
1973 691 

Synthesis of Oxophlorins (Oxyporphyrins) from Magnesium and Zinc 
Porphyrin Chelatesl 
By Graham H .  Barnett, Mervyn F. Hudson, Stuart W. McCombie, and Kevin M. Smith,” The Robert 

Robinson Laboratories, University of Liverpool, P.O. Box 147, Liverpool L69 3BX 

Treatment of magnesium or zinc porphyrins with thallium(lll) trifluoroacetate, followed by an acidic work-up 
affords oxophlorins in high yield. The oxophlorin oxygen atom is shown to be trifluoroacetate-derived by the 
isolation of rneso-trifluoroacetoxyporphyrins as stable intermediates ; a radical mechanism i s  suggested for this 
transformation. Similar results are obtained when lead( tv) or mercury(i1) trifluoroacetates are used as the oxidants, 
but the yields of oxophlorin are lower. 

TREATMENT of porphyrins with thallium(II1) trifluoro- 
acetate (TTFA) in tetrahydrofuran and dichloromethane 
gives the corresponding thallium(rI1) porphyrin che- 
lates (1) after ligand exchange induced by chromato- 
graphy on deactivated alumina. In  the absence of 

Preliminary report, S .  W. McCombie and K. M. Smith, 

added trifluoroacetic acid, these thallium(II1) chelates 
(1) appear to be inert to attack by excess of TTFA 
used in their generation, and, in view of current interest 
in the comparative chemistry of metalloporphyrins, 

2 K. M. Smith, Chem. Comm., 1971, 640; R. J. Abraham, 
G. H. Barnett, E. S. Bretschneider, and K. M. Smith, Tetra- 
hedron, 1973, in the press. Tetvahedron Letters, 1972, 2463. 
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we now report our results on the reactions of common 
metalloporphyrins (2a-e)  with TTFA, but in the 
absence of added trifluoroacetic acid. 

Like the thallium(II1) complex (1), the iron(m), 
nickel(Ir), and copper(I1) chelates (2a-c) of octaethyl- 
porphyrin were inert to attack by TTFA in dichloro- 
methane and tetrahydrofuran. However, the mag- 
nesium and zinc chelates (2d and e) reacted rapidly 
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E t  

I E t  E t  
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a;  M = Fe-C1 
b; M = N i  
C ;  M =  CU 
d ;  M = M g p Y 2  
e ;  M = Z n  
f ;  1cI = Fe py2 

with 1 equiv. of TTFA [or thallium(II1) nitrate] to give 
green solutions ( Amax. 652-683 nm) lacking Soret 
absorption bands. The green species (imaX. 657 nm) 
from zinc octaethylporphyrin (2e) and TTFA decayed 
rapidly to a red compound with a typical two-banded 
metalloporphyrin visible absorption spectrum. De- 
metallation with sulphur dioxide (TPII ---t TlI) and 
acid, gave octaethyloxophlorin (3) in 79% yield from 
(2e). Likewise, a good yield of the oxophlorin (4) 
was obtained from zinc coproporphyrin-I tetramethyl 
ester . With dipyridinemagnesium oct aet hylporphyrin 
(2d) a 55% yield of oxophlorin (3) was obtained, and this 

E t  E t  P Me 

E t  E t  
(3) 

Me P 
(4) 

P = CH,.CH,*CO,Me 

could easily be separated from a minor quantity of 
octaethylporphyrin, presumably produced by demetall- 
ation of the starting material with traces of trifluoro- 
acetic acid liberated in the course of the reaction. 
The yield of oxophlorin based on consumed starting 
material is 73%, but this complication makes the method 
less attractive than that involving zinc porphyrin 
chelates. 

* The compound was conveniently separated from thallium 
salts by percolation through a bed of t.1.c. grade silica (Kieselgel 
GI. 

E.g .  R. Lemberg, Rev. Pure AppZ. Chem., 1956, 6, 1. 
4 T. Kondo, D. C. Nicholson, A. H. Jackson, and G. W. 

P. J.  Crook, A. H. Jackson, and G. W. Kenner, Awzalen, 
Kenner, Biochem. J., 1971, 121, 601. 

1971, 748, 26. 

Iron complexes of oxophlorins have been postulated 
as intermediates in the catabolism of haemoproteins 
leading to bile pigments, Indirect evidence in support 
of this argument has been obtained recently4 from 
radiochemical labelling experiments. As a result of 
this suggested biological involvement, the metal-free 
oxophlorin ligand has been a synthetic target for several 
research groups. Biologically significant oxophlorins 
can only be synthesised isomerically pure by ring 
fabrication (e,g. refs. 5 and 6) but model compounds 
[e.g. (3)] can be prepared by the direct oxidation of 
porphyrins, or more usually iron porphyrins ; reaction 
mixtures containing hydrogen peroxide are normally 
used with the latter substrate. The most efficient 
method7 of this general type is an application of the 
' coupled oxidation ' p r ~ c e d u r e s , ~ ? ~  and makes use 
of the treatment of the pyridinium haemochrome (2f) 
with hydrogen peroxide in pyridine. The iron oxo- 
phlorin is isolated as its benzoyl derivative, which is 
then demetallated and debenzoylated, to give the oxo- 
phlorin (3) in an overall yield of 36% from (2f).7 The 
new method, from zinc porphyrins and TTFA, achieves 
more than twice this yield, and can be carried through 
from start to finish in less than 1 h. 

We felt that determination of the origin of the oxo- 
phlorin oxygen atom would play a large part in establish- 
ing a mechanism for the transf0rmation.l Repetition 
of the reaction with exclusion of oxygen did not decrease 
the oxophlorin yield, and neither did addition of meth- 
anol to  the reaction mixture result in the production of 
meso-met hoxyporphyrin, indicating that the new oxygen 
atom was probably riot derived from aerial oxygen or 
water. The red metalloporphyrin obtained from the 
decay of the transient green species from zinc octaethyl- 
porphyrin (2e) and TTFA was therefore examined. 
Application of the usual spectroscopic techniques 
clearly established that this substance, isolated * 
crystalline in 74% yield, was zinc meso-trifluoroacetoxy- 
octaethylporphyrin (5). The lH n.m.r. spectrum in- 
dicated that meso-substitution had taken place, since 
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E t a  O.CO-CF3 t E t a  NH N 0-C0.C t F3 

-N HN 
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E t  Elt E t  E t  

(5) (6) 

the meso-protons were observed as characteristic two- 
and one-proton singlets; a singlet in the 19F n.m.r. 

P. S. Clezy and A. J. Liepa, Austral. J .  Chem., 1970, 23, 
2477. 

R. Bonnett and M. J. Dimsdale, Tetrahedron Letters, 1968, 
731. 

8 H. Fischer and H. Libowitzsky, 2. PhysioZ. Chem., 1938, 
251, 198; H. Libowitzsky, ibid., 1941, 265, 191; E. Stier, ib id . ,  
1942, 272, 239. 

* R. Leniberg, B. Cortis-Jones, and 31. Norrie, Biochem. J . ,  
1938, 32, 171. 
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spectrum suggested the presence of a trifluoroacetyl 
function. This was confirmed by the i.r. spectrum, 
which showed a very sharp peak at  1795 cm-l. The 
mass spectrum possessed a molecular ion [mle (YZn) 
708 (100~0)] and a large fragment peak [m/e 611 (33%)] 
corresponding to loss of COCF,. Unlike porphyrins 
with normal bulky meso-substituents (which tend to  
undergo fragmentation at the porphyrin-substituent 
bond lo), oxophlorin derivatives are characterised l1 
by their tendency to follow fragmentation pathways 
which allow the oxophlorin oxygen atom to be retained 
by the macrocycle ; this phenomenon is presumably a 
consequence of the extra charge stabilisation afforded 
by the ion (7). 

4 
a 

I\&+ " ' - \J/ - ere* 

+ R' 
(7) 

R = COMe, CoPh, CO-CF,, Me, or Et 

When the zinc chelate (5) was treated with trifluoro- 
acetic acid, the metal-free ligand (6) was obtained in 
good yield; the visible absorption spectrum of the latter 
was marginally of the ' aetio- ' type l2 and the other 
spectroscopic properties were as expected by analogy 
with the zinc chelate and will not be further discussed. 
The identity of compound (6) was, however, confirmed 
by comparison with an authentic sample prepared from 
oc t aet h yloxophlorin (3) with t rifluoroacet ic anhydride 
in pyridine. Brief treatment with aqueous alkali 
converted the meso-trifluoroacetoxyporphyrin (6) into 
oxophlorin (3), and also the zinc meso-trifluoroacetoxy- 
porphyrin (5) into the corresponding zinc oxophlorin. 
The efficiency of these hydrolyses, and the relative ease 
of isolation and handling of the meso-trifluoroacetoxy- 
porphyrins indicates that trifluoroacetoxy may be a 

lo E.g. D. R. Hoffman, J .  Org. Chem., 1966, 30, 3612; B. V. 
Rozynov, A. F. Mironov, and R. P. Evstigneeva, Khim. prirod. 
Soedinenii, 1971, 7 ,  197. 

l1 K. M. Smith: Ph.D. Thesis, Liverpool, 1967. 
Porphyrins and Metalloporphyrins,' Elsevier, 

l3 A. H. Jackson, G. W. Kenner, G. McGillivray, and K. R I .  

J. E. Falk, 
Amsterdam, 1964, p. 74. 

Snlith, J .  Chem. SOC. ( C ) ,  1968, 294. 

useful protecting or masking group for the carbonyl 
function of oxophlorins ; meso-acetoxy- 13 or meso- 
benzoyloxy- derivatives have heretofore been em- 
ployed, but low yields are usually encountered in the 
hydrolysis of these compounds to oxophlorins. 

No attempt was made to isolate the meso-trifluoro- 
acetoxy-intermediates from the oxophlorin synthesis 
involving magnesium octaethylporphyrin and TTFA, 
though visible absorption and i.r. spectroscopy confirmed 
their existence. 

Preliminary experiments with other oxidants have 
shown that substitution of lead(1v) or mercury(I1) 
trifluoroacetates for TTFA leads to the formation of the 
appropriate meso-trifluoroacetoxyporphyrins and oxo- 
phlorins after an acidic work-up. The yields of the latter 
were in each case less satisfactory than those from the 
TTFA reaction, and these oxidants offered no real 
advantages over the thallium salt. As mentioned 
earlier, treatment of zinc octaethylporphyrin with 
thallium(zrI) nitrate generated the transient green 
intermediate species, and on the basis of this observation, 
this alternative oxidant warranted further examination, 
though it was obvious that the same meso-substituted 
intermediates could not be obtained in this case. Acidic 
work-up of the thallium(Ir1) nitrate reaction with zinc 
octaethylporphyrin gave rise to a very minor quantity 
of oxophlorin (3) (the origin of which was not further 
investigated) and demetallated starting material as the 
only recognisable products. 

In an earlier paper14 we suggested that mechanisms 
involving radical processes would be likely for the 
meso-oxidation of porphyrins with TTFA, in contrast 
to those reactions of chlorins which underwent attack 
only at  the meso-positions adjacent to the reduced 
ring, indicating electrophilic attack. The isolation 
of the uneso-t rifluoroace t ox y-int ermediat es (5) and (6) 
appeared to favour an ionic mechanism, though it was 
not obvious that the mechanisms of oxidation in the 
presence and absence of trifluoroacetic acid must be 
the same. Oxophlorins have been shown15 to be the 
keto tautomers of the phenolic analogues of porphyrins, 
and so it now seemed possible that the mechanism of 
oxophlorin formation from metalloporphyrins might be 
similar to that favoured l* for the conversion of benzenoid 
compounds into phenols with TTFA [Le. electrophilic 
aromatic thallation to  the arylthallium bis(trifluor0- 
acetate) and collapse of this (by an unknown mechanism) 
to  the aryl trifluoroacetate, followed by hydrolysis to 
the phenol]. Recent n.m.r. evidence1' which has 
demonstrated the intermediacy of the species (8) and 
(9) in the synthesis of phenols (10) from substituted 
benzenes with lead@) trifluoroacetate might also 

l4 J.  A. S. Cavaleiro and I<. M. Smith, Chem. Conzm., 1971, 

l5 A. H. Jackson, G. W. Kenner, and K. M. Smith, J. Amer. 

16 E. C. Taylor, H. W. Altland, R. H. Danforth, G.  McGilli- 

J.  R. Campbell, J .  R. Kalman, J .  T. Pinhey, and S. Stern- 

1384. 

Chem. Sac., 1966, 88, 4639; J .  Chem. SOC. ( C ) ,  1968, 302. 

vray, and A. McKillop, J .  Amer. Chem. SOC., 1970, 92, 3620. 

hell, Tetvahedron Letters, 1972, 1763. 
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appear to support the electrophilic substitution argu- 
ment. However, we have found that electrophilic 
thallation of the porphyrin nucleus can be discounted, 

P b ( 0-  CO . C F3 13 
P b ( O . c O . C F 3 )  L 

X X 
(8) 

I 
X = F, Cl, or Br 

5. 
0 eC0.C  F 3  6. h y  d r  o l  y s i s  

X X 
(10) (9) 

because the transient green species in the reactions 
show visible absorption and e.s.r. spectra similar to 
those from the x-cation radicals obtained l8 from the 
appropriate metalloporphyrin and one equivalent of 
tris-(9-bromopheny1)ammoniumyl hexachloroantimon- 
ate.lg For example, the green species from dipyridine- 
magnesium octaethylporphyrin (2d) showed a single 
e.s.r. line, width (peak-to-peak) 2-45 G a t  about g 2, 
whether generated with TTFA or the ammoniumyl 
salt; these values agree with the published data for the 
x-cation radicals of magnesium octaethylporphyrin 
obtained by electrolysis 2o or by chemical oxidation.21 

Since it is now established that the trifluoroacetoxyl- 
ation step involves radical species, and that the first 
step is generation of the metalloporphyrin x-cation 
radical, there are three obvious mechanisms which 
can be suggested for the overall reaction: (1) com- 
bination of the x-cation radical with a trifluoroacetoxyl 
radical [obtained by removal of one electron from a 
liberated trifluoroacetate anion or by disproportionation 
of an intermediate thallium(I1) species], followed by loss 
of a proton; (2) removal of a second electron from the 
x-cation radical to  give the x-dication, which is then 
attacked by trifluoroacetate anion and loses a proton; 
and (3) reaction of the metalloporphyrin x-cation 
radical with trifluoroacetate anion, followed by loss of a 
hydrogen atom. 

The transformation of metalloporphyrin into metallo- 
weso-trifluoroacetoxyporphyrin clearly requires a two- 
electron change, and this is borne out by the stoicheio- 
metry of the reaction (TPII + TV). Mechanisms (1) 
and (2) differ only in the site from which the second 
electron is abstracted; mechanism (3) can be discounted 
since it is now well established 2O that metalloporphyrin 
x-cation radicals do not suffer attack by nucleophiles. 
In view of the expectation that trifluoroacetoxyl 

G. H. Barnett, S. W. McCombie, and K. M. Smith, un- 

Is F. A. Bell, A. Ledwith, and D. C .  Sherrington, J .  Cheiiz. 

2o J. Fajer, D. C. Borg, A. Forman, D. Dolphin, and R. H. 

published results. 

SOC. (C) ,  1969, 2719. 

Felton, J .  Amer. Chem. SOL, 1970, 92, 3461. 

radicals would tend to undergo rapid decarboxylation, 
and since no trifluoromethyl-substituted products were 
isolated, mechanism (1) appears unlikely. However, 
mechanism (2) is supported by several observations 
in the literature. x-Cation radicals (11) of metallo- 
porphyrins readily lose an electron to give 2o the 
x-dication (12), and these species are known 22 to be 
very strong electrophiles. Thus, the general form of our 
favoured mechanism is as shown in the Scheme. 

- e  

fast 
metalloporphyrin --+ [metalloporphyrin]+* 

(2e) (11) 

- e  slow 

+CF3C02- 1 [ metalloporph yri I I < ~ ~ ~ * ~ ~ ~ ] +  *-, [metalloporphyrin! 2+  
fast 

(13) (12) 

metalloporphyrin-OCO*CF3 
SCHEME 

The fact that the x-dication (9) is not observed spectro- 
photometrically is presumably a consequence of the short 
lifetime of these species in the presence of nucleophiles, 
and the absence of any strong maxima in their visible 
absorption spectra.20 It is interesting that metallo- 
isoporphyrins similar to  (13) have been isolated and 
characterised 22 from the reaction of metalloporphyrin 
x-dications with nucleophiles ; though not isolated in the 
present work, the same type of species [e.g. (13)] features 
prominently in our proposed mechanism (Scheme). 

E t  E t  

E t  

E t  

E t  E t  
(13) 

EXPERIMENTAL 

M.p.s were measured on a hot-stage apparatus. Except 
where otherwise stated, neutral alumina (Brockmann 
grade 111, Merck) was used for chromatographic separa- 
tions. Electronic absorption spectra were determined with 
a Unicam SP 800 spectrophotometer, and n.m.r. spectra 
with a Varian HA-100 instrument (solutions in deuterio- 
chloroform ; tetramethylsilane as internal standard). 
Mass spectra were determined with an A.E.I. MS12 spectro- 
meter (at 50 FA and 70 eV). 

Difiyridinemagnesium Octaetkylfiorphyrin (2d) .-Octa- 
ethylporphyrin (500 mg) and commercial magnesium per- 
chlorate (1.5 g) were suspended in pyridine (75 ml) and 
heated under reflux (oil-bath; 130") during 30 min. After 
cooling, the mixture was diluted with ether (1 1) and 

21 J.-H. Fuhrhop and D. Mauzerall, J .  Amer. Chem. SOC., 
1969, 91, 4174. 

2* D. Dolphin, R. H. Felton, D. C. Borg, and J. Fajcr, J .  
Amev. Chem. SOC., 1970, 92, 743. 
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washed with water (3 x 500 ml) and finally with saturated 
brine (500 ml). The ether layer was dried (Na,SO,), 
diluted with n-hexane (200 ml), and then evaporated 
in vawo to low volume. The product was filtered oif, 
washed with n-hexane, and then dried in vacua a t  room 
temperature. The filtrate was evaporated to dryness 
and the residue was crystallised from dichloromethane- 
n-hexane to give a second crop; total yield 680 mg (> 95%) 
of glistening purple prisms. 

Zinc Octaethylporphyrin (2e) .-Octaethylporphyrin (400 
nig) was dissolved in hot chloroform (200 ml) before ad- 
dition of a solution of zinc acetate (500 mg) in methanol 
(100 ml) containing acetic acid (1 ml). The solution was 
then boiled gently, with periodic addition of small amounts 
of methanol, until most of the chloroform had been removed. 
After cooling, the product was filtered off, washed with 
methanol and ether, and then dried in vacuo at  loo", 
giving 410 mg (92%) of fluffy red needles. 

Zinc Copvoporphyrin-I Tetramethyl Estw.-Copropor- 
phyrin-I tetramethyl ester 23 (100 mg) was dissolved in 
dichloromethane (50 ml) and a solution of zinc acetate 
(250 mg) in methanol (20 ml) and acetic acid (1 ml) was 
added. The mixture was heated under reflux during 
10 rnin before evaporation of the dichloromethane. The 
product was filtered off, washed with a little methanol, and 
then dried in vacuo a t  looo, giving 106 mg (>95%) of 
fluffy red needles, m.p. 302-303" (lit.,,, 299" corr.). 

1,2,3,4,5,6,7,8-0ctaethyl-a-hydroxyporphin t ( I  Octaethyl- 
oxophlorin ') (3) .-(a) From zinc octaethylporphyrin (2e) and 
T T F A .  Zinc octaethylporphyrin (415 mg) in tetra- 
hydrofuran (30 ml) and dichloromethane (100 ml) was 
treated with a solution of dry TTFA (480 mg, 1.25 equiv.) 
in tetrahydrofuran (20 ml) and then stirred during 1 min. 
Water (0.25 ml) in tetrahydrofuran (10 ml) was added, 
and after stirring for a further 10 rnin the solution was 
treated briefly with sulphur dioxide gas. Concentrated 
hydrochloric acid (2 ml) was added and the solution was 
stirred during 5 min before being poured into water (250 
ml) and extracted with dichloromethane (250 ml). The 
organic phase was washed with water (2 x 500 ml), dried 
(Na,SO,), and evaporated to dryness; the residue was 
chromatographed on alumina (200 g) with dichloromethane 
as eluant. A small forerun containing pink material was 
discarded and the deep blue eluates were evaporated to 
dryness. Crystallisation of the residue from dichloro- 
methane-methanol gave deep blue needles (302 mg, 79y0), 
m.p. 254-256' (when placed on a heated block at  about 
230" and then heated rapidly to the m.p.) (lit.,' 255") 
(Found: C, 78.5; H, 8.3; N, 10.2. Calc. for C,,H,,N,O: 
C, 78.5; H, 8.4; N, 10.2%). 

(b) From dipyridimmagnesium octaethylporphyrin (2d). 
Dipyridinemagnesium octaethylporphyrin (395 mg) was 
dissolved in tetrahydrofuran (30 ml) and dichloromethane 
(30 ml) and stirred during the rapid addition of TTFA 
(330 mg, 1.1 equiv.) in tetrahydrofuran (10 ml). After 
stirring for a further 15 min the solution was worlred-up 
as in (a,), Chromatography on alumina in dichloromethane 
gave octaethylporphyrin (54 mg), which was crystallised 
from dichloromethane-methanol, and then octaethyloxo- 
phlorin (168 mg, 55y0), which was crystallised from the same 
solvent mixture. The latter product was identical with the 
octaethyloxophlorin obtained in (a). 

t .  In  earlier publications, e.g. ref, 13, i t  has been most con- 
venient to  name oxophlorins (in Experimental sections) system- 
atically as derivatives of the tautomeric hydroxyporphyrin form. 

(c) From zinc octaethylporphyrin (2e) and Zead(1v) tri- 
puoroacetate. Freshly prepared lead (IV) trifluoroacetate 
(194 nig, 1.5 equiv.) was stirred in dichloromethane (40 ml) 
and tetrahydrofuran (10 ml) and zinc octaethylporphyrin 
(50 mg) was added; stirring was then continued for a 
further 3.5 h. Concentrated hydrochloric acid (0.7 ml) 
was added and stirring was continued for 15 min before 
dichloromethane (100 ml) and dilute aqueous sodium 
hydrogen carbonate (2%; 100 ml) were added. The 
organic phase was separated, dried (Na,SO,), and evapor- 
ated to dryness to give a blue residue which was chromato- 
graphed on alumina (100 g), with dichloromethane as 
eluant. The first fraction, containing a little porphyrin 
together with brown by-products, was discarded, and the 
blue eluates were evaporated to dryness. The product 
was crystallised from dichloromethane-methanol giving 
17.2 mg (37%) of the required oxophlorin, which was 
identical with the material described in (a). 

(d) From zinc octaethyZporphy+z (2e) and mercury(11) 
trip.uoroucetate. To a stirred solution of zinc octaethyl- 
porphyrin (50 mg) in tetrahydrofuran (15 ml) and dichloro- 
methane (10 ml) was added mercury(I1) trifluoroacetate 
(90 mg, 2.5 equiv.). Stirring was continued for a further 
1.5 h before dichloromethane (320 ml) was added, and the 
resultant solution was stirred at  room temperature during 
72 h. The solution was concentrated to low volume 
(ca. 20 ml) and then treated with concentrated hydro- 
chloric acid (0.6 ml). After stirring during 15 min, di- 
chloromethane (100 ml) was added and the solution was 
washed with water (2 x 100 ml), dried (Na,SO,), and 
evaporated to dryness. The residue was chromatographed 
on alumina (100 g), with dichloromethane as eluant. 
Evaporation of the eluates afforded octaethylporphyrin 
(13 nig), which was crystallised from dichloromethane- 
methanol, and then octaethyloxophlorin (9 mg, 19%), 
crystallised from the same solvent mixture. The oxo- 
phlorin was identical with the material synthesised as 
described in (a). Repetition of this reaction with zinc 
aetioporphyrin gave yields of the appropriate oxophlorin 
between 25 and 37%. 

1,3,5,7-tetramethylporphin (' Copro-oxophlorin-I Tetra- 
methyl Ester ') (4) .-Zinc coproporphyrin-I tetramethyl 
ester (62 mg) in dichloromethane (25 ml) was stirred during 
the addition of TTFA (55 mg, 1.25 equiv.) in tetrahydro- 
furan (6 ml). Stirring was continued for a further 1 rnin 
before water (0.5 ml) in tetrahydrofuran (10 ml) was added. 
After 10 min, the solution was treated briefly with sulphur 
dioxide gas and was then stirred with concentrated hydro- 
chloric acid (1 ml) during 2 min. Dichloromethane (100 ml) 
was added and the mixture was washed with dilute aqueous 
sodium hydrogen carbonate and then water. The organic 
phase was dried (Na,SO,) and evaporated to dryness, 
and the residue was chromatographed on alumina (100 g; 
Brockmann grade V) with dichlorome thane as eluant. 
The dark blue eluates were evaporated to  dryness and the 
residue was crystallised from dichloromethane-n-hexane 
to give the oxophlorin (35 mg, SO%), m.p. 239" (lit.,* 
258") (Found: C, 66.2; H, 6.5; N, 7-8. Calc. for C,oH,,- 
N,O,: C, 66.1; H, 6-4; N, 7.7%), T (CF,*C02H) -0.2 
(2H, s) and 0.13 (lH, s) (meso-H), 5-6-59 (8H, m) and 
6.6-7-0 (8H, m) (CH,*CH,*CO), 6.0 (3H, s) and 6.2 (9H, s) 

a-Hydroxy-2,4,6,8-tetrakis-(2-methoxycarbonyZethyl)- 

23 K. M. Smith, J.C.S.  Perkin I, 1972, 1471. 
24 H. Fischer and H. Orth, ' Die Chemie des Pyrrols,' Akade- 

mische Verlag, Leipzig, vol. IIi, 1937, p. 486. 
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(OMe), and 6.48, 6-52, 6.54, and 6.77 (each 3H, s, P-Me), 
m/e 726(100%). 

Zinc 1,2,3,4,5,6,7,8-Octaethyl-u-tr~~uoroacetoxy~o~~h~n 
(' Zinc meso-Tri,fEuoroacetoxyoctaethyZfiorphyrin ') ( 5 )  .--Zinc 
octaethylporphyrin (1 50 mg) was dissolved in dichloro- 
methane (60 ml) and tetrahydrofuran (30 ml) and then 
treated with TTFA (135 mg) in tetrahydrofuran (9 ml) and 
stirred during 5 min before addition of silica (10 g ;  Merck 
Kieselgel G). After a further 10 rnin the mixture was 
filtered through a bed of silica, which was washed with 
dichloromethane, and the combined filtrates were evapor- 
ated to dryness. The residue was crystallised from di- 
cliloromethane-n-hexane and afforded the zinc chelate 
(131 mg, 74%), with m.p. >300° (Found: C, 64.0; H, 
6.1; N, 7.9; Zn, 9.2. C,,H,,F,N,O,Zn requires C, 64.3; 
H, 6.1; N, 7.9; Zn, 9.2%), A,, (CH,Cl,) 404 (E 329,000), 
533 (16,000), and 571 nm (15,900), T ( G U .  0.08~) 0.17 (2H, 
s) and 0-72 (lH, s) (meso-H), 5.8-6.6 (16H, m, CH,*CH,), 
8.0-8.5 (24H, m, CH,*CH,), 19F 6 8-67 p.p.m. (s) downfield 
from CF,*CCl,, vmx. (KBr) 1795 cm-1 (GO), Yn/e (64Zn) 
708 (M+, 100%) and 611 ( M f  -CO*CF,, 33). 

1,2,3,4,5,6,7,8-Octaethyl-cc-tri,fluoroacetoxy~orphin (' meso- 
Tri~Z.toYoacetoxyoctaethylporphyrin ') (6) .-(a) From zinc 
meso-trifluoroacetoxyoctaethylporphyrin. The zinc chelate 
(50 mg) was kept in trifluoroacetic acid under nitrogen for 
15 min, then poured into water and extracted with dichloro- 
methane (3 x 50 ml). The organic phase was dried 
(Na,SO,) and evaporated to dryness and the red residue was 
crystallised from dichloromethane-methanol, to give the 
meso-tri~uoroacetoxyporp~~r~n (3 1 mg, 68%) t m.p. 208- 
210" (Found: C, 70.65; H, 7.2; N, 8-5. C,,H,,F,N,O, 
requires C, 70.6; H, 7.0; N, 8.7%). Lx (CH,Cl,) 
399 (E 156,000), 500 (14,300), 533 (7400), and 625 nm (2600), 
A,,, (CH,Cl, + 5% CF,*CO,H) 411 (E 323,000), 555 (15,700), 
and 599 nm (5200), T -0.4 (2H, s) and 0.16 (lH, s) (meso-H), 
58-6-4 (16H, m, CH,*CH,), 8.17 (24H, t, CH,*CH,), and 
13.56br (ZH, s, NH), l9F 6 8.56 p.p.m. (s) downfield from 
CF,*CCl,, v,,, (KBr) 1795 cm-l (GO), m/e 646 (M+, 100%) 
and 549 (M+ - COCF,, 75). 
(b) From octaethyloxophlorin (3). Octaethyloxophlorin 

(100 mg) in pyridine (10 ml) was treated with trifluoro- 
acetic anhydride (1 ml) and after occasional swirling during 

5 min the mixture was evaporated to dryness in zlacuo. 
The residue was dissolved in dichloromethane (50 ml); 
the solution was washed with water (50 ml), dried (Na,SO,), 
and evaporated to dryness. The red residue crystallised 
from dichloromethane-methanol as purple prisms (8 1 mg, 
76%),t identical with the material described in (a). 

Zinc 1,2,3,4,5,6,7,8-0ctaethyZ-u-hydroxy~orphin (' Z i n c  
Octaethyloxophlorin ') .-(a) From octuethyloxophlorin. Octa- 
ethyloxophlorin (75 mg) dissolved in dichloromethane 
(15 nil) was treated with a solution of zinc acetate (190 mg) 
in methanol (8 ml). The mixture was stirred during 5 min 
and then the dichloromethane was removed by evaporation. 
The zinc chelate was filtered off and washed well with meth- 
anol before recrystallisation from dichloromethane-meth- 
anol, which afforded 83 mg (99%) of product, m.p. >300° 
(Found: C, 70.4; H, 7.2; N, 9.3; Zn, 10.7. C,,H,,N,OZn 
requires C, 70.4; H, 7.2; N, 9.1; Zn, 10.65%), Amax. 
CH,Cl,) 406 (E 221,000), 534 (12,700), and 568 nm (6600), 
vmaz (CH,Cl,) 3630 cm-l (OH), m/e (64Zn) 612 (100%). 
The product was not soluble enough in CDC1, for n.m.r. 
data to be obtained. 

(b) From zinc meso-tri,flZ.toroacetoxyoctuethylporphyvin (5). 
Zinc Yneso-trifluoroacetoxyoctaethylporphyrin (5 mg) was 
dissolved in tetrahydrofuran (10 ml) and treated with 
aqueous 0.5~-potassiurn hydroxide (0.5 ml) during 1 min. 
The green solution of the zinc oxophlorin anion l6 was 
quickly poured into water (100 ml) and dichloromethane 
(100 ml) was added. The organic phase was separated, 
dried (Na2S04), and evaporated to dryness to give the 
zinc oxophlorin (5 mg), which was crystallised from dichloro- 
methane-methanol, and was identical with the product 
from (a). In  particular, the i.r. spectrum showed no 
significant peak in the region 1700-1800 cni-1, but a 
characteristic peak at  3630 cm-1 (OH). 

We thank Professor H. H. Inhoffen (Braunschweig, 
Germany) for a gift of octaethylporphyrin, and Drs. L. H. 
Sutcliffe and P. J. Russell for the determination of e.s.r. 
spectra. 
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t The mother liquors from these crystallisations contained 

octaethyloxophlorin, which made up the mass balance for the 
reactions. 




