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A new reaction of arylphospholes: site-selective phosphorylation
through reaction with phosphorus tribromide
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The reaction of arylphospholes la—c with phosphorus
tribromide followed by treatment with morpholine
afforded the 2- or 3-substituted species 3a,b or 7 (which
after oxidation gave 4a,b or 8) in a selective manner.

Phospholes are useful ligands in transient metal complexes and
have attracted considerable attention recently." Not much is
known, however, of the substitution reactions of this represen-
tative class of P-heterocycles. The modification of phospholes is
of interest, as it may lead to P-ligands with new properties. For
this reason, it was a challenge for us to study the substitution
reactions of some arylphospholes available from our previous
work.*6

In this paper, we disclose our results on the substitution of
(trialkylphenyl)phospholes la—¢ with phosphorus tribromide.
Phosphorus halogenides are known to be useful in the phos-
phorylation of pyrroles.® The reaction of (trimethylphenyl)-
phosphole 1a* and (triisopropylphenyl)phosphole 1b® with
phosphorus tribromide in boiling chloroform in the presence of
pyridine furnished 2-substituted products 3a and 3b, respec-
tively, after treatment with morpholine (Scheme 1). To obtain
stable derivatives, diphosphines 3a and 3b were oxidised to
compounds 4a and 4b, respectively. It is noteworthy that the
exocyclic P-moiety underwent selective oxidation, while the
phosphorus heteroatom of the phosphole remained mostly
unoxidised. According to 3P NMR, the conversion of phos-
pholes 1 to products 4 was ca. 70%. The yield of phosphole
derivatives 4a,b was ca. 45% after purification by column
chromatography. Intermediates 3, as well as products 4 were
characterised by *'P NMR; 2J,, couplings of ca. 72 and 49 Hz,
respectively, were detected.>> The '"H NMR spectra of com-
pounds 4a and 4b revealed that the protons of the hetero ring
were not coupled to each other."'> The structure of product 4b
was also supported by *C NMR." Bis(phosphine oxides) 5a,b
were also formed in the above mentioned oxidation reactions
in ca. 14% yields."*"* Unlike other phosphole oxides,"® these
species resisted undergoing dimerization and could be stored at
room temperature for weeks.

A similar transformation of (tri-zerz-butylphenyl)phosphole,
1¢,' resulted in the formation of product 8 via intermediates 6
and 7 (Scheme 2). Interestingly, the substitution took place at
position 3 of the phosphole moiety. The different outcome is
probably the consequence of the steric hindrance around the
phosphorus heteroatom in le. Species 7 and 8 were character-
ised as above. *Jpp couplings of 50.4 and 21.8 Hz were obtained
for 7 and 8, respectively.’®*!” The *C and 'H NMR spectral
parameters of compound 8 were also consistent with the substi-
tution in position 3."7

As can be seen, the phosphorylated phospholes are excellent
models for the study of the 2Jpp and the *Jpp couplings.

In the mechanism proposed, the m-electrons of the double
bond in phosphole 1 attack the phosphorus atom of the reagent
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as a nucleophile to give intermediate 9 or 10 that may be stabil-
ised by the loss of a proton, by pseudorotation and finally by
the departure of a bromide anion.

In summary a new reaction of arylphospholes was explored;
their interaction with phosphorus tribromide resulted in
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2-substitution, or, in the case of the starting material with a
bulky P-aryl group, the reaction led to 3-substitution.

Future work will be directed towards the utilisation of the
above reaction in the preparation of a variety of phosphoric
amides and esters and a study of their properties.

Experimental
General procedure for the phosphorylation of phospholes 1a—c

Phosphorus tribromide (0.12 cm?®, 1.26 mmol) and pyridine
(0.10 cm?®, 1.24 mmol) were added to phosphole 1a, 1b or 1¢
(1.17 mmol) in dry CHCI, (50 cm?®), and the solution was stirred
at boiling point for 48 h under a nitrogen atmosphere. The
volatile components were removed in vacuo to give 2a, 2b or 6,
respectively.

The intermediate (2a, 2b or 6) (~1.17 mmol) was taken up in
dry benzene (50 cm®) and treated with morpholine (0.41 cm?,
4.70 mmol) at 0 °C. After stirring at room temperature for 1 h,
the mixture was filtered and the solvent of the filtrate evapor-
ated to afford 3a, 3b or 7, respectively.
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The bisphosphine (3a, 3b or 7) (~1.17 mmol) was dissolved in
CHCI, (50 cm®) and oxidised by the addition of 30% hydrogen
peroxide (0.68 cm?, ~6.0 mmol) at 0 °C. After stirring at room
temperature for 1 h, the mixture was extracted with water
(2 x 20 cm?®). The organic phase was dried (Na,SO,), the solvent
evaporated and the residue so obtained purified by repeated
column chromatography (silica gel, 3% MeOH in CHCl;) to
furnish product 4a, 4b or 8, respectively.
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