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Abstract: A new chiral diphosphine ligand, (RJZ)-(S,S>-2,2”-bis[l-(diphenylphosphino)ethyl]- 

1, I”-biferrocene, which possesses both central and planar elements of chirality, was synthesized. 

The NMR studies and molecular weight determination indicated that the ligand chelates to 

platinum(R) and palladium(R) in puns-manner. 

Although many kinds of chiral diphosphines have been developed as a chiral ligands for catalytic 

asymmetric synthesis promoted by transition metal complexes in the last two decades,’ only one example of the 

third diphosphine ligand which chelates to metals in rrunr-manner has been reported.293 It may be true that a 

c&chelated phosphine complex has a wider range of use than a n-arts-complex, but we have a deep interest in the 

potential of rruns-complex for new asymmetric catalysis. Recently, we have undertaken works on applications 

of Cz symmetric biferrocenes for asymmetric synthesis. 4 This paper describes synthesis of a new chiral 

diphosphine bearing a C2 symmetric biferrocene framework, 22”-bis[l-(diphenylphosphino)ethyl]-l,l”- 

biferrocene (l), which possesses both central and planar elements of chirality, and its platinum(R) and 

palladium(II) complexes (Z), in which the chiral diphosphine chelates to central metals in rum-manner. 
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The synthesis of ligand 1 starts from optically resolved amine (R)-35 (Scheme l), which was converted 

to iodide 46 via stereoselective orrho-lithiation [(R)-(S)/(R)-(R) = 10/l]. The dimethylamino group of 4 was 

quartemized, and then substituted by diphenylphosphinyl group with complete retention of configuration by the 

reaction with lithium diphenylphosphinylide in DME. The homocoupling of 5 promoted by in situ-generated 

Ni(0) complex7 produced biferrccene (RB)-(S,S)-6 I [alD25 - 130 (c 1.02, CHC13). mp 245-250 “C (dec)] ,s 

which was separated from the epimeric isomer derived from (R)-(R)-4 at the stage by column chromatography 

(silica gel, AcOEtinzene). Finally, reduction of phosphinyl group of 6 with trichlorosilane/triethylamine~ 

afforded diphosphine (R,R)-(S&l ([a]$ -426 (c 0.51, CHCl3), mp 99-103 ‘C).ln 

Scheme 1 

(R)-3 (R,S)-4 JR,S)-5 

V vi 
- (R,R)-(S ,S)-1 

(R,R)-(S,S)-6 

i) n-BuLi / Hexane (1.2 eq), EtzO, rt, 2 h. ii) I2 (1.1 eq), -30 “C, 10 min. (55%). 

iii) CHsI (10 eq), Acetone, rt, 30 min. (90%). 

iv) Ph,P(O)H (1.0 eq), n-BuLi / Hexane (1.0 eq), DME, reflux, 3 h. (78%). 

v) NiBr,(PPh& (0.5 eq), Zn (1.5 eq), Et,NI (1.0 eq): DMF, 120 ‘C, 12 h. (50%). 

vi) HSiCls (5.0 eq), EtsN (6.0 eq), Benzene. 100 ‘C (in sealed tube), 12 h. (83%). 

The coordinating properties of the diphosphine ligand 1 were first examined with a plannum complex, 

because the isomeric structures (rrans or cis) are easily determined by the magnitude of 1195pt.31p.11 Thus, the 

treatment of (R,R)-(S,S)-1 with 1 eq of truer-PtClZ(MeCN)Z in chloroform at 40 “C for 12 h gave two platinum 

species in a ratio of 2O:l. The 3tP{lH) NMR spectra (CDC13, 85% H3P04) of the major product (6 21.41) 

was accompanied by its t95Pt satellite with Jt95pt_31p value of 2612 Hz, indicating the rrarts geometry of two 

phosphorus atoms. On the other hand, the minor product was deduced to have a cis geometry from larger 

Jt95pt.3tp value (3668 Hz) (Figure 1). The ‘H and t3C( tH) NMR spectra were also in agreement with the 

assignments.12 After a chromatographic separation (silica gel, CH2Cl2, Rf 0.94 for rrans; 0.20 for cis), the 

chelated mononuclear structure of the nanr-complex (2a) ([a]~~ -57 1 (c 0.57, CHC13), mp 240-245 ‘C(dec)) 

was concluded from FAB-Mass spectra and a molecular weight determination by VP0 analysis (MW calcd 

1060.5, obsd 1120 in CHC13). 
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Similar reaction of (R,R)-(S,S)-1 with PdCl2(MeCN)2 was complete within a few minutes at room 

temperature giving tram-chelated palladium complex 2b ( [U]D 20 -726 (c 0.55, CHC13), mp 230-235 *C(dec) ) 

without formation of cis palladium species.13 

As previously demonstrated with an achiral version of trans-chelating diphosphine l&and by Venanzi et 

al.,3 the pre-organization of free ligand is very important for the preferential formation of trans-chelated 

complex. From molecular modeling examinations of 1, the angle between the planes of two substituted 

cyclopentadienyl rings is roughly estimated to have a range between 90” and 180” for stable conformations 

(Figure 2), and each PhzP-group on asymmetric carbon center should be fixed to sterically less crowded exo 

region of ferrocene, as dialkylamino groups of a series of ferrocenylphosphines and their metal complexes thus 

far reported are so. 14J5 In such a conformation, the lone pairs of the two P atoms are easy to converge with 

appropriate distances for chelation to transition metals in trans-manner. 

Currently, our intention is to explore the new catalytic asymmetric 

chelating diphosphine as a chiral ligand. 
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Figure 1. The 3*P( ‘H) NMR spectra (CD&, 85% H,PO,, 81 MHZ) of the solution which was prepared from the 

reaction of (RR)-(S,S)-1 with PtCl,(MeCN), in CDC13 at 40 “C for 12 h. 

a favored conformation 

Figure 2. Three possible conformations of (R,R)-(W-1. 
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