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STEREOCHEMICALLY CONTROLLED SYNTHESIS OF UNSATDRATED HYDROXY-ACIDS 

BY THE HORNER-WITTIG REACTION 

Nicholas Greeves and Stuart Warren* 

University Chemical Laboratory, Lensfield Road, Cambridge CB2 1EW. 

CT-Ph2PO-Ketones containing OH and C02R groups are stereoselectively reduced by 
NaBH4 under CeC13 catalysis to give Horner-Wittig intermediates for the 
synthesis of E-isomers of unsaturated hydroxy-acids. 

We have described the synthesis of single isomers (E or 2) of unsaturated 

alcohols1t2t3 and unsaturated acids 4 by the threo-selective reduction of u- 

diphenylphosphinoyl(Ph2PO-)ketones (1) and the stereospecific elimination of 

Ph2P02- from the pure crystalline intermediates (2). We now describe the 

synthesis of u-Ph2PO-ketones containing both functional groups [Rl in (1) 

having a hydroxyl group and R2 having a carboxyl group], their stereoselective 

reduction, and the synthesis of unsaturated hydroxyacids. Related Wittig 

reactions 

compounds 

have been used to synthesise leukotriene B analogues,5f6 and related 

are available by other methods.7 

NaBH4 
NaH 

threo-(2) 

C-Acylation of the w-Ph2PO-alcohols (3-5) can be achieved (table 1) 

either by protection (t-BuPh2SiC1) and reaction of the copper derivative 4 with 

the half ester-half acid chloride (6), or by 0-acylation of the alcohols (3-5) 

with (6) or (7) catalysed by 4-dimethylaminopyridine (DMAP) followed by O*C 

acyl transfer3 initiated by three equivalents of LDA. Remarkably, the second 

ester group in (11) does not interfere with this reaction. 

Table 1: Synthesis of Keto-Esters (12) 

Starting Acylating Yield (%) Yield (%) 
Material Agent n m Method (8)/(11) Product (12) 

(3) (6) 2 2 B 100 (12a) 78 

(3) (7) 2 3 B 98 (12b) 71 

(4) (6) 3 2 B 91 (12c) 69 

(4) (7) 3 3 B 84 (12d) 61 

(5) (6) a 2 A 96 (9) 66 

a. see d::Arams (5)(6) 
a 2 B 98 (17) 79 

, (91, and (17). 
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w 
Php P-OH 

(3) 

D 
Ph2PWOH 

(4) 

Ph2!voH 

(5) Ah 

(6) CiLco Me 
2 

C,LC02Me (7) 

The acyl transfer products (12; R=H) exist partly as hemiacetals (n.m.r.) 

and form enol ethers readily. Even dissolving (12; R=H) in CDC13 gives the 

enol ether unless the CDC13 is first passed down a column of alumina. These 

hydroxy-ketones (12) are best characterised as their 3,5-dinitrobenzoates 

(acid chloride, DMAP, CH3C13) which have the expected n.m.r. spectra. _ _ 
Method A: Ph 

Y 

Ph 

II I Ph I 
Ph, P 

(5) 

Ph2+ 
Osi+ I. BuLi, z.Cu(l) 

Ph2But SiCl 
I 

Ph 
Ph 3. (6) ’ xz 

O’;i+ 

Ph 

0 
(8) 96% (9) 66% 

CO,Me 

Method B: 0 

t: 
(6) or (7) 

Ph2P-(CH2) “0” DMAP 

> Ph2!!-(CHZ) “0 9""" C02Me LDA) 

(11) O 
THF 

(10) -78’ 

8 
Ph,P (CH,),OR 

Y 

Ph! H 2 
> 

y(CH2)“OR H+ Phj+(CH2),,0R 
> 

k HO’*H (CH,),CO,Me 

(12) threo-(13) threo-(14) 
Stereoselective reduction of the ketones (12) ana purification of the 

products before Horner-Wittig elimination presented some problems.* Reduction 

of the hydroxy-keto-ester (12a) with NaBH4 in MeOH gave (13a) which cyclised 

easily (TsOH, cH2c12, room temperature) to the lactone (14a) in 64% overall 

yield and moderate (2.2:1 in favour of threo) stereoselectivity. However, -- 
neither (14a) nor its silyl (t-BuMe2Si or t-BuPh2Si) ethers nor its E-nitro- 

benzoate could be separated into diastereoisomers by chromatography. Fortun- 

ately NaBH4/CeC13, introduced by Luche' for the regioselective reduction of 

enones, gave high threo selectivity at -78 OC so that crystalline threo-(14a) 

could be isolated in 778 yield. From a more detailed analysis of analogous 

compounds, it appears that the free alcohol is essential for this effect, 

which may arise from the combination of a bulky reducing agent" and chelation 

of Ce3+ by OH, CO, and PO. As far as we are aware, this is the first example 

of NaBH4/CeC13 giving high stereoselectivity in acyclic systems. 11 
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The final eliminations of Ph2pG2- can be carried out directly on the 

lactones using the methods developed for the acids,4 but isolation of the 

products is difficult. It is better to protect the OH group as a trityl or 

silyl ether (or to use previously protected materials in the reductions). 

Thus (14a; R=trityl) gave the protected hydroxy-acid (15a, R=trityl). 

Dr 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

2. PPTS 

(12b) 
0 

1. KOH,THF,H20 

2. Freeze dry 
> TrO-C02H 

3. DMSO,SO”C,l h (15a,R=Tr) 58% 
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