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ABSTRACT

Phosphonium-supported tin reagents and catalysts were prepared and were shown to be effective in Stille couplings, radical dehalogenations,
radical cyclizations, and carbonyl allylations. Not only could the tin residues be removed from the crude reaction mixture through a phase
separation process but also they could be recovered and recycled.

Triorganotin derivatives are extremely versatile and useful
reagents in organic synthesis and radical chemistry.1 Nev-
ertheless, these compounds are toxic2 and sometimes mal-
odorous, and tin byproducts are usually difficult to remove
from the desired reaction products.3 Furthermore, contamina-
tion from stannane residues is a major concern in the
synthesis of pharmaceuticals and radiopharmaceuticals.

Alternatives to tin reagents have been disclosed, but no
reagent is as broadly applicable as the parent tin hydride
reagents.4 Recently, we have described the use of the
tetraarylphosphonium unit as a solubility control group for
triphenylphosphine and DEAD.5,6 Because the molecular
weight of the tributyltin subunit constitutes a little bit less
than half of the total molecular weight of the phosphonium-
supported tin reagent, it was not clear whether the solubility
properties of the reagent would still be primarily dictated
by the phosphonium group. The phosphonium reagents are
typically very soluble in chlorinated solvents, and they can
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be precipitated out of solution by ether, hexane, or toluene
addition. In this communication, we report that phosphonium
salts can be used as effective solubility control groups for
tin reagents involved in Stille coupling reactions, in carbonyl
allylation reactions, and in radical-mediated processes such
as the dehalogenation and cyclization reactions.7-10 We also
demonstrate that the tin byproducts can be removed by a
simple phase separation upon ether or hexane addition and
recycled if needed.

We first chose to test the more conveniently prepared
triphenylalkylphosphonium-supported tin chloride salt2
obtained in three steps from triphenylphosphine (allylation
with allyl bromide, anion exchange, and hydrostannylation)
(Scheme 1). Conversion of2 into the vinyltin reagent3 was

achieved upon treatment with vinylmagnesium bromide.
Alternatively, NaBH3CN reduction of2 in the presence of
BHT led to the tin hydride reagent4. Although the solubility
properties of the reagents bearing this scaffold are not as
suitable as those of the parent substituted tetraarylphospho-
nium salts,11 their ease of synthesis led us to further
investigate them as reagents and catalysts for tin-mediated
processes.

The Stille reaction12 involving vinyltin reagent3 using Fu’s
catalyst13 was initially tested. Treatment of various aryl
bromides with catalytic Pd(P(t-Bu3P))2 in 1,4-dioxane led
to corresponding Stille coupling products in high yields
(Table 1). The reactivity of this reagent was comparable to

that of tributylvinylstannane under these conditions. The
removal of the tin byproducts was achieved by evaporation
of the reaction mixture, dissolution in dichloromethane
followed by hexane addition, and filtration. Concentration
of the filtrate under reduced pressure afforded the desired
tin-free coupling product.14,15 It should also be pointed out
that the resulting tin bromide could be recovered and recycled
into the vinyltin reagent upon treatment with vinylmagnesium
bromide (90% overall yield).

The next reaction that was investigated was the tin hydride
catalyzed dehalogenation reaction. The first reaction that was
tested was the reduction of 1-bromoadamantane using 0.1
equiv of tin chloride2 and NaBH4 as the stoichiometric
reagent (AIBN as the initiator).16a Although a successful
dehalogenation was observed in high yield within 2 h in
refluxing acetonitrile, the phosphonium-supported reagent4
could not be recovered and recycled because it partly
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Scheme 1. Preparation of Phosphonium-Supported Tin
Chloride

Table 1. Stille Coupling with Phosphonium-Supported Vinyltin3

a Isolated yields. The yield in parentheses was obtained with tributylvi-
nyltin. b rt for 16 h.c 45 °C for 20 h.d Pd(P(t-Bu)3) (7.5 mol %) and3 (3.5
equiv) were used.
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decomposed into a phosphine-borane complex and cleaved
tin hydride. However, it should be pointed out that4 could
be prepared in 89% yield when the chloride2 was treated
with sodium cyanoborohydride16b in the presence of the
radical inhibitor 2,6-di-tert-butyl-4-methylphenol (BHT).17

In light of these results, a more robust tetraarylphosphonium-
supported tin reagent that would be effective in the tin-
catalyzed dehalogenation reactions was synthesized (Scheme
2). Horner reaction18 of bromoaldehyde10, anion exchange,

and reduction led to benzyl alcohol11. A subsequent
treatment of the resulting bromide with vinyl Grignard led
to alkene12 that underwent hydrostannylation to produce
the desired tin chloride reagent13. The chemical shift for
the stannane reagent13 (119Sn NMR (CDCl3) δ 143.9) was
relatively close to that observed for the parent tributyltin
chloride (119Sn NMR (CDCl3) δ 156.5) indicating that this
reagent should simulate the parent compound quite well.
Furthermore, its loading (1.2 mmol/g) is comparable to
polymer supported (0.5-1.5 mmol/g),7b,7e,9b fluorous (0.8
mmol/g),9 and inorganic (0.8 mmol/g) tin reagents.19

Chloride13 could be converted to the relatively unstable
phosphonium-supported tin hydride14 upon treatment with
NaBH3CN in the presence of BHT.1H NMR analysis
indicated the presence of a Sn-H resonance at 4.64δ ppm.

The reduction of halides using tin chloride13 proceeded
very well under Stork’s conditions16b (Table 2). Several aryl
and alkyl bromides were converted to the reduced product
in very high yields. After a standard workup, the crude
product was dissolved in CH2Cl2 and the residual tin hydride
14was precipitated upon hexane addition (5-volume relative
to CH2Cl2). Filtration of the mixture and concentration of
the solution led to a tin-free product.20 In the case of the

less reactive aryl bromide21, a stoichiometric amount of
tin hydride4 led to the reduced product in excellent yield
(Table 2, entry 7). The phosphonium-supported tin hydride
reagent14could be recovered by dissolving the filtered solid
in CH2Cl2. 119Sn NMR analysis showed that the recovered
solid was very clean as it only displayed signals correspond-
ing to the tin hydride reagent.

This observation led us to explore the possibility of
recycling it and reusing it in the dehalogenation reaction of
bromoadamantane (Table 3).

Gratifyingly, the tin reagent14 could be recovered and
recycled up to six times without much lost in its effectiveness
(Table 3). These results are comparable to the best recyclable
polymer-supported organotin7l and fluorous10 organotin
reagents.

(17) The half-life of4 is ca. 1 day in CD2Cl2 containing traces of BHT.
(18) Horner, L.; Mummenthey, G.; Moses, H.; Beck, P.Chem. Ber.1966,

99, 2782.
(19) Fu, Q. J.; Steele, A. M.; Tsang, S. C.Green Chem.2001,3, 71.
(20) Analysis by ICP-AES of the crude product indicated that the

concentration in residual tin of the final product was 5 ppm (crude).

Scheme 2. Synthesis of Phosphonium-Supported Tin Chloride
13

Table 2. Reduction of Halides with Phosphonium-Supported
Tin Hydrides

a Isolated yield after flash chromatography.b 13 (0.1 equiv), AIBN (0.1
equiv), 3 h.c 13 (0.25 equiv), AIBN (0.1 equiv), 8 h.d 4 (1.2 equiv), AIBN
(0.1 equiv), 6 h.

Table 3. Recycling of Phosphonium-Supported Tin Hydride14

run time (h) yield (%)a

1 3 98
2b 3 90
3b 3 96
4b 3 92
5b 4.5 94
6b 4.5 90

a Determined by GC using decane as the internal standard.b Recovered
tin hydride reagent14 from the previous entry was used for this entry.
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Tin chloride 13 was also used in a radical-mediated
cyclization of iodide 29 (Scheme 3). Treatment of the

phosphonium-supported tin chloride13 with NaBH4 gener-
ated a stoichiometric amount of the corresponding tin hydride
that reacted with iodide29 in the presence of AIBN to
generate silyl ether30 as a mixture of diastereomers. The
tin byproducts were quantitatively removed by a filtration
following the dilution of the reaction mixture with ether/
hexanes.

NMR analysis of crude30 did not show the presence of
any tin residues. This material was directly submitted to the
protodesilylation reaction to generate31 in 77% yield.

The last application of phosphonium-supported tin-medi-
ated reactions that was studied is the Lewis acid mediated
allylation of aldehydes with allyltin reagents.21,22 Both
reagents32 and33 (Figure 1) were prepared in 88 and 90%
yield upon treating the corresponding tin chlorides2 and13
with allylmagnesium bromide (Et2O/CH2Cl2, -78 °C).

3-Phenylpropionaldehyde (34) was treated with both
reagents in the presence of BF3-OEt2 to produce the desired
homoallylic alcohol in excellent yields (Scheme 4).

Because the products of these allylation reactions were
the corresponding tin alkoxides, an aqueous workup had to
be performed prior to the phase separation process. The crude
product obtained after workup was therefore dissolved in

CH2Cl2, and the tin residues were precipitated upon ether
addition. Filtration and concentration of the filtrate under
reduced pressure led to a tin-free product.23 Although its
synthesis is slightly longer,33 was a more conveniently
handled solid that precipitated well upon diethyl ether
addition.

In conclusion, we have demonstrated that phosphonium-
supported tin reagents provide a general solution for the
removal of tin residues upon product isolation in various
processes. Further work in this area is in progress and will
be reported in due course.
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Scheme 3. Radical Cyclization Using Stoichiometric Tin
Chloride13

Figure 1. Phosphonium-supported allyltin reagents.

Scheme 4. Allylation with Phosphonium-Supported Allyltin
32 and33
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