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Synthesis of Quaternary Aryl Phosphonium Salts: Photoredox-
Mediated Phosphine Arylation

A. F. Fearnley, J. An, M. Jackson, P. Lindovska and R.M. Denton®’

We report a synthesis method for the construction of quaternary aryl phoshonium salts at ambient
temperature. The regiospecific reaction invovles the coupling of phosphines with aryl radicals
derived from diaryliodonium salts under photoredox conditions.

Quaternary phosphonium salts are a fundamentally important class of organophosphorus compounds,
which have been applied as synthesis reagentsi phase-transfer catalysts,ii ionic quuids,iii anti-cancer
agentsiv as well as in drug delivery.” More recently, phosphonium salts have begun to be explored as
Lewis acids” as a result of their low lying o* orbitals, opening up an exciting new class of organocatalysts.

Despite this diverse range of applications methods for the construction of aryl-substituted
phosphonium salts are limited. Transition metal-mediated couplings of phosphines"ii and aryl halides,
such as the palladium-catalysed reactions reported by Charette and co-workers (Scheme 1A),"“b’C are
known but typically take place at high temperatures. An important alternative method was recently
reported by Juge and co-workers (Scheme 1B) and involves the interception of in situ-generated arynes
with phosphines at room temperature."iii This method is limited somewhat by the availability of 2-
(trimethylsilyl)aryl triflates and poor the regioselectivities obtained during the coupling of unsymmetrical
arynes with phosphines.

With these limitations in mind we sought a method that could be conducted at ambitent
temperature and was regiospecific with respect to carbon-phosphorus bond formation. We reasoned
that the arylation of tervalent organophosphorus compounds with iodonium salts,ix first reported by
Reutov and co-workers in 1965” and subsequently revisited by Kampmeier,Xi could meet the above
criteria. The latter non-preparativeXii mechanistic study corroborated a redox radical chain process
involving aryl and phosphoranyl radicals™ and, despite being overlooked since,XiV suggested that a
synthetically useful phosphine arylation reaction could be developed. Herein we report a photoredox-
initiated arylation reaction between aryliodonium salts and phosphines under ambient reaction
conditions (Scheme 1C).
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Scheme 1.

We began by establishing a new method for the initiation of the putative radical chain at ambient
temperature under photoredox conditions.™ To this end the combination of visible light with Ru(bpy);Cl,
was explored (Table 1). Gratifyingly, the photo-redox initiated arylation of triphenylphosphine with
diphenyliodonium triflate (entry 1) gave the corresponding phosphonium salt in good conversion. Next,
the analogous reaction without the 10W lamp was investigated (entry 2) and gave a much-reduced 23%
conversion. The arylation reaction did proceed in the presence of visible light without Ru(bpy)sCl,, albeit
more slowly (12% conversion after 20 mins, entry 3).



Table 1. Survey of initiation methods.

® O
Ph —l\ OTf
Ph
p initiator '.Drb
P
Ph~ | ~Ph PANRN OTf
Ph MeCN, room temp. Ph F‘Jh Ph
Entry Initiator Time Conversion®
(mol%) (min) PPh; PPh;0 PPh,
1 10 W lamp 20 19 10 73
Ru(bpy)sCl;
2 mol%
2 Ru(bpy)sCl, 20 71 6 23
2 mol%
3 10 W lamp 20 84 6 12
4 None 120 100 0 0
5 AIBN (80 °C) 240 0 50 50
10 mol%

°Determined via *'P NMR analysis of the crude the reaction mixture.

Finally, in the absence of both ruthenium and visible light (entry 4) no conversion to phosphonium salt
was obtained after 120 minutes. These experiments demonstrate that Ru(bpy)sCl, in combination with
visible light from a 10 W lamp serve as an effective radical initiator in this system at ambient
temperature.x"i For comparison initiation using AIBN proved to be less efficient (entry 5) giving 23%
conversion at 80 °C after two hours. Having established that the combination of Ru(bpy)sCl, and visible
light was effective for initiating a radical-based coupling reaction we proceeded to examine the scope of
this room temperature arylation protocol.

We began by arylating a range of triarylphosphines with diphenyliodonium triflate (Table 2, entries
1,3,4,5 and 6) to afford the corresponding phosphonium salts 2 in moderate to excellent isolated yield
following flash chromatography and recrystallization. The arylation of methyldiphenylphosphine (entry
2) was also efficient.

Next we sought to prepare further phosphonium salts bearing functional groups that would facilitate
further transformations after arylation. To this end we prepared two chlorophenyl(mesityl)iodonium
triflates and carried out arylation reactions with a range of phosphines (entries 7-11). The phosphonium
salt products were obtained in good to moderate yields and are suitable for further functionalization via
cross coupling."iib In each case selective transfer of the chlorophenyl group over the mesityl group was

xvii

observed.
In summary the arylation protocol provides access to a range of functionalised aryl phosphonium
salts under ambient conditions.



Table 2. Scope of the arylation reaction.
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*Typical procedure: iodonium salt (1.0 equiv, 0.7-0.8 mmol), phosphine (1.5
equiv) and Ru(bpy);Cl,*6H,0 (10 mol%). Yields are for isolated phosphonium
salts following normal phase flash chromatography and recrystalisation.
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radical

phenyl to triphenylphosphine to
afford an intermediate phosphoranyl radical. " Subsequent oxidation of this radical by the iodonium salt
affords the phosphonium salt product and propagates the radical chain. Support for above proposal
comes the following experiments depicted in Scheme 2. An arylation reaction conducted in the presence
of 1,1-diphenylethylene resulted in significantly reduced conversion to the product phosphonium salt
(16% compared to 73% under standard conditions, entry 1 Table 1). This is consistent with covalent
trapping of phenyl radicals, as is the production of increased amounts of triphpenylphosphine oxide
from the reaction of the Secondly,
diphenyliodonium triflate is stable with respect to reductive fragmentation in the presence of

intermediate phosphoniumyl radical cation with water. ™
Ru(bpy)sCl, and visible light (Scheme 2B). This rules out an alternative photoredox initiation involving
oxidative quenching of excited ruthenium(ll) by the iodonium salt. In a third experiment (Scheme 2C)
diphenyliodonium triflate was converted into iodobenzene and benzene in the presence of Ru(bpy)s;Cl,
and triethylamine. These two observations are congruent with the Ru(l)-mediated reduction of the
iodonium salt depicted in Scheme 1A. Finally, an arylation reaction in which irradiation was stopped after
3 minutes resulted in 26% conversion. This suggests that the arylation process is weighted more towards
Scheme 1B than the radical chain process (Scheme 1C) ™

The reaction also proceeds in the presence of visible light but absence of Ru(bipy)s (Table 1, entry 3).
We speculate that this arylation proceeds through a charge transfer complexixf (Scheme 1D) from which



electron transfer from phosphine to iodonium salt may occur in the presence of visible light to provide
the phosphoniumyl radical cation and phenyl radical.

In conclusion we have developed synthesis method for the construction of aryl-substituted
phosphonium salts under mild conditions. This protocol opens up a valuable new route to functionalised
aryl phosphonium salts and demonstrates the utility of photoredox-mediated arylation reactions™ in the
area of organophosphorus chemistry.
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