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Introduction
In this letter the phosphabenzenes Il) and IIZ) are investigated theoreti-
cally. X
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As has been shown on derivatives of these molecﬂlesB)

the heterocyclic

rings of both I and II are planar with PC bond lengths intermediate between
single and double bond lengths and CC bond lengths practically the same as in
benzene. From these data one must conclude that in both compounds the phosphorus
atom takes part in the ring conjugation. In this context interesting questions
remain for theoretical investigation, namely: (1) what orbitals on the phosphor-
us atom participate in T bonding and, in particular, to what extent they do?,
(2) what hybrids on the phosphorus atom are involved in the PC 6- bonds?, (3)
what is the nature of the phosphorus lone pair?, and (4) what is the direction

of the molecular dipole moment?

Results and Discussion

1)

To explore these problems we used the CNDO/2 method. Both molecules have

C2v symmetry. Thus in the coordinate system used all MOs must be either symme-

tric or antisymmetric to the G and 6% _ planes. MOs antisymmetric to L
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(the molecular plane) are called @ MOs. On the phosphorus atom the sz, dez’
and jdyz A0s are available for % bonding with the 2p, carbon AOs. Since the
3dsz0 is symmetrie, the 3dyz A0 antisymmetric to g DO canonical 7 MO can
be found with 3dxz and 3dyz contributing simultaneously.Thus, within the
cancnical set of MOs at least, one would predict that % electron conjugation is
continuous through phosphorus not only by the sz AO but also by the dez and
3dyz AOs.

The extent to which these AOs contribute to the three 7rMOs occupied in the
ground state, may be seen from Table 1. In this Table the expansion coefficients

of the ® AOs on phosphorus and the adjacent carbon atoms are listed.

Table 1 % AO Expansion coefficients on phosphorus and the adjacent

carbon atoms for the occupied ® MOs of I and II

Molecule Wavefunction P 01 C5
3p, 3445 Bd)z 2p, 2p,
I ¥ 0.217  o.1ko — 0.342  0.342
¥2 - — -0.273  0.514 -0.51k
¥s3 0.599 0.200 —_ 0.379 0.379
I ¥1 0.019  0.168 — 0.275  0.275
¥o — _ -0.032 o.409 -0.409
wB 0.320 0.312 — o.lhls o.lis

For I the major contribution to ring conjugation comes from the 3pz AO, but
there are_also significant contributions from the do AOs. But most interesting-
ly, in II there is an appreciable contribution from the 3pz A0, too. This is

5) in the case of gimilar tetraco-

contrary to previously made model assumptions
ordinate pentacovalent phosphorus heterocycles. According to these assumptions
the 3pz A0 should be involved in a sp3 hybridization on phosphorus and should

thus not be taken into account for T bonding.



No.56 4943

To get further insight into the PC 6 bonds we studied therefore the hy-

bridization on the phosphorus atom by a previously deseribed methods). In the

case of I phosphorus hybrids s°'1°p°‘71d°‘2°

for each 6-PC bond were obtained.
These hybrids overlap with practically pure 392 hybrids on the adjacent carbon
atoms. There is only a small s contribution to the phosphorus hybrids. This
may help to explain the small CPC bond angle which is found to be 103°. The
corresponding phosphorus hybrids involved in the PC bonds of II were found to

be So.}opo.deo.Zz

. There is more s contribution to this hybrid in II than in I.
This compares favourably with the greater angle of 107° in II than in I. The PO
bonds cannot be considered as localized because of ®e- A0 mixing in these bonds.
Therefore, the phosphorus e- hybrids for these bonds cannot be derived in the
same simple manner.

Contrary to pyridine7)

the highest occupied MOs in I and II are & MOs. The
next lower MO in I is 6o % localized on phosphorus and thus may be regarded as
a delocalized phosphorus lone pair. The expansion coefficients of the phosphorus
AOs in I and for comparison for the nitrogen AOs in pyridine are shown for the
"lone pair" MOs in Table 2.

Table 2 A0 Expansion coefficients on nitrogen and phosphorus for the

"
" 1one pair MOs in I and pyridine

Atom s Py dzz dx2 - y2
N 0.248 - 0.582 — —
P o0.416 - 0.626 0.136 0.155

As one sees from this Table the phosphorus "lone pair" has more g participation
than the nitrogen lone pair. This agrees with the finding of smaller s contri-
bution to the 6 ring hybrids on phosphorus than on nitrogen. The d22 and dx2_y2
contributions tend to enlarge the free electron pair in the xz plane. Thus for
phosphorus a more diffuse and less directed lone pair than for nitrogen in pyri-
dine is predicted. ‘

The electron distribution in I and II and for comparison in pyridine (units of
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10-3 electrons) are shown in the following molecular diagrams.
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As one sees the charge distributions in I and II are dramatically different
from that in pyridine. In particular, it is not possible to explain the
7 charge distributions in I and II as in pyridine by simple Kresonance theory.
Phosphorus withdraws nearly the same amount of % charge from the rest of the
ring as nitrogen in pyridine does, but curiously from the m ring position.
Whereas as expected ©0”charge, too is shifted from the rest of the ring to nitro-
gen, phosphorus donates G-charge back to the ring.
The dipole momentsa, measured for derivatives of I and II are lower than
for pyridine. The directions, however, as these calculations show remain the same.
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