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Abstract - Synthesis and reactions of new phosphine-boranes have been studied. 
Diastereomerically pure menthyloxyphenylphosphine-boranes were prepared from 
dichlorophenylphosphine. These secondary phosphine-boranes underwent stereospecific 
alkylation and arylation reactions. It is noted that the stereochemistry of palladium-catalyzed 
cross-coupling reactions was largely affected by the solvent and the base used. Thus, the 
reaction in acetonitrile proceeded with net retention of configuration. In sharp contrast, the 
reaction in THF in the presence of K2CO3 occurred with inversion of configuration with high 
degree of stereospecificity. 
The phosphorus-oxygen bond of the resulting phosphine-boranes was reductively cleaved at 
-78 "C by lithium naphthalenide or lithium in liquid ammonia in almost quantitative yields with 
an excellent degree of stereospecificity. On the other hand, the reactions at elevated 
temperatures provided the products with almost complete racemization. This racemization was 
proved to occur via pyramidal inversion of the anionic tricoordinate phosphorus species. 
Based on these results, we developed new methods for the synthesis of bidentate phosphine 
ligands with homochiral phosphine centers. Optically pure bisphosphinoethanes and 
bisphosphinobutanes possessing phenyl, t-butyl, cyclohexyl, emethomhenyl,  methyl, or 2- 
methoxyethyl group were prepared via phosphine-boranes. 
Functionalizations of the boranato group of phosphine-boranes have been investigated. 
Trimethylphosphine-borane reacted with methanesulfonic acid with evolution of hydrogen. 
The resulting trimethylphosphine-methylsulfonyloxyborane was subjected to nucleophilic 
substitution reaction on the boron atom with arenthiols or secondary phosphine-boranes. A 
new phosphine-borane having a P-B-P-B-P-B-P-B bond linkage was synthesized. Novel 
boron anion species were generated by the reaction of phosphine-monoiodoboranes with 
lithium 4,4'-di- t -butylbiphenylide. 

INTRODUCTION 

Phosphine-boranes, adducts of phosphines with borane, have attracted the interest of several research 
groups for a long time. The previous investigations revealed their peculier chemical properties as well as 
the inherent P-B bond nature (ref. 1, 2). We have been interested in the characteristic properties of 
phosphine-boranes and have worked to develop synthesis and reactions of these compounds with a view 
to obtaining useful organophosphorus compounds. Our own recent work in this area has focused on (1) 
synthesis and reactions of achiral phosphine-boranes, (2) synthesis of optically active phosphine-boranes, 
(3) stereospecific substitution reactions at chiral phosphorus, (4) synthesis of optically active phosphine 
ligands with homochiral phosphine center, ( 5 )  functionalizations of the boranato group of phosphine- 
boranes. These works will be reviewed in that order. 

SYNTHESIS AND REACTIONS OF ACHIRAL PHOSPHINE-BORANES 

Phosphine-boranes including secondary phosphine-boranes were prepared from phosphine oxides on 
treatment with LiAla-NaBI€yCeCI3 (eq. 1). It is noted that this reaction did not proceed in the absence 
of cerium(II1) chloride. Trivalent cerium presumably plays dual roles in this reaction: it activates 
phosphine oxides by coordination so that the deoxygenation with L i A w  proceeds readily, and it activates 
NaBI€t to facilitate reaction with intermediate phosphines to form phosphine-boranes (ref. 3). 
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