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Triethylaluminum-catalyzed/mediated addition of a silylphos-
phine to aldehydes and epoxides is described. Organophos-
phines containing a silyloxy group at theR- or â-position
on the alkyl substituent are successfully prepared in good
yields.

Syntheses of organophosphorus compounds have received
much attention due to their essential roles in various fields of
chemistry, especially as ligands in transition-metal catalysis.1

In most of the synthetic methods of trivalent organophosphines,
the formation of the carbon-phosphorus(III) bond is usually
achieved by a classical phosphination procedure using highly
reactive organometallic reagents under severe conditions or via
reduction of P(V) derivatives. Recent reports have described
mild phosphination procedures, such as transition-metal-
catalyzed hydrophosphinations,2 base-catalyzed addition of

phosphide equivalents,3 among other reactions. In contrast to
the wide scope of those basic phosphinations, limited examples
have been reported on the phosphination under acidic condi-
tions,4 primarily due to a drawback in loss of the reactivities of
both the acid and the phosphine precursor. We wish to report
herein a successful Lewis acid catalyzed/mediated carbon-
phosphorus bond forming reaction using a silylphosphine,
yielding phosphines with a variety of functionalities.

We have recently reported that sterically protectedtert-
butyldimethylsilyldiphenylphosphine1a serves as a synthetic
equivalent of reactive diphenylphosphino group source,2a,5

especially in the presence of Lewis acid.5a Increasing the
electrophilicity of carbon electrophiles by a suitable Lewis acid
would give rise to carbon-phosphorus bond formation by using
the silylphosphine in a controlled manner. Therefore, we set
out to investigate Lewis acid mediated reaction of silylphos-
phines toR- and â-hydroxyalkylphosphines, by the reactions
with aldehydes and epoxides, respectively.

Addition of 1a to benzaldehyde is our first attempt to evaluate
the suitability of Lewis acids and conditions. Several Lewis acids
listed in Table 1 were surveyed to conduct the addition to the
aldehyde.

As shown in Table 1, silylphosphine1a slowly reacted with
benzaldehyde without any catalyst (entry 1).6 However, the yield
of adduct2a was low (31%) even when the reaction continued
for 12 h. Additions of a Lewis acid (10 mol %) remarkably
accelerated the addition in all cases, giving adduct2a in higher
yields. In addition, the silyl group was transferred to the adduct
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TABLE 1. Survey of Lewis Acid Catalyst for the Addition of 1a to
Benzaldehydea

entry Lewis acid time (h) yield (%)b

1 - 12 31
2 BF3‚OEt2 8 57
3 TiCl4 4 52
4 Ti(OiPr)4 5 80
5 Et2AlCl c 3 72
6 Et3Al c 3 92

a Each reaction was continued until the silylphosphine was completely
consumed.b Isolated yield after oxidation in the presence of air.c Added
as a solution inn-hexane.

7798 J. Org. Chem.2007, 72, 7798-7800
10.1021/jo701330q CCC: $37.00 © 2007 American Chemical Society

Published on Web 09/05/2007



to give the silyl ether of theR-hydroxyalkylphosphine. Although
the R-hydroxyalkylphosphines are reported to isomerize to
alkylphosphine oxide under acidic conditions via dehydration-
hydration,7 the initial adducts, protected as the silyl ether, should
be stable under the Lewis acidic conditions. Triethylaluminum
gave rise to the best result among the Lewis acids tested (entry
6). Poor yields of the product in entries 2 and 3 are caused by
decomposition of the starting silylphosphine under the reaction
conditions. Dichloromethane was determined as the solvent of
choice.

The results of the Et3Al-catalyzed addition of silylphosphines
to various aldehydes are summarized in Table 2.

In all cases, the aluminum catalyst accelerates the reaction.
In the absence of the catalyst, a trace amount of the corre-
sponding adduct was formed under the same conditions. Several
aryl aldehydes gave the correspondingR-silyloxyalkylphos-
phines in high yields (entries 1-4). The addition to primary
and secondary alkyl aldehydes also proceeded smoothly (entries
5-7). A tertiary alkyl aldehyde, pivalaldehyde, also gave the
adducts, though the yield was poor even when the reaction
continued for 16 h (entry 8). Silylphosphines1b and1c, bearing
alkyl group(s) on the phosphorus atom, also reacted to give the
corresponding adducts (entries 9 and 10). Although the product
was isolated as the phosphine oxide in all cases, the initially
formed adduct in the reaction was identified as the trivalent
silyloxyalkylphosphine by1H and31P NMR spectra.8 The initial
adduct could be trapped as its borane complex by addition of
BH3-THF after the initial reaction was completed.9

The silyl ether was subsequently cleaved during the formation
of the borane complex. Fortunately, deprotection of the silyl
ether did not cause the reverse reaction;6e therefore,R-hydroxy-
phosphine derivative3 could be obtained in stable form (Scheme
1).

Organophosphonates containing a hydroxy group(s) at the
R-position have received much attention because of the biologi-
cal importance of these compounds.10 Thus, stereoselective

addition of a phosphonate diester to an aldehyde has been
studied to achieve the asymmetric synthesis of these hydroxy-
phosphonates.11 In contrast, trivalent organophosphines having
a similar structure receive less attention. The rate enhancement
in the presence of Lewis acid shown above provides a promising
route toward various trivalent organophosphines having chirality
at theR-position through the stereocontrolled synthesis of the
R-hydroxyalkylphosphines. The stereoselective version of the
present reaction is now under investigation and will be reported
elsewhere.

It is well-known that epoxides are successfully activated by
the action of a suitable Lewis acid, resulting in acid-mediated
nucleophilic addition with ring opening. Thus, we have extended
the scope of the present silylphosphination toward epoxides.
After several attempts, the reaction with an epoxide proceeded
smoothly in the presence of a stoichiometric amount of Et3-
Al.12 Successful results are summarized in Table 3.

As shown in Table 3, theâ-hydroxyalkylphosphine deriva-
tives were formed in good yields and excellent regioselectivities.
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TABLE 2. Et3Al-Catalyzed Silylphosphination of Several
Aldehydes

entry silylphosphine R time (h) yield (%)a

1 1a C6H5- 2a 3 92
2 1a p-Cl-C6H4- 2b 3 92
3 1a p-NO2-C6H4- 2c 1 90
4 1a p-CH3O-C6H4- 2d 5 86
5 1a C6H5CH2CH2- 2e 6 76
6 1a CH3(CH2)4- 2f 8 66
7 1a (CH3)2CH- 2g 3 88
8 1a (CH3)3C- 2h 16 28
9 1b C6H5- 2i 5 69

10 1c C6H5- 2j 4 55

a Isolated yield of the corresponding oxide after oxidation in the presence
of air.

SCHEME 1. Isolation as the Borane Complex 3

TABLE 3. Lewis Acid Catalyzed Phosphination of Epoxidesa

a The reaction was quenched by addition of MeOH before isolation by
chromatography on silica gel.b Isolated yield.c The products were com-
pletely oxidized during workup and isolated as oxides in the ratio of 22:78
(4c/5c).
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In most cases, formation of less substituted phosphines4
predominated, showing that the selectivity depends primarily
on the steric hindrance during nucleophilic attack by the
phosphorus than Lewis acid mediated ring opening. The other
regioisomers5 could not be isolated in most cases. The reaction
of phenyl glycidyl ether (entry 1) gave the regioisomer as the
oxide in less than 1%.

Ring opening at benzylic carbon proceeded with the reversed
regioselectivity to give the more substituted phosphine5 as its
oxide (entry 3). This result clearly indicated that the reaction
proceeded by a nucleophilic addition of a silylphosphine to the
epoxide activated by a Lewis acid. By using other silylphos-
phines with alkyl substituent(s) on the phosphorus atom, various
organophosphorus compounds with silyloxy functionality could
be successfully obtained (entries 6 and 7). In addition, avail-
ability of optically active epoxides via asymmetric epoxidation
makes this process effective for the preparation of optically
active organophosphines. Moreover, this methodology represents
a new entry for the synthesis of functional phosphines with
various alkyl groups, which are difficult to prepare other
phosphination procedure.

In conclusion, we have developed new synthetic procedures
for R- andâ-hydroxyalkylphosphine derivatives by Lewis acid
catalyzed and mediated reactions of silylphosphines with
aldehydes and epoxides in the preparation of functionalized
phosphines. Further application of this methodology and ste-
reoselectivity of the reaction is now under investigation and
will be reported elsewhere.

Experimental Section

General Procedure for the Addition to Aldehydes: To a
solution of Et3Al in n-hexane (1.0 M, 52µL, 0.05 mmol) and an
aldehyde (0.5 mmol) in anhydrous CH2Cl2 (3 mL) was added
silylphosphine1a (0.6 mmol) under argon. The resulting mixture
was stirred at ambient temperature until the aldehyde was consumed
(ca. 3-5 h), then quenched by addition of methanol (0.5 mL). After
the reaction mixture was concentrated, purification of the crude
product by column chromatography on silica gel afforded the
correspondingR-tert-butyldimethylsilyloxyalkyldiphenylphosphine,
which was isolated in the oxide form.

General Procedure for the Reaction with Epoxides:To a
solution of silylphosphine1a (0.36 mmol) and an epoxide (0.3
mmol) in anhydrous CH2Cl2 (3 mL) was added Et3Al in n-hexane
(1.0 M, 0.3 mL, 0.3 mmol) under argon. The resulting mixture was
stirred at ambient temperature until the epoxide was consumed (ca.
1-3 h), then quenched by addition of methanol (0.3 mL). After
the reaction mixture was concentrated, purification of the crude
product by column chromatography on silica gel afforded the
correspondingâ-hydroxyalkyldiphenylphosphines.
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