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Abstract: The sodium salt of (R)-l-[(S)-(diphenylphosphino)ferrocenyl]ethyl mercaptan 1 reacted with 

racemic epoxide 2 to furnish the P,S,O system 3 as a separable mixture of diastereoisomers. The absolute 

configuration of (R, S, S)-(S)-4a and that of the palladium •-allyl complex 6a were established by crystal 

structure determinations. 

Our studies, directed towards new selective routes to ferro -1 and ruthenocenyl 2 P,P and P,N systems, 

combined with the study of electronic effects in asymmetric catalysis, have resulted in the development of 

effective ligands which can impart good to very high enantioselectivities in a whole host of catalysed reactions. 3 

As a continuation of the use of the homochiral thiol 1 as a nucleophile for the preparation of multidentate 

ligands for asymmetric  synthesis, 4 we were interested in preparing P,S,O ferrocenyl derivatives. The ring 

opening of epoxides was an interesting possibility, since it furthermore enables the incorporation of two new 

stereogenic centres in one synthetic step. Thus, treatment of the sodium salt of 1, in a MeOH/THF mixture, 

followed by the addit ion of racemic cis-indene epoxide 25 at rt, led to 3 as virtually a 1:1 mixture of 

diastereomers which were separated by the use of column chromatography (silica gel, hexane/ether; 2:1), and 

obtained as oils or yellow foam-like solids. 6 

SH S S' i Na, MeOH, i ~ i 
Fe "~PPh2 ~ Fe ~PPh2 OH -I.- Fe'~'PPh2 OH 

THF, m, 

1 3a 3b 

(1) 

A single crystal X-ray diffraction study of the P-oxide derivative of 3a (4a; a small amount of crystals of 

the oxidised ligand were obtained by evaporation of an hexane/ethyl acetate mixture) established its absolute 

configuration as being (R, S, S)-(S). Moreover,  the solid state structure (see Figure l)  shows some usual 

featuresla; the sulphur atom is found to be in a pseudo axial position, with C(7) forced below the plane of the 

upper Cp ring, and the indenyl unit is positioned away from the ferrocene fragment, no doubt for steric reasons. 
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Figure  1; ORTEP plot of (R, S, S)-(S)-4a 
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Selected bond lengths (A) 
S(1)-C(6) 1.842(8) 
S(1)-C(8) 1.829(8) 
P(1)-O(2) 1.495(5) 
Selected bond angles (°) 
S(1)-C(6)-C(2) 104.0(5) 
C(2)-C(6)-C(7) 1 14.3(6) 
C(1)-P(1)-C(17) 104.3(4) 
C(1)-P(1)-C(23) 107.1(4) 

C33H31FeO2PS. M=578.5. 
Orthorhom.,P212121. a=9.491 (12); 
b=12.52(2); c= 23.64(2). 
Final R (obs. data)=3.84 %; wR=5.21%. 

Our present goals are focused on the synthesis of transition metal complexes of 3 and of related P,S,O- 

ferrocenes, the study of their conformational aspects and bonding modes by both NMR spectroscopy and X-ray 

studies, and their exploitation in asymmetric catalysis. Preliminary results have shown that 3 give poor 

enantioselectivities for the Rh-catalysed hydroboration of styrene (e.e.'s of ca. 10%) and for the Pd-catalysed 

alkylation 7 of rac-1,3-diphenylprop-2-enyl acetate (5) with dimethyl malonate. Using 0.5 mol % [Pd2C12(q 3- 

PhCH-CH-CHPh)2] as a catalyst precursor and 3a, the (R)-product was obtained with 37 % e.e. and 76 % 

conversion after 17 h, and with 55 % e.e. and 90 % conversion using 3b. The latter results are in contrast to 

those obtained with related state-of-the-art ferrocenyl systems, which led to enantioselectivities for this reaction 

in excess of 90 %.3a,8 

In order to have some insight into possible structural/conformational (albeit groundstate) reasons for 

such a poor catalytic performance, we have succeeded in the preparation of various Pd(II) derivatives of 3, 6 and 

in particular the cationic palladium allyl complexes 6a and 6b (the actual intermediate in the alkylation reaction 

of substrate 5). Only 6a gave suitable crystals for an X-ray diffraction study, an ORTEP plot of which is shown 

in Figure 2. In 6a, a drastic change in conformation of the ligand, in the solid state, as compared to 3a is 

observed, with the methyl group (C(7)) being forced into a pseudo axial position due to coordination of the 

sulphur atom to palladium. 9 As a consequence, the anti O(1) is held away from palladium, whereas the PPh2 

unit adopts virtually the same configuration as in 3a. The existence of both exo and endo n-allyl configurational 

isomers in solution, evidenced notably by two signals in the 31p NMR for both 6a and 6b, coupled with the 

high conformational flexibility of the ligand may be contributing factors to the low selectivity acheived with 3, 

these aspects having been discussed in some detail elsewhere. 3c 

We are currently working on the use of the pendant (deprotonated) hydroxyl function of 3 as a further 

anchoring function for a transition metal, and hence tridentate ligation of the ligand as a whole. 
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Figure 2; ORTEP plot of the cationic part of 6a; 30% ellipsoids are shown 

el6) 4~t'~o(~ ~ ' ¢ " ~ t ( ~  

C36H36BF4FeOPPdS. M=796.7. 
Orthorhom.,P212121, a=10.615(6); 
b=14.509(8); c= 21.736(13). 
Final R(obs. data)=4.43 %; wR=5.90 %. 

6a (R = H); 6b (R = Ph) 

Selected bond lengths (A) 
Pd(1)-S(1) 2.349(4) 
Pd(1)-C(31) 2.228(17) 
Pd(1)-C(30) 2.128(22) 
Pd(1)-C(29) 2.111 (16) 
Pd(1)-P(1) 2.265(4) 
Selected bond angles (°) 
S(1)-Pd(1)-P(1) 96.9(1) 
S(1)-Pd(1)-C(29) 167,1(5) 
P(1)-Pd(1)-C(31) 160,9(4) 
Pd(1)-S(1)-C(6) 112,8(4) 
Pd(1)-P(1)-C(1) 112.9(4) 
S(1)-C(6)-C(2) 107.8(9) 
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