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Abstract: Asymmetric catalysis in the case of a mixture of pseudo- 
enantiomeric ligands has been studied in the Sharpless asymmetric 
dihydroxylation of bis-(ortho-bromo)stilbene. Nonlinear behaviours were 
observed in this situation, one spectacular case being evidenced { (DHQD)2- 
PHAL / PCB-DHQ mixtures }. 

In the course of current work in our group, we needed to apply the efficient Sharpless asymmetric 

dihydroxylation 1 to the case of dibromostilbene 1. This asymmetric hydroxylation (AD) has been described 

by Kelly et al, with formation of (S,S)-2a (79%ee) in 94% yield, using dihydroquinine para-chlorobenzoate 

(PCB-DHQ) as ligand for osmium 2. We could optimize the formation of diol 2a (98% ee) or 2b (98% ee) by 

using the chiral ligand (DHQ)2-PHAL or (DHQD)2-PHAL respectively (10 eq. by respect to OSO4) 3. Thus 

the chiral ligands behave as pseudo-enantiomers in the reaction (Scheme 1). The use of PCB-DHQ of the first 

generation of Sharpless ligands, gave in the same conditions 3 lower ee's in 2a (91% ee). 
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Scheme 1 

Owing our interest in the study of nonlinear effects in asymmetric catalysis 4-6 (Scheme 2), we were 

intrigued to see if a similar phenomena could occur in organometallic catalysis by replacing a mixture of 

enantiomeric ligands by a mixture of diastereomeric ligands (giving asymmetric catalysts leading to products 

of opposite absolute configuration). For that purpose, we decided to study the above asymmetric 
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dihydroxylation (1---)2) by replacing the chiral auxiliary by a mixture of two chiral auxiliaries (10 eq. by 

respect to OsO4) in various proportions, accordingly to the previously cited procedure 3. Experiments were 

performed with the mixtures (DHQ)2-PHAL / (DHQD)2-PHAL and PCB-DHQ / (DHQD)2-PHAL. A similar 

study was recently reported by Noyori et al regarding alkylation with dialkylzinc catalyzed by a mixture of 

diastereomeric aminoalcohols 6h. 
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Curve 1: Proportionality between ee of the chiral auxiliary (EE aux) 
and ee of the product (EEprod) 

Curve 2: Positive nonlinear effect 

Curve 3: Negative nonlinear effect 

Scheme 2 

EEprod is linearly correlated to the diastereomer composition (percentage of a given diastereomer in the 

mixture) of catalysts when assuming strict independence of the diastereomeric and enantiopure catalysts. The 

results are depicted in Table 1 and Scheme 3. 

In a first series of experiments, mixture of (DHQ)2-PHAL and (DHQ)2-PHAL of different proportions 

were used to perform the osmylation. In that case, there is only a slight departure from linearity (Scheme 3A). 

For a 1:1 mixture of the two ligands, the diol 2 is of (R,R)-configuration (with an ee of 23%). This is an 

indication of a slight predominance of dihydroxylation through the (DHQD)2-PHAL / osmium complex. The 

linear behavior is expected for a 1:1 mixture of (DHQD)2-PHAL and (DHQ)2-PHAL complexes if they have 

the same reactivity. 

The dihydroxylation of I using a mixture of (DHQD)2-PHAL and PCB-DHQ gives however a strong 

departure from linearity (Scheme 3B). It is the (DHQD)2-PHAL complex which is operating almost all the 

time. It is interesting to see that even for a 90 : 10 mixture of PCB-DHQ/(DHQD)2-PHAL the diol 2 

nevertheless remains of (R,R) configuration (77% ee), a clear indication that in these experimental conditions 

most of the dihydroxylation of 1 has been realized through the (DHQD)2-PHAL / osmium channel 7. 

This type of experiments should be useful to extract quantitative informations on the behavior of 

catalytic species 8. It can be a tool for the study of the interaction between complexes since mixed species could 

give rise to anomalies by respect of independent complexes. 

We are currently investigating in that area for extending the scope of this method. 

Acknowledgments 

We acknowledge K.C. Wong-CNRS foundation and French Ministry of Foreign Affairs (Chateau- 

briand Program) for fellowships to S. Z. and C. G. respectively and thank CNRS for its financial support. 



Nonlinear effects 2639 

Table 1" Asymmetr ic  Dihydroxylation of (E)-bis-(o-bromo)st i lbene (1) 

(DHQD);~-PHAL {DHQ);~-PHAL Diol EEpro~ a 
% % - -  % 

100 0 (R,R) 98 b 
80 20 (R,~ 71 
75 25 (R,~ 62 
50 50 (R,R) 23 
25 75 (S,~ 35 
20 80 (S,~ 47 
0 100 (S,~ 98 b 

(DHQD)2-PHAL DHQ-PCB Diol EEpr0d a 

100 0 (R,R) 98 b 
75 25 (R,R) 96 
50 50 (R,R) 93 
25 75 (R,R) 90 
10 90 (R,R) 77 
0 100 (StS) 91 

a) HPLC: (S,S)-Whelk-01 (Pirkle-type, Regis Technologies), hexane//-PrOH - 9/1,0.5 ml/min. 
UV 254 nm detection. (R,R)-Dioh Rt= 16 min.; (S,S)-DioI: Rt= 20 min. 

b) Based on [O¢]D max = +39.9 (c 1, EtOH) (ref 2). 
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