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Abstract: A series of substituted benzylphosphk oxides has been synthesised by reduction of the 

,zampm&g (a-cblorobmzyl)phosphimxide.duivcdfmm the bea4debydeandcblorodiph~ylphosphine.witb 

either s&urn bcmhydxide (DMSO. 60-70 “C. 12 h) or tributyltin hydride and AIBN (CgIIg, 80 ‘C. 2 h). 

Reaction of the (a-lirlkbayl)pbospb~ ‘ne oxide with aldehydw save exclusively E-W 

Several simple stilbene natural products have been shown to possess anti cancer properties.1 We are currently 

pursuing a study to apply our recently discovered Mti-Wittig methodology2 to the synthesis of this type of 

stilbene. For this purpose we required an efficient synthesis of the substituted benzyl phosphine oxide 1 in order 

to study the anti Homer Wimg reaction 2 -D 3. We outline, herein, a new synthesis of benzylphosphine oxides 

and their subsequent stereoselective conversion to E-stilbenes. 
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The synthesis of henzyldiphenylphosphine oxides is somewhat problematical. The usual method of synthesis of 

diphenylphosphine oxides - the thermolysis of triphenylphosphonium hydroxides3 - is not successful since 

the benzyl group is preferentially expelled. Benzyldiphenylphosphine oxide la has been made by reaction of 

the benzylmagnesium chloride with diphenylphosphinoyl chloride.4 We were unable to make lh - the 

benzylphosphine oxide we first required - efficiently by this method which, in any case, requires a large excess 

of the Grignard reagent. The coupling of lithium diphenylphosphides with the 3,4,5-timethoxybenzylchloride 

was also inefficient. We finally chose to attempt the reduction of a-chlorobenzyl phosphine oxide 5a. We 

synthesised a range of substituted a-chlorobenzylphosphine oxides 5a.h by reaction of 

chlorcdiphenylphosphine and the corresponding benzaldehyde. 6 The reduction with sodium borohydride in 
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Dh4S07 in most cases proved facile providing the benzyl phosphine oxide cleanly after several hours at 70 “C. 

The only reduction that proved troublesome was that of a-chloro-(3.4,~trimethoxybenzyl)phosphine oxide 5 h 

which resists reaction, even at temperatures above 70 ‘C. However, the required phosphine oxide can be 

obtained very easily by radical dechlorination by the reaction of Sh with tributyltin hydride. The reduction of Sd 

with sodium borohydride gave a dimeric productS (20 %) in addition to ld (51%). But again the radical 

dechlorination proved efficient. We were unable to obtain high yields of thep-chloro derivative Sf, since it was 

always contaminated with the phosphine oxide If. Phosphine oxides have been reported as by-products in the 

mtion 4 -+ 5, however we found that the slow reduction to lf occurs, rather surprisingly, by simpiy 

refluxing pure Sf in decalin. 

Our two-step procedure compares well with the three step process normally required for the synthesis of 
benzylphosphonium salts and benzylphosphonate esters (aIdehyde -D alcohol + bromide -, phosphorus 

reagent). 
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R’ H decalin, reflux or Bu,SnH, AIBN 
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e 4-Methoxyphenyi 
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h 3_4.5-Trimethoxyphenyl . , 

Table 1. Synthesis of phosphine oxides la-h 

. 
R 4 * 5 yield(%) 5 -D 1 yield (%) 

a phenyl 68 79 

b 2-Methylphenyl 70 79 

C 4-Metbylphenyl 82 79 

d 2-Methoxyphenyl 78 5P, SOb 

e 4-Methoxyphenyl 73 53a 

t llchlorophenyl - 67* 

g 3&Dimethoxyphenyl 61 63a 

h 3,4,?+Trimethoxyphenyl 64 78b 

(a) By reduction with NaBI& DMSO, 70 ‘C, 12 h; (b) By reduction with Bu3SnI-I. AIBN. C&Ig, 

80 “C, 2 h. 

With the benzyl phosphine oxides 1 in hand we attempted the synthesis of the erythro phosphinyl alcohol 2 by 

sequential treatment of 1 with n-butyllithium and aromatic aldehyde 6. However, to our surprise, we isolated 

not an alcohol but the E-stilbene 10. The reaction is general - a variety of aldehydes give E-stilbenes in 

essentially quantitative yield (table 2). After addition of the aldehyde 6 to the red solution of the phosphine oxide 

anion 7, the solution immediately turned colourless. After 15-20 minutes a white precipitate of lithium dipbenyl 

phosphinate formed. Presumably the erythro and three derivatives 8 and 9 equilibrate via 7 and 6, whilst 

elimination of the fhteo lithium salt 9 is much faster than elimination of the eryzhro adduct 8. Although it is odd 

to observe elimination of the lithium alkoxide - normally this only occurs with the sodium or potassium 
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alkoxides - it is not an unprecedented finding. Direct elimination from the lithium alkoxide occur when the 

phosphine oxide hears an alpha sulfide group.9 or an alpha isoxazole ring.‘0 Kalhnerten et al. have also 

observed direct elimination when the phosphine oxide bears an alpha phenyl group as part of their synthesis of 

oudemansin A.11 In all these cases the &alkene is formed exclusively. The formation of stilbene by the 

Homer-Wit@ reaction is well documented. Warren, Whitham et al. have shown that the erythro and three 

adducts do indeed equilibrate via the starting materials, leading eventually to mixtures of cis and hank stilbene.12 

They showed that the &co adduct gives an approximately 1:l mixture of E-stilbene and 

benzyldiphenylphosphine oxide la when treated with n-butyllithium in THF at room temp. for three hours. In 

addition, they demonstrated that alcohols from 8 and 9 are obtained in poor yield (31%) from reaction of 

metallated 1 with benmldehyde when the reaction is quenched immediately at 0 ‘C after warming from -78 ‘C. 

We have observed that if the alcohol is required the quench must be carried out at low temperature (-78 ‘C). 
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Table 2. Synthesis of E-Stilbenes la-h - 10 

1 I I R2 

I 
yield (96) 

la-h + 10 

C 

e 

e 

I a I2-Methoxyphenyl I 98 4-Methoxyphenyl 90 

3+Dimethoxyphenyl 99 a 4-Methoxyphenyl 91 

a 3,4,5-Trimethoxyphenyl 539 ~3>Dimethoxyphenyl I 78 I 
h b 2-Methylphenyl 99 

b 4-Chloroohenvl 78 

2-Methoxyphenyl 

4Methoxyphenyl h 

I e I 4-Methylphenyl I 79 h 

h C 4-Methoxyphenyl 83 

C 3A5Trimethoxyphenyl 78 

The E:Zselectivity in all cases is > 955 as determine 
I 

I from the 1 I nmr spectrum of the crude reaction mixture 

Standard procedures: 

Syntheses of (a-chloroimzyl)phosphinr oxiak5. A mixture of UU aidehyk 4 00 mmd) and &ld&~~~l~ (XI &) 
and~(1oOml)w~Sheatedunder~uxfor3hours. Aftercoolingtomomtempaam thedec4inwasdccaatedfmmthebrown 
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dl that had sepamed fn%tt the reaction mixtum. The (a-cblombemyl)phoqhine oxides 5 ~89 obtained by dismlving the dl in hot 
isopropamlautcoding. TheuystatsobtaimdwaegmemUy pureenougbfatbenext~oa. 
Synrheses of k~&&~@ine oxides I. To a stirred sdutbm of the (a-cBcmbenzyl)phcaphtne oxide5 (293 mmd) in dry DMSO 
(250 ml) was added sodium bomhydride (SO mmd). The mixhue was stirred at 70 ‘C for 24 h (until reaction is complete by UC). 
TIE mixture is poural into ioe/hydmd~Ioric acid (3 M)( 1.5 1) and exhacted with CH2Cl2 (3 x 1OOml). Theorgaaicexhacta were 
w&ted with wata (500 ml). dried (Na2SO4) and evaporated in vacua. The residue was purified by cbrrmstography (Si*. ethyl 
awxatc) or rcqwaUis&iom. AMnatively. a mixture of (a&b&eazyl) oxide 5 (28.9 mmd), Wnttyltin hydride (37.5 
maml) and AlBN WPB heated under &lux in benzene (200 ml). After 2 h the solvent WBS evaporated in wcuo. The residue WES 
purified by mppby (St%. ethyl satate) or reaystallition. 
SyRtlvscs of atilbenes. Toa.atirmdmixhueofpbo@ineoxidel (lmmol)indryTHF(3ml)atO’Cwmaddeddmpwi~c 
tn~tyllitbium (1 m of a 2.5 M mlution in h exmea) under nitrogen. The solution w&9 stirred at 0 ‘C for 10 min. ad the aIdehyde 
6(1mmd)indryTHF(lml)added. Theduticmwasstimdatmomtempemturefor12h. Water(~ml)wasaddedandthe 
mixtlueextnuTtaIwithdicmmm&me (3 X 25 ml). llle organic C%tracts were dried (TGQSO4) and evapolakd in vclclm. TIE residue 
was purikd by chromatography (SiOq, hexam). 
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