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Six sterically hindered chloro meso-tetra-ortho-alkylphenylporphinato iron complexes (T(o-R)PPFe(lll)CIl, R=Me, Et,
n-Pr, n-Bu, i-Pr, t-Bu) were used to catalyse the monooxygenation of cyclohexane with PhlO. A special steric effect
of these alkyl substituents R on the catalytic character is proposed on the basis of the results.
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The use of synthetic ferric porphyrin derivatives as models o 70
cytochrome P-450 to monooxygenate alkane has now bee
firmly established. However, these models usually give low 60 F

yields of the corresponding alcohols and rather low selectiity.
Nappa reported that steric control of iron porphyrin complex

was needed to monooxygenate hydrocarbon compounds i 50

higher yield® Oh the other hand, Gross reported recently that — —C
aryl-chlorinated iron tetraarylporphyins with chloro sub- ® 40 —e—d
stituents at thdo-pyrrole positions was not a better catalyst ]

than the derivative without chloro substituents atpgrrole 2 30 e
positions? In order to improve our understanding of this fac- > —o—f
tor in different iron porphyrin complexes which influence the 20 ——
monooxygenation of cyclohexane, six sterically hindered g
chloro meso-tetra-orthealkylphenylporphinatoirons com- 10

plexes (T6-R)PPFe(ll)Cl, R=Me, Etn-Pr,i-Pr, n-Bu, t-Bu) r

were prepared and their catalytic effects in terms of both the 0 L . L L

yield of cyclohexanol (and cyclohexanone) and the rate of
cyclohexanol formation were studied. 0 50 100 150 200 250

All T(o-R)PPFeCl samples with different R groups gave Time (min)
higher yields of cyclohexanol (and cyclohexanone), and alsc
gave higher rates of cyclohexanol formation than TPPFeCFig. 1 Concentrations of cyclohexanol vs times in the mono-
when they were used to catalyse the monooxygenation of cyclcoxygenation of cyclohexane with PhlO catalysed by
hexane. Obviously, the steric effect (but not electronic effect) T(o-RIPPFeCl: (a), R=H; (b), R=Me; (c), R=Et; (d), R=n-Pr; (e),
of ortho alkyl groups in T-R)PPFeCl is favourable to the cat- R=n-Bu; (f), R=i-Pr; (g), R=t-Bu.
alytic process. These results are shown in Table 1 and Fig. 1.

From these results, the following orders were observed for theyclohexane. Except for &¢-Bu)PPFeCl, a parallel relation-
yields of cyclohexanol when 3{R)PPFeCl was used as cata- ship between the catalytic rates of cyclohexanol formation and
lyst: R =i-Pr > Et >n-Pr > Me >n-Bu >t-Bu > H. The order of  the yields of cyclohexanol is apparent.
the rate of cyclohexanol formation for the above reaction is: R = The lifetimes of T¢-R)PPFeCl with different R groups
i-Pr > Et >t-Bu >n-Pr >Me >n-Bu > H. These results suggest were studied by monitoring the destruction o6-R)PPFeCl
that the medium sizertho alkyl groups {-Pr and Et) on the with PhlO in CHCI, medium with UV-Vis spectrometer at
phenyl groups of porphyrin periphery in T(0-R)PPFeCl is more25°C. The results show the order of the destruction of seven
favourable to the catalysed oxygen atom transfer from PhIO tdifferent T@-R)PPFeCl sample with PhlO in the first 10 min

Table 1 The results of the monooxygenation of cyclohexane with PhlO catalysed by T(o-R)PPFeCl

Iron porphyrins Yield/% Rate constant Correlation
R Cyclohexanol Cyclohexanone mol/l/min3 x 1073 coefficient
H 35.4 10.3 0.34 0.995
Me 51.0 13.3 4.1 0.981
Et 57.0 14.8 6.1 0.982
n-Pr 52.0 13.8 4.4 0.982
n-Bu 48.1 14.4 3.4 0.991
i-Pr 58.4 14.1 9.2 0.983
t-Bu 46.0 13.7 4.9 0.980
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as: R = H >> Me > Et »-Pr >t-Bu >n-Bu >i-Pr, indicating  the nonbonding interaction between them accordingly decreased.
that except for T¢-t-Bu)PPFeCl, the more the size of the alkyl Likewise,t-Bu groups in T¢-t-Bu)PPFeCl offer less protection
groups increased, the longer the lifetime ob-R)PPFeCl  aganist the destruction with PhlO.

becomes. Apparently, tregtho alkyl groups offer a protective

effect against the destruction ofofR)PPFeCl. The lifetime  Experimental

of T(o-R)PPFeCl does not completely parallel the yield of gjemental analyses were done on a U.S. Model PE-240C instrument.
cyclohexanol and the rate of cyclohexanol formation. Fromyy.vis spectra were recorded on a Shimadzu Model UV-240 spectro-
these results we may conclude that it is not the lifetime ofmeter and infrared spectra on a Shimadzu IR-470 spectrophotometer.
T(0-R)PPFeCl but the rate of cyclohexanol formation which isGas chromatographic analysis was performed on a Shimadzu Model
primarily responsible for the higher yield in our experiment, GC-9A chromatographic instrument with hydrogen flame ionisation

; ; .~ detector, and PEG-20M column.
and the steric effect of the ortho alkyl substituents in All solvents were purified by the standard procedures before use.

T(0-R)PPFeCl should favour the catalytic process in the|ggosobenzene was synthesised according to the literature méthod.
monooxygenation of cyclohexane. ) _ p-Dichlorobenzene was chemical grade without further purification.
A mechanism for the monooxygenation of cyclohexane withTPPH, and T(o-R)PPH(R=Me, Et,n-Pr,i-Pr,n-Bu, t-Bu) were syn-
PhIO catalysed by TPPFeCl has been proposed (Schéife 1).thesised according to the literature metRdéwith the corresponding
Step 2 has been suggested as the rate-determining ste rtho-alkyl-benzaldehydes and pyrroles. Some alkylbenzaldehydes

. ere synthesised according to the modified Klouwen méthtand
Obviously, both the approach of PhIO to TPPFeCl and th identified by proton NMR and elemental analysis. TPPFeCl and

approach of substrate to oxo-metal species could b& R)pPFeCl were synthesised according to the litersturith
unfavourably influenced by the steric bulkiness of the periph-some modificatior?

eral substituents of the porphyrin ring both in step 1 and in step Catalytic monooxygenation of cyclohexane: 0IR)PPFeCl
3, based on the ‘side-on approach’ model proposed first by0.0283 mmol), PhlO (160 mg, 0.727 mmol) grdichlorobenzene
Groves and co-workefd0 Therefore, the steric effect of R (an internal standard for GC measurement) accurately measured were

: - : dded to 10 ml of cyclohexane. The reaction mixture was stirred vig-
should favour step 2. The catalysis of iron-porphyrins may b.(%rously at 25°C until cyclohexanol was no longer formed. When the

also favoured by the presence of hydroxyl groups present iRyaction started, the reactant sample was withdrawn quantitatively
alkyl substituents. However, the self-monooxygenation of thewith syringe from the reaction vessel at an interval of about 10 min

alkyl groups in the parent 3R)PPFeCl during monooxy- for GC analysis. All reactions were repeated at least 3 times. The con-
genation of cyclohexane was not observed in the infrared spe@ﬁtior_l and data treatment for GC measurement and quantitative cal-
tra of the reaction mixture of T(o-R)PPFeCl with PhIO in the culation were reported in our previous paijéfhe rate constanty

absence of substrate. Hence a reasonable explanation for tf these catalytic monooxygenation of cyclohexane were calculated
; according to the pseudo-zero order kinetic treatment of these reaction

steric effect is that the nonbon‘?i”g interaction between th% the first 45 minutes after the reaction started, and very good linear
orthoalkyl group and Phl moiety in the PhlO-FeIR)PP)Cl  correlations between the quantities of the resulted cyclohexanol or
adduct promotes the cleavage of the I-O bond and thus the fotyclohexanoe and reaction time were presented. The kinetic mea-
mation of the oxo-Fe(B¢R)PP)CI intermediate (Scheme 2).  surement of the oxidative destruction oR)PPFeCl was run in
It is surprising that althoughbutyl group is bulkier tha nggls Spez‘gz‘():mbeter with the mr':‘t“(;e ?.f Ph'fo r?nabR)F_’F;F%CI n
propyl group, the T¢t-BU)PPFeCl is not only less efficient in 2 (25‘3% o) ofyﬁrf}?)r}!té’gg?;ff; 18%?&?‘3; e special absorption
catalysing the monooxygenation of cyclohexane thami-T(
Pr)PPI_:eCI (in terms of both the y|e|_d and rate of cyclo_hexaqo(Ne gratefully acknowledge financial support by the Science
formation) but is also more susceptible to the destruction Wltf]:()undation of Key Disciplines, Office of Overseas Chinese
PhIO than T¢-i-Pr)PPFeCl. Accord_lng to the red shift of the Affairs of the State Council and National Natural Science
absorption band of ®t-Bu)PPFeCl in UV-Vis spectra as com- Foundation of China
pared with other TCR)PPFeCl, we suggest that tetra- o- '
butylphenyl porphyrin ring in &t-Bu)PPFeCl is relatively  Received 3 August 2000; accepted 13 November 2000
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