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exchange reactions from phosphorus to arsenic would provide a
facile synthesis of functionalized arisnes. Such a method would
be a great improvement to the existing methods, which are
difficult and limited in scopé$

The solvent-free reaction conditions for arsination would add
a further attractive feature to the synthesis. The solventless/solid-
state reactions bear many advantages such as reducing pollution,
low cost, and simplicity in process and handlifigHowever, most
of the reported reactions required stoichiometric amount of
catalysts (nonsupported) for the organic transformaidh.
Herein, we report the first catalytic solvent-free arsination for

Environmental concerns have brought more awareness into thethe synthesis of functionalized aryl arsines using triphenylarsine

development of green chemistryThe transformation of an
undesirable side reaction into a synthetically versatile method and
the continuous discovery of solventless reaction system without
the use and disposal of organic solvents constitute two important
areas in green chemistry.
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The undesirable aryl/aryl exchanges between the palladium-
bound Af with phosphorus bound Ar (eq 1) are frequently
observed in the palladium-catalyzed cross-coupling reactions
leading to the formation of scrambled side prodidctBhe
stoichiometric mechanistic studies of these—Rd/P—Ph ex-
change reactions have been reported by CR&tayak? Grushin®
and Nortorf Recently, these undesirable Ar/Agxchange reac-
tions have been utilized in the synthesis of substituted tertiary
phosphines in a catalytic manner.

Arsines, the arsenic analogue of phosphines, have been reporte
to be ligands superior to phosphines in a number of transition
metal-catalyzed organic reactions both in rate acceleration and
product-yield enhancement. Examples include Stilldeck?
Negishi® Suzuki-Miyaura coupling}! epoxidationt? cyclization
of an allylic enyné'? hydroformylationt* and carbonylatiof? The
extended application of the transition metal-catalyzed-aayyl
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as the reagent by the first catalyflcapplication of Pd-Ar/
As—Ph exchange reactions (eq 2).

Fn=CO0OMe, COMe, CHO, CN, NO,, OMe

Pd(OAc;

Pths, Rsc
—_— @
solvent-free

Though no arsination occurred for aryl bromides, the more
reactive aryl triflates were found to undergo catalytic arsinations
in solventless conditions. The methyl ester phenyl trifledevas
transformed to the corresponding arsitiein 51% isolated yield
in the presence of 10 mol % of Pd(OAcand 2.3 equiv of
triphenylarsine under the solvent-free conditions (Table 1, entry
1). Interestingly, the reaction exhibited a similar rate and yield
of reaction when compared with that carried out in DMF (Table
1, entry 1). The redox-sensitive aryl triflat@s and 3a which
bear ketone and aldehyde groups, respectively, were transformed
to arsine2b and3b directly without complementary protection

&nd deprotection steps (Table 1, entries 2 and 3). The electron-

withdrawing and reducible nitrophenyl triflatéa was found to

be compatible in these arsination conditions to give the corre-
sponding arsindb (Table 1, entry 4¥! No significant electronic
effect was observed in this arsination since both the electron-
withdrawing cyano group and the electron-donating methoxy
group showed similar rates and yields of reaction (Table 1, entries
5 and 6). The meta-substituted formylphenyl triflata was
transformed to the 3-(diphenylarsino)benzaldehide in similar
yield and reaction time when compared with that of para-analogue
3b (Table 1, entries 3 and 7). Moreover, the sterically hindered
ortho-substituted triflate8a and 9a were converted to ortho-
substituted arsine8b and 9b in comparable rate of reaction as
their para-substituted triflates (Table 1, entries 5,6 and?3;Bhe
triflate alternative, nonaflaté0a2® was converted to the corre-
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Table 1. Palladium-Catalyzed Solvent-Free Arsination of
Functionalized Aryl Triflates Using Triphenylarsihe
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aReaction conditions: 10 mol % of Pd(OAcR.3 equiv of PBAs
and aryl triflate were heated to 13%20°C under N. ° Isolated yields.
¢ Results of arsination in DMF in parentheses.
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sponding arsinéb slightly faster than the triflatéa?* (Table 1,
entries 1 and 10).

The o-cyano arsinéb was found to be a versatile precursor
for the synthesis of a new type of chir&ls,N ligand 11 for
asymmetric catalysi® (eq 3). Arsine9b was reacted withS)-
2-amino-3-methyl-1-butanol in the presence of Zntalyst in
chlorobenzene to afford the new type of optically actAgN
ligand 11 in 54% vyield (eq 3}°

\g_\ 5% ZnGCly, o
CgHsCl
oN + () ﬂs ‘J 3)
H,N oH  reflux PhAS N
AsPhy 18h ~
o 154% /™

The double aryl/aryl exchange was observed when the reaction

was heated at elevated temperature (eq 4). The diaryl atsine
was isolated in 13% yield together witth when the reaction
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Scheme 1.Suggested Mechanism for Pd-Catalyzed Arsination
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mixture was heated at 140C for 2.5 days. However, only
monosubstituted arsinEb was detected by GEMS when the
reaction was heated at 126.
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Scheme 1 illustrates a plausible mechanism. Pd(@i&dikely
in situ reduced to Pd(0) by triphenylarsitfayhich subsequently
undergoes oxidative addition with an aryl triflate to yield the aryl
Pd(ll) species (Scheme 1). The Pd-bound aryl ring then undergoes
reductive elimination with AsPhto afford the aryltriphenylar-
sonium salt and Pd(0) species, which was supported by the
observed brown solid formation during the course of the reaction
(Scheme 1%8 This arsonium salt intermediate was also isolated
by quenching the reaction and was confirmed by mass spectrom-
etry (see Supporting Information). The substituted arsonium salt
then undergoes AsC oxidative addition to yield the desired
functionalized arsine (Scheme 1). The Pd(0) complex is regener-
ated by the reductive elimination of another equivalent of
triphenylarsine with palladium-bound phenyl group to form the
arsonium ftriflate coproduct in 70% isolated yield.

In summary, the first catalytic solvent-free PAr/As—Ph
exchange was reported. The functional group compatible pal-
ladium-catalyzed solventless arsination uses commercially avail-
able, air-stable, and inexpensive triphenylarsine as the arsinating
reagent? It was found that the solvent-free reactions have a rate
of reaction comparable to that in solution. Moreoveb, was
found to be a versatile precursor for the synthesis of a new type
of chiral As,Nligand. Further studies are in progress.
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