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Replacing the tetraphenylporphyrinatoiron(iii) chloride (FelllTPPCI) catalyst, in Groves' model system 
(FelllTPPCI-PhlO) for cytochrome P450 mono-oxygenases, with tetra(4-N-methylpyridyl)porphyrinatoiron(iii) 
pentacation allows oxidations to be carried out in protic and dipolar aprotic solvents without significantly altering 
the mechanisms of the reactions. 

The report by Groves and his co-workers1 that many of the 
oxidations of cytochrome P450 mono-oxygenases can be 
brought about by iodosylbenzene in the presence of tetra- 
phenylporphyrinatoiron( 111) chloride (Fe"ITPPC1) has stimu- 
lated research into the oxidations catalysed by this and by 
related metalloporphyrins.2 This, in turn, has led to the 
development of several metalloporphyrin catalysed systems, 
as models for the cytochrome P450 mono-oxygenases2J and 
these systems have been used to oxidise a wide range of 
organic compounds. A common feature of these chemical 
systems is that the oxidations take place in the presence of a 
metalloporphyrin dissolved in a low polarity solvent, typically 
dichloromethane, benzene, or chlorobenzene. However, the 
oxidation mixtures are not homogeneous. Iodosylbenzene, a 
mono-oxygen donor used in many studies, is only poorly 
soluble in most organic solvents4 and aqueous hypochlorite, 
another oxidant, has to be transported into the organic 
medium by phase-transfer catalysis.3a9e We report here how 
with the polar iron porphyrin, tetra(4-N-methyl- 
pyridyl)porphyrinatoiron(m) pentacation (FeIIITMPyP) as 
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catalyst the oxidation of organic compounds with iodosylben- 
zene can be carried out in protic and dipolar aprotic solvents. 
With methanol, in which iodosylbenzene is readily soluble ,4 

the reaction mixtures are homogeneous. 
The epoxidations of alkenes with the FeIIITMPyP-PhIO- 

methanol and with the FeIIITPPCl-PhIO-dichloromethane 
systems show very similar stereoelectronic requirements 
(Table 1) and both systems give stereospecifically the syn- 
addition product. The oxidations with FeIIITMPyP can also be 
carried out in water but the epoxide yields are lowered by the 
poor water solubility of the substrates and allylic oxidation 
becomes a significant side reaction. 

The FeIIITMPyP-PhIO system hydroxylates cyclohexane to 
cyclohexanol in low yield (1% based on oxidant in MeCN and 
0.1% in MeOH, with so1vent:substrate:oxidant in molar 
proportions 2000 : 20 : 1). The analogous reaction with 
Groves' system gives yields of 5--10% (CH2C1# and 30% 
(C6H6).5b Data from competitive oxidations of cyclohexane 
and [2HI2]cyclohexane in acetonitrile, methanol, or dimethyl- 
formamide show that the alkane hydroxylation has a large 

Table 1. The reactivities of aliphatic alkenes, relative to cyclohexene, towards epoxidation with iodosylbenzene catalysed by FeIIITMPyP in 
methanol or acetonitrile and by FelIrTPPCI in dichloromethane .a 

Reactivity relative to 
cyclohexene 

Substrate Product (yield, YO)" Fe*I*TMPyPc FeIIITPPCld 
2,3-Dimethylbut-2-ene 2,3-Epoxy-2,3-dimet hylbutane (95) 8 10 
1 -Methylcyclohexene 1,2-Epoxy-l-methylcyclohexane (55) 4 4 

Cyclohexene Epoxycyclohexane (30) 1 .0 1.0 
truns-4-Methylpent-2-ene truns-2,3-Epoxy-4-methylpentane (20) 0.2 0.1 

cis-4-Methylpent-2-ene cis-2,3-Epoxy-4-methylpentane (55) 2.2 1.5 

a Data obtained from competition experiments with molar ratio of each substrate to oxidant and to catalyst, 200 : 10 : 1, respectively. 
b Typical yields, based on PhIO, from reactions in MeOH. Relative reactivities were unchanged when reactions were carried out under 
nitrogen. d Ref. 2d. 
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Table 2. Kinetic isotope effects in oxidations with iodosylbenzene catalysed by FeIIITMPyP or by FeIIITPPCl. 

Kinetic isotope effects (kHlkD) 
r -  

C6H 12 a PhOCH3,b PhCH2NMe2, 
Oxidising C6D12 PhOCD3 PhCD2NMe2 PhCH2N(Me)CD2Ph,a 
System Intermolecular Intermolecular Intermolecular Intramolecular 
Fexx'TPPC1-PhIO-C6H6 7.0 f 0.1' 9 f 3d 1.3 k O . l a  3.0 f 0.2 
FeXIITMPyP-PhIO-MeCN 7.0 k 1 .Oe 5.5 2 1 1.3 f 0.1' 6.0 k 1.Og 

a Measured by g.c.-mass spectroscopy. b Calculated from relative yields of phenol and 2-methoxyphenol (ref. 6). c Ref. 7; Groves and Nemo 
(ref. 5a) report a value kH/kD = 12.9 k 1.0 for oxidation in CH2C12. Solvent CH2C12 (ref. 6). The same value was 
obtained in MeOH and Me2NCH0. f Each substrate was oxidised in competition with 4-chloro-N, N-dimethylbenzylamine. g Solvent water. 

primary kinetic isotope effect, in agreement with the values 
from this oxidation by Groves' system (Table 2) and by 
cytochrome P450 from liver microsomal systems ( k ~ l  

The similarity between oxidations catalysed by the two 
porphyrins and the lack of sensitivity of their reactions to 
solvent changes is also apparent from kinetic isotope effects in 
oxidative 0- and N-dealkylations. Table 2 shows that with 
each of the metalloporphyrin systems the demethylation of 
anisole occurs via a rate-determining methoxy C-H bond 
breakage.6 However, with tertiary amines, which are oxidised 
in high yield (> 80% based on oxidant), inter- and intra- 
molecular kinetic isotope effects reveal9 that dealkylation 
occurs by a rate-determining electron-transfer (small k H l k D )  
followed by a product-determining proton loss (medium- 
large kHlkD).  The Hammett p values from the relative rates of 
oxidation of 3- and 4-substituted N, N-dimethylbenzylamines 
with each iron porphyrin catalyst (Fe1"TPPC1-PhIO-C6H6 
p = -0.41 f 0.02 and FeIIITMPyP-PhIO-MezNCHO, 
p = -0.73 k 0.08) are in agreement with the latter mechan- 
ism. 

We conclude that the use of FeIIITMPyP as a catalyst 
extends the range of suitable solvents for the metallo- 
porphyrin model systems without significantly altering the 
mechanism of the oxidations. 

One of us (D. N. M.) thanks the S.E.R.C. for a research 
studentship. 
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