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ON RUPTURE OF THE P-E BOND IN REACTIONS OF
ACIDIC DERIVATIVES OF TRIVALENT PHOSPHORUS

A.N.PUDOVIK, E.S.BATYEVA, V.A.AL'FONSOV
Arbuzov Institute of Organic and Physical Chemistry,
USSR Academy of Sciences, Kazan, USSR

Abstract The reactions of P(III) acid derivatives

of the P-E type (where E=N, O, S) occuring with the

rupture of the P-E bond were studied and classified.

The basic types of such reactions have been conclu-
- ded to be acid catalyzed.

Rupture of the P-E bond by different nucleophilic and
electrophilic agents should be considered as one of the
fundemental properties of the P(III)-E acidic derivatives
where E is a heteroatom with a lone electron pair (N,0,S).
Numerous phosphorylation reactions of organic compounds
are based on this property. Among these are the reactions
of substitution or addition occuring with preservation or
with alteration of the phosphorus atom coordination.
These reactions can be classified according to the type
of reagents into substitution reactions with the proton
containing reagents, the substitution reactions with
aprotic electrophilic reagents and addition reactions
with insertion of unsaturated fragment into the P-E bond.

>P-ER + HX ===p= >PX + REH
>P-ER + AX ===3> >PX + REA
=g § R

>P - BER  + >C=X === >P-X=C{ =3~ 3P - C<
The systematic study of these reactions has led us to the
conclusion, that the acidic catalysis is characteristic
of the reactions occurring with the rupture of the P-E
bond. Some examples of such acid catalysis have been men-
tioned earlier'~>, In the course of our subsequent study
the examples of the acid catalysis have been found prac-

tically for all the basic types of the transformations
occuring with the rupture of the P-E bond. Besides, on
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the basis of the concept of acid catalysis new types of
such reactions have been found.

The acid catalyst is usually inserted into the reaction
mixture together with the initial compounds as admixtures.
Elimination of them presents certain difficulties and re-
quires special methods. Thus the system is usually three-
component, In general two variants are possible. When the
initial compounds react readily the presence of acid does
not influence the reaction direction, thus usually lea-
ding to the P-E bond preservation. However, if the rate
of the reaction of at least one of the compounds in the
presence of acid is higher or comparable with the rate of
interaction of the initial compounds, the alteration of
the direction towards the P-E bond rupture is observed.
Solution of the problem of acid catalysis should be to
our mind considered in two aspects. The first problem con-
cerns the fact of acid catalysis itself, the second rela-
tes to its mechanism, Acid catalysis should be considered
as a general feature for the reactions under investigati-
on, whereas the mechanism of catalysis may be different
end it should be studied specially in each case. Cataly-
tic action of acids was confirmed as follows. Under the
above conditions but in the absence of catalysts the des-
cribed conversions slow down or cease completely. Additi-
on of acid resumes the reactions with the P-E rupture,the
latter significantly accelerated with the increase of the
catalyst content.

Acid catalysis was established in the alcoholysis, amino-
lysis, thiolysis, hydrolysis reactions of amidesB—G, oS-
ters7 of P(III) acids. Discussing reactions with the pro-
ton conteining reagents, it should be kept in mind that
besides the reactions catalyzed by acids, there is a gro-
up of purely nucleophilic substitution reactions cataly-
zed by bases occurring with the rupture of the P-E bond:
e.g. cases when the entering grous are more basic than
eliminating ones. No acid catalysis is required in reac-
tions if the protondonors possess strong acidic function.
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The direction of the ER group substitution in the reacti-
ons of amides4;and thioesters® of P(III) acids with acyl
halides is also acid catalyzed. Acid catalysis has been
found in the exchange reactions at different substituted
P(III) atoms *2+10; in the reactions of amidophosphites
with esters4 and acetoxymethylamides11 of carboxylic ecids;
in the reactions of thioesters with sulphenyl halides12.
The addition-insertion reactions of P(III) amides with al-
dehydes, ketones, isocyanates4 and thioesters with carbo-
nylic compounds13 are also catalyzed by acids,

The mechanism of acid catalysis is not quite clear. One

of the versions is as follows:
+ - 2 1 + -
P - ER X =2 P - ER + HX =g )P-?RX
]

i I

o S
’;?-X ——— ‘;?-XRE-_;_:“;P-X+REH
H H

The reaction of ER group substitution may proceed in the
E~ or P-protonsting form. The first direction is preferab-
le for heteroatom with pronounced basic properties (N,0).
The second path is more possible for the less basic hete=-
roatom (S). The key elements of the scheme are the pro-
ducts of ER group substitution., If the anhydride derivati=
vesa in the initial equilibrium is fixed by the other pro-
ton containing compounds the nucleophilic substitution
products may be obtained. If REH is fixed by other elec-
trophiles the addition-insertion or electrophilic substi-
tution products are formed. But the acid may as well acti-
vate the electrophilic agent, for instance the carbonyl
compound.
It is noteworthy that the protophilic contribution of the
nucleophilic substitution may occur on the stage of the
anhydride derivative as well as at the earlier stages (E-
protonating form, H-complex). This depends on the acid
gtrength, the nature of anion, the environment of the pho-
aphorus atom and the nature of the nucleophilic agent.

PS.—J
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+
JP=ER + HX == ZP-ER -—~ )P-},BRX —>»3P=-X + REH

HX H
NuH NuH NuH
>P-Nu + REH + BHX

From the data discussed above it is evident that the acid
catalysis is e general feature of the reactions occurring
with the P-E bond rupture. The estimated regularities al-
low one to widen significantly, simplify and improve syn-
thesis on the base of amides, esters, thioesters of P(III)
acids, to find out new synthetic routes and new classes

of organophosphorus compounds.
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