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AheDnct-lhe synthesis of I~methyl-Pphosphaanthracene (lb) is descnf. Its stability is found to be 
intermediate between that of the unsubstituted parent compound (la) and of the IO-phenyl derivative (1~). The 
electronic structure of this new phosphaaromatic system is studied, especially by photoelectron spectroscopy. As 
inductive and/or conjugative effects of the substituents are shown to be of minor importance, it is concluded that 
mainly steric effects stabilize the 9-phosphaanthracem system. 

INI’RODtJCIlON 

9-Phosphaanthracene (la), the parent compound and first 

representative’ of tticyclic phosphaaromatic heterocy- 
cles, could not be isolated due to its high reactivity. 
However, IO-phenyl-9-phosphaanthtacene (lc) proved to 
be an isolable compound of considerable stability in the 
absence of oxygen? In a similar fashion, the 9- 
phosphaphenanthrene system’.’ and the 9arsaanthracene 
systems.6 were considerably stabilized by a IO-phenyl 
substituent. 

Starting from the working hypothesis’.’ that the 
enhanced stability of lc relative to la is due to steric 
inhibition of polymerization reactions by the phenyl group 
we undertook the synthesis of IO-methyl-P 
phosphaanthracene (lb) hoping that the Me substituent is 
sizable enough to achieve the same end. The concept 
proved partially successful leading to the first isolable 
alkyl substituted phosphaanthracene derivative of inter- 
mediate thermal stability and to the possibility of 
obtaining insight into the electronic structure of the new 
phospha-aromatic system by photoelectron spectroscopy. 

Synthesis of lb. The general approach to the synthesis 
of lb was similar to that applied earlier.‘.’ The starting 
material for the aromatization step, 9chlorolO-methyl- 
9,lO-dihydro9-phosphaanthracene (2). was obtained by 
reacting the Grignard reagent of I-(Zbromophenyl)-l- 
phenylethane* (3) with bis(diethylamino)- 
chlorophosphine, followed by treatment with gaseous 
hydrogen chloride to yield 4, which was cyclized with 
aluminum chloride. 

The dehydrohalogenation of 2 was carried out by two 
different procedures, i.e. with the tertiary nitrogen base 
l,Sdiazabicyclo[5.4.O]undec-Sene (DBU) and by 
pyrolysis at co 500”; both procedures gave lb in 10-30% 
yield, but lb was difficult to purify from byproducts. In 
the base-induced reaction, dimeric products were ob- 
tained, whereas in the pyrolysis much unreacted 2 was 
present. 

One of the dimers could be isolated after exposure of 
the products to air and moisture and was identified as 5. It 
is not clear whether 5 was formed from unreacted 2 in a 
dimerization reaction analogous to that described by Quin 
and Anderson9 or by radical processes involving 2 and/or 
lb or in a base catalyzed dimerization from lb analogous 
to the dimerization of acridine.” In an attempted 
alternative approach to lb we prepared IO-methyl-9,10- 
dihydro-9-phosphaanthracene (7) by reducing the corres- 
ponding phosphinic acid 6. Dehydrogenation of 7 did not 
generate any lb traces of which would have been detected 
by its UV spectrum. 

Compound lb was isolated from the base-induced 
reaction by crystallization (Experimental). It could not be 

‘In the sequence of a continuing series of papers on theory and 
application of photoelectron spectroscopy by A. Schweig ef al., this 
paper will be regarded as part S8 by that laboratory. 

purified by sublimation, as it decomposed on heating; in 
an inert atmosphere at room temperature, it decomposed 
in soluti~tt and to some extent even in the solid state. 
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The identity of lb was proven by elemental analysis, by Photoelectron spectrum and electronic structure of lb. 
its UV spectrum which was very similar to that of la’ and Fig. I shows the photoelectron (PE) spectra of lb, 
let by mass spectroscopy,” by its reaction with maleic 9-methylanthracene (9b) and 9-methylacridine (lob). 
anhydride to yield the Diels-Alder adduct 8, and by 
reduction with potassium metal to the radical anion of 
lb,‘* the ESR spectrum of which showed two sets& = 
33.5 G) of four lines (aHCH’ = 6.5 G). Both values must be. 
considered as typical for (phospha) aromatic systems. For 

& ; ..t,:, Q&J f X&s 

other phosphorin radical anions ap has been reported to 
fall in the range of 23-36 G’““‘* [compare a, = 8.4 G for 
(C6H,hPK”]; similarly, though less clear cut, aH = 6.5 G 

The correlation diagram for the highest occupied MO’s 
of these compounds using experimental and calculated 

resembles more that of the radical anion of 9- values is displayed in Fig. 2. The calculations were carried 
methylanthracene (aHCH) = 4.3 G)15 than .that of diphenyl- out by the extended CNDO/S method” invoking the 
methane (a”‘“2 = 2.2 G),16 thereby making dimeric struc- validity of Koopmans’ theorem.‘* The orbital sequence of 
tures such as 5’ rather unlikely. However, the most the respective MO’s in anthracene (9a)‘%” and 9bn has 
convincing proof for the electronic structure of lb was previously been established [for an illustration of the four 
derived from photoelectron spectroscopy. relevant occupied ?I MO’s, T, to n4, which belong to the 

b,, b,,, au and 4 (b,, az, a2 and b,) irreducible 
‘The radical anions of la and lc show a, = 35 G and a, = 34 G. representations of point group I)zh(&), see below]. The 

respectively; C. Jongsma. unpublished results. assignment of bands in the PE spectra of 9b and 10b 
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Fig. 1. Sections of the PE spectra of Pmethylanthraceae (9t1), Pmethylacridine (lob) and IO-methyl-P 
phosphaanthracene (lb) with interpretation. For the measured vertical ionization potentials see Fig. 2. 
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Fig. 2. Found and calculated correlation diagram for the highest occupied MOs of 9-mcthylanthracene (9b), 
9-methylacridine (lob) and IO-methyl-Pphosphaanthmene (lb). The numbers above the levels are vertical ionization 

potentials (in eV). 
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P,la,;a,) a, (bZg.b,l 

stems: (i) from the close correspondence between 
experimental and theoretical values (the strong calculated 
rise of the lone pair (n) level in going from 10b to lb is 
probably not an artifact of the present calculations but a 
manifestation of the different orbital relaxation of 
nitrogen and phosphorus lone pair MO’s*’ which is not 
taken into account in the calculations), (ii) from the 
observed (see Figs. 3-5 and discussion in text below) 
slight influence of the Me substituent in lb, 9b and lob on 
the highest occupied MO’s of anthracene @a), acridine 
(10~) and 9-phosphaanthracene (la) (ensuring that the 
orbital sequence in the parent and substituted systems is 
all the same) and (iii) from the generally found close 
correspondence of n ionization of phospha-aromatics and 
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Fig. 3. Found correlation diagram for the highest occupied MOs 
of anthracene (9s). 9-methylanthracene (9b) and 9- 
phenylanthracene (L). The two phenyl n ionization of 9c are 
designated by 2 Ph. The numbers above the levels are vertical 

ionization potentials (in eV). 

Fig. 4. Found correlation diagram for the highest occupied MOS 
of acridine (lOa). 9-methylacridine (lob) and 9-phenylacridine 
Wc). The two phenyl n ionizations of IOe are designated by 2 Ph. 
The numbers above the levels are vertical ionization potentials (in 

eV). 
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Fig. 5. Found correlation diagram for the highest occupied MOs 
of 9-phosphaanthracene (la), IWmethyWphosphaanthracene (lb) 
and IO-phenyl-9-phosphaanthracene (Ic). The two phenyl s 
ionizations of lc are designated by 2 Ph. The levels for la are 
drawn in dashed line lo indicate that they have been obtained by 
use of an extrapolation procedure (see text). The numbers above 

the levels are vertical ionization potentials (in eV). 

parent aromatics on the one hand and of the n ionization 
in analogous phospha- and aza-heterocycles on the other 
(for these two useful generalisations see ref. 24). 

Figs. 3-5 represent the observed correlation diagrams 
for the highest occupied MO’s of molecules 9a, 9b and 9c, 
lOa, lob and 1Oc and la, lb and lc, respectively using data 
for 9a and 10s from own measurements and the 
previously published 2( data for lc, 9c and 1Oc. The values 
given for la were extrapolated on the base of the data 
from lb and the corresponding anthracene and acridine 
cases. As seen from these diagrams the methyl and phenyl 
substituent effects on the highest occupied MO’s are very 
small (in the range of 0.1-0.2 eV) and nearly the same for 
both substituents. This result is in accordance with the 
assumption that the phenyl group in lc,' SC” and 1Oc has a 
perpendicular orientation relative to the tricyclic system. 
Bearing this result in mind it is-in harmony with the 
working hypothesis’.’ mentioned in the introduction- 
hardly conceivable that electronic (conjugative and/or 
inductive) effects of the methyl or phenyl groups play any 
significant role in determining the enhanced stability of lb 
or lc relative to the unsubstituted 9-phosphaanthracene 
(la). 

This conclusion is in agreement with recent results in 
the arsaanthracene series where it has been found that 
chlorine, bromine and methoxy as substituents in position 
IO give no substantial stabilization?’ 

EXPERIMENTAL 

M.ps are uncorrected. Mass spectra were recorded with a 
Varian MAT CHS and ‘H NMR spectra with a Varian A&l 
spectrometer. Chemical shifts are given in S (ppm) from internal 
TMS. The IR spectra were recorded with a Perkin-Elmer 237 and 
the UV spectrum with a Perkin-Elmer spectrophotometer, model 
137. The ESR spectrum was recorded with a Varian E-3 EPR 
spectrometer. The Ht(l)PE spectra (584 A) were recorded with a 
Perkin-Elmer PS I8 spectrometer. Elemental analyses were 
performed under supervision of Mr. W. J. Buis at the Micro- 
analytical Department of the Institute for Organic Chemistry 
TNO. Utrecht, The Netherlands. 

1_(2-Dlchlorophosphosph~p~yl)-l-phcn (41. The 
solution of the Grig&d comp&nd;p~epLed irom 3’ (ld6’mmole) 
andMg(I27mmole)indryTHF(8Oml)wasaddedtoamixtureof 
bis@idhylamino)chloro~hosphi~e (lb mmole) in dry THF 
(100 ml), which was cooled at -80”. After boiling for 4 hr the THF 
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