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Abstract: Bidentate ligands featuring two different nitrogen heterocycles
(pyridine, oxazoline. oxazolidine and thiophene) directly linked together or separated
by a spacer, have been prepared and used as ruthenium ligands to epoxidize trans•
stilbene and to study the competition between this reaction and oxidative cleavage of the
double bond.

There has been considerable interest devoted to the reactivity of oxometal species in biological

processesl, especially as for as hydroxylation of carbon-hydrogen bonds and epoxidations of double bonds are

concerned. Catalytic and enantioselective epoxidation of double bonds undoubtedly present a stimulating

challenge for organic synthesis and homogeneous catalysis2•

Following our work reported earlier on mechanistic aspects of the oxidation of alkanes with RU04 generated in

situ3, we present here preliminary results on the catalytic epoxidation of double bonds with ruthenium

complexes associated with non porphyrinic chiralligands. Balavoine and a11.4 had shown that bipyridine or

substituted phenantroline ruthenium complexes catalyse the epoxidation of stilbenes. Furthermore the

[RU0 2(bipy)(I0 3(OHh}] complex' could be isolated and its crystal structure was determined. This complex

where the ruthenium is associated with a bipyridine ligand is an excellent epoxidation catalyst.
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As a consequence. it was reasonable to synthesise various chiral bidentate ligands mainly derived from

pyridine coupled with oxazolines and oxazolidines with the hope that they would bind to the ruthenium so that

to form complexes able to epoxidise double bonds possibly with chirality transfer.

Prior to achieve enantioselectivity with such ruthenium complexes, it is essential to control the

epoxidation process relatively to the oxidative cleavage of the double bond which must be avoided or at least
minimised. According to the molecular investigations of Drag06 trans dioxo ruthenium species are able to

epoxidize double bonds, whereas oxidative cleavage of the latter will be achieved by the corresponding cis
isomer (Scheme 1). Although these considerations do not take into account the oxidising or reoxidising reagent

(02. H202. NaCIO, NaI04). they are supported by experimental results5 especially those which involve

porphyrins as ruthenium ligand7.

We have undertaken this work in order to check whether the pairing of bidentate ligands so that to fonn a

square planar structure around the ruthenium core (A in Scheme I), analogous to what is found in porphyrins8•

would favour epoxidation reactions via trans dioxo ruthenium species. Conversely with bidentate ligands

where the two heterocyclic rings are linked by a more important spacer, rather than a single carbon-earbon

bond, it should be more difficult to associate such ligands in a trans stereo chemistry around the central

ruthenium atom9. Consequently the formation of the cis dioxo ruthenium species (8 in Scheme I) should be

favoured and oxidative cleavage of the double bond ought to be the major process.

We have selected trans-stilbene as a model of alkene. because it generally gives good yields of

epoxide4,S. and is not epoxidised in presence of air in absence of any catalysts. as norbornene does9.

Ligands have been synthesised according to known procedures ll . A preliminary systematic studyl2 with

oxazolines had shown that with 2,2'-pyridyloxazoline. it was necessary to use at least a tenfold excess of

ligand relatively to ruthenium. and a reaction time of around 16 hours, in order to obtain good conversions of

the alkene. and high selectivity in epoxide which is exclusively trans 13. Control experiments have shown that

once formed the epoxide is stable under the reaction conditions used.

R~'I~ P'r-O~~O Hl/6··)</~ORrt \~)-, ~;I N ~;I
4: R, -IBu; Rz~ H,
5 : R, - CHzOMe ; Rz ~ Ph, Ii 8
7 : R, - IPr : Rz = H.

These parameters had to be slightly modified with oxazolidines derivatives14. The ratio of epoxide 2

formed relatively to the aldehyde 3 are reported in Table 1 and 2. It can be seen from Table 1, that it is difficult

to avoid oxidative cleavage as the ratio of epoxide relatively to the initial stilbene does not exceed the value of

four.
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Ligand 4 5 6 7 8 9

nea. /Ru 13 12 5 12 5 5

Reaction time (h) 17 16 20 18 20 20

Conversion (%) 98 98 100 99 88 70

Yield 2 (%) 80 73 74 59 39 10

Selectivity 2 (%) 81 75 74 60 44 15

Ratio 2/3 4 3 3 1.5 0,8 0.2

Table 1.

On the other hand, according to the analysis of the results obtained with ligands reported in Table 2. the

oxidative cleavage now becomes a major process.

10

Ligand 10 11 12

nea. /Ru 10 12 10

Reaction time (h) 18 16 18
Conversion (%) 53 67 80

Yield 2 (%) 6 7 2
Selectivitv 2 (%) 11 10 2

Ratio 2/ 3 0,1 0,1 0,02
Table 2.

The later results can be interpreted by the formation of a complex with only one ligand!' (B without b in
Scheme 1). in such a way that a cis dioxo ruthenium can be easily formed and then cleaves the double bond.
Ligand 10 probably only complexes the metal with the nitrogen of the oxazoline as the sulfur atom electrons
are too much involved in the aromatic thiophene ring!6. With the ligands reported in Table I. it is most likely
that twO ligands associate with ruthenium so as to favour the formation of a trans dioxo species (such as A in
Scheme 1) which epoxidises trans-stilbene. We are presently making efforts to obtain related complexes in a

preparative fashion in order to check this hypothesis.
Although the various ligands used in this work have been synthesised with a high optical purity or

enantiomeric excess (ee>95%). the ee of the epoxide obtained is below 5% except for 7 where it reaches 18% ;
because of these low scores. the corresponding data are not reported in details in this paper. In any event. the
present work provides useful informations on the structure of chiral ligands which have to be prepared to
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achieve epoxidation of double bonds with ruthenium complexes.
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