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Abstract: The preparation of a new chiral porphyrin bearing eight optically active pickets, four on
each side of the porphyrin plane is described. Chiral recogniticn in the complexation of racemic
isocyanide to the ruthenium compound leads to the formation of three stereoisomers with low
stereoselectivity (15%). © 1999 Elsevier Science Ltd. All rights reserved.

The design of chiral porphyrins is of fundamental interest, as well as of potential economic value. Chiral
ruthenium porphyrins have been recently used for catalytic epoxidation of alkenes'*? and for reactions
involving diazo (:ompounds.3"5 Chiral metalloporphyrins are also potentially useful framework for selective
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receptors of natural or synthetic substrates. As part of our continuing effort to develop chiral ruthenium

919 we now wish to report a new chiral system containing eight D-a-B-isopropylideneglycerol

porphyrins,
residues linked to the ortho meso-phenyl positions via ether bonds, as well as its use for the chiral recognition

of isocyanides.

To be effective, chirality centres of metalloporphyrins need to be close to the coordination centre. To
built such a cavity, chiral entities should be either linked directly on the meso position of the ring,Il or linked
on the ortho phenyl positions of the porphyrin ring. For the purpose of molecular recognition, it was decided
that the later possibility offered the greater synthetic simplicity. Thus we used 5,10,15,20 tetrakis(2,6-
dihydroxyphenyl)porphyrin as precursor. It is easily available from the commercial 2,6-
dimethoxybenzaldehyde,]2 and was successfully used by Tsuchida'® to synthesise porphyrins bearing eight
non chiral groups, and by Gross to prepare a homochiral rnacrocycle.14 The synthesis of the new porphyrin
was achieved following the procedure recently reported by Collman.” The coupling of the porphyrin with
commercially available D-a-B-isopropylideneglycerol-y-tosylate i dimethylformamide in the presence of
potassium carbonate leads to 1in 26 % yield (Figure 1). As expected for a D4 symmetry, all the pickets are
equivalent in |H NMR spectroscopy, and thus only one singlet is observed for the pyrrole protons (8 = 8.66

ppm) of 1. Fixation of the eight chiral blocks was definitely confirmed by mass spectrometry. 6
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Figure 1.

Addition of Ru3CO13 in o-dichlorobenzene!” at 170° yields the new compound 2 (P*)Ru(CO)!8 in
fairly good yield (69%), without destruction of the porphyrin ring. In this case, the 'H NMR spectrum displays
two doublets instead of a singlet for the pyrrole protons due to a lower symmetry. Coordination of the carbon
monoxide was confirmed by IR spectroscopy with a strong absorption at 1924 cm-! which is typical of

porphyrin ruthenium carbonyl complexes.19

(P*)Ru(CO) + 2 (Ph)CH(Me)NC —— = (P*)Ru[(CNCH(Me)(Ph)], + CO n

2 3

Complexation of racemic 1-phenyl-ethyl-isocyanide to the chiral ruthenium porphyrin 2 (equation 1)
leads to the compound (P*)Ru[CNCH(Me)(Ph)]; with chiral recognition. In a typical experiment, reaction of 2
with the isocyanide (8 equiv.) at 25 °C for 15 min in dichloromethane under inert atmosphere gave 3 as a 32 :
51 : 17 mixture of the three diastereoisomers (RR / RS / SS, respectively). As expected, signals due to the
isocyanide methyl groups are split in the bis-isocyanide complex. Moreover, these resonances in 1H NMR are
shifted upfield (3 ~ -1.9 ppm), as a result of the strong porphyrin ring current effect. The integration of the
NMR signals indicates the preference for a particular configuration (R) (preference per binding site: R/ § =
1.35). A pure diastereoisomer 3(RR) has been synthesised by a scparate experiment, involving complexation
of pure (R)-1-phenyl-ethyl-isocyanide to 2, to assign the major diastereoisomer. Except for 3(RR)20, details of
identification and spectral characteristics of these isomers will be cescribed elsewhere. The selectivity observed
(15 %) is under kinetic control, the isocyanide-ruthenium bond bzing quite strong (for example, no exchange

was detected after addition of 8 equivalents of racemic isocyanicle to 3(R,R) in dichloromethane). The weak
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enantioselectivity by this chiral ruthenium porphyrin is at first surprising, given the high enantioselectivity
observed (>95 %) for the chiral recognition in the complexation of racemic benzylmethylphenylphosphine to
the ruthenium picket-fence porphyrins bearing optically active o-methoxy-o-(trifluoromethyl)phenylacetyl
residues on both sides of the porphyrin plane (a,B,a,B isomer). Both chiral porphyrin complexes have the
potential of discriminating chiral axial ligands. The source of the high stereoselectivity observed in the latter
reaction is mainly attibuted to steric effect. It is the preferred mode of the binding of the chiral phosphine to the
ruthenium porphyrin that determines the chiral recognition. Thus the present result confirms our previous work
showing that enantioselective complexation can be obtained under kinetic control. In the latter case, the
observed steroselectivity was however much higher because the chiral center was bound to the metal atom. The
long distance Ru-isocyanide chiral centre and the absence of any intramolecular hydrogen bond between the
chiral picket and the chiral ligand may also explained this weak selectivity. It should be noted that negligible
enantioselection was recently observed with amine adducts to chiral cobalt porphyrins.21

Further implications of this work, including cyclopropanation and oxidation reactions catalysed by 1 are

currently under studies in our laboratory.
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