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A study on the oxidation of 2-hydroxyporphyrins to
porphyrin-á-diones

Richard Beavington, Philip A. Rees and Paul L. Burn*
The Dyson Perrins Laboratory, South Parks Road, Oxford, UK OX1 3QY

Porphyrin-á-diones have been used for the preparation of extended rigidly oriented porphyrin systems.
Copper 2, free-base 3, and zinc 4 2-hydroxyporphyrins have been prepared by an improved method and
treated with a range of oxidants to form the corresponding porphyrin-á-diones, 5, 6, and 7 in yields of
up to 94%. We have found that the free-base 2-hydroxyporphyrin 3 was easily oxidised and usually gave
the best yields of porphyrin-á-dione. In this study the most effective general oxidant was determined
to be the Dess–Martin periodinane which oxidised all three 2-hydroxyporphyrins to their respective
porphyrin-á-diones in good yields.

Introduction
In recent years there has been a strong interest in developing
extended porphyrin arrays.1–7 Many of these studies have
involved porphyrins linked through their meso-positions.3–7

However, there have been a number of reports of porphyrin and
porphyrin–non-porphyrin arrays which have been linked
through the β-pyrrolic positions.1,2,7–9 The starting porphyrins
for these latter routes contain a porphyrin-α-dione which was
originally prepared by a five step synthesis from a copper che-
lated porphyrin.10 The final steps in this reported synthetic
pathway involve the photo-oxidation of a 2-amino-5,10,15,20-
tetraphenylporphyrin followed by hydrolysis of the resultant
keto imine to the dione. The main difficulty of this route is in
scaling up the photolysis reaction. Apart from this route there
have been two other methods reported for the preparation of
porphyrin-α-diones, in low to fair yields, and these involve the
oxidation of 2-hydroxyporphyrins by either selenium dioxide or
photo-oxidation.2,11 As part of our studies on functionalising
porphyrins we were interested in exploring a range of reagents
capable of the oxidation of the free-base and metallo 2-
hydroxyporphyrins to the corresponding porphyrin-α-diones.
For this investigation we chose the copper 2, free-base 3, and
zinc 4 2-hydroxy-5,10,15,20-tetrakis(39,59-di-tert-butylphenyl)-
porphyrins as our substrates to determine the utility of each of
the oxidants. The 3,5-di-tert-butylphenyl substituents were
chosen to impart good solubility to the porphyrins.

Results and discussion
The starting point of this investigation was the copper 2-
nitroporphyrin 1 which was prepared from 5,10,15,20-tetra-
kis(39,59-di-tert-butylphenyl)porphyrin following a literature
procedure.10 The hydroxyation to form the copper 2-hydroxy-
porphyrin involves an SNAr reaction of the benzaldoximate
anion with 1 using dimethyl sulfoxide as the solvent.2,11,12 The
problem with this reaction is that a number of porphyrins,
including 1, are only poorly soluble in dimethyl sulfoxide. This
obviously hinders the reaction and limits the scale on which
the reaction can be easily carried out.11 Therefore, porphyrin
hydroxyations in dimethyl sulfoxide are usually carried out at
high temperature and low concentrations of substrate. In an
attempt to address the problem of substrate solubility for 1, the
reaction was attempted using tetrahydrofuran as the solvent.
This proved unsuccessful and under these conditions we
observed no hydroxyation, and 1 was recovered in a 91% yield.
However, we have found that by using tetrahydrofuran as a
co-solvent with dimethyl sulfoxide it was possible to carry out

the conversion on larger scales using higher concentrations of
1 and form copper 2-hydroxyporphyrin 2 in yields of up to
92% (Scheme 1). The free-base 2-hydroxyporphyrin 3 was
formed by demetallation of 2 using concentrated sulfuric acid
in 95% yield. Care had to be taken when forming and puri-
fying 3 as it is unstable to photo-oxidation, especially on silica.
A similar instability was reported for 2-hydroxy-5,10,15,20-
tetraphenylporphyrin.13 Finally, the zinc chelated 2-hydroxy-
porphyrin 4 was formed in quantative yield by treatment of 3
with zinc acetate dihydrate in a dichloromethane–methanol
mixture heated at reflux.

The 2-hydroxyporphyrins 2, 3 and 4 can exist in their enol
(phenol) and keto tautomeric forms.13 Infrared analysis of
dry samples of copper 2-hydroxyporphyrin 2 and zinc 2-
hydroxyporphyrin 4 indicated that these 2-hydroxyporphyrins
were in their enol (phenol) form with absorptions in the
hydroxy region. In the case of zinc 2-hydroxyporphyrin 4 this
was confirmed by 1H NMR spectroscopy which showed a signal
at 6.2 ppm corresponding to the hydroxy proton. The 1H NMR
spectrum of a dry sample of free-base 2-hydroxyporphyrin 3
showed it to be predominantly in the enol (phenol) form with
a signal for the hydroxy proton at 6.2 ppm. In addition, there
were also signals associated with a small amount of the keto
tautomer. The infrared spectrum of 3 showed absorptions at
3485 cm21 for the hydroxy group and 1727 cm21 for the carbonyl
group. We followed the keto–enol tautomerism of 3 in solution
by 1H NMR spectroscopy, and found that the ratio of keto to
enol tautomers increased over time. In our work we observed
up to approximately 15% of the keto tautomer. The 1H NMR

Scheme 1 Reagents and conditions: i, sodium benzaldoximate,
DMSO–THF, ∆, 1 h, N2; ii, H2SO4, DCM, rt; iii, Zn(OAc)2?2H2O,
DCM–MeOH, ∆; iv, oxidations
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spectrum of the keto–enol mixture showed three broad sig-
nals for the NH protons and signals at 4.6 and 6.2 ppm
corresponding to the methylene protons at C(3) and the
hydroxy proton respectively. The same keto–enol (phenol) taut-
omerism has been reported earlier for 2-hydroxy-5,10,15,20-
tetraphenylporphyrins.13

As the 2-hydroxyporphyrins can exist in both keto and enol
(phenol) forms our choice of oxidants was based on methods
for oxidising phenols to quinones as well as oxidation of a
methylene α to a carbonyl. The results of our study are sum-
marised in Table 1. The oxidants we studied fall into three
classes; oxygen, metal oxides, and organic. Each experiment
was carried out at room temperature with the oxidant added to
a dichloromethane solution of the 2-hydroxyporphyrin.

Our initial oxidation experiment arose from the observation
that purification of the free-base hydroxyporphyrin 3 on silica
gel under laboratory lighting gave the dione 6 rather than 3.
Both copper and free-base 2-hydroxyporphyrins have been
photo-oxidised to give the corresponding dione in low to
medium yield.11 In the case of the copper 2-hydroxyporphyrin
Rose Bengal was required to photosensitise the reaction. Under
controlled conditions we found that photo-oxidation of the 2-
hydroxyporphyrins over silica under normal laboratory lighting
could occur slowly. Under these conditions the free-base 2-
hydroxyporphyrin 3 could be oxidised in an excellent yield of
94% after 5 days. In contrast, the copper 2-hydroxyporphyrin 2
was, as expected, relatively stable to these conditions 11 with the
zinc 2-hydroxyporphyrin 4 being intermediate in reactivity. We
believe that the oxidation involves singlet oxygen and requires
the 2-hydroxyporphyrins to undergo keto–enol tautomerism,
with the silica acting as a mild acid catalyst (Scheme 2).

This would mean that failure to react under these conditions
would be due to the 2-hydroxyporphyrin not acting as a singlet
oxygen photosensitiser and/or not being able to undergo facile
keto–enol tautomerism. Both zinc and free-base meso-
tetraphenylporphyrins are good singlet oxygen sensitisers.14

Therefore, as the free-base 2-hydroxyporphyrin is more effi-
ciently oxidised than the zinc 2-hydroxporphyrin, it follows that
the ability to undergo keto–enol tautomerism is important for
this oxidation to proceed. Although good yields of the free-base
dione 6 were achievable, this route was clearly not suitable for
large scale preparations.

The metal oxides investigated were chromium trioxide 15 and
lead dioxide 16 which have both been shown to oxidise phenols
to quinones. In the case of lead dioxide the para-quinones were

Scheme 2 Proposed mechanism for silica catalysed oxygen oxidation
of 2-hydroxyporphyrins
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formed.16 We considered that chromium trioxide oxidation
could also be an analogous reaction to the reported oxidations
of hydroxyporphyrins with selenium dioxide and therefore the
free-base 2-hydroxyporphyrin 3 should be oxidised more easily
than the metallo 2-hydroxyporphyrins.2,11 This was indeed the
case and we found that when one equivalent of chromium tri-
oxide was used the free-base 2-hydroxyporphyrin 3 was oxidised
quickly and cleanly to give 6 in an excellent 84% yield. Zinc 2-
hydroxyporphyrin 4 was also rapidly oxidised and gave zinc
dione 7 in a fair yield. Once again the oxidation of copper 2-
hydroxyporphyrin 2 was slowest and required more than one
equivalent of chromium trioxide to consume nearly all the
starting material. When two equivalents of chromium trioxide
were used most of the copper 2-hydroxyporphyrin 2 was con-
sumed. However, the yield of copper dione 5 was low which we
presume is due to the oxidation of the dione formed in the
reaction. In all the reactions there was competition between
oxidation of the starting 2-hydroxyporphyrin and the formed
dione.

Oxidation of the 2-hydroxyporphyrins with lead oxide in
acetic acid to give the diones was essentially unsuccessful.
Although oxidation occurred in each case the corresponding,
‘ortho’, 2,2-diacetoxy-3-oxoporphyrins 8, 9, and 10 were the

main products which were isolated in the poor yields of 29, 25,
and 11% respectively. Similar intermediates have been described
in the oxidations of simple phenols with lead oxide.16 It is inter-
esting to note that in this reaction two diacetoxyoxoporphyrins
can be formed, the isolated 2,2-diacetoxy-3-oxoporphyrins and
the less sterically crowded, ‘para’, 2,2-diacetoxy-12-oxopor-
phyrins which were not found. In principle, the 2,2-diacetoxy-3-
oxoporphyrins could be hydrolysed through to the diones but as
the yields of 8, 9, and 10 were low and unoptimised this was not
investigated.

2,3-Dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) and the
Dess–Martin periodinane were the two organic oxidants
investigated. Oxidation with DDQ was only partially successful
and although oxidation occurred rapidly the yields were only
fair and unreliable with the best yield in this case achieved for
the oxidation of the copper 2-hydroxyporphyrin 2 to the copper
dione 5. Both the free-base and zinc 2-hydroxyporphyrins were
oxidised with DDQ but gave only poor yields of the respective
diones.

Our choice of the Dess–Martin periodinane [1,1,1-triacetoxy-
1,1-dihydro-1,2-benzodioxol-3(1H)-one; DMP] as an oxidant
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was based on a report which showed that it can oxidise 1,3-
dicarbonyls to tricarbonyls.17 It has been postulated that the
oxidation occurs through the enol form of the dicarbonyl and
we therefore considered that it should oxidise the free-base 2-
hydroxyporphyrin 3 easily. We had difficulty in preparing pure
DMP, however, we found that although the material produced
by the method of Ireland and Lui 18 was not particularly soluble
in dichloromethane it still contained active oxidant. As it was
not possible to determine the level of active oxidant the oxid-
ations were usually carried out by adding aliquots of crude
DMP and following the extent of the reaction by thin-layer
chromatography. Under these mild conditions we found that
the free-base 2-hydroxyporphyrin 3 could be oxidised to the
dione 6 in good yield. In addition, we were surprised to find
that DMP could also oxidise the copper and zinc 2-hydroxy-
porphyrins to their respective diones also in good yields.

Conclusion
We have successfully developed an improved method for the
hydroxylation of a lipophilic copper 2-nitroporphyrin which has
enabled us to prepare good quantities of 2-hydroxyporphyrins.
We have found that the copper, zinc, and free-base hydroxypor-
phyrins can be oxidised to give the correponding diones using a
variety of reagents. In most cases we found that the metal che-
lated 2-hydroxyporphyrins were harder to oxidise than the free-
base 2-hydroxyporphyrin with the latter normally also giving
the best yields of dione. Of the two metal chelated 2-
hydroxyporphyrins the zinc 2-hydroxyporphyrin was more eas-
ily oxidised. We have also found that the Dess–Martin periodi-
nane is the most general oxidant and can oxidise metal chelated
and free-base 2-hydroxyporphyrins to their corresponding
diones in good yields under mild conditions.

Experimental
General methods
1H NMR Spectra were recorded on Varian Gemini 200 (200
MHz) and Bruker AM-500 (500 MHz) spectrometers. Chem-
ical shifts (δ) are reported in parts per million (ppm) and are
referenced to the residual solvent peak. Coupling constants J
are given in Hz. Infrared spectra were recorded using KBr disks
with a Perkin-Elmer Paragon 1000 infrared spectrometer. UV–
visible spectra were recorded on a Perkin-Elmer Lambda 14P
UV–visible spectrometer. It should be noted that the 2,2-
diacetoxy-3-oxoporphyrins, 8, 9, and 10, were single com-
pounds by thin-layer chromatography but were not analytically
pure. Therefore, the extinction coefficients for these compounds
only give the relative intensities of the absorption peaks. Fast
atom bombardment (FAB) mass spectra (m/z) were recorded on
a VG Autospec spectrometer. Melting points were determined
on a Gallenkamp melting point apparatus and are uncorrected.
All solvents for recrystallization were distilled before use. Di-
methyl sulfoxide was dried over calcium hydride and freshly dis-
tilled before use. Tetrahydrofuran was dried over sodium wire
and freshly distilled before use. Light petroleum refers to the
fraction of boiling point 60–80 8C and ether refers to diethyl
ether. Thin-layer chromatography was performed on glass
microplates coated with silica GF254, or with Merck aluminium
plates coated with silica gel 60 F254. Column chromatography
was performed using either the flash chromatography technique
or gravity feed chromatography in the dark, with ACROS
Organics silica gel, 0.035–0.07 mm. Where solvent mixtures are
used, the proportions are given by volume.

[2-Hydroxy-5,10,15,20-tetrakis(39,59-di-tert-butylphenyl)-
porphinato]copper(II) 2
Dry, freshly distilled dimethyl sulfoxide (140 cm3) was trans-
ferred by cannula to a flask containing sodium hydride (60%
suspension in oil, 239 mg, 5.98 mmol) and the mixture was

stirred under nitrogen at 75 8C for 30 min. The mixture was
transferred by cannula to a flask containing benzaldoxime (797
mg, 6.58 mmol) and the resultant yellow mixture was immedi-
ately transferred by cannula to a flask containing a refluxing
solution of 1 (700 mg, 0.598 mmol) in dry tetrahydrofuran (140
cm3). The reaction mixture was heated at reflux in the dark for 1
h, then cooled in an ice-bath and diluted with ether (200 cm3).
The organic layer was washed with water (6 × 200 cm3), dried
over anhydrous sodium sulfate, filtered and the solvent
removed. The residue was purified by chromatography over sil-
ica using dichloromethane–light petroleum (1 :4) as eluent to
yield 2 (627 mg, 92%) mp >300 8C; νmax/cm21 3486 (OH);
λmax(CHCl3)/nm [log(ε/dm3 mol21 cm21)] 419 [5.54], 541 [4.26],
and 581 [3.70]; m/z (high resolution) (FAB) calc. for C76H92-
N4OCu: 1139.6567; found: 1139.6542 (M1).

2-Hydroxy-5,10,15,20-tetrakis(39,59-di-tert-butylphenyl)-
porphyrin 3
Sulfuric acid (98%, 2 cm3) was added dropwise to a vigorously
stirred solution of 2 (1.067 g, 0.925 mmol) in dichloromethane
(100 cm3). The reaction mixture was stirred in the dark for 5
min and then diluted with cold water (100 cm3). The organic
layer was separated and washed with water (100 cm3), aqueous
sodium hydrogen carbonate solution (5%, 100 cm3), water (100
cm3), and brine (100 cm3), dried over anhydrous sodium sulfate,
and filtered through a plug of silica using dichloromethane as
eluent. The solvent was removed to leave 3 as a purple micro-
crystalline solid (945 mg, 95%). A sample for analysis was
recrystallised from a dichloromethane–methanol mixture. It
should be noted that there was some keto-tautomer in the dried
sample; mp >300 8C; νmax/cm21 3485 (OH), 3315 (NH), 1727
(C]]O); λmax(CHCl3)/nm [log(ε/dm3 mol21 cm21)] 421 [5.56],
517 [4.28], 552 [3.86], 591 [3.76], and 647 [3.68]; δH(500 MHz;
CDCl3) enol 22.83 (2 H, br s, NH), 1.52–1.53 (72 H, m, t-butyl
H), 6.16 (1 H, br s, OH), 7.77 [1 H, dd, J29,49 = J69,49 = 2, C(49)H],
7.79 [2 H, m, C(49)H], 7.93 [1 H, dd, J29,49 = J69,49 = 2, C(49)H],
8.04 [2 H, d, J49,29 = J49,69 = 2, C(29)H and C(69)H], 8.08
[4 H, J49,29 = J49,69 = 2, C(29)H and C(69)H], 8.10 [2 H, d,
J49,29 = J49,69 = 2, C(29)H and C(69)H], 8.63 (1 H, 1/2 ABq,
JAB = 5, pyrrolic H), 8.83 (1 H, 1/2 ABq, JAB = 5, pyrrolic H),
and 8.86–8.92 (4 H, pyrrolic H): NB C(3)H was not observed;
m/z (high resolution) (FAB) calc. for C76H94N4O: 1078.7428;
found: 1078.7426 (M1).

[2-Hydroxy-5,10,15,20-tetrakis(39,59-di-tert-butylphenyl)-
porphinato]zinc(II) 4
A solution of 3 (448 mg, 0.415 mmol) and zinc acetate dihy-
drate (273 mg, 1.24 mmol) in dichloromethane (80 cm3) and
methanol (8 cm3) was heated at reflux in the dark for 65 min-
utes, and the solvent completely removed. The residue was
passed through a plug of silica gel using dichloromethane as
eluent to yield 4 as a purple solid (474 mg, 100%). A sample for
analysis was recrystallised from a dichloromethane–methanol
mixture; mp >300 8C; νmax/cm21 3484 (OH); λmax(CH2Cl2)/nm
[log(ε/dm3 mol21 cm21)] 423 [5.49], 514 [3.41], 550 [4.16],
and 590 [3.66]; δH(500 MHz; CDCl3) 1.52–1.53 (72 H, t-butyl
H), 6.20 (1 H, s, OH), 7.77 [1 H, dd, J29,49 = J69,49 = 2, C(49)H],
7.79 [2 H, dd, J29,49 = J69,49 = 2, C(49)H], 7.94 [1 H, dd
J29,49 = J69,49 = 2, C(49)H], 8.05 [2 H, d J49,29 = J49,69 = 2, C(29)H
and C(69)H], 8.10 [4 H, m, C(29)H and C(69)H], 8.11 [2 H, d,
J49,29 = J49,69 = 2, C(29)H and C(69)H], 8.15 [1 H, s, C(3)H], 8.71
(1 H, 1/2 ABq, JAB = 5, pyrrolic H), 8.93 (1 H, 1/2 ABq, JAB = 5,
pyrrolic H), 8.97–9.01 (4 H, pyrrolic H); m/z (high resolution)
(FAB) calc. for C76H92N4OZn: 1140.6563; found: 1140.6572
(M1).

1,1,1-Triacetoxy-1,1-dihydro-1,2-benzodioxol-3(1H)-one
(the Dess–Martin periodinane) 18

1-Hydroxy-1,2-benzodioxol-3(1H)-one 19 (2.71 g) was added to
a mixture of acetic anhydride (10.8 cm3, 114 mmol) and



2850 J. Chem. Soc., Perkin Trans. 1, 1998

toluene-p-sulfonic acid monohydrate (22 mg, 12 mmol). The
mixture was heated at 80–90 8C for 2 h to give a pale yellow
solution. The solution was cooled in an ice-bath to give a white
precipitate which was collected by filtration, washed with ether
(3 × 30 ml), and air-dried at the pump to leave the Dess–Martin
periodinane as a white powder (2.9 g).

Oxidation by O2/hí on silica
Copper dione 5. A mixture of 2 (20 mg, 0.018 mmol) and

silica (400 mg) in dichloromethane (5 cm3) was stirred in ambi-
ent light at room temperature for 5 days. The solvent was com-
pletely removed and the residue purified by chromatography
over silica using dichloromethane–light petroleum (2 :3) as elu-
ent to yield recovered 2 (17 mg, 85%) and 5 (2 mg, 10%) which
co-chromatographed with and had an identical infrared spec-
trum to a sample prepared by a reported procedure;20 νmax/cm21

1728 (C]]O).
Free-base dione 6. A mixture of 3 (20 mg, 0.019 mmol) and

silica (400 mg) in dichloromethane (5 cm3) was stirred in ambi-
ent light at room temperature for 5 days. The solvent was com-
pletely removed and the residue purified by chromatography
over silica using dichloromethane–light petroleum (2 :3) as
eluent to yield 6 (19 mg, 94%) which co-chromatographed
with and had an identical 1H NMR spectrum to a sample pre-
pared by a reported procedure;20 δH(200 MHz; CDCl3) 21.93
(2 H, s, NH), 1.49 and 1.52 (72 H, 2 × s, t-butyl H), 7.74–7.80
(8 H, m, phenyl H), 8.01 [4 H, d, J49,29 = J49,69 = 2, C(29)H and
C(69)H], 8.63 (4 H, m, pyrrolic H), and 8.81 (2 H, 1/2 ABq,
pyrrolic H).

Zinc dione 7. A mixture of 4 (46 mg, 0.041 mmol) and silica
(400 mg) in dichloromethane (10 cm3) was stirred in ambient
light at room temperature for 5 days. The reaction mixture was
filtered and the solvent completely removed. The residue was
purified by chromatography on silica gel with dichloromethane–
light petroleum (2 :1) as eluent to yield 4 (21 mg, 45%) and 7 (13
mg, 28%) which co-chromatographed with and had an identical
1H NMR spectrum to a sample prepared by a reported pro-
cedure;20 δH(200 MHz, CDCl3) 1.46 and 1.49 (72 H, 2 × s, t-
butyl H), 7.64 [4 H, d, J49,29 = J49,69 = 2, C(29)H and C(69)H], 7.70
[2 H, dd, J29,49 = J69,49 = 2, C(49)H], 7.75 [2 H, dd, J29,49 = J69,49 = 2,
C(49)H], 7.92 [4 H, d, J49,29 = J49,69 = 2, C(29)H and C(69)H], 8.34
and 8.60 [4 H, ABq, JAB = 5, C(2)H, C(3)H, C(12)H, and
C(13)H], 8.52 [2 H, s, C(7)H and C(8)H].

Oxidation by chromium trioxide
Copper dione 5. A solution of 2 (50 mg, 0.044 mmol) in

dichloromethane (10 cm3) was treated with a solution of chro-
mium trioxide in 70% acetic acid (66 m, 1.33 cm3, 0.088 mmol)
in the dark at room temperature for 18.8 h. The solution was
washed with water (20 cm3), aqueous sodium hydrogen carbon-
ate (5%, 50 cm3), and water (20 cm3), dried over anhydrous
sodium sulfate, filtered, and the solvent completely removed.
The residue was purified by chromatography on silica gel with
dichloromethane–light petroleum (2 :3) as eluent to yield 5
(22 mg, 43%) and recovered 2 (2 mg, 4%).

Free-base dione 6. A solution of 3 (50 mg, 0.047 mmol) in
dichloromethane (10 cm3) was treated with a solution of chro-
mium trioxide in 70% acetic acid (64 m, 0.73 cm3, 0.047 mmol)
in the dark at room temperature for 1 h. Dichloromethane (10
cm3) was added and the solution was washed with water (20
cm3), aqueous sodium hydrogen carbonate solution (5%, 50
cm3), and water (20 cm3), dried over anhydrous sodium sulfate,
filtered, and the solvent completely removed. The residue was
purified by chromatography on silica gel with dichloromethane–
light petroleum (2 :3) as eluent to yield 6 (43 mg, 84%).

Zinc dione 7. A solution of the 4 (46 mg, 0.040 mmol) in
dichloromethane (10 cm3) was treated with a solution of chro-
mium trioxide in 70% acetic acid (64 m, 0.63 cm3, 0.040 mmol)
in the dark at room temperature for 19 h. The solution was
washed with water (20 cm3), aqueous sodium hydrogen carbon-

ate solution (5%, 50 cm3), and water (20 cm3), dried over
anhydrous sodium sulfate, filtered, and the solvent completely
removed. The residue was purified by chromatography on silica
gel with dichloromethane–light petroleum (2 :1) as eluent to
yield 7 (25 mg, 54%).

Oxidation by lead dioxide
[2,2-Diacetoxy-3-oxo-5,10,15,20-tetrakis(39,59-di-tert-butyl-

phenyl)chlorinato]copper(II) 8. A solution of 2 (50 mg, 0.044
mmol) and lead dioxide (42 mg, 0.18 mmol) in dichloromethane
(5 cm3) and acetic acid (5 cm3) was stirred in the dark at room
temperature for 0.5 h. The solution was washed with water (25
cm3), aqueous sodium hydrogen carbonate solution (5%, 50
cm3), and water (25 cm3), dried over anhydrous sodium sulfate,
filtered, and the solvent completely removed. The residue was
purified by chromatography on silica gel with dichloromethane–
light petroleum (2 :3) as eluent to yield copper dione 5 (2 mg,
4%) and 8 (16 mg, 29%), mp >250 8C; νmax/cm21 1766 (C]]O),
and 1750 (C]]O); λmax(CH2Cl2)/nm [log(ε/dm3 mol21 cm21)]
435 [5.22], 531 [3.61], 578 sh [3.84], and 624 [4.33]; m/z (high
resolution) (FAB) calc. for C80H96N4O5Cu: 1257.6659; found:
1257.6679 (M1).

2,2-Diacetoxy-3-oxo-5,10,15,20-tetrakis(39,59-di-tert-butyl-
phenyl)chlorin 9. A solution of 3 (50 mg, 0.046 mmol) and lead
dioxide (44 mg, 0.19 mmol) in dichloromethane (5 cm3) and
acetic acid (5 cm3) was stirred in the dark at room temperature
for 0.4 h. The solution was washed with water (25 cm3), aque-
ous sodium hydrogen carbonate solution (5%, 50 cm3), and
water (25 cm3), dried over anhydrous sodium sulfate, filtered,
and the solvent completely removed. The residue was purified
by chromatography on silica gel with dichloromethane–light
petroleum (2 :3) as eluent to yield 9 (14 mg, 25%), mp >250 8C;
νmax/cm21 3357 (NH), 1767 (C]]O), and 1753 (C]]O);
λmax(CH2Cl2)/nm [log(ε/dm3 mol21 cm21)] 424 [5.20], 437 [5.16],
534 [4.09], 566 [4.12], 601 [3.95], and 654 [3.92]; δH(500 MHz;
CDCl3) 22.13 and 22.04 (2 H, 2 × s, NH), 1.50–1.53 (72 H,
t-butyl H), 1.96 (6 H, s, OAc), 7.71 [1 H, dd, J29,49 = J69,49 = 2,
C(49)H], 7.76–7.80 (5 H, m, phenyl H), 7.93 [2 H, d, J49,29 =
J49,69 = 2, C(29)H and C(69)H], 7.99 [2 H, d, J49,29 = J49,69 = 1.78,
C(29)H and C(69)H], 8.02 [2 H, d, J49,29 = J49,69 = 1.78, C(29)H
and C(69)H], 8.18 (1 H, 1/2 br ABq, JAB = 5 pyrrolic H), 8.59
and 8.63 [2 H, ABq, JAB = 4.57, C(12)H and C(13)H], 8.71 (2 H,
br m, pyrrolic H), and 8.79 (1 H, 1/2 br ABq, JAB = 5 pyrrolic
H); m/z (high resolution) (FAB) calc. for C80H98N4O5:
1194.7537; found: 1194.7506 (M1).

[2,2-Diacetoxy-3-oxo-5,10,15,20-tetrakis(39,59-di-tert-butyl-
phenyl)chlorinato]zinc(II) 10. A solution of 4 (49 mg, 0.043
mmol) and lead dioxide (41 mg, 0.17 mmol) in dichloromethane
(5 cm3) and acetic acid (5 cm3) was stirred in the dark at room
temperature for 0.7 h. The solution was washed with water (25
cm3), aqueous sodium hydrogen carbonate solution (5%, 50
cm3), and water (25 cm3), dried over anhydrous sodium sulfate,
filtered, and the solvent completely removed. The residue was
purified by chromatography on silica gel with dichloromethane–
light petroleum (2 :1) as eluent to yield 10 (6 mg, 11%), mp
>250 8C; νmax/cm21 1758 (C]]O) and 1748 (C]]O); λmax(CH2Cl2)/
nm [log(ε/dm3 mol21 cm21)] 437 [5.06], 538 [3.68], 579 [3.87],
and 627 [4.35]; δH(500 MHz; CDCl3) 1.46–1.50 (72 H, t-butyl
H), 1.97 (6 H, s, OAc), 7.65 [1 H, dd, J29,49 = J69,49 = 2, C(49)H],
7.68 [2 H, d, J49,29 = J49,69 = 2, C(29)H and C(69)H], 7.71 [1 H, dd,
J29,49 = J69,49 = 2, C(49)H], 7.74 [2 H, dd, J29,49 = J69,49 = 2, C(49)H],
7.84 [2 H, d, J49,29 = J49,69 = 2, C(29)H and C(69)H], 7.94 [2 H, d,
J49,29 = J49,69 = 2, C(29)H and C(69)H], 7.97 [2 H, d, J49,29 =
J49,69 = 1.78, C(29)H and C(69)H], and 7.95, 8.54, 8.56, 8.58, 8.59
and 8.67 (6 H, 3 × ABq, pyrrolic H); m/z (high resolution)
(FAB) calc. for C80H96N4O5Zn: 1257.6750; found: 1257.6773
(MH1).

Oxidation by DDQ
Copper dione 5. DDQ (7.0 mg, 0.031 mmol) was added to a
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stirred solution of 2 (35 mg, 0.031 mmol) in dichloromethane
(10 cm3) in the dark and after 3 min the solvent was com-
pletely removed. The residue was purified by chromatography
on silica gel using dichloromethane–light petroleum (2 :3) as
eluent to yield 5 (23 mg, 65%).

Free-base dione 6. DDQ (7.0 mg, 0.031 mmol) was added to a
stirred solution of 3 (30 mg, 0.028 mmol) in dichloromethane
(10 cm3) at room temperature. The mixture was stirred in the
dark for 20 min at which stage thin-layer chromatography
(dichloromethane–light petroleum; 2 :3) showed that no 3
remained. The solvent was completely removed and the residue
was purified by chromatography on silica gel using dichloro-
methane–light petroleum (2 :3) as eluent to yield 6 (9 mg, 30%).

Zinc dione 7. A solution of 4 (51 mg, 0.044 mmol) and DDQ
(10 mg, 0.044 mmol) in dichloromethane (5 cm3) was stirred for
2 minutes at room temperature and then filtered through a
plug of silica gel with dichloromethane as the eluent. The fil-
trate was collected and the solvent completely removed. The
residue was purified by chromatography on silica gel using
dichloromethane–light petroleum (2 :3 to 2 :1) as eluent to yield
7 (17 mg, 32%).

Oxidation by Dess–Martin periodinane
Copper dione 5. Small aliquots of Dess–Martin periodinane

(65 mg) were added to a stirred solution of 2 (30 mg, 0.026
mmol) in dichloromethane (10 cm3) at room temperature in the
dark. Addition was continued until thin-layer chromatography
(dichloromethane–light petroleum; 2 :3) showed that no 2
remained. After 1.5 h the reaction mixture was filtered through
a plug of silica and the solvent completely removed. The res-
idue was purified by chromatography on silica gel using
dichloromethane–light petroleum (2 :3) as eluent to yield 5 (23
mg, 76%).

Free-base dione 6. Dess–Martin periodinane (120 mg, 0.28
mmol) was added in four aliquots over 0.5 h to a solution of the
3 (51 mg, 0.047 mmol) in dichloromethane (10 cm3). The reac-
tion mixture was stirred at room temperature in the dark for
a further 1.3 h until thin-layer chromatography (dichloro-
methane–light petroleum; 2 :3) showed that no 3 remained. The
mixture was filtered through a plug of silica gel with dichloro-
methane as the eluent and the filtrate collected. The solvent was
completely removed and the residue was purified by chrom-
atography on silica gel using dichloromethane–light petroleum
(2 :3) as eluent to yield 6 (40 mg, 79%).

Zinc dione 7. Dess–Martin periodinane (52 mg, 0.12 mmol)
was added to a solution of 4 (46 mg, 0.041 mmol) in dichloro-

methane (10 cm3). The reaction mixture was stirred at room
temperature in the dark for 0.5 h and then filtered through a
plug of silica gel with dichloromethane as the eluent. The
filtrate was collected and the solvent completely removed. The
residue was purified by chromatography on silica gel with
dichloromethane–light petroleum (1 :1) as eluent to yield 7 (26
mg, 57%).

References
1 M. J. Crossley and P. L. Burn, J. Chem. Soc., Chem Commun., 1987,

39.
2 M. J. Crossley and P. L. Burn, J. Chem. Soc., Chem Commun., 1991,

1569.
3 R. W. Wagner, T. E. Johnson, F. Li and J. S. Lindsey, J. Org. Chem.,

1995, 60, 5266.
4 H. Higuchi, K. Shimizu, J. Ojima, K. Sugiura and Y. Sakata,

Tetrahedron Lett., 1995, 36, 5359.
5 A. K. Burrell, D. L. Officer and D. W. G. Reid, Angew. Chem., Int.

Ed. Engl., 1995, 34, 900.
6 H. L. Anderson, S. J. Martin and D. D. C. Bradley, Angew. Chem.,

Int. Ed. Engl., 1994, 33, 655.
7 X. Zhou and K. S. Chan, J. Chem. Soc., Chem Commun., 1994,

2493.
8 M. J. Crossley, P. L. Burn, S. J. Langford and J. K. Prashar, J. Chem.

Soc., Chem. Commun., 1995, 1921.
9 E. J. Atkinson, A. M. Oliver and M. N. Paddon-Row, Tetrahedron

Lett., 1993, 34, 6147.
10 L. G. King and M. J. Crossley, J. Chem. Soc., Chem Commun., 1984,

921.
11 M. J. Crossley, P. L. Burn, S. J. Langford, S. M. Pyke and A. G.

Stark, J. Chem. Soc., Chem. Commun., 1991, 1567.
12 M. J. Crossley, L. G. King and S. M. Pyke, Tetrahedron., 1987, 43,

4569.
13 M. J. Crossley, M. M. Harding and S. Sternhell, J. Org. Chem., 1988,

53, 1132.
14 C. Tanielian and C. Wolff, J. Phys. Chem., 1995, 99, 9825.
15 L. I. Smith and D. J. Byers, J. Chem. Soc., 1941, 63, 612.
16 C. R. H. I. de Jonge, H. M. van Dort and L. Vollbracht, Tetrahedron

Lett., 1970, 22, 1881.
17 S. D. Meyer and S. L. Schreiber, J. Org. Chem., 1994, 59, 7549.
18 R. E. Ireland and L. Liu, J. Org. Chem., 1993, 58, 2899.
19 D. B. Dess and J. C. Martin, J. Org. Chem., 1983, 48, 4156.
20 P. L. Burn, PhD Thesis, Sydney University, Australia, 1989.

Paper 8/03633K
Received 14th May 1998
Accepted 17th July 1998




