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Abstract—Secondary phosphines react readily with a vinyl ether of diacetone-DD-glucose under radical initiation conditions to give,
in high yield, anti-Markovnikov adducts, diorganyl{2-[3-O-(1,2:5,6-di-O-isopropylidene)-DD-glucofuranosyloxy]ethyl}phosphines,
which oxidize almost quantitatively upon reacting with air oxygen or elemental sulfur to form the corresponding optically active
phosphine oxides or sulfides.
� 2004 Elsevier Ltd. All rights reserved.
Optically active phosphines and their phosphoryl and
thiophosphoryl derivatives are widely applied in asym-
metric synthesis as efficient chiral ligands for transition
metal catalysts.1 Recently, interest has been shown in
chiral phosphine ligands with carbon-based chirality,
which are easier to prepare, whereas their transition
metal complexes are more efficient in asymmetric cata-
lysis.2 Therefore, the search for new convenient routes
to the synthesis of such prospective phosphorus-contain-
ing chiral ligands remains an important synthetic task.
One approach to this task involves the use of optically
active starting materials, which can be easily derived
from enantiomerically pure natural compounds.3 The
addition of secondary phosphines to alkenes4 (including
functional alkenes, such as alkyl vinyl ethers,5 alkyl
vinyl chalcogenides,6 vinyl pyrroles,7 vinyl pyridines,8

etc.) represents a straightforward atom-economic
(�green�) approach to C–P bond formation.
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Herein we describe the synthesis of novel optically active
polyfunctional tertiary phosphines and their phosphoryl
and thiophosphoryl derivatives, based on the hydropho-
sphination of chiral vinyl ether 1 (readily prepared from
diacetone-DD-glucose and acetylene under elevated9 or
atmospheric10 pressure as well as by transvinylation of
diacetone-DD-glucose with an excess of isobutyl vinyl
ether11) with readily available secondary phosphines
2a,b.12 These phosphines add to the vinyl ether 1 regio-
specifically in the presence of azobisisobutyronitrile
(AIBN) at 65–70 �C to form the corresponding optically
active tertiary diorganyl{2-[3-O-(1,2:5,6-di-O-isopropy-
lidene)-DD-glucofuranosyloxy]ethyl}phosphines 3a,b in
high yield (Scheme 1, Table 1).13

Upon reacting with air, oxygen or elemental sulfur, the
phosphines 3a,b were quantitatively oxidized to the
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Table 1. Synthesis of phosphines 3a

Entry Reactants (mmol) Time

(h)

Product

yieldb (%)

1 1, 1.90 2a (R = n-Bu), 1.90 80 3a, 74

2 1, 2.86 2b (R = PhCH2CH2), 2.86 90 3b, 90

a All experiments were carried out under argon.
b Isolated yields.

3a,b

O

O

O

O

O

O
R2P

O   4a,b

air S8
O

O

O

O

O

O
R2P

S   5a,b

hexane , r.t. toluene, 50 oC

Scheme 2.

Table 2. Synthesis of phosphine oxides 4 and phosphine sulfides 5

Entry Reactants

(mmol)

Temp-

erature

(�C)

Time

(h)

Solvent

(mL)

Product

yielda

(%)

1 3a, 0.35 Air O2,

excess

20–22 15 Hexane, 2 4a, 98

2 3a, 6.00 S8, 9.0 50 3 Toluene, 4 5a, 98

3 3b, 0.55 Air O2,

excess

20–22 20 Hexane, 2 4b, 98

4 3b, 0.97 S8, 1.39 50 3 Toluene, 5 5b, 85

a Isolated yields.
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optically active phosphine oxides 4a,b14 or phosphine
sulfides 5a,b,15 respectively (Scheme 2, Table 2).

In summary, the atom-economic addition of secondary
phosphines to the optically active vinyl ether 1, which
is readily available from glucose, represents a convenient
approach to the synthesis of optically active sugar-based
tertiary phosphines and their derivatives. The polydent
phosphines, phosphine oxides, and phosphine sulfides
thus obtained, containing protected hydroxy functional-
ized tetrahydrofuran and dioxolane moieties, are prom-
ising chelating ligands for metal complex catalysts for
asymmetric synthesis.
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Compound 3a: colorless oil, ½a�26D �15.6 (c 1.5, EtOH). 1H
NMR (400.13MHz, CDCl3): d 0.90 (t, 6H, 3J = 6.4Hz,
Me, 1.30 (s, 3H, Me), 1.35 (s, 3H, Me), 1.38 (m, 10H,
CH2CH2CH2P), 1.43 (s, 3H, Me), 1.48 (m, 5H, C-10, Me),
1.66–1.70 (m, 2H, CH2P), 3.68–3.72 (m, 2H, H-9), 3.86 (d,
1H, 3J3,4 = 3.0Hz, H-3), 3.96 (dd, 1H, 2J = 8.3Hz,
3J5,6 = 5.5Hz, H-6), 4.06 (dd, 1H, 2J = 8.3Hz,
3J5,6 = 5.8Hz, H-6), 4.09 (dd, 1H, 3J4,5 = 6.8Hz,
3J3,4 = 3.0Hz, H-4), 4.12–4.16 (m, 1H, H-5), 4.51 (d, 1H,
3J1,2 = 3.1Hz, H-2), 5.92 (d, 1H, H-1). 13C NMR
(100.69MHz): d 13.85 (Me), 24.50 (d, 3JP,C = 10.7Hz,
CH2Me), 25.23, 25.50, 26.24 (3Me), 26.56 (d,
1JP,C = 12.0Hz, C-10), 26.90 (Me), 27.10 (d,
2JP,C = 11.1Hz, CH2CH2P), 27.17 (d, 2JP,C = 11.5Hz,
CH2CH2P), 27.98 (d,

1JP,C = 14.4Hz, CH2P), 28.02 (d,
1JP,C = 14.6Hz, CH2P), 67.62 (C-6), 68.91 (d,

2JP,C =
21.0Hz, C-9), 72.57 (C-5), 81.21 (C-3), 82.27 (C-4), 85.19
(C-2), 105.34 (C-1), 109.54 and 111.80 (C-7,8). 31P NMR
(161.98MHz): d �33.94. Elemental analysis: Calcd for
C22H41O6P (432.53): C, 61.09; H, 9.55; P, 7.16%. Found:
C, 61.05; H, 9.67; P, 7.39%.
Compound 3b: colorless oil, ½a�26D �7.1 (c 1.0, EtOH); 1H
NMR (400.13MHz, CDCl3): d 1.31 (s, 6H, Me), 1.43 (s,
3H, Me), 1.53 (s, 3H, Me), 1.73–1.81(m, 6H, H-10, CH2P),
2.71–2.86 (m, 4H, CH2Ph), 3.64–3.77 (m, 2H, H-9), 3.84
(d, 1H, 3J3,4 = 2.7Hz, H-3), 3.99 (dd, 1H,

2J = 8.8Hz,
3J5,6 = 5.9Hz, H-6), 4.06 (dd, 1H,

2J = 8.8Hz, 3J5,6 =
5.9Hz, H-6), 4.09 (dd, 1H, 3J4,5 = 7.7Hz,

3J3,4 = 2.7Hz,
H-4), 4.34 (dd, 1H, 3J4,5 = 7.7Hz,

3J5,6 = 5.9Hz, H-5), 4.53
(d, 1H, 3J1,2 = 3.7Hz, H-2), 5.83 (d, 1H, H-1), 7.17–7.30
(m, 10H, Ph). 13C NMR (100.69MHz): d 23.44, 25.17,
25.23, 25.48 (4Me), 27.67 (d, 1JP,C = 14.9Hz, C-10), 29.38
(d, 1JP,C = 13.2, CH2P) 29.47 (d,

1JP,C = 13.6Hz, CH2P),
32.23 (d, 2JP,C = 14.2Hz, CH2Ph), 67.55 (C-6), 68.66 (d,
2JP,C = 19.7Hz, C-9), 72.47 (C-5), 81.18 (C-4), 82.18 (C-3),
82.75 (C-2), 105.26 (C-1), 109.02 and 111.80 (C-7,8),
126.08 (C-p), 128.13 (C-o), 128.52 (C-m), 142.69 (d,
3JP,C = 10.4Hz, C-i), 142.73 (d,

3JP,C = 10.3Hz, C-i).
31P

NMR (161.98MHz): d �31.18. Elemental analysis: Calcd
for C30H41O6P (528.62): C, 68.17; H, 7.82; P, 5.86%.
Found: C, 68.39; H, 7.73; P, 5.65%.

14. General procedure for the preparation of 4: A solution of
phosphine 3 in hexane was stirred at rt under air or O2
atmosphere. After reaction completion, as indicated by
TLC, the solvent was removed under reduced pressure to
afford phosphine oxide 4 (Table 2).
Compound 4a: colorless oil, ½a�26D �12.2 (c 0.5, CCl4); 1H
NMR (400.13MHz, CDCl3): d 0.89 (t, 6H, 3J = 7.2Hz,
Me, 1.21–1.31 (m, 4H, CH2Me), 1.28 (s, 3H, Me), 1.32–
1.39 (m, 2H, CH2CH2P), 1.33 (s, 3H, Me), 1.41 (s, 3H,
Me), 1.46 (s, 3H, Me), 1.47–1.58 (m, 3H, CH2CH2P),
1.63–1.71 (m, 2H, CH2P), 1.94–2.00 (m, 1H, CH2P), 2.22–
2.28 (m, 2H, H-10), 3.79–3.85 (m, 2H, H-9), 3.95 (dd, 1H,
2J = 8.6Hz, 3J5,6 = 5.3Hz, H-6), 4.03 (m, 1H, H-3), 4.12
(dd, 1H, 2J = 8.6Hz, 3J5,6 = 6.3Hz, H-6), 4.28–4.33 (m,
2H, H-4,5), 4.49 (d, 1H, 3J1,2 = 3.6Hz, H-2), 5.90 (d, 1H,
H-1). 13C NMR (100.69MHz): d 13.54 (Me), 23.56 (d,
3JP,C = 3.8Hz, CH2Me), 23.78 (d,

3JP,C = 3.8Hz, CH2Me),
24.15 (d, 2JP,C = 13.9Hz, CH2CH2P), 24.17 (d,
2JP,C = 14.8Hz, CH2CH2P), 25.07, 26.10, 26.68, 26.77
(4Me), 28.28 (d, 1JP,C = 66.1Hz, C-10), 28.34 (d,
1JP,C = 63.9Hz, CH2P), 28.80 (d,

1JP,C = 65.4Hz, CH2P),
63.78 (d, 2JP,C = 3.2Hz, C-9), 67.53 (C-6), 73.35 (C-5),
75.02 (C-4), 81.06 (C-3), 85.02 (C-2), 105.19 (C-1), 109.52
and 111.72 (C-7,8). 31P NMR (161.98MHz): d 48.39.
Elemental analysis: Calcd for C22H41O7P (448.53): C,
58.91; H, 9.21; P, 6.91%. Found: C, 58.76; H, 9.43; P,
6.78%.
Compound 4b: colorless oil, ½a�26D �1.9 (c 4.0, CCl4); 1H
NMR (400.13MHz, CDCl3): d 1.25 (s, 3H, Me), 1.29 (s,
3H, Me), 1.38 (s, 3H, Me), 1.48 (s, 3H, Me), 2.0–2.12 (m,
6H, H-10, CH2P), 2.80–2.98 (m, 4H, CH2Ph), 3.80–3.85
(m, 2H, H-9), 3.96–4.15 (m, 4H, H-3,4,6), 4.17–4.21 (m,
1H, H-5), 4.61 (d, 1H, 3J1,2 = 3.2Hz, H-2), 5.78 (d, 1H, H-
1), 7.16–7.28 (m, 10H, Ph). 13C NMR (100.69MHz): d
25.44, 26.23, 26.83, 26.98 (4Me), 27.81 (d, 2JP,C = 18.4Hz,
CH2Ph), 27.83 (d, 2JP,C = 17.7Hz, CH2Ph), 28.89 (d,
1JP,C = 63.0Hz, C-10), 30.82 (d,

1JP,C = 62.5Hz, CH2P),
31.35 (d, 1JP,C = 62.5Hz, CH2P), 63.92 (d,

2JP,C = 2.8Hz,
C-9), 67.55 (C-6), 72.35 (C-5), 81.02 (C-4), 82.22
(C-3), 82.52 (C-2), 105.26 (C-1), 109.29 and 111.92
(C-7,8), 126.08 (C-p), 128.06 and 128.12 (C-o), 128.83
(C-m), 140.91 (d, 3JP,C = 13.7Hz, C-i).

31P NMR (161.98
MHz): d 46.18. Elemental analysis: Calcd for C30H41O7P
(544.62): C, 66.16; H, 7.59; P, 5.69%. Found: C, 66.22; H,
7.32; P, 5.85%.

15. General procedure for the preparation of 5: A mixture of
phosphine 3 and elemental sulfur in toluene was heated at
50 �C upon stirring under argon for 3h. The crude
product, a viscous undistillable liquid, was purified by
column chromatography on Al2O3 (hexane) to give the
phosphine sulfide 5 (Table 2).
Compound 5a: yellow solid, mp 98–99�C (hexane), ½a�26D
�7.1 (c 1.0, EtOH); 1H NMR (400.13MHz, CDCl3): d
0.90–0.95 (m, 6H, Me), 1.25 (s, 3H, Me), 1.31 (s, 3H, Me),
1.34 (s, 3H, Me), 1.41 (m, 4H, CH2Me), 1.48 (s, 3H, Me),
1.54–1.58 (m, 4H, CH2CH2P), 1.81–1.86 (m, 6H, H-10,
CH2P), 3.80–3.91 (m, 2H, H-9), 3.98 (dd, 1H,

2J = 8.5Hz,
3J5,6 = 5.5Hz, H-6), 4.03–4.07 (m, 2H, H-3,6), 4.08–4.14
(m, 1H, H-4), 4.18–4.25 (m, 1H, H-5), 4.72 (d, 1H,
3J1,2 = 3.3Hz, H-2), 5.82 (d, 1H, H-1). 13C NMR
(100.69MHz): d = 13.58 (Me), 23.78 (CH2Me), 24.03
(CH2Me), 24.50 (d,

2JP,C = 16.2Hz, CH2CH2P), 24.57 (d,
2JP,C = 16.2Hz, CH2CH2P), 25.42, 26.14, 26.72, 26.83
(4Me), 30.48 (d, 1JP,C = 49.9Hz, C-10), 31.30 (d,
1JP,C = 51.4Hz, CH2P), 32.38 (d,

1JP,C = 50.4Hz, CH2P),
64.26 (d, 2JP,C = 2.9Hz, C-9), 67.35 (C-6), 72.26 (C-5),
80.79 (C-4), 81.90 (C-3), 82.09 (C-2), 105.17 (C-1), 109.06
and 111.74 (C-7,8). 31P NMR (161.98MHz): d 46.73.
Elemental analysis: Calcd for C22H41O6PS (464.60): C,
56.88; H, 8.89; P, 6.67; S, 6.90%. Found: C, 56.98; H, 8.69;
P, 6.51; S, 6.72%.
Compound 5b: yellow solid, mp 87–88�C (hexane), ½a�26D
�25.7 (c 1.0, CCl4). 1H NMR (400.13MHz, CDCl3): d
1.26 (s, 3H, Me), 1.29 (s, 3H, Me), 1.38 (s, 3H, Me), 1.47
(s, 3H, Me), 1.96–2.17 (m, 6H, H-10, CH2P), 2.89–2.94 (m,
4H, CH2Ph), 3.82–3.90 (m, 2H, H-9), 3.94–4.02 (m, 3H,
H-3,6), 4.05–4.12 (m, 1H, H-4), 4.14–4.20 (m, 1H, H-5),
4.73 (d, 1H, 3J1,2 = 3.3Hz, H-2), 5.78 (d, 1H, H-1), 7.16–
7.28 (m, 10H, Ph).13C NMR (100.69MHz): d 25.11, 26.14,
26.71, 26.86 (4Me), 28.60 (d, 2JP,C = 27.0Hz, CH2Ph),
30.90 (d, 1JP,C = 49.7Hz, C-10), 33.31 (d,

1JP,C = 48.4Hz,
CH2P), 34.19 (d, 1JP,C = 47.5Hz, CH2P), 64.23 (d,
2JP,C = 3.6Hz, C-9), 67.41 (C-6), 72.18 (C-5), 80.88 (C-
4), 81.93 (C-3), 82.20 (C-2), 105.14 (C-1), 109.15 and
111.80 (C-7,8), 126.51 and 126.54 (C-p), 128.06 and 128.18
(C-o), 128.68 (C-m), 140.52 (d, 3JP,C = 14.6Hz, C-i).

31P
NMR (161.98MHz): d 48.03. Elemental analysis: Calcd
for C30H41O6PS (560.69): C, 64.27; H, 7.37; P, 5.52; S,
5.72%. Found: C, 64.45; H, 7.55; P, 5.35; S, 5.58%.


	Addition of secondary phosphines to a vinyl ether of diacetone-d-glucose: a new approach to optically active phosphines and their derivatives
	Acknowledgements
	References and notes


