TETRAHEDRON
LETTERS

Pergamon Tetrahedron Letters 40 (1999) 5267-5270

Alane — A Chemoselective Way to Reduce Phosphine Oxides
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Abstract: Phosphine oxides may be chemoselectively reduced to phosphines in excellent yield in the
presence of several other functional groups using alane. An aqueous workup is not required.
© 1999 Elsevier Science Ltd. All rights reserved. ‘

We recently described a new way to reduce phosphine oxides to phosphines using alane as the reducing
agent.! Alane is known to have reactivity characteristics which differ from those of LiAlH42-3 and we now
report that the alane-mediated reductions of phosphine oxides may be performed chemoselectively. The
reactions are convenient, the phosphines formed in high yield and there is no need for an aqueous workup.4
We can thus avoid the small amount of reoxidation that always seems to accompany an aqueous workup.
This is in contrast to other methods of reducing phosphine oxides — an aqueous workup is essential in the
case of reductions with HSiCl3 or SiyCle>6 and is also necessary when LiAlHj, is used.

To investigate the chemoselectivity of alane for phosphine oxides, phosphine oxide 1 was mixed with
compounds containing other functional groups which would compete for the reducing agent. The mixture
was treated with alane-THF solution. ‘
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It was hoped that the competing compound would be left untouched. A solution of alane in THF is
prepared by the method of Brown and Yoon2.7 by adding concentrated H>SOy4 to a solution of LiAlH, in
THF (CAUTION - addition of dilute HySO4 will lead to an explosion). The resulting alane-THF solution
may be conveniently titrated using methanol and a gas burette.
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Ethyldiphenylphosphine oxide was prepared by standard methods® and then reduced using alane in the
presence of another compound. The reactions were followed by TLC and were usually complete within 30
minutes.? There was no need for an aqueous workup — the reactions were quenched using anhydrous
methanol and the reaction mixture filtered through celite.

Functional groups known not to react with alane

The first chemoselective advantage offered by alane is that it is known not to reduce some functional groups
which are reduced by LiAlH4. It should be possible to reduce phosphine oxides in the presence of such
groups using alane and Table 1 summarises our findings. Chemoselective reduction of
ethyldiphenylphosphine oxide 1 to ethyldiphenylphosphine 2 was achieved in good yield in the presence of
diphenylsulfide, diphenylsulfone, pentyl bromide, decyl bromide and nitrobenzene.

Table 1: Yield of Phosphine 2 from 1

Compound Equivalents of Yield (%) of Recovered (%)
AlH3- THF Phosphine Compound
Ph’s‘Ph 1.0 96 84
0 0
il 1.05 95 93
Ph” “Ph
AN 1.0 98 -

Br
C::’ 1.05 96 97
©/ NO: 1.05 92 93

Although this represents a very useful method, there is a more interesting question — will alane

chemoselectively reduce phosphine oxide 1 to phosphine 2 in the presence of functional groups which are
known to react with alane?

Functidnal groups known to react with alane

Esters, amides, epoxides, disulfides and sulfoxides can all be reduced by alane.2 Reducing a phosphine oxide
in the presence of such a functional group is a challenge which, in many cases, alane meets. We reduced
diphenylsulfoxide 3 (in the absence of phosphine oxide) with alane to give diphenylsulfide in a 98% yield.
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In a competition experiment, diphenylsulfoxide and ethyldiphenylphosphine oxide 1 were treated with
1.05 equivalents of alane. Under these conditions the phosphine oxide was reduced to phosphine 2 but
starting sulfoxide 3 was isolated unreacted from the reaction mixture (Table 2, Entry 1).10

g me
Ph7 “mr Ph” “Ph refiux P e P “Ph
1 2,96% 93%

Similar results were obtained with an ester, amide and epoxide (Table 2, Entries 2, 3 and 4). In other
words, they all reacted in the absence of phosphine oxide but did not react appreciably in its presence. The
results are summarised in Table 2. In order to achieve a chemoselective reduction of phosphine oxide 1 in
the presence of diphenylaziridine, milder conditions were required and the reaction had to be performed
overnight at room temperature. In some cases, however, reactions were not chemoselective for the phosphine
oxide. For completeness we report those cases where alane failed in this respect. For instance, acetophenone
(Table 2, Entry 7) is reduced to a-methylbenzyl alcohol in a 60% yield and the phosphine oxide is only partly
reduced (33%).

Table 2: Yield of the Phosphine 2 from Phosphine Oxide 1

Entry Competing Equivalents of Yield (%)of  Recovered (%)  Other Products
Compound AlH3 THF Phosphine Competing (Yield%)
Compound
8
1 _S. 1.05 9% 93
Ph Ph . -
2 X
o7 Sph 1.05 93 89 —_
(]
3 /lL 1.0 95 90 —
Ph Nile,
(<] —_—
4 n/(l,l'h 1.0 9% 94
NH
5 h Ph 1.05 982 963
6 ppSng PP 1.0 24 6 Ph8H (36)
o OH
7
Ph)‘\ 1.0 33 — ph)\ )
o
8 . — '
. 10 5 onou (93)

a. Stirred overnight at room temperature. Reflux led to several products.



5270

Conclusion

We have shown that alane is a chemoselective reducing agent for phosphine oxides in the presence of several
other functional groups. Reactions are high yielding and easy to perform. Given the number of phosphine
ligands which contain other functionality,!! we imagine that alane will be valuable to many organic chemists
interested in preparing phosphine ligands via the corresponding phosphine oxides.
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