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The Stereoselective Homer-Wittig Reaction with Phosphine Oxides: 
Synthesis of Hindered 2 Alkenes via Luche Reduction 
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Univcrslry Chcmxxl Laboratory. Lensfield Road, Cambridge, CB2 1EW England 

Abstracl: The natural unll sclecuvity of the Homer-Wltug reaction wth phosphinc oxides is reduced when there is a 
branched chain next 10 the new C=C double bond A beuer approach is Luche reduction of the corresponding ketones 
which gives high onll selectivity when the branched chain is placed on the side chain next to lhe phosphine oxide. 

We have described’ a version of the Homer-Wittig reaction in which a lithium derivative of a 

phosphine oxide reacts with an aldehyde to give predominantly anri alcohols 2 and hence, after separation 

and stereospecific elimination with a sodium or potassium base, pure Z alkene Z-3. The corresponding E 

alkene is formed by stereoselective reduction (NaBF.4) of the ketone 4. These reactions have been used to 

make a large number of substituted alkenes with a wide variety of structural types and functional groups.’ 

Others have used these methods to make FK-.5062 and the oudemansins3 A and B. 
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One serious limitation remains: the E selective route is successful when there is a branched chain next 

to the alkene, but the Z selective route is not. Typically, neither 6c nor 8 is a suitable precursor for the simple 

Z alkene Z-3c (see later for a good route to Z-k). The reaction of the lithium derivative of 5 with butanal 

gave a 53:47 mixture of syn:anri 6c. while reaction of the lithium derivative of 7 with cyclohexane 

carboxaldehyde gave a 5050 mixture of syn:anti 8 which could not be separated by chromatography. We 

now report that Luche4 reduction of the ketones with the branch on the phosphine oxide side chain (R’ in 4) 

using NaBHA and CeC13 at -78 OC is very stereoselective in favour of anti-2 giving high yields of anri-6 and 
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11. We had previously reported5 a few examples of this reversal of stereoselectivity, mainly with enones, 

and we had established a similar reversal of stereoselectivity in the presence of Ce(II1) in the 

dibenzophosphole series5 but we now report that it is a general route to branched Z-alkenes and that it is not 

affected by potentially chelating groups on the phosphorus atom or on the ketone side chain (R* in 4). 
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We have studied two series of compounds derived from the phosphine oxides 5 (1; RI = cyclohexyl, 

table 1) and 10 (1; Rt = i-propyl, table 2). Lithiation (BuLi) and reaction with a series of aldehydes gave 

mixtures of diastereoisomers of 6 and 11 in good yield (tables). The syn:anri ratio was measured by NMR 

and then the mixture was oxidised to the ketones 9 and 12 with bleach in acetic acid,6 PDC in dry DMF,’ or 

the Dess-Martin periodinane. Reduction of these two series of ketones with NaBH4 in EtOH and with the 

Luche reagent (NaBH&eCI$ in EtOH at -78 ‘X gave alcohols 6 and 11 in the ratios shown in the tables. 

Table 1: Stereoselectiv 

aNot isolated, ref 1. bCompare this entry with entry 4 in table 2: the products would give the same alkene. 

In every case the anri selectivity in the Luche reduction surpassed the anri selectivity in the Horner- 

Wittig reaction itself and in most cases surpassed even the selectivity in the best Homer-Wittig reacti0ns.l 

From being the worst case, these branched chain compounds have become the best so that reduction of 9~ 

replaces the poor routes to nnri-6c and Z-3c liu 6c or 8 described above. Stereoselectivity in the Horner- 

Wittig reaction depends on stereochemical preferences in a crowded transition state held rigid by the lithium 

atom. To get high selectivity it is best1 to put the larger group as R* in 2. The syn stereoselectivity in the 

NaBH4 reduction of a-Ph2PO-ketones is a Felkin-Anh selectivity and again gives better results when R2 is 

large but Rt is not.’ Luche reduction of these ketones without a branch on the phosphine oxide side chain 

(Rt in 4) shows normal but reduced selectivity in favour of syn-2. Only when RI is branched as in 9 and 12 
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IS high anti selectivity found in the Luche reductions. Even moving the branch one further atom away from 

the Ph2PO group removes the effect: ketone 4i gives a 54:46 anfi:syn ratio at 0 oC under the Luche 

conditions and 72:28 at -78 oC. Direct addition of 1; RI = i-Bu to 4-MeOCgH4CHO is a much better route 

as it gives only anti-2i isolated in 65% yield. 

Table 2: Stereoselectiv 

“Compare this entry with entry 4 in table 1: the products would give the same alkene. hNo reaction. cRef 1. 
doxidation with the Dess-Martin periodinane.* 

4i; R = 2i. R = 
4-MeOCGH4 4-MeOCsH4 13 

antC14; Ar = 
2-MeOCsH4 

15:Ar= 
2-MeOCsH4 

We believe this high reversed stereoselectivity is the result of chelation of the ketone and phosphinoyl 

oxygen atoms by the Ce(III) atom. 6 We therefore examined whether other chelating groups could interfere 

with the selectivity. Entries 6 and 7 in table 2 show that selectivity with orrho and parn OMe groups is about 

the same so chelation does not interfere there. The 2-fury1 derivatives (entry 8) also give excellent and 

normal results. Kaufmann and Schwanzeg have reported an enhanced anri selectivity in the Horner-Wittig 

reaction when the (2.MeOCgH&PO group replaces the Ph2PO group in the Homer-Wittig step, e.g. 13; RI = 

n-Pr gives >97:3 anti:syn selectivity wfith benzaldehyde. We therefore studied the reductions of the related 

ketones 15; R1=n-Pr, i-Pr; R2=Ph by NaB& alone or under the Luche conditions and found that, by contrast, 

results are virtually identical to those with the Ph2PO group and extra chelation is again not involved. 

16 (gives syn-2) 19 (gives anti-2) 

The Felkin-Anh alignment1 16 is changed by chelation to something like 17 in which attack will still 

occur opposite the Ph2PO group unless RI is branched. If  the six-membered chelate is chair-like, an 

alternative explanation is that a small Rt may choose an equatorial position 18, but a branched RI will prefer 

an axial position away from the two phenyl groups 19: axial attack then gives the observed stereoselectivity. 
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Similar explanations of other Ce-controlled stereoselective reductions have been advanced.10 Attempts to 

extend this approach to more crowded alkenes were not successful: with an i-propyl group on one side and a 

cyclohexyl group on the other side of the double bond (tables 1 and 2. entry 4) reduction is difficult with 9d 

and did not occur with 12d. With a t-butyl group on either side, i.e. 4; R’ or R* = t-butyl, no reduction 

occurred with either NaBHd alone or NaBH&eClj. Only with LiAlHj was there any reduction when R* = 

t-butyl but it gave a low yield and was syn stereoselective. 

Elimination of Ph2P02- with NaH/DMF or KOH/DMSO on the anti isomers is well established and 

usually stereospecific.1a2 Examples include anti-lle to Z-3e; Rt = i-Pr, R* = Ph in 78% yield with 0% E by 

g.l.c., and-l lg to Z-3g; R’ = i-Pr, R* = 4-MeOCeH4 in 70% yield with 3% E by g.1.c. Examples where both 

Rt and R2 are alkyl are usually completely stereospecific. 1 t Highest stereoselectivity for either E or Z 

alkenes is normally best achieved by putting the larger group next to carbonyl (R* in 2) and not next to 

PhzPO. This work show*s that excellent yields of Z alkenes with a branch next to the double bond are best 

achieved by reversing this preference: the branched group should be Rt in 2, i.e. in the phosphine oxide 

starting material. 

Acknowledgements 
We thank EPSRC for grants (to G. H. and H. J. M.), Nicola Adams for carrying out the experiments with 
compound 13, and Anne Williams and Michael Crabtree for those with the t-butyl compounds. 

References and Notes 

1. Buss, A. D.: Warren, S J Chem Sot.. Perkin Trans I, 1985, 2X17-2325; Buss, A. D.; Greeves, N.; 

Mason, R.; Warren, S. J Chem. Sot., Perkln TranJ. I, 1987, 2X9-2577; Clayden, J.; Warren, S. 

Angew. Chem.. Int Edn Engl., in the press. 

2. Jones, T. K.; Mills, S G.; Reamer, R. A.; ,Askin. D.; Desmond, R.; Volante, R. P.; Shinkai, I. J. Am. 

Chem. Sot.. 1989, 111, 1157-l 159. 

3. Kallmerten, J.; Wittman, M. D. Terruhedron Leun 1986, 27, 2443-2446. 

4. Luche, J.-L. J Am. Chem Sot , 1978, 100. 22262227; Gemal, A. L.; Luche, J.-L. J. Am. Chem. Sot., 

1981,103.5454-5459 

5. Elliott, J.; Warren, S. Tefrahedron Len., 1986, 27, 645.649; Elliott, J.: Hall, D; Warren, S. Tetrahedron 

Left., 1989. 30, 601-604; Doyle, M ; Hall, D.: Raithby, P. R.; Skelton, N.; Warren, S. J. Chem. Sot., 

Perkm Trans. I. 1993, 5 17-523. 

6. Stevens, R. V.; Chapman, K. T.; Weller, H. N. J. Org. Chem., 1980,45, 2030-2032. 

7. Corey, E. J.: Schmidt, G. Tetrahedron Lerr , 1979, 399-402. Filtration through a short silica column 

removed Cr(III) residues w,hich otherwise affect the NMR spectra of the products. 

8. Dess, D. B.; Martin. J. C. J Am. Chem Sot, 1991, 113,7277-7287. 

9. Kaufmann. T.; Schwartze, P. Chem Ber.. 1986, 119, 2150.2158. 

IO. Fujri, H.; Oshima, K.: Ultimoto. K. Chent Letl., 1992, 967-970; Matsubara, S.; Takahashi, H; Ultimoto, 

K. Chem. L>efr . 1992, 3173-2176; Li, K.; Hamann, 1.. G.; Koreeda, K. Tetrahedron Lerr., 1992,33, 

6569-6570; Denmark, S. ft.; Amburgey, J. .I Am Chem. Sot.. 1993, 115, 10386-10387; Agami, C.; 

Conty, F.; Lequesne, C. Teirahedron, 1995, 51, 4043.4046. 

Il. Levitt, D.; Warren, S. J. C‘hem. Sot., Perkin Trans. I, 1988, 1799.1807; 1992, 2155.2157; Ayrey, P. 

M.; Bolton. M.: BUSS, A. D.; Greeves, N.; Levin, D.; Warren, S. J. Chem. Sot., Perkin Trans. I, 1992. 

X407-3417; Clayden. J., Collington, E. W.; Lament, R. B.; Warren, S. Terrahedron Left., 1993,34, 

2203-2206. 


