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Abstract : Phosphine borane complexes are transformed under mild conditions, in presence of an 
olefin, into quaternary phosphonium salts by reaction with an alkyl (or aryl) halide. In the case of the 
reaction of (R)-PAMP.BH3 le with benzyl bromide, the enantiomerically pure phosphonium salt 3h is 
obtained. © 1997 Published by Elsevier Science Ltd. 

Phosphine borane complexes are versatile compounds generally crystalline and easily purified, 1 which 

have proved useful in the asymmetric synthesis of phosphine ligands 2. Although their decomplexation with an 

amine (diethylamine, 3a DABCO 3b or HBF43C ) proceeds quantitatively, the manipulation and storage of air- 

sensitive trivalent phosphorus compounds is not always convenient. This prompted us to investigate the direct 

use of phosphine boranes as synthetic equivalents. 

Since triphenylphosphine borane l a  has been described as a mild reducing agent for olefins, 4 we have 

envisaged to adopt this route to release the phosphines under neutral and non-nucleophilic conditions. In 

addition, it was expected that the alkyl borane formed would be poorer complexing agent. Therefore, we have 

envisaged here the direct use of phosphine boranes for the preparation of phosphonium salts by a 

decomplexation-quaternization tandem reaction. Although the synthesis of quaternary phosphonium salts is 

well known 5, it is of particular interest to access optically active compounds which are usually prepared by 

resolution of the racemic form 6. On another hand, it is also interesting to have access to cyclic phosphonium 

salts such as 3e, which are versatile reagents useful for the synthesis of unconjugated dienes. 7 

We describe herein a convenient procedure which allows to prepare phosphonium salts 3a-j, by heating 

the phosphine borane complexes l a -e  with an alkyl (or aryl) halide 2a-h in a mixture of 1-octene/THF 

(Scheme 1), 8 and which are recovered in high yield by a simple filtration. 
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a All products present satisfactory analytical data. b In presence of 10% NiBr2.9 

c PAMP : o-Anisyl methyl phenyl phosphine, d Under high pressure (4500 bar). e Isolated yields. 
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Under the above conditions triphenylphosphine borane la reacted with methyl iodide or allyl bromide 

to give the corresponding phosphonium salts 3a, 3b in 85 and 90% yield respectively (entries 1, 2). When 

DPPE borane complex lb  was used, the quaternization with methyl iodide led to the diphosphonium salt 3e in 

87% yield (entry 3). This tandem reaction can be also applied to the methyl diphenylphosphine borane le with 

bromobenzene in the presence of a catalytic amount of NiBr2,9 to lead to the methyl triphenyl phosphonium 

bromide 3d in 56% yield (entry 4). The synthesis of the cyclic phosphonium salt 3e was performed with 5- 

bromopentyl diphenyl phosphine borane ld, prepared by alkylation of the methyl diphenyl phosphine borane 

lC with 1,4-dibromobutane (Scheme 2). 

~ H 3 BH3 
1) secBuLi I l-octene/THF 

P h 2 P ~ B r  
Ph2PCH3 2) Br(CH2)4Br A 

l c  l d  

Scheme 2 

Ph '"  , P ~ _  

p~ ~)Br @ 
3e 

90% yield 
(under 4500 bar) 

When compound ld  was heated in 1-octene/THF, the cyclic phosphonium salt 3e was obtained in 25% 

yield by an intramolecular cyclization, whereas under high pressure (4500 bar), 90% yield was obtained (entry 

5). The pressure influence in this case is not surprising, since it is well known that cyclization reactions, 

caracterized by a negative activation volume, are favored under such conditions. 10 More interestingly, the 

enantiomerically pure (R)-(+)- PAMP borane le  was quaternized with benzyl bromide to give 

stereospecifically the (S)-(-)-phosphonium salt 3h with retention of the configuration (75% yield). 11 a Using 

CD3I, (R)-(+)- PAMP borane le gave the first example of a phosphonium salt 3i with a P chiral center, due to 

the isotopic substituent (92% yield, entry 7). Unfortunately, 2H NMR spectroscopy in a chiral liquid crystal 

1 lb of the compound 3i revealed an enantiomeric excess of only 54% indicating a partial racemization, which 

has been already observed during another quaternization step with CH3I. 12 We have also verified that these 

experimental conditions were compatible with functional groups such as esters (entry 6), ketones (entry 7) or 

nitriles (entry 10). 

In conclusion, we have found a short and convenient "one pot" procedure to prepare mono and 

diphosphonium salts in 50-92% overall yield, starting from easily handled phosphine borane complexes. We 

have shown that a high pressure increases the chemical yield during the formation of the cyclic phosphonium 

salt 3e. Finally, we have shown also that this tandem decomplexation-quaternization reaction proceeds with 

retention of the configuration at the P center. This method could be used as an alternative for the synthesis of 

optically active quaternary phosphonium salts in a preparative scale. 
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