotopic methylene protons in the complex 4 from 
octaethylporphyrin are another dramatic demonstration 
of this effect. 

The mass spectra of the complexes 4 do not give a mass 
ion corresponding to the double sandwich structure; the 
highest mass ion of any signihcance is due to the ion with 
composition porphyrin-Hg-OAc. This ion loses the 
acetate and then Hg to give the metal-free porphyrin ion 
as the base peak (cf Ref. 20). The mercury complex 4 is 
therefore much more unstable with respect to dissociation 
than is the ruthenium dimer.16 

On treatment with pyridine, the complex 4 afIords a 
deep red solution with a visible absorption spectrum (A, 
421, 555, and 586nm) resembling that of a normal 
metalloporphyrin. Formation of the normal 1: I metal 
complex in this reaction must occur with liberation of one 
mole of Hg(I1). When equimolar amounts of the complex 
4 from aetioporphyrin-I and free aetioporphyrin-I were 
mixed together in pyridine, spectrophotometry revealed 
that ah of the added free aetioporphyrin had been 
consumed in forming the 1: 1 Hg(II) complex pyridinate. 
However, when a mixture of two moles of 
aetioporphyrin-I was added to one of the double sandwich 
complex 4 in pyridine, spectrophotometry indicated the 
presence of uncomplexed porphyrin. Thus, further proof 
that the novel complex possessed one atom of Hg in 
excess of porphyrin nuclei was obtained. 

Hg(I1) bis(tritIuoroacetate) reacted with aetioporphyrin- 
I to give a double sandwich complex 4 containing 
trifluoroacetate ligands (v, KBr, 1675 cm-‘); however, 
the complex was very sensitive towards hydrolysis and 
could not be fully character&d. 

One of the greatest difficulties in porphyrin chemistry is 
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Fig. 5. NMR spectrum (m CDCI,, Varian HA 100 instrument) of complex (4) obtained from octaethylporphyrin (3). ‘Ihe 
insert shows cohapse of the complex methylene proton pattern upon irradiation of the methyl triplet. 

associated with the methods available for “type-isomer” 
identification, and with detection of small amounts of one 
type isomer in another. There are four primary type 
isomers’ for porphyrins possessing only two kinds of 
substituent with one of each on the four pyrrole-type 
subunits. Table 2 shows the NMR data of the primary 
type isomers of the aetioporphyrins (la-d), and illustrates 
the problem. Apart from aetioporphyrin-IV (Id), the type 
isomers cannot be assigned on the basis of NMR 
spectroscopy alone. Likewise, mps and visible and mass 
spectra’ cannot be used for isomer identification, and no 
method is available for separation of the aetioporphyrin 
type-isomers. Thus, excepting absolute structure determi- 
nation by X-ray methods, there exists no procedure which 
can be used to contirm that a total synthesis, for example, 
of a discrete aetioporphyrin isomer, has atforded an 
isomerically pure product, or even the desired isomer at 
all. 

Type-1 isomers of porphyrins (e.g. la, 2-a) usually give 
very simple NMR spectra because all four sets of 
substituents on the rings are in identical environments. 
Thus, the unexpected multiplicity of the substituent 
resonances in the NMR spectrum from the complex 4 
from aetioporphyrin-I (Fig. 1) indicated that it might be 

SFull discussion of the porphyrin syntheses would not be 
appropriate here; see Experimentai section for full details of new 
synthetic approaches to particular type-isomers. 

possible to differentiate the aetioporphyrin type isomers 
using this method. 

Aetioporphyrin-II (lb) was prepared* by condensation 
of the 5,5’-diformylpyrromethane (!I) with the pyr- 
romethane 5,5’dicarboxylic acid 6 in the presence of 
toluene p-sulphonic acid?lP The chelate 4 was easily 

5: R=CHO 
6: R=COzH 

prepared as descrii above, and the NMR spectrum 
showed (Table 3), as predicted on the basis of the double 
sandwich structure, two peaks for the meso-protons, but 
a sharp singlet for the nuclear Me’s and a single triplet for 
the Me groups in the Et side-chains; the spectrum clearly 
distinguished aetioporphyrins-I and -II. The simplification 
of the resonances from the side-chains was expected 
because the Me and Et groups all experience similar 
environments, and because the asymmetry about the CZ 
axis observed in the aetioporphyrin-I complex is no longer 
present. 

Significantly, “aetioporphyrin-II” prepared by the 
well-established Fischer methoda involving heating of the 
symmetrically substituted pyrromethane-S,S’- 

Table 2. Chemical shifts (7. measured on HA 100) of aetioporphyrin type isomers measured in CDCI, and TFA 

In eDcla 

-0.09 0.00 6.80 0.10 

-0.00 1.97 6.U 8.17 

-0.09 5.89 6.38 8.1s 

-o.W(l) 6.06 *.&3 8.10 
-pm; . a.01 6.40 8.93 

In TF** 

1.71 624 0.10 

1.71 s.ae 0.10 

8.79 6.25 S.lS 

*Meso-proton signals masked by TFA resonance. 
tThe CDCI, spectrum of aetioporphyrin-II is actually that from the random mixture prepared using Fischer’s 

method.” Isomerically pure aetioporphyrin-II was not sufficiently solubk in CDCI, for a satisfactory spectrum to be 
measured. 
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Table 3. Chemical shifts (7) of mercury complexes (4) from aetioporphyrins and coproporphyrin terramethyl esters 
in CDCI, 

I htio 1.02 6.52 &O(m), 8.22(t) 10.24 
6.86 &27(t) 

CopI 0.92 0.53 5.(I0(m),7.02(t),0.42 lO.tO 
6.35 

II Amtie 0.M 0.49 LO(I), &SO(t) 10.42 
1.00 

Cd 0.27 6.81 8.70(m),7.lmt),6.63 10.49 
0.99 

III AdA0 0.82 6-d CM(m). 6.38(m) 10.42 
0.23 6.42 
1.12 6.52 
1.18 6.58 

CO& 0.90 
Eid 

5.6O(m).7.lO(t), a 1o.sa 
0.28 
1.08 
1.1s 

‘Satellite peaks observed (see text) due lo ‘H-‘“Hg couplings. bTetramethyl esters. ‘Additional fine structure 
observed. “Signals obscured by methyl group resonances. Numbers in parentheses refer to relative signal intensities. 

dicarboxylic acid (6) in refluxing formic acid, gave a 
Hg(II) complex (4) which was identical by NMR 
spectroscopy with that from the random mixture of 
aetioporphyrin isomers obtained by the common 
monopyrrole polymerisation. This provided a dramatic 
demonstration that this type of pyrromethane dimerisa- 
tion provides porphyrin mixtures due to random redis- 
triiution of the pyrromethane rings in acid prior to 
cyclisation and oxidation to give the porphyrin. 

The NMR spectrum of the chelate (4) obtained from the 
highly unsymmetrical aetioporphyrin-III (lc) was com- 
plex and clearly displayed the asymmetry in the molecule; 
however, it showed four clear meso-proton resonances 
(Table 3). 

It was expected that the aetioporphyrin-IV chelate (4) 
would show two sets of non-equivalent nuclear Me groups 
and also two sets of triplets from the Me portions of the 
Et groups. This multiplicity, we considered, might lead to 
confusion between aetioporphyrin-I and IV identification, 
but we hoped that the meso-protons in the type-IV isomer 
might appear as a 1: 2: 1 pattern compared with the singlet 
in the aetioporphyrin-I case. This was indeed observed 
(Table 3) and thus completed the full NMR differentiation 
between the aetioporphyrin isomers. 

In order to ascertain that the method was not applicable 
only to the aetiopoxphyrins, and that the geometrical 
considerations were general, a study of the chelates (4) 
from the coproporphyrin tetramethyl esters (2a-d) was 
carried out. All of the results (Table 3) were in agreement 
with the trends observed in the aetioporphyrins, though 
the resonances from the methyl esters occasionally 
complicated the interpretati0n.t Again, coproporphyrin-II 
(2b) had to be prepared by the MacDonald type 
condensation of a 5,5’-diformylpyrromethane with a 
pyrromethane-SJ’dicarboxylic acid; use of the Fischer 
method% with the pyrromethane-5,S’dicarboxylic acid in 

tHowever, esterification with 5% H2S01 in CD,OD (cf Ref. 14) 
can circumvent these dticulties. 

hot formic acid gave a random mixture of coproporphyrin 
type isomers. Admittedly, the isomer differentiation in the 
coproporphyrin series is not such a difficult problem; the 
esters have well defined m.ps, they can be identified by 
NMR spectroscopy of the free bases or metal com- 
plexes,“‘s36 and paper chromatographic separations have 
been described? Nevertheless, the complete agreement 
within two series of primary type isomers illustrates that 
potential uses of the chelates (4) in structure determina- 
tion. 

As yet, crystals of the complex (4) from octaethylpor- 
phyrin (3) suitable for X-ray analysis have not been 
obtained. This is in part due to the relatively easy 
dissociation of this complex in solution, and as might be 
expected from double sandwich complexes of this type, 
compounds prepared from porphyrins with bulky sub- 
stituents tend to be less stable than, for example, the 
aetioporphyrin derivatives, and also lower melting. 
Indeed, it is not possible to prepare” the chelate (4) from 
meso-tetraphenylporphyrin, presumably owing to ad- 
verse repulsions between the phenyl rings. 

The complex (4) from octaethylporphyrin (3) dis- 
sociates readily in very dilute solution, and also in the 
presence of nucleophilic solvents such as methanol, 
tetrahydrofuran, 1,4dioxan, and pyridine. Thus, on 
recrystallisation of 4 from methylene chloride-IJ-dioxan, 
a substance with the visible absorption spectrum (Fig. 1) 
resembling that of a normal 1: 1 metalloporphyrin is 
obtained. Microanalytical data showed this compound to 
be aquo-octaethylporphyrinatomercury(Ir) (7). 

When 7 was warmed with excess Hg(II) acetate in 
methylene chloride-tetrahydrofuran, the double sand-% 
with complex 4 reformed, thus showing the reversibility 
of the dissociation process. When the complexes 4 or 7 
were dissolved in pyridine, the solutions became deep red 
and gave electronic absorption spectra identical with that 
from the monopyridinate of octaethylporphyrinatomer- 
cury(II) (8) (cf Ref. 27). A spectrophotometric titration of 
7 with pyridine revealed three isosbestic points (&,,.I 410, 
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7: X=HzO 
8: .X = NC,H, 

540 and 575 nm), showing that the aquo complex 7 and the 
pyridinate were the only two species involved. The 
reactions of the octaethylporphyrin Hg(II) complexes are 
summarised in Scheme 1. 

We consider that one of the primary requirements for 
formation of the double sandwich structure is that the 
metal used must lie out of the plane of the porphyrin ring 
in the normal 1: 1 complex. On this basis we have 
examined formation of metalloporphyrins under non- 
polar solvent conditions using metal ions of large ionic 
radius, such as Cd(H), Ba(II) and Pb(I1). However, we 
have obtained no evidence of double sandwich complex 
formation with these metals; it is interesting that Tsutsui 
et al.’ have obtained spectroscopic evidence for the 
formation of a bis-rhenium monomercury double sand- 
wich (presumably) from treatment of a monohydrogen- 
rhenium complex with Hg(II) acetate. Hence, formation 
of these layered complexes (4) is probably associated with 
favourable interactions between ligand and metal orbitals 
producing stable complexes somewhere along or near the 
reaction coordinate for normal metal insertion to produce 
1: 1 metalloporphyrin complexes. A fuller discussion of 
the relevance of these compounds (4) to the mechanism of 
metal insertion into the porphyrin ligand will be published 
in due course (cf ref. IS). 

p7 

Hz(OEP) ----* Double sandwich 

3 4 

Scheme 1 

-AL 

M.ps were measured on a microscopic hot-stage apparatus. 
Unless otherwise stated, chromatographic purifications were 
carried out on Merck neutral alumina (Brockmann Grade III). 
Visible absorption spectra (solns in chloroform) were measured 
on a Unicam SP 800 spectrophotometer, and ‘H NMR spectra 
were determined (usually in CDCI, with TMS or chloroform as 
internal standard) with a Varian HA-100 instrument. Mass spectra 
(direct insertion probe., operating conditions 70 eV, 50 p A, source 
temperatures co. 200”) were measured using an A.E.I. MS 12 
spectrometer. 

Aetioporphyrin-I,‘” aetioporphyrin-IVP and the tetramethyl 
esters of coorowrnhvrin-I.m conroooruhvrins-II and -111,” and 
coproporph;rin~IV~~~ were p&pared _ according to literature 
methods. 

tAs mentioned in the text, elemental analyses were complicated 
by distillation of mercury into the water absorption tube during 
burning. Thus, in general, only C and N figures are reported. If, 
however, the correct Hg percentage was assumed, back- 
calculations using the combined “Hg + H” figure, often atiorded 
satisfactory figures for hydrogen content. 

Aetioporphyrin-D (lb). Compound 5” (I.0 g) and 6” (I.23 g, 1.1 
quiv.) were stirred together in CH& (6OOml) well protected 
(Al-foil) from light. Toluene p&phonic acid hydrate (4.35 g. 6 
equivs) in hot methanol (7 ml) was added quicWy to the stirred 
solution, which was set aside for 23 hr. Z&(II) -acetate (1 g) in 
MeOH (4Oml) was then added. and the mixture was stirred for 
another -48 hr before evaporation under reducul pressure. The 
residue was stirred with trilluoroacetic acid (20 ml) during 15 min 
and then poured into CHICll and water. NaHCO,aq was added 
cautiously and then shaken. The organic phase was washed with 
water, dried (NsSO.), concentrated to ca H) ml and then treated 
with an equal volume of MeGH. The crystalline porphyrin was 
filtered off and washed with hot MeOH until the washings were 
colourless, giving 52Omg (29%) of highly insoluble purple-red 
microcrystals, m.p. > 300”. 

Aetioporphyrin-III (1~). 5’-t-Butoxycarbonyl-3,4’diethyl-3’,4- 
dimethylpynomethane-S-carboxylic acid” (I.15 g) was added to 
stirring tiuoroacetic acid (IOml) under a stream of dry N2. 
Stirring was continued for 1 hr before the soln was poured into 
CH2Clz and water. The acid was carefully neuhalised with 
NaHCO,aq, and the organic phase was washed with water, dried 
(Na2S0.), and evaporated to give a red-brown gum which was 
dissolved in CH,Ch (10 ml) and then added to a stirred soln of 3,3’- 
diethyl-5,5’diformyl4,4’dimethylpyrromethane” (557 mg) in 
CHICll (5OOml). The mixture was kept in the dark, and toluene 
p-sulphonic acid hydrate (2.42 g, 6 quiv.) in a minimum volume 
of hot MeGH was added to the stirred soln. After stirring for 17 hr 
the mixture was poured into dil NaOAc aq and the organic layer 
was washed 3 times with water, dried (Na,SO.), and then 
evaporated to dryness. The residue was chromatographed. eluting 
with hot chloroform. The porphyrinic eluates were collected, 
evaporated, and the residue was cry&Uised from CHJ&-MeOH, 
giving 422 mg (42%) of purple-red microcrystals, m.p. > 3ooO. 

Bis[aclioporphyrinoto-I-mercury(I9 acelato]mefcury(II)t (4 
from la). Mercuric acetate (174 mg, 2.6 q&s) was added to a 
stirred soln of aetioporphyrin-I (100 mg) in CH,Cl, (35 ml) and 
THF (15 ml). Stirring was continued for a further 30 min. with 
occasional warming. Spectrophotometry, after this time, usually 
indicated that metal insertion was complete. The mixture was then 
stirred with Kieselgel G (3 g) during 15 min and filtered through a 
bed of the same silicagel, which was washed afterwards with 
CH,Cl,THF. The combined tiltrates were evaporated to dryness, 
and the residue was crystallised from CH&-n-hexane, giving 
144 mg (81%) of purple-red crystals, m.p. > 300”. (Found; C, 48.78; 
N, 646. &H,Hg,N.O. requires: C, 48.81; N, 6.36%). An 
independent flame ion&ion Hg analysis gave Hg, 35.3 + 1.0%; 
required: Hg, 3597%). A, 406 (c 158,000), 544inf (9300). 570 
(l@OO) and607 sh am (4500), Y,, (KBr) C=O, 1580,685 cm-‘, 
m/e 1%). 676 (“Hn: 0.6). 478 (1001.476 (3) and 239 (I I). , ,. 
In a similar maher,the fdilowing c&&u& were also.pr&red: 

Bis[artioporphyn’Mto-II-merrury(II) ocetoto]mercury(Il), (4 
from lb), in 95% yield (170 mg scale), obtained as a red-purple 
crystalline solid from CH,Cl,n-hexane, m.p. > 300”. (Found: C, 
48:55; N, 6.34. &H,Hg,NIO. requires; C, 48.81; N, 6*36%), A,. 
409 (c 190.ooO~. 548 inf (10.000~. 572 (I I.8001 and 607 sh MI (44001. 
Y_’ (KBrj &, 1585,‘675 cm”, mje ‘(I), 676 (qg, lti), 66i 
(25). 478 (55). 476 (IO) and 338 (20). 

Bis[aelioporphyrinato-III-mercury(H) acetoto]mercury(II), (4 
from Ic), in 95% yield (170mg scale), obtained as red-purple 
microcrystals from CHJJl,n-hexane, m.p. >300”. (Found: C, 
48.95; N, 6.36. C,H,H&N.O. requires: C, 48.81; N, 6.36%), A,. 
408(r 170,000),549inf(10,100),573(11,400),and610shnm(4400). 
Y,. (KBr) C=G 1585.685 cm-‘, m/e (%), 676 (‘OoHg, 32), 661 (9), 
646 (5), 478 (100). 476 (25), 338 (7) and 239 (32). 

Bis[oetioporphyrinato-IV-mercury(H) acetato]mercury(II), (4 
from Id), in 97% yield (170 mg scale), obtained in the form of the 
dihydrate as red-purple microcrystals from CH,Clti-hexane, 
m.p.>300”. (Found: C, 4768: N, 6.76. GJLHg,N,O~ requires: C, 
47r78; N, 6.56%), A, 410 (c 163@?0), 549 inf @30), 576 (10,100) 
and 611 sh mn (3700). Y,. (KBr) C=G. 1570.690 cm-‘, m/e (%), 
735 (==Hg, 0.3); 692 (0.1). 676 (16,. 661 (2). 646 (1). 478 (100). 476 
(6) and 239 (20). 

Bis[coproporphyrin-I terramethyl esferato-mercury(H) 
acetato]mercury(II), (4 from k). in %% yield (150 mg scale), 
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obtained in the form of the diiydrate as red-purple needles from 
CH&-n-hexane, m.p. 259-260”. (Found; C, 46.61; N, 5.16. 
C,H,Hg,NsOn requires: C, 46.41; N, 5.16%), A, 408 (E 
172&X& 546 inf (89tH3), 576 (12,100), and 607 sh nm (43001, v- 
(KBr), ester C=O 1725, acetate C=O 1560,685 cm-‘, m/c (%i, 908 
(amHg, 2). 710 (100). 637 (311, 564 (S), and 355 (51, m* 571.5 
(710+637) and 499.3 (637+564). 

Bis[coproporphyfin-II tetrom&ly/ esleralo-mercury(H) 
acetafo]merca~(Il), (4 from Zbf, in 85% yield (13Om8 scale), 
obtained as red-purple microcrystals from C&C&-n-hexane, 
m.p. 290-293”. (Found; C, 47.33; N, 5.20. C,H,Hg,NsO, 
requires: C, 47.21; N, S-24%), A,, 409 (a 199,000), 549inf 
(lO,ooO), 576 (12,ooO), and 608 sh nm (a), Y,, (KBr) ester C=O 
1720, acetate C=O 1585, 675 cm-‘, m/e (%I, 908 (‘OOHg, I), 710 
(IOO), 637 (41), 561 (9), 355 (5). m* 571.5 (730+637), 499.3 
(637+564) and 427.5 (564+491). 

Bis[coproporphyrin-Ill letramethyl ester&o-mercury(H) 
ocetato]mercuty(ll), (4 from 2~). in 71% yield (120mg scale), 
obtained as a purple amorphous powder from CH,Clm-hexane, 
m.p. 7&80”. Attempts to obtain a satisfactory elemental analysis 
were unsuccessf&~,.. (KBr) ester C=O 1730, acetate C-0, lj70, 
690 cm-‘. m/e (%). 908 ?%R. 0.5). 710 (100). 637 (231.564 16) and 
355 (9,. m* j7i:s (7io-&.‘499.j (ii745641 and’ 427.5 
(564-491). 

Bis[eopropo~hy~a-IV fe~r~efhy~ esrerafo-merca~(ll) 
acetato]mercury(lI), (4 from 2d), in 90% yield (125mg scale), 
obtained as purple-red microcrystals from CHflm-hexane, m.p. 
153-155”. (Found; C, 47.31: N, 5.13. C,H,Hg,N.O, requires: C, 
47.21; N, 5*24%), A, 407 (c 16l,ooO), 548 inf (8500). 574 (1 l,ooO), 
and 60s sh nm (4200). v,, (KBr) ester C=O 1725, acetate C=G 
1580,675 cm-‘, m/e (%), 908 (=Hg, 0.6), 710 (100). 637 (69), 546 
(16). and 355 (9). m* 571.5 (710+637), 499.3 (637-564) and 427.5 
(564+491). 

Bis[ocraethylporphyn’nato-mercury(Il) acefato]mercury(lI), (4 
from A in 92% yield (160 mtt scale), obtaiued as the dihvdrate in 
the form of red-purple prismifrom CH,Cl,n-hexane, m.p. > 3009 
(Found; C, 50.31; N, 6.41. C,&.,Hg,N,Ob requires: C, 50.11; N. 
6.15%), Y,,,.= (KBr) C=O 1585 cm-‘. 

Recrystallisation of this compound from CHtClrl,4-dioxan 
gave red fluffy needles of a me~Bopo~hy~n, character&d as 
aquo octaethylpolphyrinato-mercury(ll) 7, and obtained in 
quantitative yield from the double sandwich compound. (Found; 
c, 57.82; N, 7.45. C,&&Cl requires: C, 57.54; G, 7*45%), A,, 
409 (c 308,000). 533 (1 l,ooO) and 563 nm (12.200). A,.. in ovridine. 
424 (r 178$00), 556 (14,~j and 587 nm &&). NMR s&&urn (id 
pyridine), r, -0.3 (4 H, s meso-H), 5.94 (16 H, q C&CH,) and 8.14 
(24 H, t CH,CIj,), m/e (%), 732 (‘09Ig, 63), 717 (6), 702 (41,687 (4). 
672 (4). 657 (3), 632 (2), 534 (100). 532 (12), 366 (14) and 267 (19). 

AMempted preparation of bis[uetioporphyrinoto-I-mercury(l1) 
~~~uoroace~a~o]mercu~~l~. Mercury(H) t~fluor~cetate 
(200 mg; 2.2 equivs) was added to a stirred soln of la (100 mg) in 
dry CHICI, (40 ml) and THF (30 ml). After 10 min, silicagel (2 g) 
was added and after 10min further stirring the mixture was 
filtered through a bed of silicagel. The filtrate was evaporated to 
dryness under reduced pressure and the gummy residue was 
crystallised slowly from CHEdn-hexane, giving a purple 
microcrystalline powder (W mg; 48%), m.p. 140-142”. A satisfac- 
tory elemental analysis was not obtained for this compound, 
presumably owing to partial hydrolysis 
(KBr) C=O 1675 cm-‘. 

of the apical ligands. 
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