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Geometrically Directed Selective Steroid Hydroxylation with High Turnover by
a Fluorinated Artificial Cytochrome P-450

Abstract: A metalloporphyrin has been synthesized carrying a beta-cyclodextrin group on
tetrafluorophenyl rings at the four meso positions of the porphyrin. It performs the selective
hydroxylation of an androstanedioi derivative with compiete positional selectivity and 187 turnovers.

© 1998 Elsevier Science Lid. All rights reserved.

The ability of enzymes such as the cytochrome P-450 group to perform chemical reactions independent of
the intrinsic reactivity of the substrate is a chalienge for biomimetic chemistry. For example, in the biosynthesis of
cholesterol such enzymes oxidize methyl groups on saturated carbons in the presence of carbon-carbon doubie
bonds that are not attacked. This is the result of the geometry of the enzyme-substrate complex, that holds the
substrate next to an iron atom in a porphyrin ring of the enzyme. We have recently described!-3 the synthesis of a
tetraphenylporphyrin derivative whose Mn(III) complex 1 can bind and hydroxylate substrates with two ends that
bind diagonally into cyclodextrins in water 0 as to place a particular carbon atom directly above the Mn(III) atom

(Fig. 1). With iodosobenzene as oxidant our catalyst 1 was able to achieve the hydroxylation of a dihydrostilbene

2 to product 32 with 650 turnovers,? and also to hydroxylate the derivative § of androstanediol 4 with complete
selectivity for the formation of the 6¢t hydroxy derivative 6, hydrolyzed to androstantriol 7 (Scheme 1). This
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Scheme 2
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much more stable with pentafluorophenyl rings, which decrease the oxidizability of the porphyrin meso positions
that carry the phenyl groups.> Thus we have now synthesized catalyst 8, with tetrafluorophenyl rings. The
synthesis was particularly easy (Scheme 2), since we found that reaction of the readily prepared 6-deoxy-6-
mercapto-betacyclodextrin 96 and the pentafluorophenyl porphyrin derivative 107 with K»COj3 in dry DMF at RT
in the dark afforded dark red porphyrin 11 in 95% yield. The compound showed the expected !H and 19F NMR
spectra, and in particular the 19F NMR spectrum indicated that the four p-fluorines of 10 had been replaced. The
UV-vis spectrum of 11 was typical of a porphyrin, with Ag., 412, 510, 582 nm. With MnCl; compound 11

was converted in 93% yield to catalyst 8, with LD-MS 5582 (M*) and Apax 369, 458, 554 nm.
Caalaotrnta : nnnnnnnn idirad At DT i rnatitsnl At i¢hh 1Y Avarixe DhIM amAd 1N Svasis; AF s Ti HS 5 ne —e
SUoSsrat wWdd UAIUILZOU at In1 (1 1ICULidl wall wWiill U CquV Ul v aila 1u Cq V Ul yl UINC usl lg

varying concentrations of 5 and of catalyst 8. The products were assayed by hydrolysis to starting androstanedioi
4 and to androstanetriol 7, again the only product, followed by benzoylation and quantitative hplc analysis.
Under the conditions used, the benzoylation is known to be quantitative and reliable for such an hplc assay.8:9
The assays were run in triplicate, and the errors were ca. 0.5%. With 1.46 mM 5 and 0.0146 mM 8 (1 mol%),
followed by hydrolysis, the 6a hydroxy derivative 7 was formed in 95% yield, indicating 95 turnovers. With the
use of 1.02 mM 5 and 0.00102 mM 8 (0.1 mol%) the product 7 was found in 18.7% yield, along with recovered

starting androstanediol 4. Thus there were 187 turnovers. The lower number of turnovers with high conversion
nrecumablv reflacte same nroduct inhibition 2
FAVQHAA]“U.IJ AWl W I JWARIW FLUU\JVL ARRAXALIARANILS
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high turnover in the selective hydroxylation of § to 6. As we vary the geometry of such complexes, we expect to
achieve other selective hydroxylations of interest, mimicking the selectivities achieved by the enzymes of the
cytochrome P-450 group.
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