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Abstract: The generation of phosphine PHs by alkaline hydrolysis of xed phosphorus is nzalized. 
The subsequent alkylation of PH3 by terminal alkenes and alkynes in basic media leading to the 
carresponding aliphatic and vinylic phosphine derivatives can OCCUT by two-steps or one-pot reaction by a 
Michael-like maction mechanism. 

The generation of phosphine PH3 by the alkaline disproportionation of white phosphorus, diioveted by 

Gengembre at 1783, 1 is now used on an industrial scale so called Hoechst proces~.~ In the laboratory scale, 

many other methods a~ described such as acidic hydrolysis of metal phosphides. alkaline hydrolysis of phos- 

phonium halides, or thermal decomposition of the lower oxyacids of phosphorus.3 They are few examples for 

the PH 3 generation from red phosphorus.4 More surprising is the fact that in the recent literature or in indusuial 

processes,24 they are no reports on the observation of Schmetter in which the dissolution of amorphous red 

phosphorus in concentrated aqueous alkalies generates phosphine. 5 Here, we present the preparation of PH3 by 

alkaline hydrolysis of red phosphorus and their subsequent alkylation by alkenes and alkynes in basic media, and 

the one-pot synthesis of phosphine derivatives from red phosphorus in basic media via in sim generated PH,. 

An aqueous concentrated KOH solution was added dropwise under stirring to red phosphorus.6 After a 

short heating at 50 T, this reaction becomes exothermic, and the released gas is trapped. By approach of a flame, 

this liberated gas ignites in air affording a dark-red precipitate of red phosphorus and a white vapour. If the oxida- 

tion-reduction reaction of white phosphorus in basic media could be transposed to red phosphorus, the released 
gas are a “‘PH3 /Hz” mixture, awording to two simultane~~ reactions A and B: 

4Pr+3KOH+3H20 ____) PH3 + 3 KH,PO, (A) 

4Pr+4KOH+4H10 - 2 H, + 4 KH,PO, (B) 

The liberated PH3 is sapped in HTvlPA solution and the presence of phosphine is detected by the 31P NMR 
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spectra (8 31P = - 240, lJPH = 186 Hz). In order to determine the quantitative value of released PH3 from red 

phosphorus, among the various studied reactions of phosphine,7-8 we have chosen its alkylation reaction by 

ethylenic and acetylenic compounds in the presence of strongly basic catalysts (scheme 1). 

@ +Km/H20 ~~*~t__ 2 3 4 5 6 , R3P ; R$‘I-I ; RPH2 ; R*(O) ; R$‘(O)H ; RflO)OH 

la-g=unsahlratedM(cfTable 1) R = -&-&II_ ca- -_cH=CH- 

Scheme 1 - General scheme for the preparation of organophosphorus desivatives 2 - 7 from 
red phosphorus by two-steps reaction (pathway A) and one-pot reaction (pathway B). 

For two-steps reaction (pathway A), as a typical experiment, the PH3 generated from alkaline hydrolysis of 
red phosphorus in the fifit reactor, was bubbled in the second reactor containing a solution of acrylonitrile la in 

acetoninile / aqueous concentrated KOH at room temperature for 1 hour. The non-trapped gas is constituted only 

by HP The 31P NMR spectra of the reaction mixture (reactor II) exhibit the presence of the u-is-(2-cyanoethyl)- 

phosphine 2a (70 %; 6 31P = - 21.3. JPH= 11 Hz), the bis-(2-cyanoethyl)-phosphine 3a (15 %; 6 31P = - 72, 

lJpJ,., = 195 I-Ix ) and the u-is-(2-cyanoethyl)-phosphinc oxide Sa (15 %; 8 31P = 43.1) (Table 1). After extract- 

ion, 2a is isolated in 45 % yield (calculated from the redox equation A). This generation of phosphine from alka- 

line hydrolysis of red phosphorus is a method so effkient as acid hydrolysis of zinc phosphide (Zn3P2). 

We have then attempted the one-pot synthesis of organophosphines from red phosphorus under sonication 

at 20 kHz, since it is well known that the ultrasound is more effective in the case of heterogeneous solid-liquid 

reactions.g-10 Funh ermore, we have recently described that the sonication promotes the P-H addition on unsatu- 

rated compounds.11 When a three-phase heterogeneous mixture of red phosphorus, concentrated aqueous solu- 

tion of KOH. and acrylonitrile in acetoniuile is sonicated in a non-thermostated reactor at room temperature, the 

temperature rises after few minutes and the final temperature of the process reaches 70 “C after 10 minutes. For 

la, the method B increases the percentage of phosphine oxide Sa with respect to the method A. When DMSO is 

used as solvent instead of acetonitrile, 6a is obtained pxedominantly. The method B improves substantially the 
rate of the reaction but for easily polymerisable unsaturated compounds such acrylonitrile or ally1 alcool, it pro- 

motes also the formation of polymers as by-products. 

However, the one-pot reaction hecomes a suitable method for alkenes such as diphenylethylene 1 d or 4-vi- 

nylpyridine 1 e. The completion of the reaction requires 10 minutes of sonication for 1 d leading to a mixture of 

organophosphorus derivatives in 75 % overall yield of isolated products [ 5 d (30 96; 8 31P (C!DC!l$ = 45.6, JPR 

= 11 Hz). 6d (10 %; 6 31P (CDC13) = 27.2, I, = 5 Hz), and 7d (35 96; 6 31P (DMSO de) = 48.2, I, = 12.1 

I-Ix)]. For le, the tris-[2-(4vinylpyridyl)-ethyl]-phosphine oxide 5 e (8 3rP (CD30D) = 50.3, JpR = 10 Hz) is 

obtained after 3 minutes of sonication in 40 % yield (isolated product). Nevertheless, the alkylation reaction of 

phosphine in basic media is not effective for Mm_tarninal ethylenic compounds such as fumamnitrile 1 b, trans- 

stilbene 1 c or cyclohexene, whatever the used method (A or B). This is also the case for analogous acetylenic de- 

rivatives, e.g. l-phenyl-1-propyne 1 f. However, with phenylacetylene 1 g, the one-Pot reaction leads to the trls- 
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(Zstyryl>phosphine 2 g (6 31P (C@d = - 60.5. 3Jm =23Hz)in55%yield(isdated~)f~lOlninutes 

of~~~.Itmustbenotedthatin~scase,the~conditiau,requirethe~DMSOa9oalventandaca- 
talytic aznount of aibutylPhospke (0.3 es). since the presence of P=o moiety ap&==s m* a bubbling of 
oxygen through the mixture is realkd in order to induce an autocatalytic fommtioo of 2 g. No improvement is 
observed neither on the yield of phosphine 2 g nor on the amount of the phosphine oxide 5 g. 

Table 1 - Akylation of red phosphorus via phosphine PH3 by ethyknic and acetylenic duivatives. 

1 h!wK& tzmdmixture(%)b isolatedproductc Yield (%) 

2a (70) 
A 3a (15) 2a 45 

NC-CH=CHZ 
5a (15) 

a 
2a (30) 

B 3a (10) 
5a (60) 

A 
b 

no reaction 
NC-CH=CH-_CN 

B no mction 

C Ph --cH=CH-Ph B no &on 

A 3d (t==) Sd 30 

d Ph2C=CH2 2d (20) 

3 B 3d WI 6d 10 

4d (5) 
6d (15) 7d 35 

2e(s) 

e N>CH=C& B 3eM 
de 05) 

Se 40 

Se (65) 

f Ph-C=C-Me B no reaction 

A 2g(trsces) 
g Ph-CC-CH 

23(90) 2g 55 
B 

5 g (10) 

a Method A: hvo steps reaction; method B: onapot reaction. For method B. DMSO is used as solvent except 
for la. 

b percentage of the difkrent organophosphorus derivatives in the reaction mixnue, detexmined by 31P NMR 
spectfa [Potassium phosphinate (KH$Q$ does not take into account]. 

c Structwes of all the isolated products afe conkned by elemental analyses and spectroscopic data. 

Thus, for the easily oxidizable phosphine derivatives, the presence of P=O group in the products allows tu 
avoid the use of the ti-butylphosphate. making easier the work-up. Accurding to the redox-dispqortionation of 
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