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ABSTRACT

A new triphenylphosphine reagent linked to a linear polystyrene was synthesized. The reactivity of this phosphine-bound polymer is superior
to that of the phosphine bound to cross-linked polystyrene. The polymer reacted very rapidly with azides to generate iminophosphoranes
which could then react with aldehydes to generate imines in good yields and high purities.

Triphenylphosphine is one of the most widely used phos-
phorus-containing reagents in organic synthesis for many
types of transformations such as the Mitsunobu,1 the Wittig,2

and the Staudinger3 reaction. However, the triphenylphos-
phine oxide that is usually generated as a byproduct in all
these reactions is very difficult to separate from the desired
reaction product. Typically, flash chromatography or pre-
cipitation of the phosphine oxide by the addition of hexane
has been used successfully to remove it. However, these
purification techniques require that the desired product is
also soluble in hexane or stable to chromatography. Our
interest in the development of new synthetic methods for
the stereoselective nucleophilic additions to CdN led us to
study the reactivity of imines of general structure “YCH2Nd
CHR” in which Y ) RO, R2N, etc. These imines, which
were prepared by the Staudinger reaction,4,5 are quite
sensitive and some of them do not survive purification
attempts by chromatography on silica gel. It became obvious

that a method which would allow us to remove triphenyl-
phosphine oxide would be quite useful. One possible solution
is to use a triphenylphosphine polymer-bound reagent. Ford6

has synthesized a triphenylphosphine-bound insoluble cross-
linked polystyrene, but this polymer usually requires an
excess of one of the reagents. A possible solution would be
to use Janda’s PEG-bound reagent,7 but the loading in this
case is quite low and the solubility and structural properties
were not adequate for our applications.8 In this Letter, we
report the synthesis of a triphenylphosphine-bound non-cross-
linked polystyrene soluble support.9 This polymer should
have a reasonably high loading and it should allow stoichio-
metric reactions to take place between azides and aldehydes.10

Finally, the removal of the phosphine oxide byproduct should
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be accomplished by a simple precipitation/filtration or
extraction procedure.

The polymer was synthesized in three steps from non-
cross-linked polystyrene (1) (Mw ) 230 000,Mn ) 140 000)
(Scheme 1).11 Tin chloride-mediated chloromethylation of

polystyrene12 followed by nucleophilic displacement with the
cesium phenoxide derived fromp-hydroxyphenyldiphe-
nylphosphine oxide13 gave the phosphine oxide3. A subse-
quent reduction of the phosphine oxide with trichlorosilane
andN,N-dimethylaniline at 100°C led to the phosphine4
in quantitative yield. The purity of each compound was
checked by1H and31P NMR, and the final polymer contained
less than 5% of the oxide and can be stored for many months
on the benchtop at room temperature in a closed bottle. This
polymer is highly soluble in DMF, DMSO, THF,p-dioxane,
PhH, PhMe, CH2Cl2, CHCl3, and CCl4. It is insoluble in
Et2O, MeOH, EtOH, and H2O.

It is important to note that the final loading of the polymer
is approximately 1 mmol/g as calculated by1H NMR.
Although we could easily increase the loading to 3 mmol/g,
this was not suitable since the solubility and mechanical
properties of the phosphine oxide polymer3 became quite
different from those of4.

To evaluate the reactivity of the phosphine-bound polymer
4, the Staudinger/aza-Wittg process was monitored by31P
NMR (Figure 1). A rapid and quantitative conversion to the

polymer-supported iminophosphorane was observed within
30 min when 1.0 equiv of the phosphine-bound polystyrene
was mixed with 1.1 equiv of the azide at room temperature
in C6D6. The imine formation took place quantitatively within
24 h when 1.1 equiv of the aldehyde was added to the
iminophosphorane. The rates of both reactions are compa-
rable to those observed when triphenylphosphine is used as
the reagent, indicating that the reactivity of the reagent-bound
polymer is comparable to that of free triphenylphosphine.

A preparative-scale procedure involves adding a solution
of the azide to a mixture of the aldehyde and of the soluble
polymer in THF. Nitrogen evolution is quite rapid, and the
reactions are generally completed within 24 h (Table 1).

Isolation of the imine was accomplished according to two
procedures. Optimal recovery generally requires concentra-
tion of the reaction mixture under reduced pressure. The

Table 1. Staudinger/Aza-Wittig Reaction with Phosphine Polymer4a

entry R1 R2 yield, %b entry R1 R2 yield, %b

1 phenyl (5a) benzyl (6a) 89 (7a) 9 3-pyridyl phenethyl 100 (7i)
2 phenethyl (6b) 96 (7b) 10 (6c) 92 (7j)
3 (6c) 97 (7c) 11 phenyl (6e) 66 (7k)
4 p-anisyl (6d) 75 (7d) 12 p-anisyl 100 (7l)
5 cyclohexyl (5b) benzyl 90 (7e) 13 cinnamyl (5d) benzyl 99 (7m)
6 phenetyl 98 (7f) 14 phenethyl 96 (7n)
7 p-anisyl 76 (7g) 15 phenyl 75 (7o)
8 3-pyridyl (5c) benzyl 94 (7h) 16 p-anisyl 98 (7p)

a The conversions were>95% in all cases.b Isolated yields of analytically pure imines (1H and13C NMR).

Scheme 1a

a (a) MOMCl, SnCl4(cat.), CCl4; (b) p-hydroxyphenyldiphe-
nylphosphine oxide, Cs2CO3, DMF, 60 °C; (c) HSiCl3, N,N-
dimethylaniline,p-dioxane, 100°C.

Figure 1. Monitoring of the imine formation process by31P
NMR: (a) polymer4; (b) polymer4 (1.0 equiv)+ BnN3 (1.1 equiv),
C6D6, rt, 30 min; (c) polymer4 (1.0 equiv)+ BnN3 (1.1 equiv)+
PhCHO (1.1 equiv), C6D6, rt, after 2 h; (d) after 9 h; (e) after 18
h; (f) after 24 h.
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polymeric phosphine oxide crashes upon addition of MeOH.
Quantitative extraction of the imine generally requires that
the mixture is heated under reflux for a few hours. Alter-
natively, in cases where the imine is only slightly soluble in
MeOH, quantitative imine recovery generally requires ex-
traction of the solid polymeric material in a Soxhlet with
MeOH. The phosphine-bound polymer can be quantitatively
recovered by reducing the phosphine oxide with trichlorosi-
lane andN,N-dimethylaniline.

The scope of the reaction is shown in Table 1. The
formation of imines by the reaction of the corresponding
azides and aldehydes proceeded smoothly with alkyl- and
aryl-substituted aldehydes and azides. Analysis by crude
NMR indicated that all the conversions were>95%. The
efficiency of the isolation depended upon the nature of the
substrate and on the stability of the imine in CH3OH. For
example, imines7d, 7g, 7k, and7o were significantly less
stable than the others, and the lower isolated yields in these
cases are a reflection of partial hydrolysis (Scheme 2).
Finally, the imine formation of the more sensitive azide6c
proceeded smoothly to yield7c and7j in high yields.

The reaction rate of the Staudinger/aza-Wittig reaction
using the soluble polymer was compared to that observed
with triphenylphosphine and its cross-linked version (Figure
2). The data show that the reactivity of the soluble polymer
by far superior to that of the insoluble polymer. It is even
superior to that observed with triphenylphosphine.14

In conclusion, we have obtained a variety of imines by
the Staudinger/aza-Wittig reaction with a new soluble
triphenylphosphine polymer with excellent yields and con-
versions higher than 95%. Furthermore, the loading of the
polymer is about 1 mmol/g, which is superior to that found
in PEG-supported triphenylphosphine. This version should

be especially useful when the imine is soluble in MeOH but
not in hexane. We are currently testing this polymer in other
phosphine-mediated processes, and results will be reported
in due course.
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Scheme 2

Figure 2. Relative reaction rates of the imine formation using
various phosphine reagents.
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