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Abstract: (-)-2,3-O-Isopropylidene-2,3-dihydroxy-l,4-bis(diphenylphosphino)butane 
(DIOP) has been prepared by reaction of (-)-1,2:3,4-diepoxybutane with lithium 
diphenylphosphide followed by ketalisation with 2,2dimethoxypropane. 

In the field of asymmetric hydrogenation spectacular progress was achieved by the utilisation of 

homogeneous catalysts based on transition metal complexes modified by a chiral diphosphiie. At the same time, 

quite high ee’s were achieved in asymmetric isomerisation, in hydroformylation, in epoxidation and in Grignard 

cross-coupling.1 Chiral diphosphines became important in asymmetric synthesis after DIOP was first prepared 

by Kagan and Dang in 1971.2 But, so far, chiral diphosphines have been synthesised by nucl~philic 

substitution of tosylates or halides or by Diels-Alder reactions, and, sometimes even obtained by tedious 

resolution. The nucleophilic substitution of halides or tosylates does not always give very high yields because of 

competitive reactions such as elimination. We now wish to describe the first example of DIOP synthesis by 

nucleophilic additions to a bisepoxide.3 

Synthesis of (ZS,3S)-l,4~i-O-tosyl-2,3-~isop~pyl~enet~eitol 1 was a~comptished in four steps 

from (2R,3R)-tsrtaric acid via (2R,3R>diethyl2,3-0-isopropylidene tartrate and (2R,3R)-2,3-O-isopropylidene 

threitol (total yield 68%, m.p. 88.59OT). (2S,3S)-1 was refluxed in 2N hydrogen chloride and 95% ethanol 

for 2 hrs. The crude product was recrystallised from chloroform to afford (2S,3S)-1,4-di-0-tosylthreitol 2 

(yield 85%, mp 75°-73.5”C), [a]$2 -5.4 (c, 5 in DMP) ((lit5, mp 73°C [CZ]D -5.7 (c, 5 in DMF)). (2S,3S)-2 

and pulverised potassium hydroxide were refluxed in diethyl ether for 2.5 hrs, to produce (S,S)-1,23,4 

diepoxybutane 3 (bp 6&O-7O.OT / 6KPa), [a]~ 22 -24 (c, 4.5 in CQ) Ilit (bp 64*C / 6.66KPa), [a]$* +23 

(c, 4.5 in CC4)). (S,S)-3 reacted on LiPPh2 under a stream of nitrogen at OY! for 5 hrs. and then 

deoxygenated water was added to give (2R,3R)-(-)-1,4-bis(diphenylphosphino)-2,3-butane-diol 4. Without 

further purification, 4 was treated with 2,2_dimethoxypmpane in the presence of catalytic amounts of 
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p-toluenesulfonic acid to yield (2R,3R)-(-)-2,3-0-isopropylidene-2,3-dihxy-1,4-bis(diphenylphosphino) 

butane 5 [(-)-DIOP]. The yield of 5 is 56% from 3; (mp 87..5-89°C) [a]~~~ -12.5 (c, 4.19 in C&g) (lit2 (mp 

88-89OC) [cx]D~~ -12.3 (c, 4.57 in QHg)), IR : 3080,3070,2997,2950,2880, 1592,1490, 1382,1374 ct’n-l. 

lH NMR (CDC13) : 6 : 1.27 (s, 6H, C(CH3)2), 2.31 (d, 4H, CH2), 3.83 (m, 2H, CH), 7.31 (m, 20H, ArH) 

ppm. 

Dihydroxydiphosphine 4 has been prepared by Stille6 by hydrolysis of DIOP 5. We were also able to 

isolate 4 as a CIystidline prodUCt [a]~ 22 -34.2 (c, 0.76 in CHCl3), mp = 99- 1OO’C ( lit5 : mp = 75”C]. It is a 

good precursor for the synthesis of various modifications of DIOP by reaction with ketones or aldehydes. We 

are currently looking at the use of chiral diepoxides derived from sugars or other natural products as starting 

materials in the synthesis of other chiral diphosphines. 
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