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CONJUGATION IN SYSTEMS WITH A TETRAHEDRAL
ATOM—DIARYLPHOSPHINIC ACIDS
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The USS R. Academy of Sciences, Moscow
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Or the two mcthods for the transmission of the mutual influence of atoms—by chain
induction and by conjugation --only the latter i1s determined by steric factors. n-Bonds
must be coplanar. The influence of an unsaturated substituent coupled to the reaction
centre by a system of conjugated bonds sharply diminishcs when it is removed from
the planc of the system, for example, through steric hindrance, which is shown in the
physical properties of the substances and in the vclocity and equilibrium constants of
their chemical reactions. This phenomenon has acquired the name of the sccondary
steric effect.

On Jp analysis, the secondary steric cffect leads to a deviation from the linear

k
relationship log K pd. which is connected with a change in the value of 4 on

disturbing the conjugation of the substituent with the transmitting chain and the
reaction centre.!
It was found carlicr that, on 4p analysis of the influence of a substituent on the
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strength of acids of phosphorus of the general type P or P . the
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lincar rclationship pk — pky, - pXd in rarious media was well maintained for
oxyacids and thioacids of phosphorus with the most diverse substituents A and B.2-¢
cxcept for the case in which both substituents A and B are phenyl or p-tolyl groups.?
It was shown, in fact, that 4 for a phenyl group has a constant valuc of —0-481 with
any second substituent on the phosphorus atom: hydroxyl, alkyl or substituted
alkyl. alkoxyl, aroxyl. ctc. but changes to  0:592 in the casc where the second sub-
stituent on the phosphorus is also a phenyl group.

For the p-tolyl group, the valuc of 4, —0-602 with any of the substituents cnumer-
ated above. changes to —0-723 when two tolyl groups are present in the molecule.
To explain this phenomenon it was postulated that this change in the value of 6
for phenyl and p-tolyl when two such groups arc present in the molecule is connected
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with a steric disturbance of the conjugation of the m-electrons of the system of aromatic
nngs with the P. O bond.

The idea of the steric disturbance of conjugation in the case under consideration
needs to be specified somewhat more precisely.

The usual phenomena of this type are associated with the steric hindrance of
coplananty. This is the casc in the disturbance of conjugation in purcly carbon
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f16 1 sp* hybnduization and conjugation; benzoic acid, the atoms of the benzene ring and
the CO, group he 1n the ame planc.

w-bond systems, in which, as is well known, conjugation ensures the plananty of the
arrangement of substituents about the sp? hybndized carbon atom (Fig. 1). In the
case of the diarylphosphonic acids, the central multiple-bonded phosphorus atom
retains its tetrahedral configuration (sp* hybridization; one unhybridized d-electron
takes part in the 7-bond). Hence, of the two phenyl rings bound to the phosphorus
atom, only one can be coplanar with the plane of symmetry of the electron cloud of
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Fia. 2. 3p® hydnidization and conjugation; diphenylphosphinic acid; the atoms of benzene
nng (1) and the P— () group lic in the same planc, the atoms of benzene ning (11) and the
P== 0 group lie 1n a diffcrent plane intersecting the first along the axis of the P-- O bond.

the P: O n-bond. The second ring lics in another planc intersecting the planc of the
conjugated system along the axis of the P.-O bond (Fig. 2). According to a second
alternative, both phenyl rings are non-coplanar with the planc of symmetry of the
P =0 =-bond, the plancs of the rings intersecting it at cqual or unequal angles.
In monophenylphosphinic acid and its hydrogen esters (Fig. 3). the planc of
symmetry of thc P=0O n-bond can always be oricntated in coplananty with the plane
0

FI1G 3. Phenylphosphimic acid and 1ts hydrogen esters; the atoms of the benzene nng and the
P—O group hiein the same plane, the OH and OR groups are at the apices of a tetrahedron.

of the benzenc ring. When the conjugation is disturbed, the value of 4 for the phenyl
ning must diminish, approaching the value of & for alkyl groups. In diphenylphos-
phinic acid, one of the phenyl rings (or both) is present under conditions less favour-
ablc for conjugation than in the monophenyl derivative; this must icad to a diminu-
tion in the value of 4 to some value charactenizing the mean degree of disturbance of
the conjugation. Experiment shows that this change amounts to approximately 20
per cent of the basic magnitude of 4.
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The fact that this change is not connccted with the steric hindrance of coplanarity
15 shown by the absence of the cffect with a branched alkyl radical (isopropy! or
cyclopentyl) in place of the second aromatic group; in these cases no deviation from
the lincar rclationship pk - pk, - pXd is observed when the usual value of 4 for a
phenyl group is employed (—0-481). It follows from this that the disturbance of the
conjugation is a phenomenon specific to the simultancous presence of two aromatic
(or possibly, in the gencral case, unsaturated) substituents on the phosphorus.

It1s of interest to note that when two different aromatic substituents are introduced
(for example, phenyl and p-tolyl), good agreement with Hammett's cquation is
obtained with the use of the valucs of 4 deduced from the symmetrical acids (that is,
0-592 for the phenyl group and 0-723 for the tolyl group).

Thus, when a second aromatic grouping is attached to the phosphorus atom, a
regular change in the valuc of the constant 4, connected with a disturbance of the
conjugation, 1s observed.

The phenomenon considered must be cxtremely general for 7-conjugated aromatic
or unsaturated systems including an atom with a tetrahedral (or other non-planar)
distribution of bonds.



