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Abstract—The first a- and b-chiral water-soluble trialkylmonophosphines, 1 and 2, respectively, both with C3 symmetry, were syn-
thesised from sodium phosphide and chiral mesylates, accessible from (S)-ethyl lactate. X-ray structures of a corresponding 2:1
gold(I) complex [12Au(I)]OTf and of a borane complex 2ÆBH3 were determined.
� 2007 Elsevier Ltd. All rights reserved.
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In addition to the enormous number of chiral diphos-
phines discovered to date and employed successfully in
asymmetric catalysis, compounds with a single phospho-
rus(III) centre1 are also attracting increasing interest. In
contrast to (P-chiral) triaryl- or diarylalkylphosphines,
phosphites, phosphonites, phosphinites and phospho-
ramidites, the group of (electron-rich) chiral trialkyl-
phosphines2 has scarcely been explored.3 The most
popular examples belong to the group of DUPHOS-
type ligands.4 Another subgroup based on tartaric acid
and DD-mannitol5 is also of particular interest, since the
approach based on the use of carbohydrates as starting
material does not require optical resolution procedures
or asymmetric synthesis and provides structural diver-
sity. In addition, it often gives rise to phosphines with
considerable solubility in water. The latter are highly
important for their use in catalysis since they allow the
reactions to be conducted in an aqueous phase with a
potential to facilitate work-up, reuse of the catalyst
and to establish environmentally benign processes.

The benefits of C2 symmetry for auxiliaries in asymmet-
ric transformations resulting in a reduced number of
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diastereomorphous transition states usually with better
asymmetric induction have been discussed.6 For mono-
phosphine ligands, the same is true if a (propeller
shaped) arrangement with C3 symmetry is adopted.7

While tripodal ligands with C3 symmetry have fre-
quently been reported,4,8 monophosphines are less com-
mon,9 and to the best of our knowledge, only a single
paper has been published dealing with the synthesis of
C3 symmetric monophosphines with chiral benzylic cen-
tres attached to P.10 It seemed therefore desirable to find
convenient synthetic routes to chiral hydrophilic tri-
alkylphosphines with C3 symmetry, preferably using
cheap precursors from the chiral pool.

Here we report the synthesis of borane complexes of
(R,R,R)-tris(2-hydroxy-1-methylethyl)phosphine 1 and
(S,S,S)-tris(2-hydroxy-2-methylethyl)phosphine 2, respec-
tively (Fig. 1), as outlined in Scheme 1, representing the
OH
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Figure 1. Borane complexes of (R,R,R)-tris(2-hydroxy-1-methylethyl)-
phosphine (left side) and (S,S,S)-tris(2-hydroxy-2-methylethyl)phos-
phine (right side).
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Scheme 1. (i) (a) Na3P/DMF, 0�!40 �C, 10 h; (b) BH3/THF, 0�C!rt,
2 h, 56% (from 3); (ii) n-BuLi/THF, 3, 0 �C!55 �C, 2 h, 78%; (iii) BF4/
CH2Cl2 �10 �C!rt; (iv) Pd–C/H2/EtOH, r.t., 91 h, 92% (from 6); (v)
Amberlyst A21/MeOH, 95%; (vi) BH3/THF, 0 �C!rt, 80%; (vii) (a)
Na3P/THF, 0�!30 �C, 10 h; (b) BH3/THF, 0 �C!rt, 30 min, 65%
(m.d.); (viii) n-BuLi/THF, 9, 0 �C!30 �C, overnight, 74% (m.d.); (ix)
p-TsOH (cat)/EtOH, rt, 24 h, 93%; (x) (a) C5H14AuCl/MeOH, 76%;
(b) AgOTf/MeOH, quant.
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simplest molecules of this type.11 For the synthesis of 1,
the required precursor 3 was accessible from (S)-ethyl
lactate in five steps following a published procedure12

(total yield 85%). As a nucleophilic P(III) source,
Na3P was found to be the reagent of choice13 since its
preparation from red phosphorus and sodium naph-
thalenide proceeded safely under argon at rt, requiring
no special equipment and avoiding the use of gaseous
phosphine.14 Reaction of Na3P with 3 in dimethylform-
amide (DMF) yielded 56% of secondary phosphine 415

(isolated as borane complex 516). It should be noted that
neither excess of mesylate nor extended reaction time
afforded considerable amounts of the trialkylphosphine
and no evidence for partial racemization was found by
NMR spectroscopy, which would give rise to the forma-
tion of the meso isomer. The introduction of the third P-
substituent succeeded after activation of 4 as borane
complex 5, which was cleanly deprotonated with n-BuLi
and alkylated with 3 to yield 6 (78%). While the borane
complex 6 could not be debenzylated under standard
conditions17 (H2-Pd/C, H2–Rh/Al2O3, Raney-Ni, Li–
naphthalenide), the corresponding phosphonium salt 7
was smoothly debenzylated with H2–Pd/C to give triol
8 (92%) as a yellowish hygroscopic oil, representing an
air stable masked phosphine from which 118 was liber-
ated by passing through a short column filled with
weakly basic ion exchange resin (95%).19 Crude phos-
phine 1 could be further purified by distillation or repro-
tected as borane complex 1ÆBH3. The free phosphine 1
displayed good solubility and stability in water and pro-
tic solvents; a NMR sample prepared from 30 mg of 1 in
CD3OD/D2O (1:1) under argon remained unchanged
for at least 24 h at 30 �C.

From the same starting material, the isomeric b-chiral
phosphine borane complex 2ÆBH3 was also accessible
using appropriate protective groups (Scheme 1). Ethoxy-
ethyl protected propan-1,2-diol, which was prepared
from (S)-ethyl lactate according to Ref. 20, was con-
verted to mesylate 9 under standard conditions and
reacted in excess (�1.5 equiv) with Na3P to afford the
secondary phosphine in 65% yield (isolated as borane
complex 10). The activated substrate 10 was smoothly
alkylated to yield 11, and after cleavage of ethoxyethyl
groups with TsOH, the borane complex of trihydroxy-
phosphine 2 was isolated as a crystalline solid in 35%
overall yield (from (S)-ethyl lactate). Subsequent treat-
ment with Et3N liberated phosphine 2.

To confirm the proposed structures of 1 and 2, crystal
structure analyses were attempted. Since neither 1,
1ÆBH3 nor the corresponding phosphine oxide or precur-
sors 6–8 could be obtained in a crystalline form, a cat-
ionic gold(I) complex of 1 was synthesised. Reaction
of the free ligand with a stoichiometric amount of the
precursor cis-cyclooctene gold(I) chloride21 in MeOH
afforded a 2:1 complex, [12Au(I)]+Cl� as the main prod-
uct as evidenced by NMR and field desorption mass
spectrometry (FD-MS) (m/z = 613.8, [M�Cl]+).22 The
complex displayed high solubility in water and MeOH
and its stability in air enabled chromatographic purifi-
cation on SiO2 in 2-PrOH. Suitable crystals could be
obtained for X-ray structure determination after conver-
sion of the chloride to the corresponding triflate
[12Au]CF3SO3.23 The result of X-ray diffraction study
of 12 is shown in Figure 2. The compound crystallised
in the orthorhombic space group P212121. The crystal
structure consists of cations [Au{P(CHMeCH2OH)3}2]+

and triflate anions. The gold atom is linearly coordi-
nated by two P(CHMeCH2OH)3 ligands (P1–Au–
P2 = 176.87(2)�) with Au–P bond distances of
2.3031(6) and 2.3105(6) Å. These are significantly longer



Figure 2. ORTEP plot of the cation [12Au]+ with atom-numbering
scheme. The thermal ellipsoids are drawn at the 50% probability level.

Figure 3. ORTEP plot of 2ÆBH3 with atom-numbering scheme. The
thermal ellipsoids are drawn at the 50% probability level.
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than that in Au(PTA)2Cl [PTA = 1,3,5-triaza-7-phos-
phaadamantane) with 2.261(5) Å24 and well compara-
ble with those in [Au{FcCH2P(CH2OH)2}2]Cl with
Au–P1 2.311(2) Å, Au–P2 2.310(2) Å25 or [Au{PH-
(t-Bu)2}2]BF4 with Au–P 2.3119(8) Å.26 In contrast, the
b-chiral species 2ÆBH3 showed excellent crystallinity per-
mitting its solid state structure determination (Fig. 3).27

In summary, we have discovered a straightforward route
to produce a-chiral secondary and tertiary alkyl phos-
phines from alkylmesylates and sodium phosphide as
P-source. This is exemplified by the synthesis of new
water-soluble C3-symmetrical monophosphine borane
complexes from (S) ethyl lactate. The extension of this
concept to the synthesis of further secondary and ter-
tiary alkyl phosphines and their application in asymmet-
ric catalysis is under way and will be reported in due
course.
Acknowledgements

P.K. is grateful for a grant provided by Fonds zur Förde-
rung der wissenschaftlichen Forschung in Österreich (Lise
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F(000) = 1520, Dc (Z = 4) = 1.838 g cm�3, l(Mo Ka) =
55.96 cm�1, 2hmax 60�, wR (all data) 0.0408, conventional
R (8102 data with I > 2r(I)) 0.0184, Flack parameter
�0.012(3). Data collection was performed at 100(2) K on
an X8 APEXII CCD diffractometer. The structure was
solved by direct methods and refined by full-matrix least
squares on F2. CCDC 637239.

24. Assefa, Z.; Staples, R. J.; Fackler, J. P., Jr. Acta
Crystallogr., Sect. C 1996, 52, 305.

25. Goodwin, N.; Henderson, W. Polyhedron 1998, 17, 4071.
26. Stefanescu, D. M.; Yuen, H. F.; Glueck, D. S.; Golen, J.

A.; Zakharov, L. N.; Incarvito, C. D.; Rheingold, A. L.
Inorg. Chem. 2003, 42, 8891.

27. Crystal data for 2ÆBH3 at 100 K: C9H24BO3P,
Mr = 222.06, orthorhombic, space group P212121, a =
6.7189(4), b = 13.328(1), c = 15.497(1) Å, V =
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