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Although the rate of inversion about nitrogen in tertiary amines is generally 

rapid and must be studied by low temperature nmr techniques (l), corresponding inver- 

sion about phosphorus is comparatively slow (2); indeed, optically active phosphines 

have been prepared and are stable to racemization at room temperature (Zb-d). However, 

at elevated temperatures stereomutation in phosphorus compounds has been observed and 

some limited quantitative studies carried out. One such study was reported by Horner 

(2a) on methyl-g-propylphenylphosphine; at 130' (decalin) the halflife was 5 hr. and 

the activation energy 28.6 kcal/mole. A second study on a diphosphine was recently 

disclosed by Lambert (3) who found the inversion barrier to be about 26 kcal/mole. 

We now wish to report the quantitative results (Table I) for inversion in l-phenyl- 

2,2,3,4,4_pentamethylphosphetane (I) (4) and l-t-butyl-2,2,3,4,4_pentamethylphosnhetane - 

(II) (5). Ihat thermal interconversion occurred at all was initially surprising in 

view of the stability exhibited by 1-methyl-4-ethyl-4-phosphorinanol (6a) and substituted 

1,3,2-dioxaphospholanes (6b) and the fact that constraint by a small ring increases the 

barrier in azirdine (lb) and azetidine (lc) relative to their 5- or 6-membered homologues. 

Ia (g); R = Ph Ib (trans); R = Ph 

IIa (a); R = t-C4H9 IIb (trans); R = ~-C4Hg 

IIIa (e); R = CH3 IIIb (trans); q = CH3 
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TABLE I 

Compound I a Compound I I b 

V°Cl kl x lo6 set 
-1 

kl/k_l T(OC) kl x 10’ set 
-1 

kl/k_l 

112.0 1.65 + .ll 1.51 118.8 2.65 - L .03 1.31 

8143.2 41.2 + .17 1.49 131.6 9.83 + .I31 

,165.4 2.66 x lo2 + .15 1.48 145.0 27.6 + .22 

I 
,190.2 1.66 x lo3 + .06 1.40 157 .o 75.1 + .12 - 

Cal I +,Ib: AH* = 
a 

29.8 + .l kcal/mole, AS* = -8 e.u. 

(b) 11~ + 11~: AH* = 28.2 c .9 kcal/mole, AS* = -8 e.u. 

1.30 

1.29 

1.23 

In contrast to the facile inversion observed for II, the l-methyl derivative, III, 

showed no measurable amount of inversion even after 4 days at 162’. Hence, a clear 

steric factor seems to be operative in the t-butyl derivative due to nonbonded inter- 

actions with the adjacent methyl groups in the ring. A similar steric effect has been 

observed in the case of 1-t-butylaziridine (la). 

The explanation for pyramidal inversion in I is more complex and several factors 

may be ihvolved. Indeed, Anet has considered the importance of steric, inductive, 

conjugative , and electrostatic (or electron repulsion) effects upon the rate of nitrogen 

inversion (7). In the case of the 1-phenyl derivative the possibility of either p,-p 
ll 

or d,-p, overlap in the transition state may serve to lower the energy barrier for 

interconversion of the isomers. Basicity measurements, ultraviolet data, and dipole 

moment studies (8) indicate the former type of bonding to be present in aromatic phos- 

phines ; the amount of delocalization, however, is much less than in the nitrogen counter- 

part. The latter type of bonding has been invoked to explain the stereomutation in 

diphosphines (3) . Recently, Schiemenz has provided experimental evidence for both the 
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donor (p,-p,) and acceptor (d,-p,) properties of trivalent phosphorus (9). 

Although the above bonding possibilities may account for the process Ia + Ib, 

a definitive explanation must await further experimental work. 
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