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ABSTRACT 

Newer techniques of phosphole synthesis, particularly those 

which lead to simple phospholes substituted with active functional groups, 

are briefly surveyed. A detailed account of chemical, physico-chemical, 

spectroscopic and theoretical studies related to the phosphole aromaticity 

problem is given and the present conflicting position is discussed. 

Dielectric relaxation measurements, based on the reorientation 

of a dipole in an alternating electromagnetic field, were obtained for 

seven phospholes and phosphole derivatives in an attempt to determine 

phosphole pyramidal inversion barriers. Two phospholes gave results 

consistent with a pyramidal inversion process. Thus, what appears to 

be a pyramidal inversion barrier for 1-butyl-3,4-dimethylphosphole was 

found to be 30.5 kcal./mole while this barrier for 3,4-dtmetbyl-l-phenyl- 

phosphole was tentatively assigned a value of 17.3 kcal./mole. 

Reactions of phospholes with dimethyl acetylenedicarboxylate 

were^ investigated with a view to determining the effect of the substi- 

tution pattern of the phosphole upon reactivity at the P atom. The 

results obtained in the reactions show the phospholes to behave broadly 

like tertiary phosphines, which would indicate only a small degree of 

lone-pair delocalization or an easily perturbed electronic structure in 

the pyramidal ground state. 
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3,4-Dimethyl-l-phenylphosphole and 3-methyl-1-phenylphosphole 

react with dimethyl acetylenedicarboxyl ate to give ester carbonyl stabi- 

lized bicyclic ylidic 1:2 adducts of the same type. On the other hand, 

1-phenylphosphole reacts with dimethyl acetylenedicarboxyl ate to give 

three products, an ester carbonyl stabilized bicyclic ylidic 1:2 adduct 

of a different type from that obtained with the other phospholes, a 

hydrolysis product of this or a related adduct, and a non-ylidic 1:2 

adduct which Is almost certainly a phosphonin derivative. 

A new and possibly general route to the hitherto relatively 

inaccessible phosphindole system, using the extreme readiness of simple 

phosphole sulfides to undergo dimerization, is described. Thus, 3,6- 

dimethyl -1 -phenyl phosphindole sulfide is prepared in good yield in two 

steps from 3-methyl-1-phenylphosphole. 
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INTRODUCTION 

Since the last reviews of phosphole (I) chemistry appeared 

(1,2), several major developments have taken place in the field. 

For example, greatly improved synthetic methods have been developed 

making phospholes with a wide variety of substitution patterns avail- 

able for study, although phosphole itself remains unknown. Thus, 

Quin et al. (3,4,5) have reported three synthetic approaches to ^-alkyl- 

I II III 

and C-alkylphospholes which, in their final stages, rely on dehydro- 

bromination of species such as the dibromophospholane II and the P;- 

bromo-3-phospholenium salt III obtained by a variety of reaction paths. 

Also, Mathey (6,7,8) has reported an elegant one-step synthesis of 

phospholes by addition of phenyldibromophosphine to conjugated dienes 

followed by treatment with DBU. Related syntheses of 1-alkoxy- and 

1-aryloxyphosphole oxides (e.g. IV) by dehydrobromination of 2-bromo-3- 

phospholene oxides such as V have also been reported (9). 
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IV V 

Of particular importance are the recent syntheses (4, 5, 10, 

11) of the first phosphole derivatives containing active functional 

groups on the ring. Examples of such phosphole derivatives are VI, VII, 

and VIII. These were prepared by treating anions such as IX with carbon 

dioxide,aldehydes or ketones (10, 11) or by treating phospholenium salts 

such as X with DBU (4, 5). 

IX X 
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There have even been reports (12, 13) of stable phospholes 

containing five-coordinate five-covalent phosphorus. Examples of these 

are XI and XII which were prepared by somewhat unusual methods involving 

metal-phosphine complexes. These phospholes are of particular interest 

since all such structures previously postulated have had to be revized (14). 

Finally, in the area of phosphole synthesis, there have been 

further reports of the synthesis of 2H-phospholes of type XIII and XIV 

(15, 16) and also 3H-phospholes of type XV (16). 

XIII XIV XV 
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However, of the more than sixty papers on the chemistry of 

simple phosphole derivatives which have appeared during the past five 

years, more than half have been concerned directly or indirectly with 

the possibility of pyrrole-type aromatic character in the phosphole 

ring. These studies, many of which have been quite ingenious, have 

tackled the problem from a wide variety of viewpoints but some of the 

more important investigations have led to sharply conflicting conclu- 

sions. Indeed, much seems to hinge upon an adequate definition of 

aromaticity - particularly for heterocycles where pyramidal inversion 

may take place about the hetero atom. We therefore present in this 

article a review of the various studies of phosphole aromatic character 

which have appeared during recent years and, in order to give a full 

picture, some earlier work is also included. These investigations may 

be divided into the three broad classifications of chemical and physico- 

chemical studies, spectroscopic studies and theoretical treatments. 

Chemical and Phvsico-Chemical Studies 

If the phosphole system possesses any significant degree of 

non-bonding pair delocalization, there are two possible arrangements. 

It could be a planar molecule with a fully delocalized Huckel 6 -rr-elecron 

system rather like pyrrole or thiophene (17) or it may have a rapidly 

inverting pyramidal arrangement about the phosphorus atom with appreciable 



lone pair *= TT system interactions in the pyramidal state and greater 

such interactions in the planar transition state. This latter view was 

advanced by Egan ^ al^. (18) and it will receive considerable atten- 

tion later in this article. A further factor to be considered is that 

the phosphorus atom possesses vacant 3d orbitals which may make some 

contribution to the ^ bonding. In any event, there should be two 

chemical consequences in that delocalization would lead to reduced 

reactivity of the conventional phosphine type at the phosphorus atom and 

would also suppress the dienoid character of the remainder of the ring. 

Indeed, the ring should behave at the carbon atoms to some extent as a 

TT-electron rich heterocyclopentadiene. 

Most studies of the reactivity of phospholes have been concerned 

with reactivity at the phosphorus atom. Thus, simple phospholes readily 

form oxides, sulfides or selenides (1) on treatment with hydrogen peroxide 

in ethanol or with elemental sulfur or selenium in suitable solvents 

under reflux. Oxide formation quite often occurs spontaneously (1, 3) 

in air if the phosphorus atom possesses an alkyl substituent. This is 

typical tertiary phosphine behaviour and might be taken to indicate 

little or no pyrrole-like aromatic character in the phosphole system. 

However, such a conclusion should be treated with caution for several 

reasons. For example, the P=0 bond in phosphine oxides and related 

compounds containing the phosphoryl group is formed extremely readily 

and, indeed, the formation of such a bond provides much of the driving 
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force for several well known and versatile organophosphorus reactions 

such as the Wittig and Michaelis-Arbuzov reactions. It is also an 

exceptionally strong bond (120-150 kcal/mole)(19). It would be more 

informative to compare rates of oxidation for phospholes and phosphines 

but this has not yet been done. 

Another typical tertiary phosphine characteristic is the form- 

ation of quaternary phosphonium salts since phosphines are good nucleophiles. 

Both simple and more heavily substituted phospholes also form methiodides 

(3, 8, 20, 21, 22), £-haloalkylphospholium salts of type XVI (23) and 

types XVII and XVIII (22), P^-dibromides (3, 20) and £-aminophospholium 

salts of type XIX (24). 

Ph Ph 

XIX XX 
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Again, these reactions would appear to indicate little or no lone 

pair - diene interaction in phospholes. On the other hand. Brown has 

pointed out (25) in an early theoretical study that comparisons in 

oxidation and quaternization reactions between phospholes and pyrroles 

(where these reactions do not normally take place because of electron 

delocalization) could be misleading since the energy difference between 

the planar and tetrahedral states is less for phosphorus than for 

nitrogen. This theoretical study will receive further attention later 

in this article. 

In this connection, it has been found (5) that rates of 

quaternization , of various phospholes depend very much upon the 

substitution pattern. For example, 1-benzylphosphole (XX) quaternizes 

only very slowly (28% conversion after 11 days) with benzyl bromide 

and this implies much reduced tetiary phosphine character in XX. If, 

however, methyl groups are introduced into the 3- and the 3- and 

4- positions of XX, the rate of quaternization progressively increases 

(5) implying increasing phosphine character and this has been attribut- 

ed (5) to steric interactions and/or electronic effects involving the 

methyl groups. This tentative deduction has been supported (5) by 

studies of metal complex formation and by nmr studies and these will be 

discussed later in this review. It should also be noted that similar 

variations in phosphole substitution patterns result in differences 

in reactivity towards butyllithium (8) where the butyl anion may 

attack at the phosphorus atom (to give ligand exchange) or at the ring 
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carbon atoms (to give phospholene anions). Again, this will be 

discussed more fully later. 

It should be mentioned in passing, and in connection with 

phosphole quaternary salts, that Mathey ^ have developed (26, 27 

28) an ingenious and very versatile double ring expansion of simple 

phospholes (though not 1,2,5-triphenylphosphole) based upon the 

equilibrium formation of a 1-benzoylphospholiurn salt in ether, 

hydrolysis of this salt under mildly basic conditions and treatment 

of the resulting 2-hydroxy-l,2-dihydrophosphorin with trace amounts 

of hydride ion to give a l-oxa-2-phosphacyclohepta-4,6-diene derivative. 

The reactions are shown in the sequence XXIXXIV. 

XXI XXII XXIII XXIV 
























































































































































































































































