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Reaction of silica, montmorillonite and polystyrene bearing amino functions with several polyhalogenated 
metalloporphyrins gave an easy one-step access to new supported catalysts, owing to a selective nucleophilic 
substitution of the para-halogen atoms of the porphyrin meso-aryl groups by the polymer amine function; these 
catalysts were very active for cyclooctene epoxidation and alkane hydroxylation by PhlO. 

Efficient biomimetic systems based on metalloporphyrins 
have been developed during the last decade and used for 
hydrocarbon oxidation.1 The use of perhalogenated por- 
phyrins on the one hand1 and supported metalloporphyrinsl.2 
on the other has greatly improved the efficiency of the 
catalysts. Recently, it was shown that nucleophiles react very 
easily with meso-tetra(pentafluoropheny1) porphyrin, H,tfpp, 
with selective substitution of the para-F substituent of the 
meso-aryl groups.3 This reaction was applied to the poly- 
merisation of tfpp derivatives in the presence of sodium 
sulfide.4 

This communication describes another application of this 
substitution reaction, the preparation of new supported 
oxidation catalysts by covalent binding of Hztfpp derivatives 
onto various supports bearing an amino group as a nucleo- 
phile. These supported polyhalogenated metalloporphyrins 
were found to be good catalysts for alkane hydroxylation and 
alkene epoxidation. 

In a typical experiment, a mixture of FeII*(tfpp)C1(70 pmol) 
and a modified silica (500 mg) bearing Si-[CH&-NH2 groups 
(1.1 mmol g-1) in diglyme was heated at 140 "C under argon 

for 3 h. The resulting solid was thoroughly washed with a large 
variety of solvents [CH2C12, cyclohexane , dimethylformamide 
(DMF), MeCN, EtOH, EtZO] extracted with CH2C12 by a 
Soxhlet procedure and dried at 80°C for 24 h. Elemental 
analysis (Fe and F) of solid l a  indicated that it contained 
90 ymol of iron porphyrin bound per gram of support 
(9.7% d m ) .  A similar reaction performed with the same iron 
porphyrin and with silica not bearing aminopropyl groups, 
under identical conditions, led to a minor retention of the 
metalloporphyrin in the final solid (<1% m/m). 

The supported porphyrin l a  showed a Soret band at 419 nm 
similar to that of the starting Fe(tfpp)Cl indicating that the 
porphyrin ring was not modified during the anchoring 
procedure. 

The nature of the covalent bond between H2tfpp and the 
aminopropylsilica was established by a 1H NMR study of the 
soluble porphyrin obtained by solubilization of l b  (the 
demetallated form of la) in HF5 (Scheme 1). The resulting 
soluble porphyrin 2b exhibited UV-VIS and 1H NMR 
characteristics [hlnm (E) 417 (253000), 510 (12000), 548 
(2200) and 587 (3800); G(CD2C12, D 2 0 ,  HF) 9.03 and 8.93 
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Table 1 Catalytic activities of polyhalogenated metalloporphyrins covalently bound to polymeric supports, for cyclooctene epoxidation and 
cyclohexane and heptane hydroxylation by PhIO“ 

Supported catalyst 

Cy clohexanol 
Loading of porphyrin Cyclooctene + cyclohexanone Heptanols + heptanoned 

pmolg-l (YO d m )  yield (YO) Yieldg (%) (oYone)c Yield   YO)^ (olslonesy 
oxide 

44h (14) 
44h (16) 
23 (16) 
50h (5.5)  
20‘ (15) 
42h (10) 

98 62 (10) 
44 (7) 

{Si-O-Si-[CH2]3NHC,jF4) (C6F5)3P FeCP 90 (9.7) 

27 (25) 
{MT-O-Si-[CH2]3NHC6F4} (C6F&P FeClc 20 (2.1) 

{Si-O-Si-[CH2]3NHC6F4} (C6F5)$ MnCl 51 ( 5 . 5 )  99 64 (6) 
{Si-O-Si-[CH2]3NHC6C14} ( C6C15)3P FeCl 66 (7.1) 88 39 (24) 
{Si-O-Si-[CH2]3NHC6F4}(C6F5)3Br8P FeCl 55 (5.9) 79 46 (11) 

82 
{ P-CHZ-NHC~F~} (C6F5)3P FeCP 25 (2.7) 85 

a Conditions: molar ratio of catalyst : PhIO : hydrocarbon = 1 : 20 : 800; ‘equivalent concentration’ of supported catalyst: 
2 mmol dm-3 in CH2C12 (0.5 cm3) at 20°C during 1 h. Yields based on starting PhIO were found unchanged after 24 h. 
b Aminopropyl-silica (Bonded, 1.1 mmol 8-1, Analytichem). c Aminopropyl-montmorillonite (prepared as described previously8 from 
MT K10, Huka, 0.7 mmol g-1). d Aminomethyl-polystyrene beads cross-linked with 1% divinylbenzene (Pierce, 0.3-0.7 mmol g-1). 
e Alcohol to ketone ratio. f Heptan-2-, 3- and 4-01; heptan-2-, 3- and 4-one. R For total yields, it was assumed that 2 mol of 
PhIO were necessary for ketone formation. h Relative ratios of products arising from oxidation at positions 2, 3 and 4 of heptane = 
40 : 40 : 20. Regioselectivity for heptane oxidation different from that given in and equal to 57 : 29 : 14. 

(8H), 3.74 (2H), 2.0 (2H) and 1.25 (2H)] very similar to those 
of the porphyrin 3b, meso-(tris-pentafluorophenyl)(4-propyl- 
aminotetrafluorophenyl)porphyrin, prepared by monosubsti- 
tution of a para-F of H2tfpp by propylamine. t In particular, 
the presence in the spectrum of 2b of a signal at 6 3.74 which 
was almost identical to that of the N-CH2 moiety of porphyrin 
3b (and at a very similar chemical shift; 6 3.67 for 3b) showed 
the formation of a covalent bond between an NH2 group of 
functionalized silica and a para-carbon of the meso-aryl group 
of H2tfpp, as expected for nucleophilic reaction of amino- 
propylsilica with H2tfpp. 

This anchoring method allowed an easy one-step prepara- 
tion of supported catalysts by reaction between various 
polyhalogenated metalloporphyrins and functionalized sup- 
ports. Thus, reactions of Fe(tfpp)Cl with aminopropylmont- 
morillonite or aminomethylpolystyrene led to supported 
catalysts containing respectively 2.1 and 2.7% ( d m )  metallo- 
porphyrin (Table 1). Reaction of aminopropyl-silica with 
Mn(tfpp)Cl and Fe(tfpBr8p)C1 [tfppBr8p = meso-tetratpenta- 
fluoropheny1)-P-octabromoporphyrin]6 led to the incorpora- 
tion of about 6% ( d m )  metalloporphyrin to the support. The 
nucleophilic substitution was found to be more difficult with 
Fe(tC1,pp)Cl [tCl,pp = meso-tetra(pentachloropheny1) 

t Prepared according to ref. 3(b) except for the use of a propylamine 
to H2tfpp molar ratio of 1 : 1. 

porphyrin] ,7 its reaction with aminopropylsilica requiring 24 h 
reflux in diglyme to give 7% (m/m) of porphyrin binding. 

All the supported FeIJI (or MnIII) porphyrins catalysed the 
epoxidation of cyclooctene and the hydroxylation of cyclohex- 
ane and heptane by PhIO (Table 1). Epoxidation yields varied 
from 80 to loo%, the best ones being obtained with Fe(tfpp)Cl 
and Mn(tfpp)Cl bound to silica. These catalysts were also very 
efficient for the hydroxylation of cyclohexane and heptane 
(respective yields around 60 and 50%). Fe(tfpp)Cl bound to 
montmorillonite gave lower yields for cyclooctene epoxida- 
tion and cyclohexane hydroxylation but was one of the best 
catalysts for heptane hydroxylation (44% yield). This partic- 
ular ability of metalloporphyrins supported on montmorillo- 
nite to catalyse linear alkane hydroxylation has previously 
been reported.2f The iron porphyrin bound to polystyrene was 
the least efficient catalyst. Finally, it is noteworthy that 
Fe(tC1,pp)Cl and Fe(tfpBr8p)Cl bound to silica are clearly less 
efficient than Fe(tfpp) bound to the same support. 

The aforementioned results describe a new easy access to 
good oxidation catalysts bound to various supports, by a 
one-step reaction between organic and mineral polymers 
bearing an amine function and polyhalogenated metallo- 
porphyrins. This reaction appears rather general and does not 
require the difficult preparation of polyhalogenated por- 
phyrins bearing a functional group. In fact, most of the 
metalloporphyrins and polymers used are commercially avail- 
able. 
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