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We have studied the acid-catalyzed hydrolysis of some phosphinanilides (1) and have

found results of considerable interest which are relevant to the general problem of cleavage
of P-N bonds.*
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In 10% aqueous dioxane, the pseudo first-order rate constants (k\y) for acid-catalyzed

hydrolysis of N~p-nitrophenyldiphenylphosphinamide (L: Ar=p-NO,-CH,) yield linear
plots of log k\y vs. Hgy;® There is clearly non-linear dependence of log k‘l’ on log [acid] in
both H,SO, and HC1O,. This is evidence for an A, mechanism of hydrolysis. However, the
slopes of log k‘Y vs. Hy are 0.59 and 0. 56 in H,SO, and HC1O, respectively. This extreme
deviation from the unit slope expected of a Hammett base reacting by an A; mechanism
caused us some doubt about the validity of the Hammett criterion applied to the hydrolysis
of 1. ¢

B Substituent effects indicate a different pathway for hydrolysis than observed for benzani-
lides.” Variation of Ar in }__(Ar=p-CH3OC(,H4, CH;, and p-NO,CH,) (Table 1) indicates
p=-1. 73 compared to p= +0.6 in various substituted benzanilides.’ Furthermore, the
excellent correlation of log k\y for 1 with pK's of anilinium ions suggests protonation on
nitrogen in the species undergoing hydrolysis and an A, mechanism, since this result

indicates that the transition state appears to resemble N-protonated 1 8
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TABLE 1

Rate Constants for Hydrolysis of (CJH;),P(O)NHAr (10"*M. ) in 10%
Aqueous Dioxane, 0.49 M HC1O,, 25.2°

Ar% p-NO,-CgH, CeH; p-CH3O-Cgl,

10%(sec™ ) 2.58 56.7 161.0

Rates of hydrolysis of é(Ar: p-NO,-CH,) at 25°, 35° and 45° gave Ea = 17.0 kecal/mole
and AS# = -22 eu. The value of AS* falls in the range suggested’ as characteristic of a
bimolecular, rate-determining reaction of protonated substrate in conflict with the tentative
conclusion from the Hammett criterion and substituent effects.

The solvent deuterium isotope effect in the hydrolysis of =1(A.r = p-NO,~CH,) was
evaluated in D,0 and H,O with 0.49 M HC10,. The reaction was 2.7 times faster in the
deuterated medium. This is very close to what would be expected in an A; mechanism
with the main isotope effect on the equilibrium involving protonation of substrate. 10 There-
fore, there is strong evidence for an A; mechanism of hydrolysis, and together with the

substituent effects and H, dependence, eq. 1 appears to be valid.
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Although these anilides probably protonate predominantly on oxygen, it is apparently the

N-protonated substrate (3) which undergoes P-N cleavage and hydrolysis.

On closer examination, we conclude that the AS¥ value of -22 eu is not in conflict with
this mechanism. It is known that the AS for protonation of 2,4-dinitroaniline is -21.5 e. u.,
and A S for protonation becomes increasingly negative with decreasing basicity of the aniline. !!

This is presumably due to the increased solvation requirements of a very acidic anilinium ion
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compared to H' + aniline. Therefore, AS (protonation) should depend on two factors: 1)
the acidity of the protonated species; and 2) the number of acidic protons which have to be
solvated in the protonated species. AS {(protonation) may be about 0 for oxy bases of the
kind involved in reactions considered by Schaleger and Long® because there is only one acidic
proton in the conjugate acids. In 3, there is two protons and they are undoubtedly very acidic,
probably considerably more acidic than the protons of 2,4-dinitroanilinium ion. It appears
reasonable to estimate that oS (protonation) for generation of 3 is about -20 e.u. We must
then estimate A S (rate-determining step) in order to use entropy as a criterion of mechanism.
In this reaction:

AS (protonation) estimated ~-20 eu;

as* (hydrolysis) observed = -22 eu;

therefore, AS (rate—determining step) estimated ~0 eu

This estimated A S (rate-determining step) clearly supports an A, mechanism.®

We conclude that the postulates? regarding A S¥ in acid-catalyzed reactions are likely to
be correct for a substrate protonating on oxygen but are not generally valid unless one can
predict AS for the equilibrium protonation of substrate. In any case, the A S* criterion should
be applied with some concern about AS for protonation.

These results indicate considerable lability of a P-N bond in a phosphorl.is amide when
the N atom is positively charged. Of course, in this case, the leaving group is an aniline
and the P-N bond will tend to cleave considerably more readily than when the leaving group
is NH; or an aliphatic amine.

We have commented in an earlier publication on phosphinylium ions, Rzl-;=0, which
were observed to be important fragments in the mass spectra of phosphinates. !> The present

data lends support to a role of these ions in the solution chemistry of phosphorus. 3
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