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Synthesis and Electron Spin Resonance Study of Stable Dialkyls and 
Diamides of Phosphorus and Arsenic, R1,M* and (Ra2N),M*t 

By MICHAEL J. S. GYNANE, ANDREW HUDSOX, MICHAEL F. LAPPERT,* and PHILIP P. POWER 
(School of Molecular Sciences, University of Sussex, Brighton BN1 9Q J )  

and HAROLD GOLDWHITE 
(Department of Chemistry, California State University, Los Angeles, California 90032) 

Summary Photolysis of toluene solutions of dialkyl- has been demonstrated previously to be an efficient way of 
removing a halogen atom from a metal or metalloidal 
centre.l 

phosphorus or -arsenic chlorides [(Me,Si),CH],MCl (M = 
P or As) or bisamido-phosphorus or -arsenic chlorides 
[(Me,Si),N],MCl (M = P or As) in the presence of an 
electron-rich olefin leads to solutions containing per- 
sistent (tt > 1 month a t  20 "C) two-co-ordinate phos- 
phorus or arsenic-centred radicals [(Me,Si),CH],M- or 
[(Me,Si),N],M. (M = P or As) characterised by their 

MCI3 

e.s.r. spectra. R'MCI,+ R'~MCI 

WE 
the 
and 

have prepared and characterised, by their e.s.r. spectra, 

arsenic-centred radicals, (I) and (11). These radicals 

[(h!te,Si),CH],M. [(Me,Si),NI,M* olefin (111). 

first examples of stable two-co-ordinate phosphorus- (1) or UI) 
SCHEME. RI = (Me,Si),CH; ~2 = Me,Si; M = p or As; a = 
in situ irradiation with U.V. light of a PhRle solution of the 

(11) 
a , M = P  

(1) 
a , M = P  
b, XI = AS b, M = -4s 

, I  

The precursors [(Me,Si),CH],MCl (M = P or As) to 
(Ia) and (Ib) (see Scheme and footnotes to Table) were 
prepared by reactions between the element trichlorides and 

were prepared by photolysis of degassed toluene solutions (M;,Si),CHLi in ether. The compound, [ (Me,Si),N ],PCl, 
of the corresponding three-co-ordinate chlorides in the has been previously described,, and is thermally unstable ; 
presence of the electron-rich olefin (III), a method which i t  was therefore used in a crude state. The arsenic anal- 

ogue, [(Me,Si),N],AsCl, was prepared by a similar re- 
action, but was thermally stable and distillable a t  reduced 
pressure. The radical (Ia) was also produced by reduction 
of [(Me,Si),CH],PCl with 1 equiv. of sodium in light 

The solution e.s.r. spectra at 300 K of the P-centred 
radicals consist (Table) of a large 31P doublet similar in 

Ef pc=.", 
N/ " petroleum. Et Et 

(mi 
t No reprints available. 
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magnitude to values reported for phosphino-radicals in the 
solid state3 and in solution.4 The spectrum of (Ia) (Figure) 
also exhibits coupling to two equivalent protons. The 
decrease in splitting observed on going from (la) to (IIa) is 
similar to that found on comparing Ph,P. and (PhHN),P..6 
The solid state spectra of (Ia) and (IIa) recorded in toluene 
a t  120 K show anisotropic hyperfine features characteristic 
of phosphino-radicals with A,, ca. 30 mT and A, ca. 0 [(la), 
A,, = 29.4, A, = -0.3; (IIa), A,,  = 28.9, A, =- 0.7 
mT]. The g-values are close to free spin values. 

TABLE. Hyperfine splittings (mT) and g-factors. 

g :!fJ ;!2 2.009 
Radical 
(1a)aSb 

9.18 - 2.008 
3.72 - 2.04 [:!L) b 3.18 L 2.007 

a [ (Me3Si),CHIgPC1, m.p. 62-64 "C. [(Me,Si),CH],MCl 
or [(Me,Si),N],MCl (M = P or As), T 9-5-9-6. C [(Me,Si),- 
CH],AsCl, m.p. 70-72 "C. d [(Me8Si),N],A~C1, b.p. 140-142 "c 
a t  3 mmHg. 

The room temperature spectra of (Ib) and (IIb) consist of 
quartets due to hyperfine coupling with 75As (I = 3/2). On 
lowering the temperature, the spectra exhibit, in addition to 
the normal asymmetric line-width effect, a further line- 
broadening followed by collapse of the hyperfine structure 
which we attribute to quadrupolar relaxation6 of the 75As 
nuclear spin. From the solid state spectrum of (Ib), we 
find A,, = 24*5mT, which combined with our isotropic 
value from the solution spectrum gives A1 = - 6.7 mT. 
The value of A,, is close to those reported for Me,As- and 
Ph,As. in solid matrices,' but we feel the value of A1 (ca. 0) 
quoted for these species is in error. A more detailed 
account of the solid state spectrum, the perpendicular 
region of which is complicated by quadrupole effects, will be 
given elsewhere. The similarity of the hyperfine pai-a- 
meters obtained for the P-centred species to those of other 
phosphino-radicals indicates that they have comparable 
structures, with the odd electron essentially in a 3 p r -  
orbital on phosphorus and bond angles in the range 
95-100". Similar considerations apply to the arsenic 
radicals, with the unpaired electron largely in a 4p-orbital. 

( I y C  

The e.s.r. signals observed for (Ia,b) and (IIa,b) are 
unchanged in intensity over extended periods (> 15 days) 
a t  room temperature, and are even unaffected by short- 
term heating in solution to 360 K. These radicals are 
unexpectedly and surprisingly stable, in view of earlier 
observations and discussion of phosphino-radicals.* The 
persistence of these radicals must be attributed to the steric 

FIGURE. E.s.r. spectrum of [(Me,Si),CH],P. a t  300 K in PhMe. 

effect of the bulky ligands and the absence of /3-hydrogen 
atoms which, as has previously been noted for group 4 
radicals,8 bestows kinetic stability. In the present case, 
the r-electron nature of the radical may also be a con- 
tributory factor. The normal fate of, e.g., dialkylphosphino 
radicals produced by reaction of the chloride with an alkali 
metal, would be a coupling reaction to give a diphosphine 
as shown in equation (1). In the present systems the 

R2PC1 --+ R2P- _jl 2R4P2 (1)  

bulkiness of the R groups reduces the rate of radical 
coupling to such an extent that the two-co-ordinate radicals 
become persistent species. 
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