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Summa=: -__ Conditions are described to produce high yields of ahtho Horner- --- 

Wlttlg intermediates: stereospeclflc elimination gives cis-alkenes. 

The Homer' variant of the Wlttig reaction using dlphenylphosphinoyl (Ph2PO) as 

the anion-stabllising group and butyl-lithium (BuLi) as the base gives erythro 

intermediates 2 (2) which can be separated by flash column chromatography3 and 

crystalllsation. Stereospecific elimination4 (NaH, DMF) gives pure Z-alkenes, 

easily separated from the water-soluble by-product [Ph2P02-1. This reaction has 

been applied to the synthesis of single geometrical isomers of dlenes,5 vinyl 

ethers,6 allyllc amines and amldes,7 and enones.* We describe the selection of 

condltlons to maxlmlse erythro selectlvlty and the effect of substltuents R1 and 

R2 upon this selectivity. 

Ph3P+-R1 
c-; 

% Ph,P\/Rl R1 
NaH 

2 

erythro-(2) 

In hydrocarbon solvents (table 1) there 1s little stereoselectlvlty but a 

dramatic improvement occurs in ethers with the best results in solvents good at 

complexing llthlum and with added complexlng agents Me2NCH2CH2NMe2 (TMEDA) or 

1,3-dimethyl-2-lmldazolldlnone' (DMI). At about room temperature, even in THF, 

stereoselectlvlty is again poor (table 1) but at -78 OC or -100 oC It 1s good. 
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We use BuLl In THF at -78 OC unless stereoselectlvity is poor enough for -100 OC 

to be worthwhile (entries 11 and 12, table 1). One possible structure for the 

transition state (3) has the largest groups (Ph2P0 and complexed Li) ant1 and R1 

and R2 ant1 and gauche. 

Table 1 

Effect of Solvent and Temperature on the Formation of (2,R2=Ph) 

Var lable 

Solvent 

(all at -78 OC) 

Temperature 

(all in THF) 

Entry Condition 

a 

9 

10 

11 

12 

pentane Et 55:45 

toluene Et 5a:42 

ether Et 60:40 

DME Et a4:16 

THF Et 85:15 

THF + TMEDA Et aa: 

THF + DMI Et aa: 

+10 oc 
-78 Oc 

-100 oc 

-78 Oc 

-100 oc 

R1 

Et 66:34 

Et aa: 

Et 92:a 

l-PK 64~36 

l-PK 83:11 

erythKo:threo 

Substltuent effects (table 2) can also be explained by this transition 

state (3). Keeping R2=Ph and elongating R1 from Me to n-Bu (entries l-4) has 

little effect on the stereoselectlvlty. Only when R1 is branched (entries 5-6) 

does stereoselectlvlty fall off, and then only significantly when the branch- 

point is the carbon atom next to the anion site. Clearly Rlmust be large if it 

1s to compete with Ph2PO as the largest group on C-l In (3). Increasing the 

size of R2 (entries 7-11, table 2) similarly reduces stereoselectlvlty but the 

effect is smaller. Large aromatic groups (entry 10) give high stereoselectlvlty 
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and even cyclohexyl does not always give a 50:50 mixture. For the alkene of 

table 1 (Rl=Et, R'=Ph), the Wlttig reactlonl" gives 33-79% yield and from 24~76 

to 96:4 Z:E selectivity, -- depending on the condltlons. The highest selectivity 

is obtained with salt-free yllds. 11 

Table 2 

Entry R1 R2 Yield of erythro 

(2) isolated 

1 Me Ph 78% 

2 Et Ph 73% 

3 n-Pr Ph 73% 

4 n-Bu Ph 71% 

5 Me2CHCH2 Ph 65% 

6 Me2CH Ph 54% 

7 Me 2-MeOC6Ii4 74% 

8 Me 3-MeOC6H4 69% 

9 Me 4-MeDC6H4 81% 

10 Me c 76% 

11 Me C6Hlld 
12 Re 'sHlld 
13 C6Hlld Me 

69% 

erythro: Yleldb of 

threoa Z-Alkene 

88:12 

85:15 

85:15 

84:16 

80:20 

64:36 

81:19 

80:20 

87:13 

9O:lO 

79:21 

50:50f 

50:50f 

71% (4) 

79% 

78% (2) 

82% (3) 

83% (2) 

78% 

83% (2) 

85% (5) 

75% (6) 

84% (4) 

79% 

a ratio of Isolated adducts 
b yield of E-alkene by g.1.c. In parenthesis 
c R2= 3,4-methylenedloxyphenyl 
d cyclohexyl 
e R1=n-Pr, n-Bu, i-Pr, i-Bu. 
f ratio determined by t.1.c. 

The elimination step normally occurs stereospeclflcally with NaH in DMF or 

KOH in DMSO. If R2=Ar, a trace of E-alkene is sometimes formed (table 2) but 

when R1=Ar or other conjugating group4r12 stereospeclflclty can be lost because 

of equlllbration with starting materials. The synthesis of a pure Z-alkene by 

the Horner-Wittig reaction 1s most likely to succeed if large or con-Jugating 

groups are placed as R2 and the reactlon 1s carried out as follows: 

BuLl (1.5M solution ln hexane) was added from a syringe to a stirred 

solution of the phosphlne oxide in dry THF (freshly dlstllled from sodium wire) 

at 0 OC. After 30 mln the red solution was cooled to -78 oC and the neat 

aldehyde added dropwise at such a rate that the solution stayed at -78 OC. The 
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pale-yellow solution was allowed to warm to room temperature over about 2 h and 

water was added. The THF was removed under reduced pressure, brine was added, 

and the solution extracted three times with dlchloromethane. The extracts were 

dried (MgS04) and evaporated to dryness. The product was separated by flash 

column chromatography,3 elutlng with ethyl acetate and then acetone. The first 

dlastereolsomer to elute 1s erythro. Sodium hydride (80% dispersion in oil) was 

added in one portion to a stirred solution of the erythro adduct in dry DMF. 

Warming to 50 OC for about 1 h produced a white precipitate (Ph2P02Na). The 

mixture was cooled and the precipitate dissolved in water. The mixture was 

diluted with brine and extracted with ether. Washing with water, drying 

(MgSO4) I evaporation, and bulb-to-bulb dlstlllatlon gave pure E-alkene. 

We thank S.E.R.C. and Glaxo Group Research for grants and Dr Barry Price 

for many helpful discussions. 
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