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Abstract. We describe the synthesis of four ligands of a family of tridentate diphosphine ligands 
possessing C2 symmetric chirality for use in transition metal complex asymmetric catalysis. 
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The synthesis of chiral diphosphine ligands (P-P donor set), particularly with C2 symmetry, has been 

of crucial importance in the development of transition metal catalysed enantioselective reactions 1. Triphosphine 

ligands 2 (P-P-P) and triamine (N-N-N) 3 with C3 symmetry have also received much recent attention. However 

whereas chiral tridentate ligands possessing C2 symmetry with donor sets such as O-N-O 4, N-N-N 5, and N- 

C-N6 have been used in catalysis, those containing phosphine donors are less well known, which, until very 

recently 7, was limited to ligands of the type P-C-P 8 and P-O-P. 9 

We report here the synthesis of four examples (Figure 1) of a family of  chiral ligands possessing the 

mixed donor set P-N-P, built about 2,6-substitution on the pyridine nucleus. These ligands possess C2 

symmetry where the chirality can be placed either on the backbone c~ to the pyridine nucleus ( 1 and 2), or on 

the pendant phosphine 'arms' (3 and 4), or eventually, both. One member of this family has very recently been 

described 7. 

The syntheses of 1 and 2 are via the known 4 chiral pyridine diol but, like Zhang e t  al.  7, we find that 

reduction of the 2,6-diacetylpyridine is in preference carried out using Dip-C110 instead of  baker's yeast I 1 

which gave variable results in our hands. We have synthesised both the (S,S)-diol using (-)-Dip-C1 (THF, 

6hrs. -78°C, then 10 days at 25°C, hydrolysis, 85% yield, 98% ee) and the (_R,R_)-diol similarly from the (+)- 

Dip-C1. Treatment of the (S,S) diol with 2.4 eq. BuLi (THF, -78°C, lhr.) followed by addition of  Ph2PC1 

(2eq.,THF, 0°C, 8h), removal of the solvent and chromatography over silica, leads to 1 as pale yellow oil 

(48%, ~ 3lp{ 1H} NMR: d 110.9). The synthesis of  2 was carried out by converting the (S,S_) diol into the 

corresponding dimesylate (MsCI, NEt3, CH2C12, 0°C, 90%) which was then treated with KPPh2 (C6H6, 6°C) 

to yield after work up the R,R product as a viscous oil (30%, R,R / meso = 99 / 1, 31p{ IH} NMR: ~ 1.9). 
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Figure 1 
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The ligands 3 and 4 were synthesised from the achiral pyridine diol (Figure 1, R = H). The synthesis 
of 3 involves the conversion of the achiral 2,6 pyridine diol into the dichloro derivative (SOC12, 0°C, then 

reflux 6hrs., then NaHCO3), which was recrystallised from hot heptane. A THF solution of the Li + salt of 

(2R,5R)-dimethylphospholanate (2eq., synthesised according to Burk 2) was added to the 2,6- 

bis(chloromethyl)pyridine (THF, 25°C, lhr.), then treated with MeOH, and after work up, gave a pale yellow 
oil, which was distilled at 10 -4 mbar and 200°C (40%, 31p{ 1H} NMR: 5 7.85). 

In the first step of the synthesis of 4 in a modification of the literature procedure, 9 a THF solution of 

PCI3 was added dropwise to optically pure (R)-(+)-l,l'-bi-2-naphthol ( 0.9 eq. in THF, -40°C, 10 mins.) 
followed by 2 eq. NEt3, yielding the naphtolatochlorophosphite as a white solid (92%, 31p{ 1H} NMR: 8 

179.0); 2eq. of this chlorophosphite in THF was added dropwise to the pyridine diol in THF (leq., -40°C) and 
after 15 rains NEt3 (2eq.) was added. After work-up, 3 was obtained as a white solid (65%,31p{ IH} NMR: 

141.1). 
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Complexes of the type Rh(diene)(PNP) + and Ir(COD)(PNP) + have been syrlthesised and characterised 

for these ligands and their achiral analogues 12 and will be reported separately along their catalytic activity in the 

catalytic hydrogenation of olefins, ketones and imines. 

The principle interest of this class of ligands is twofold. Firstly the ligands 1 and 4 (and to a lesser 

extent 2 and 3, as a result of the rigidity of the backbone and chelate ring size, should prefer a mer 

coordination geometry about the metal. This would then place the phosphine donors trans to each other. 

Indeed in X-ray structure determinations 12 of complexes of achiral analogues of I and 2 we have found this to 

be the case in several octahedral structures although in pentacoordinate complexes such as Rh(diene)(PNP) +, 

the P- M -P angle has been found surprisingly to be considerably less than 180 °. However in the mer 

arrangement it is possible for the substrate to approach and bind along the C2 axis ( which is most unlikely to 

be the case for C2 bidentate chelates) thus interacting directly with the substituents on the phosphorus donor 

atoms and experiencing the 'quadrant effect' as shown below. This is illustrated by the face- edge arrangement 

of the phenyl groups imposed by the chirality on the backbone in 1 and 2 but, of course, the same effect will 

be found for 3 and 4 resulting from the chiral substituents on phosphorus. 

C2 Axis -.. 

Substrate 
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