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It is well known that tin derivatives of the types R&r or R’3SnR react with carbon-halogen bonds, in 

the presence of a catalytic amount of rerovalent palladium complexes, with the formation of carbon-carbon 

bonds.’ 

The formation of phosphorus-carbon bonds is a crucial problem especially in the field of 

polyphosphaxenes.* A considerable amount of fundamental and applied research has been conducted on 

hexachlorocyclotriphosphaxene 1, the polymerization of which sffoms the starting material for the synthesis of a 

variety of polyphosphaxenes. 3 The substitution of the chlorine of 1 by amino, alkoxy or aryloxy groups is quite 

easy, but in contrast, the alkylation of 1 is very difficult.* Organometak reagents such as mcthyllithium cause 

rupture of the ring with formation of acyclic “ring opened” phosphaxenes.4 So far, only one reaction pathway 

has been satisfactory developed as illustrated in the following scheme.5 
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Hem we report the straigthforward synthesis of gemdimethylcyclotriphosphaxene, as well as some 

examples of monoallylation of polyhalogenophosphanes and boranes. 

The palladium-catalyxed methylation of hexacNorocyclotriphosphaxene 1 was carried out as follows: A 

THF solution (5 mL) of 1 (3.64 g, 10.4 mmol), tetramethylstannane (10.37 g, 58 mmol), and 

tetrakis(triphenylphosphane)palladium (0.24 g, 0.2 mmol) was heated in a bomb at 120 “C for 16 hours. Total 

conversion of 1 was observed. The gemdimethyltetrachlorocyclotriphosphaxene 2 precipated as a white solid 

which was purified by several washings with THF at 0°C (90% yield). The spectroscopic data for 2 were in 

agreement with those reported in the literatum5 No further substitution occured even when the Me4Sn / 1 ratio 

was increased to 20. 

1 
Me&t 

- 2 (90% yield) 
pd(pph& 

This favourable result led us to reinvestigate the well-known reaction of P-X bonds with R4Sn.6 

Surprisingly, under the same experimental conditions, simple chlorophosphanes were not methylated. 

Moreover, we wete not able to transfer the ethynyl group (otherwise known to be the easiest one to transfer) 1 

using the tin-palladium(O) method. 

However, we discovered that heating chlorodiphenylphosphane oxide 3 with allyltrimethyltin led to the 

corresponding allyldiphenylphosphane oxide 4’ along with trimethylcNorostannane. Since this reaction was 

faster in the presence of a radical initiator (AIRN) and blocked by a radical inhibitor (benxoquinone), the radical 

character of the substitution was clear * Therefore, it appears that the best results were obtained under photolytic 

conditions. In a typical experiment, a &gassed toluene solution (10 mL) of trimethyl- or tributylaIlylstannane (1 

mmol) and the halogenophosphorus derivatives 3.5. 7,9, or 11 (1 mmol) was irradiated at 300 nm for 8 to 70 

hours. Removal of the solvent followed by fractional distillation afforded derivatives 6 ,9 8, lo 10. l1 12l 1 in 75 

to 92 46 isolated yields; allyldiphenylphosphane oxide 4 was obtained as a white solide after filtration and 

several washings with pentane at 0 ‘C, in near quantitative yield The choice of the tin aIlylating reagent depends 

on the boiling point of the product (Table). 
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Table: Monoaltytation of phosphorus and boron derivatives. 

substrate tin reagent product yield (%I 

Ph2P(0)U 3 MegSnAllyl Ph2P(O)Allyt 4 95 

Cl3P 5 BugSnAllyl Cl2PAllyt 6 75 

U3P(O) 7 BugSnAllyt Q$wwlYl~ 85 

cl~PcHcl2 9 BugSnAllyl Cl2CHP(Cl)Allyl 10 92 

U2PN(iPr)2 11 Bu3SnAllyl V02Np(Q)AllYl 12 85 

PhBU2 13 BugSnAllyl PhB(Cl)Allyl 14 90 

Some advantages of this method have to be underlinti better yields an obtained for the aheady known 

monoallyl phosphorus compounds 6 and 8; selective allylation at phosphorus in the case of 9; reactions are 

easily carried out and can be monitored by l19Sn NMR ( Me3SnAllyt -2.5; BugSnAllyt -18.2; Me3SnU 

+145.6, Bu3SnU +150.7 ppm). Lastly, it should be noted that the reaction is also efficient for chtoroborane: 

allylphenylch 14l 1 was obtained afta distillation in 90% yield mble). 
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