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Abstract 

Enantioselective Baeyer-Villiger oxidation of cyclic ketones with hydrogen peroxide can be obtained using (P-P * lPt(2- 
van) complexes (P-P * , chiral diphosphine; 2-van, bis-anion of 2-vanillin) as catalyst precursors. An analysis of the 
activation procedure aimed to the identification of the reactive species leads to the isolation of complexes of the type 
[(P-P)Pt( /.~-0H)]s’ (P-P, various diphosphines). The synthesis of some new species is reported together with their 
characterization with IR and NMR spectroscopy and conductivity data. It is found that these complexes are catalytically 
active in the (enantioselective) Baeyer-Villiger oxidation of cyclic ketones with hydrogen peroxide. The basic nature of the 
OH ligands is exploited in the reaction with a variety of acids including hydrogen peroxide. 

Kr,~~orc/.~c Platinum complexes; Hydrogen peroxide; Ketones; Oxidation 

1. Introduction 

In the search for new catalysts capable of 
increasing the nucleophilicity [l] of hydrogen 
peroxide and related hydroperoxides, we have 
recently reported the use of derivatives of Pt(I1) 
of the type: (P-P)Pt(2-van) where P-P indi- 
cates a variety of diphosphines (including chiral 
diphosphinesl and 2-van represents the bis an- 
ion of 2-vanillin. These complexes have proved 
successful as catalysts for the Baeyer-Villiger 
oxidation of cyclic ketones to lactones [2] and 
the epoxidation of a,@unsaturated ketones [3] 
(Weitz-Scheffer oxidation) using hydrogen per- 

* Corresponding author. Tel.: + 39-41-5298551; fax: +39-41- 
52985 17: e-mail: strukul@vega.unive.it. 

oxide as oxidant in both cases. Both reactions 
are of significant synthetic interest ’ and we 
have reported the first clear examples of transi- 
tion metal catalysis [2,3,6,7] for both the regular 
and the asymmetric version of both reactions. 
The transition metal catalyzed enantioselective 
Baeyer-Villiger oxidation has been reported 
also by Bolm and coworkers [S-10]. 

The above (P-P)Pt(2-van) complexes, that 
per se are catalytically inactive, can be pro- 
moted as catalysts with the use of strong acids 
[2]. This protonation reaction (Scheme I), that is 
carried out prior to the catalysis. has been stud- 

-i---- For thorough reviews of the synthetic applications of the 
Baeyer-Villiger oxidation see Ref. [4]. The Weitz-Scheffer oxi- 
dation is considered in several general reviews. see Ref. [5]. 
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ied coupling synthetic and NMR methods, al- 
though the identification of the final product 
(presumably the catalytically active species), that 
could not be isolated, is based only on its 31P 
NMR spectrum and is tentative, at variance with 
the other intermediates [2]. 

A typical feature of the enantioselective ver- 
sion of the above reported catalytic processes is 
a variable e.e. of the products during the course 
of the reaction, i.e. increasing e.e. for the 
Baeyer-Villiger oxidation [2] and decreasing 
e.e. for the Weitz-Scheffer oxidation [3]. This 
seems to be indicative of a further evolution of 
the catalytically active species with respect to 
Scheme 1, even during the course of both reac- 
tions. 

In this work we wish to report our attempts 
to identify the (probably common) catalytically 
active species of both processes, that ended up 
with the identification of another class of com- 
plexes of Pt(I1) that proved useful catalysts for 
the Baeyer-Villiger oxidation of ketones. 

2. Results and discussion 

2.1. Evolution of the chiral catalysts 

The lactonization of a racemic mixture of 
2-methylcyclohexanone to an enantiomerically 
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Scheme 2. 

enriched mixture of R- and S-e-methyl-e- 
caprolactone was accomplished following a ki- 
netic resolution strategy as is indicated in 
Scheme 2. The R-enantiomer of 2-methyl- 
cyclohexanone is the isomer of the sex 
pheromone of the carpenter bee (xylocopa 
hirutissima) [11,12]. 

A different behavior of the e.e. profile during 
the course of the reaction was observed depend- 
ing on the type of catalyst used (Fig. 1). With 
[(pyrphos)Pt(CF,)(CH 2C12)l+ 
(pyrphos = (R,R)-( + )-N-benzyl-3,4-bis(diphen- 
ylphosphino)pyrrolidine) the e.e. of the product 
is constant with time (Fig. 1A) indicating that 
the species responsible for the enantioselection 
is always the same. On the other hand, the 
catalyst (binap)Pt(2-van) (binap = (R)-( +>- 
2,2’-bis(diphenylphosphino)- 1, I’-binaphthyl), 
activated with perchloric acid according to 
Scheme 1, continues to evolve even during the 
catalytic reaction (as is indicated by the increase 
of the e.e. in Fig. 1B) towards the formation of 
a final species corresponding to the maximum 
(and constant) e.e. observed. 

We have tested several procedures for the 
activation of the catalyst prior to the start of the 
catalytic reaction, and checked their influence 

60 

C 1 
50 ?? * . . . . 
40 

T r- . 
@ 
& 30 

B 

ai 

20 . 
II’ 

+----- * 

0 ’ I 

0 0,5 1 1,5 2 2,5 
mm01 

Fig. 1. Oxidation of methylcyclohexanone: evolution of the e.e. of 
the product with the proceeding of the reaction using different 
catalysts. (A) [(pyrphos)Pt(CF3) (CH,CI,)]+; (B) (binap)Pt(2- 
van) + HClO, 1 h activation time; (Cl (binap)Pt(2-van) + HClO, 
18 h activation time. 
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on the change of e.e. in the oxidation of 2-meth- 
ylcyclohexanone to methylcaprolactone. The 
experimental parameters tested were: (i> the 
possible use of a solvent (DCE) or neat sub- 
strate; (ii) the use of diluted (0.2 M) or concen- 
trated (10 M) water solutions of perchloric acid; 
(iii) a variable activation time (l- 18 h). The 
best performance (Fig. 1C) was observed when 
0.017 mmol of (binap)Pt(2-van) were dissolved 
in 1.6 ml of DCE followed by the addition of 
3.4 mmol of 2-methylcyclohexanone and 0.017 
mmol of a 0.2 M solution of HClO,. The mix- 
ture was allowed to react for 18 h prior to the 
addition of 8.5 mmol of H,O,. As can be seen 
from Fig. lC, this procedure shortens consider- 
ably the further evolution of the catalyst, lead- 
ing it closer to the final species. 

2.2. Synthesis of complexes 

The above procedure was scaled up on a 
preparative basis starting from (dppe)Pt(2-van) 
[ 131 (dppe = 1,2-bis(diphenylphosphino)ethane) 
in order to isolate the final product of the 
activation. Previous attempts to isolate the final 
species of Scheme 1 on a preparative scale were 

always unsuccessful. The concentration of per- 
chloric acid was found to be critical, since, if a 
diluted HClO, solution is used, only the starting 
complex is recovered. With 10 M HClO,, a 
separation of the organic phase after 18 h al- 
lowed to isolate a white solid. A GC analysis of 
the mother liquor showed the presence of 2- 
methoxyphenol as predicted by Scheme 1. 

The IR spectrum of the white solid showed 
the appearance of an O-H stretching band at 
3560 cm-’ and a broad band centred at 1100 
cm-’ assigned to the perchlorate anion and the 
disappearance of the C=O and C-O-C stretch- 
ings typical of vanillin [ 131. The 31 P(’ H} NMR 
spectrum showed only a singlet at S 33.8 ppm 
flanked by ‘95Pt satellites with a ‘J,_, coupling 
constant of 3624 Hz. This solid is not the final 
species of Scheme 1, the ” P{ ’ H} NMR spec- 
trum of which showed a singlet at 6 47.6 ppm 
with a lJp_pt of 3785 Hz. The presence of the 
perchlorate anion suggests that the isolated 
complex is cationic in nature and it was formu- 
lated as a bridging hydroxo complex of the 
type: [(dppe)Pt( E.L-OH)],(C~O,)~. This hypothe- 
sis was confirmed by comparison with an au- 
thentic sample of the latter complex synthesized 

Table I 
Spectral properties of new complexes 

Complex IR (cm- ’ ) “P{‘H}NMR AM CR-’ mol-’ cm’) 

lb 
lc 
Za 

Zb 

2c 

3 16,296 (PtCI) 
3 19, 294 (PtCl) 
3571 (OH) 
1100-990 (BF; ) 
3562 (OH) 
I loo-990 (BF,-) 
3569 (OH) 
1 loo-990 (BF,- ) 

3a 3585 (OH) 
1100-996 (BF;) 
1520. 1411 (coo-) 

4a 3587 (OH) 
1100-996 (BF,- ) 
1520. 1411 (coo-) 

6 9.8 s: ‘Jpmpt 3666 
S 17.5 s; ‘Jpmp, 3638 
S 34.0 s; ‘Jpmpt 3624 181 

6 2.6 s: ‘Jp+ 3690 190 

I PA 15.3 d; P, 10.2 d: 

?J,_, 20; ‘J,_,, 3663 
II PA 14.8 d; Pa 9.6 d: 

?J,_, 20; ‘Jr_p, 3655 
33.5 d (tram 000; 

zJp_p 8.0; ‘J,_,, 401 I 
35.8 d (trans OH); 

?J p_p 8.0: ‘J,_,, 3669 
33.7 d (rruns OOC); 

?J,_, 7.5, ‘J,_,, 4061 
36.7 d (vans OH); 

?J,_, 7.5; ‘J,_,, 3652 

228 

170 

170 

IR in nujol mulls; NMR in CD,Cl,: S in ppm, J in Hz. 
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P-P - dppe (a). binap (b). pyrphas (c) 

Scheme 3 

following the method reported by Longato et al. 
[14]. The synthetic methodology is outlined in 
Scheme 3 and was extended to the synthesis of 
other new complexes of the same type contain- 
ing different diphosphines. We found that better 
yields in the final products could be obtained by 
carrying out the final step in acetone instead of 
95% ethanol. 

The new complexes were characterized by IR 
and 31P{1 H} NMR spectroscopies and, where 
appropriate, by molar conductivity measure- 
ments. A summary of their spectral properties is 
reported in Table 1. 

As can be seen, the chloro derivatives show 
typical Pt-Cl stretching bands at 316-319 and 
294-296 cm- ‘, while, consistently with the cis 
structure expected for these complexes, their 
31P{1 H} NMR spectra consist of a singlet with 
Pt satellites and a ‘Jr_, coupling constant of 
about 3650 Hz typical of a Cl ligand trans to P 
as found by other authors [15-171. 

The hydroxo complexes show a broad IR 
band in the region 900-l 100 cm-’ assigned to 
BF< and indicative of the cationic nature of the 
complex, and a medium intensity band at N 
3565 cm-’ assigned to the stretching O-H of a 
bridging hydroxo ligand as was observed in 
complexes with a similar structure [14,18-201. 
The ionic structure of these compounds was 
confirmed with conductivity measurements in 
MeOH (1O-3 M solutions). The values ob- 
served (Table 1) are typical of a 2:l electrolyte 
[21] and are very similar to the value observed 
for an authentic sample of 2a. The 31P{1 H} 
NMR spectrum of 2c shows as expected a sin- 
glet at 6 2.6 ppm with Pt satellites and a I./,_, 
coupling constant of 3689 Hz consistent with 
the presence of an OH ligand trans to phospho- 

rus, similarly to other hydroxyphosphine com- 
plexes of Pt(I1) [ 14,17-20,22-251. 

The 31P{1H} NMR spectrum of 2c is signifi- 
cantly more complex. As can be seen from Fig. 
2, the spectrum at room temperature (23°C) 
consists of two apparent triplets, each with lg5Pt 
satellites. On decreasing the temperature, the 
main signals gradually split and at - 60°C a 
structure consisting of four different doublets 
appears, consistent with the existence of four 
different phosphorus atoms, each coupling with 
one non-equivalent phosphorus. 

A plausible interpretation for this unexpected 
pattern is indicated in Fig. 3. Since the complex 
is made with 5 interlinked rings, likely causing 

i -6O’C 

Fig. 2. Variable temperature ” P{’ H} NMR spectrum of complex 
[(pyrphos)Pt( /.L-OH)I~(BF~)~ (2~). 
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Fig. 3. Possible structure of complex [(pyrphos)Pt( F-OH)]~(BF~)~ 
(2~) evidencing the origin of two possible isomers. 

a considerable degree of strain in the structure, 
it seems reasonable to suggest some possible 
distortions in the coordination plane of the two 
Pt centers, so that PA and P, are no longer 
magnetically equivalent. This suggestion seems 
to be justified by the fact that in previous works 
on homologous p-hydroxo complexes, X-ray 
analysis revealed the existence of an 0-Pt-0 
bond angle of about 75” in systems containing 
diphosphines such as dppm, dppp, dppf 
[ 19,20,26,27], imposing to the square planar 
geometry of the complex a highly distorted 
conformation and an out of plane position for 
the P donors. This implies that the non-equiv- 
alence of the P donors in the solid state is a 
general trend. However, in relatively flexible 
systems, like those cited above, the observed 
structural differences are averaged in solution, 
so that the P atoms cannot be distinguished with 
“P NMR spectroscopy. In the present case the 
existence of one extra interlinked ring at each 
side of the complex seems to force the system 
to maintain the differences even in solution. 

The non-equivalence of PA and Pa will give 
rise to two possible isomers (Fig. 3): one with a 
c&-like configuration (I) and the other with a 
trans-like configuration (II). Clearly, assign- 
ment of the different signals to either structure 
on the basis of the NMR spectrum can be made 
only arbitrarily, as is reported in Table 1. 

Further support to the view shown in Fig. 3 
can be obtained from “C NMR spectroscopy. 
The spectrum of 2c in CD,Cl, at room tempera- 
ture shows two different signals for the two CH 
carbons (only one signal in the free ligand) of 

the pyrrolidine ring adjacent to P ( 6 5 1.8 ppm 
and S 49.4 ppm) both with a ‘Jc_r of about 13 
Hz. The signals are broad and ill resolved, but 
clearly indicate that the distortions that cause 
the non-equivalence of the P atoms reflect also 
in the non-equivalence of the C atoms of the 
diphosphine Pt ring. 

2.3. Oxidation reactions catalyzed b_v bridging 
hydroxo complexes 

Initially, the enantioselective oxidation of 2- 
methylcyclohexanone was studied with complex 
2b and its activity was compared with that of 
(binap)Pt(2- v n activated with acid. The two a 1 
systems were tested under identical conditions 
using the same Pt concentration. The compari- 
son is reported in Fig. 4 and shows the differ- 
ence in activity that is observed when 
(binap)Pt(2-van) is activated with 0.2 M (Fig. 
4A) and 10 M (Fig. 4B) perchloric acid. Inter- 
estingly, 2b is significantly more active and 
productive (Fig. 4C). 

The effect on the optical purity of the product 
in the latter case is reported in Fig. 5A. As can 
be seen the e.e. is practically constant during the 
course of the reaction with an initial e.e. (48%) 

098 

02 

0 100 200 300 400 

time (min) 

Fig. 4. Oxidation of methylcyclohexanone: product formation 
profile using different catalysts. (A) (binap)Pt(2-van)+ 0.2 M 
HCIO,; (B) (binap)Pt(2-van)+ IO M HCIO,; (C) [(binap)Pt( CL- 
0H)12(BF& (2b). 
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very close to the maximum observed (52%). 
Another interesting feature that can be noticed 
both in Fig. 1 and in Fig. 5 is a slow but 
constant decline of the e.e. during the reaction. 
This is typical of kinetic resolutions and is 
related to a sort of compensation due to mass 
effect. 

The same oxidation of 2-methylcyclo- 
hexanone was tested using complex 2c as cata- 
lyst. In a previous work [2] on the same reac- 
tion, but using (pyrphos)Pt(2-van) as catalyst 
precursor, methylcaprolactone with an optical 
purity of 13% was obtained. In this case no 
further evolution of the catalyst could be in- 
ferred on the basis of the e.e. of the product 
during the reaction (Fig. 5B). The use of 2c as 
catalyst does not seem to show any difference 
both in terms of activity and in terms of e.e. of 
the methylcaprolactone produced (Fig. 5C). 

Bridging hydroxo complexes of platinum are 
a class of compounds that has been known for 
almost 25 years [28]. However, being very sta- 
ble and little reactive they have been scarcely 
studied. Only two types of reaction involving 
the bridging OH ligand have been reported in 
the literature: (i) a condensation reaction with 
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Fig. 5. Oxidation of methylcyclohexanone: evolution of the e.e. of 
the product with the proceeding of the reaction using different 
catalysts. (A) [(binap)Pt( ~-OH)]s(BF4)s (2b); (B) (pyrphosN’t(2- 
van) + HClO, 1 h activation time; (C) [(pyrphos)Pt( P-OH)&(BF~)~ 
(2c). 
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+- P,“,v, 0.013 mrml (27 h) 

-_ “w O.O3mmol(20 h) 

0 
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Scheme 4. Catalyst 2a (0.034 mmol); solvent DCE; substrate 6.8 
mmol; H,O, 3.4 mmol. The amount of product obtained is shown 
for each reaction; reaction time in parentheses. 

nucleosides [ 141 where the OH ligand reacts as 
a base and (ii) a reaction with strong bases such 
as LiN(SiMe,), for the deprotonation of OH 
and aimed at the synthesis of bridging 0x0 
complexes of Pt(I1) [26]. For this reason the 
results reported here on the catalytic behavior of 
this class of complexes in oxidation reactions 
are rather surprising. 

On the basis of the results observed with 2b 
and 2c in the enantioselective oxidation of 2- 
methylcyclohexanone, we have investigated the 
catalytic properties of 2a in a series of oxidation 
reactions involving the use of hydrogen perox- 
ide as oxidant. The reactions tested and the 
relevant results are indicated in Scheme 4. 

As can be seen from Scheme 4, under the 
experimental conditions used, the catalyst is 
active only towards 2-methylcyclohexanone and 
to a moderate extent towards cyclohexanone. 
The activity is negligible for epoxidation and 
for the esterification of 2-hexanone. In the case 
of methyl-t-butylketone, a modest but signifi- 
cant formation of t-butyl acetate is observed. 
This result is of some interest because it is the 
first observation of transition metal catalyzed 
oxidation of an open chain ketone. 
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Scheme 5. 

2.4. Reactivity of 2a with acids 

The reactivity of 2a was tested towards a 
variety of molecules containing acidic hydro- 
gens. This study was aimed at an evaluation of 
the basic properties of the bridging hydroxo 
ligand. A summary of the reactions tested is 
reported in Scheme 5. 

The first reaction tested was the interaction 
with hydrogen peroxide. If 2a is dissolved in 
CD,Cl, and a drop of 35% H,O, is added the 
“P{ ‘H) NMR spectrum reveals the complete 
disappearance of the starting complex and the 
full formation of a new species containing spec- 
troscopically equivalent P ligands at 6 26.7 
ppm with evidence of a ‘J,_, coupling constant 
of 3471 Hz. The value of the coupling constant 
seems to suggest the formation of a new hy- 
droperoxo complex that, by analogy with the 
starting complex, might be formulated as in 
Scheme 5. It has to be pointed out that acid-base 
reactions between hydroxo complexes of Pt(II1 
and Hz02 are possible because of the moderate 
acidity of hydrogen peroxide (pK, 11.6 [29]) 
and in the past have led to the preparation of a 
wide variety of mononuclear hydroperoxo com- 
plexes of platinum [25,30]. However, attempts 
to reproduce the reaction with hydrogen perox- 
ide on a preparative scale in order to carry out a 
full characterization of the new species have not 
yet been successful even changing the reaction 
conditions (concentration of reagents and reac- 
tion time). In all cases either the starting com- 

plex or a mixture of unidentified products was 
isolated. 

The second reaction tested was with 2 equiv- 
alents of n-hexanoic acid. If the reaction is 
performed at room temperature in CH,Cl, 
overnight, it is possible to isolate a white prod- 
uct (3a in Table 1) the IR spectrum of which 
shows the persistence of the typical bands of 
BF,- (1100-996 cm-’ > and of the OH ligand 
(3585 cm-‘) and the presence of two strongly 
coupled carbonyl bands (1520, 1411 cm-’ ) typ- 
ical of the carboxylate anion [3 11. The molar 
conductivity in MeOH is 170 R- ’ mol- ’ cm’, 
characteristic of a 2/l electrolyte [21]. The 
“P{‘H) NMR spectrum in CD2Cl, of the new 
complex shows the existence of two non-equiv- 
alent phosphorus nuclei at S 33.5 ppm and 6 
35.8 ppm. Assignment is made in agreement 
with the results reported by Appleton and Ben- 
nett in a series of homologous complexes [17]. 
Formulation of the complex as in Scheme 5 (3a) 
seems to be consistent with all the spectral 
parameters observed (Table 1). 

A similar reaction occurs with m-chloroben- 
zoic acid (Scheme 5) yielding a new complex 
(4a) the spectral features of which (Table 1) are 
fully consistent with the formulation given in 
Scheme 5. 

Attempts to carry out these condensation re- 
actions with acidic protons of lower strength, 
like with phenol or 2-methoxyphenol, gave no 
reaction (Scheme 5). These results are in con- 

( 
P \p,/*\pt/P 

> 
2+ 

P’ ‘0’ 'P 
+ H*O 

H 

Scheme 6. 
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trast with previous observations obtained with 
mononuclear hydroxo complexes of Pt(I1) for 
which the reaction was found to proceed very 
smoothly [32] and may suggest a weaker basic 
character for the bridging OH ligand. It seems 
therefore that the success (where appropriate) of 
the acid-base reactions reported in Scheme 5 is 
strongly dependent on the acid strength of the 
protons employed. 

Interestingly, in both reactions the use of 2 
equivalents of acid (1 per Pt center) results in 
the formation of dimers with the incorporation 
of only 1 bridging carboxylate moiety. Species 
of the type [PtP,(H,0),12’ are generally con- 
sidered to be the final products of the reaction 
between the hydroxo bridged species and strong 
acids with poorly coordinating anions. How- 
ever, these complexes have been isolated only 
in a few cases [20,33,34]. The results reported 
here seem to show that the protonation process 
is stepwise (Scheme 6) and can be stopped at 
the first stage depending on the acidity of the 
protons and the coordinating properties of the 
anion. 

The catalytic activity of 3a and 4a in the 
oxidation of 2-methylcyclohexanone to methyl- 
caprolactone using H,O, as oxidant was tested. 
Reactions were carried out according to the 

12 I I 

0 20 40 60 80 100 120 

time (min) 

Fig. 6. Oxidation of methylcyclohexanone: product formation 
profile using different catalysts. (A) [(dppePt( P-OH)I@~)~ 
(2a); (B) [(dppe)zF’t,( IL-OHM p.-OOCC,H, ,)I (BFJz (3a); (0 
[(dppe),Pt,( pOHX p00CC6H,Cl)l (BFJ, (4a). 

standard procedure employed for 2a and in both 
cases a moderate activity was observed (Fig. 6). 

3. Conclusions 

The initial aim of the present work was the 
identification of species considered to be inter- 
mediate in the enantioselective Baeyer-Villiger 
oxidation of ketones with hydrogen peroxide 
using a class of chiral Pt(I1) precursors. We 
have found that the closest species to the ‘reac- 
tive intermediate’ are a class of known (and for 
a long time neglected) bridging hydroxo com- 
plexes of Pt(I1) the reactivity of which has been 
limited, to date, to the reaction with a few acids. 
These complexes are catalytically active per se 
giving interesting results in the Baeyer-Villiger 
oxidation of ketones. However, their mechanism 
of action is largely unknown, although there are 
indications that it may involve hydroperoxidic 
species where the nucleophilic character of 
H,O, is increased, as has been widely demon- 
strated for other mononuclear hydroxo com- 
plexes of Pt(I1). 

Indeed, much work is called for to optimize 
both the reactivity and the enantioselective 
properties of these complexes and in this respect 
the investigation of the effect of different chiral 
and achiral diphosphines is presently in progress. 

4. Experimental 

4.1. Apparatus 

Solid state IR spectra were taken on Bio-Rad 
Digilab FTS 40 and Nicolet Magna 750 FT-IR 
interferometers either in nujol mulls using CsI 
plates or in KBr pellets. Spectra were recorded 
in the 4000-200 cm- ’ interval. NMR spectra in 
CD&l, c31P{‘H} and ‘“C{‘H}) were recorded 
on a Bruker AC 200 spectrometer o 
FT mode, using either 85% H,PO, ( 8 

erating in 
P{ ‘H}) as 

external reference or TMS (‘3C{‘H}) as internal 
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reference. Negative chemical shifts are upfield 
from the reference. GLC measurements were 
taken on a Hewlett-Packard 5890A gas chro- 
matograph equipped with a 3390A automatic 
integrator. Identification of products was made 
by comparison with authentic samples. Conduc- 
tivity measurements were performed on a Ra- 
diometer conductimeter on low3 M solutions in 
MeOH. 

4.2. Materials 

Solvents were dried and purified according to 
standard methods. Ketone substrates were puri- 
fied by passing through neutral alumina, prior to 
use. Hydrogen peroxide (35% from Fluka), m- 
chloroperbenzoic acid 90% (MCPBA, Janssen), 
dppe (Fluka) R, R-pyrphos (Degussa), R-binap 
(Janssen), and most of the synthetic reagents 
were commercial products and used without 
purification. 

The following compounds were prepared ac- 
cording to literature procedures: (COD)PtCl, 
[35], (dppe)Pt(2-van) [13], (pyrphos)Pt(2-van) 
[2l, (binap)Pt(2-van) [2l, [(dppe)Pt( p- 
OH)],(BF4), [14]. New complexes were synthe- 
sized according to the procedures reported be- 
low. 

4.2.1. (binap)PtCl, (lb) 
The complex (COD)PtCl, (0.16 g, 0.43 

mmol) was dissolved in 15 ml CH,Cl, and the 
solution was degassed and placed under N, at 
room temperature. To the solution solid binap 
(0.27 g, 0.43 mmol) was added and the resulting 
pale yellow solution was stirred overnight. The 
solution was brought to dryness in vacua and 
the solid residue was thoroughly washed with 
stirring using a small volume of toluene. The 
solid was filtered, washed with hexane and Et,0 
and dried in vacua (yield 95%). 

4.2.2. (pyrphos)PtCl, (1~) 
This complex was prepared following the 

same procedure as lb (yield 86%). 

4.2.3. [(binap)Pt(k-OH)l,(BF,), (2b) 
The complex (binap)PtCl, (0.30 g, 0.33 

mmol) was dissolved in 5 ml CH,Cl, and the 
solution was degassed and placed under N, at 
room temperature. To the solution, N, saturated 
acetone (3 ml) was added, followed by 0.51 ml 
of a 1.31 M solution of AgBF, in acetone. The 
mixture was allowed to react for 1 h, then 
filtered and the filtrate was brought to dryness 
in vacua. The solid residue was thoroughly 
washed with stirring using a small volume of 
Et,0 where it is moderately soluble, then fil- 
tered and dried in vacua (yield 50%). 

4.2.4. [(pyrphos)Pt(p-OH)12(BF4 jz (2~) 
This complex was prepared following the 

same procedure as 2b (yield 54%). 

4.2.5. [(dppe), Pt,(p-OH)(p- 
OOCC, H,, NBF, jz (3a) 

The complex [(dppe)Pt( p-OH)], (BF412 (0.10 
g, 0.071 mmol) was dissolved in 5 ml CH,Cl, 
and the solution was degassed and placed under 
N, at room temperature. Hexanoic acid (0.018 
ml, 0.142 mmol) was added and the resulting 
solution was stirred overnight. The solution was 
concentrated in vacua and Et,0 was added with 
vigorous stirring. The white solid was filtered, 
thoroughly washed with Et 2O and dried in vacua 
(yield 76%). 

4.2.6. [(dppe), Pt,tp-OH)(p- 
OOCC, H4 Cl)I(BF, j2 (4a) 

This complex was prepared following the 
same procedure as 3a (yield 90%). 

4.2.7. Synthesis of oxidation products 
Lactones, esters and epoxides used as stan- 

dard for gaschromatographic determinations in 
the individual catalytic reactions were synthe- 
sized from the starting substrate (20 mmol) in 
25 ml CH,Cl,, to which 20 mmol MCPBA 
were added under N, with stirring. After 24 h 
the solid MCBA was filtered off and the solu- 
tion containing 60-85% oxidation product was 
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used for qualitative identification and fo: the 
determination of the separation conditions of the 
enantiomers (where necessary) on a chiral p- 
cyclodextrin GC column. 

4.3. Catalytic reactions 

These were carried out in a 25 ml round-bot- 
tomed flask equipped with a stopcock for vac- 
uum/N, operations and a side-arm fitted with a 
screw-capped silicone septum to allow sam- 
pling. Constant temperature ( k 0. 1°C) was 
maintained by water circulation through an ex- 
ternal jacket connected with a thermostat. Stir- 
ring was performed by a teflon-coated bar driven 
externally by a magnetic stirrer. The concentra- 
tion of the commercial H,O, solution was 
checked iodometrically prior to use. 

The following general procedure was fol- 
lowed: 

The required amount of catalyst was placed 
solid in the reactor which was evacuated and 
filled with N,. Purified, N, saturated ketone 
was added under N, flow, followed, if neces- 
sary, by the required amount of solvent. After 
tbermostatting at the required temperature under 
stirring for a few minutes the H,O, solution in 
the appropriate amount was injected through the 
septum and time was started. When using (P- 
P)Pt(2-van) catalysts an amount of 10 M (or 0.2 
M) HClO, equivalent to the amount of catalysts 
was added prior to H,O, addition. The solution 
was stirred for 1 h (or 18 h) and then H,O, was 
injected. 

All reactions were monitored with GLC by 
direct injection of samples taken periodically 
from the reaction mixtures with a microsyringe. 
Prior quenching of the catalyst with LiCl did 
not show any difference in randomly selected 
analyses. Separation of the products was per- 
formed on 25 m HP-5 capillary columns using a 
flame ionization detector. 

4.4. Determination of e.e. 

The e.e. values were determined by GC using 
a 25 m Chrompack CP-P-cyclodextrin-2,3,6-M- 

19 capillary column. Since, even for racemic 
mixtures, there is an apparent e.e. which de- 
pends on the peak area, a calibration curve: 
apparent e.e./peak area was first determined 
using the racemic lactones synthesized accord- 
ing to the above procedure. This calibration 
curve was used to correct the experimental val- 
ues obtained in the enantioselective reactions. 
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