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A particularly elegant method of testing whether there is conjugation
between 3d orbitals on an atom of a third row element and an adjacent
benzene ring is the substituent interference experiment, developed by
Goodman, and recently applied to silicon (2) and sulfur (3) compounds. In
essence the method conslsts of a comparison of the absorption intensities
of the electronic spectra of related benzene derivatives in the 2600: region.
The compounds required are: a) a monosubstituted benzene bearing a moder-
ately perturbing substituent (e.g. methyl or methoxyl); b) a monosubstituted
benzene bearing a substituent with the element in question attached to the
ring; the remaining bonds from the elemsnt are preferably to hydrogen, to
minimize second-order effects; c) a para-disubstituted bsnsene beaning both

the above subatituents.

If there is withdrawal of elsctrons from the bensene ring into the 3d
orbitals of the substituent then the intensity of the benszene analog transi-
tion in the para-disubstituted compound will be weaker than that in monosubsti-

tuted compound with the more inteuse transition. For example (see Table I) the
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band in p-methoxyphenylsilane is markédly less intense than that in anisole;
the same applies to p-methylthiophenol and thiophenol. However in p-cresol
(where the oxygen substituent has no available d-orbitals) the band is

conslderably more intense than that in toluene or phenol.

o
Table I Intensities of some 2500-A benzene analog transitions

Compound B.* (n'.)** Ref,
p~CH30C4H) S1H3 1075 281 (2)
CgHgS4H, 243 2n (2)
CH40CgHg 1630 272 (2)
P~CH3CgH),SH 300 2715 (3)
CoHgsH 700 269 (3)
p-CH3CgH, 8 1840 277 (3)
CH3CgHs 205- 268 (2)
CeHgH 1320 269 (3

* Smoothed molar extinction coefficient.
o
"¥Maximunm of the 2600-A benzene analog transition.

Because of our interest in the spectroscopic properties of phosphorus
compounds, and because the result would allow a comparison of phosphorus
with the other third row elements already studied, we have carried out 2
substituent interference experiment on aromatic compounds bearing a phos-
phorus substituent. As in the experiments with silicon, a msthoxy group
was chosen as the moderately perturbing substituent. Fhenyl phosphine was
prepared by the lithium aluminum hydride reduction of phenylphosphorus

dichloride., The desired p-methoxyphenylphosphine was prepared by the
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route outlined below; the relative orientation of substituents was con-
firmed by‘ the proton magnetic resonance spectrum of the compound which, in
the aromatic region, showed an AA'MM! pattern, and by the infrared spectrum
which had bands at 1033, 107h, 1105, and 1182 cml, and a characteristic
pattern in the 1650-2000 em™) region attributable to & p-disubstituted

benzene (L)
P(N(CH3)2)
(033)21‘)2?01

EtZO Et20
Fip

LiALH),

Ftg0

Ociy

The ultraviolet spectira of p-methoxyphenylphosphine, phenylphosphine,
and anisole are shown in Figure 1. The marked decrease in intensity of
the benzene analog transition in p-methoxyphenylphosphine as compered with
anisole shows that the phosphine substituent is withdrawing electrons from
the benzene ring into the 3d orbitals (or, much less probably, the Lp
orbitals) of phosphorus,
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A confirmation of this result lies in the data published by

Schindlbauer for p-methylphenylphosphine (5). In this campound, also,
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Figure 1. Ultraviolet Spectra of the Benzene Analog
Transition of Anisole (== = —-), p-Methoxy-
phenylphosphine (=———), and Phenyl-
phosphine (==-=wc—mce. )

the expected decrease in intensity, as campared with phenylphosphine, is
noted (see Table II).
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Table II
Intensities of the 2600A benzene analog transition in some phosphorus

compounds and non-phosphorus containing analogs

Compound Eg mp Ref,
CeHg Py 590 265 *

p=CH30CgH), PHip 1400 276 *
CH300gHy 1630 272 (2)

p-CH4CgH), P, 355 26L (L)
CH4C4H 205 268 (2)

*Present. work.

Thus the behavior of phosphorus paralllla‘that of its neighbors in the
periodic table, and it is clear that for these third row elsments there is
convincing evidence of conjugation of their 3 d orbitals with an adjacent
unsaturated system, Further chemical and spectroscopic consequences of this

observation are currently under investigation,

REFERENCES
1) This investigation was supported in part by Public Health Service
Research Grant No. CA 07182 from the National Cancer Institute,
2) L. Goodman, A, H. Konstam, and L. H, Sommer, J, Amer, Chem, Soc., 87,
1012 (1968).
3) L. Goodman and R. W, Taft, J, Amer. Chem, Soc., 87, L385 (1965).

L) C. N. R. Rao, Chemical Applications of Infrared Spectroscopy, p. 160,
Academic Press, New York (1963).

5) H. Schindlbauver, Monatsh,, 94, 105 (1963).



