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The problems of the mechanism of displacement at phosphorus and the nature of ll bonding 

to phosphorus have continued to be challenging ones. ’ In some recent communications, phos- 

phinates have been reported as substrates in studies of alkaline hydrolysis of esters. ’ We 

report here a summary of some of our most important results for diarylphosphinates including 

data on hydrolysis in oxygen- 18 water and the effect of changing orientation of aryl rings with 

respect to the OPO plane. 

Hydrolyses of methyl and isopropyl diphenylphosphinate (1, R = CH, and CH(CH3)I 
= 

respectively) were carried out in alkaline 33167 (v/v) dioxanelwater enriched with approximately 

1. 76 atoms % “0. Diphenylphosphinic acid (1, R = H) was isolated after about 90% hydrolysis 

and analyzed for lqO. Two separate experim:nts at 75” and 43” gave the identical result of 

0. 97 atoms of oxygen from water incorporated into diphenylphosphinic acid during hydrolysis 

of the methyl ester. One experiment on i(R.= -CH(CH3)L) resulted in 1.00 atoms incorporated. 

In a separate hydrolysis of l(R = -CH(CH3r) to 50% completion, 0.98 atoms of oxygen from 

solvent were incorporated into diphenylphosphinic acid, but the starting ester had the same 

oxygen- 18 content as starting ester isolated from a hydrolysis to 50% completion in unenriched 

water. These results establish that in alkyl diphenylphosphinates (with the probable exception 

of t-alkyl esters where elimination is indicated’). alkaline hydrolysis occurs with complete -- 
attack of hydroxide at phosphorus, and there is no exchange into the phosphinyl oxygen during -- - ---_ -- 
hydrolysis. If exchange takes place, the exchange rate is at least 200 times slower than the - --------- 
rate of hydrolysis. -- 
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This result is in contrast to Bender’s6 research which established an intermediate in the 

alkaline hydrolysis of carboxylic esters. However, the absence of exchange in phosphinates 

may not indicate absence of an intermediate. An intermediate could be formed, but hydrolysis 

could still be faster than exchange for a number of reasons. 7 The stability of pentacoordinate 

phosphorus compounds’ certainly indicates the probable presence of addition intermediates 

in displacement at phosphorus. 9 

The relative rates of hydrolysis of some esters are given in Table I. The rate law is 

v = k[Ester] [HO-]. The steep dependence of rate on the nature of the alkyl group is 

striking and is not observed in acetates (Table I). Since acetates are quite free of steric 

hindrance, lo the relative rates of acetates may be taken as an approximate measure of the 

inductive effect of the alkyl groups. The balance of the rate sequence for attack at 

diphenylphosphinyl phosphorus is probably due to steric effects. Therefore, displacement at - 

tetrahedral phosphinyl phosphorus appears to be quite sensitive to steric effects. 4e ‘i - --- --- 

Finally, we report some data relative to the question of the nature of TI interactions 

between phenyl rings and phosphinyl phosphorus. I2 An intriguing question concerns the 

problem of angular relation between the planes of the phenyl rings and the O-P-O plane. 

Moffitt” has considered this question from a theoretical viewpoint for sulfones--probably the 

closest sulfur analog to phosphinates. Crystal structuresI show that diphenylphosphinates 

have the expected “A-frame” conformation (2) of the two phenyl rings. We have synthesized 

diphenylmethane- 2,2-phosphinic acid (2) (R t H). I5 The phenyl rings are turned towards a 

more coplanar arrangement in this acid although they are not completely coplanar because 3 

will have a butterfly conformation as in 9, IO-dihydroanthracene. The rate of alkaline hydrolysis 

of the methyl ester (3, R = CH,) has been measured at three temperatures over a 30” range. 

The relative rates aid activation parameters are compared to l(R = CH3) in Table II. It is 
= 

clear that the change in orientation of the phenyl rings has had a negligible effect. Although 

the rate difference exceeds experimental error, it is so small that it could be due to any 
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number of factors. Therefore, there appears to be no angular dependence on II interaction ----- -- 

between a phenyl ring and phosphinyl phosphorus. -- - This might be expected if ll bonding did 

involve orbitals at phosphorus with considerable d character--d orbitals should be able to 

accommodate any orientation of the phenyl rings. 

Table I 

Rates of Alkaline Hydrolysis of Alkyl 
Diphenylphosphinates in 33% Dioxane- Watera at 50” 

R - 

(C&s)zPGR 
(1 O%(M- ‘set- ‘) 

HO- + 

(C&&PCzR 
k 

rel 

HO- t 
CH &O,R 
k 

rel 

Methyl 138 320 6 

Ethyl 11.4 27 4 

n- Propyl 4.94 

Isobutyl 2.26 

Isopropyl 0.429 1 1 

Neopentyl 0.397 

a Solvent prepared from 33 parts dioxane and 67 parts water by volume at 25P 

b E. J. Salmi and R. Leimu, Suomen Kemistilehti, +, 43 (1947). 
- 

Table II 

Data for Alkaline Hydrolysis of 1 (R = CH,) 

and 3 (R = CH3) in 33% Dioxane-Water at 50” 
= 

Compound 1 O’k(M- ‘set- ‘) 
*a 

AF 50” 
*a 

AH 5oo AS 
*b 

500 

1 (R=cH,) 2. 24 21.7 12.1 = -29.6 

3 1.72 21.6 13.1 = (R=CH~) -26.1 

a 
Units are kcal/mole 

b 
Units are cal/deg. mole 
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