Synthesis of Methyl 6-Deoxy-6-diphenylphosphino-«-D-glucopyranoside:
Temperature-Dependence of the Primary O-Tosyl Cleavage Mode
W ilhelm V. D ahlhoff*, K arin R adkow ski
Max-Planck-Institut für Kohlenforschung, Kaiser-Wilhelm-Platz 1,
D-45466 Mülheim an der Ruhr
Z. Naturforsch. 51b, 891-896 (1996); received November 29, 1995
Carbohydrates, Carbohydrate-Phosphines, O-Tosyl Cleavage (C-O/S-O),
Chiral Phosphine Ligand
Methyl a-D-glucopyranoside is converted to methyl 6-p-toluenesulfonyl-2,3,4-tris-0-trimethylsilyl-a-D-glucopyranoside 2 and then reacted with lithium diphenylphosphide in THF.
When the reaction is carried out at room tem perature and below, S-O cleavage dominates
giving methyl 2,3,4-tris-O-trimethylsilyl-a-D-glucopyranoside 3 , whereas at 60°C in TH F or
at 35°C in diethyl ether, C-O cleavage occurs yielding the title carbohydrate-phosphine 4 in
good yield after deprotection.

Introduction
The interest in w ater-soluble phosphines has
risen dram atically since K untz p io n eered the use
of w ater-soluble rhodium com plexes having sulfon ated phosphine ligands in the R uhrchem ie/
R hone-Poulenc hydroform ylation process [la].
The separation of the w ater-soluble catalyst from
the lipophilic products is so effective th a t the
rhodium losses are only <10-9 g R hodium /kg of
n-butanal [lb]. A p art from sulfonation, the o th er
main approaches for obtaining w ater-soluble p h o s
phines include the in tro d u ctio n of the m ost
com m on hydrophilic groups such as carboxyl, hy
droxyl, ethylene glycol o r am m onium su b stitu 
ents [2],
A lthough there have been num erous rep o rts of
the synthesis of p ro tected carb o h y d rate- phosphines[3], h ith erto only one p ap er describes the
attem pt to p rep are d ep ro tected carb o h y d ratephosphines [3 g]. The rem oval of the O -isopropylidene groups requires acidic conditions and this can
cause difficulties in the presence of the basic p h o s
phine moiety. H ence, the first rep o rted d e p ro te c 
tion of D IO P using hydrochloric acid in m eth an o l/
w ater gave im pure p roduct [4]. K agan et al. [3i]
only recently show ed th at m ethanesulfonic acid is
a b etter catalyst for the hydrolysis of the D IO P
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O -isopropylidene group and th at purification by
colum n chrom atography is required. A pure
dihydroxydiphosphine product is obtained from
(S,S)-l,2:3,4-diepoxybutane, as no d ep rotection is
n eeded [5].
In a project concerned with the synthesis of chi
ral w ater-soluble ligands, in particular phosphinem odified cyclodextrins [6], sim ple m odel carbohy
d rate phosphines w ere also prepared.
B elow we report on the results obtained during
w ork dealing with the convertion of m ethyl a-D glucopyranoside, which served as a cyclodextrin
m odel, to m ethyl 6-deoxy-6-diphenylphosphino-aD -glucopyranoside.

Results and Discussion
M ethyl a-D -glucopyranoside was first converted
to m ethyl 6-O -tosyl-a-D -glucopyranoside 1 by
trea tm en t with tosyl chloride, in a reaction which
was not as selective as expected [7],
A s som e m ode of protection for 1 was required
[10], O -trim ethylsilyl protection was chosen, b e 
cause this group is readily introduced and re 
m oved under slightly acidic conditions [12].
Previously O SiM e3 protection had been success
fully used in an extrem ely efficient synthesis of
l-[l,7-dicarba-c/oso-dodecaboran(12)-l-yl]-a,/?-D glucose by reaction of m onolithiated m -carborane
with 2,3.4,6-tetra-O -trim ethylsilyl-D -glucono-l,5lactone [13].
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phosphino-2,3,4-tris-0-trim ethylsilyl-a-D -glucopyranoside 4 had been form ed, evidently because
of S-O cleavage of the tosyl group [15].
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Low ering the reaction tem p eratu re to -20 °C. re 
sulted in a drop in the am ount of 4 to only 10%
with a concom ittant increase in the proportion of
tetraphenyldiphosphine. The N M R and mass
spectra reveal that S-O cleavage of the O-tosyl
group is the dom inant reaction, resulting in the
form ation of the know n m ethyl 2,3,4-tris-O-trim ethylsiyl-a-D -glucopyranoside 3 [18].

2
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The chem ical shift of C-6 at 60.9 is in the charac
teristic range for the carbon atom of a free p ri
m ary hydroxyl group [19] and the mass spectrum
has a m /z = 395, which is due to M-Me.

OTMS
5

4

Scheme 1. Reaction scheme: conversion of 1 to 5.

H ow ever, it is som ew hat surprising that when
the lithium diphenylphosphide is added dropw ise
to 2 at 60°C, the desired sugar-phosphine 4 b e 
com es the m ajor product with only 10% of tetraphenyl-diphosphine in the reaction mixture.

Per-O -trim ethylsilylation of 1 to give 2 in ca.
90% yield was achieved with a 2:1 m ixture of
hexam ethyldisilazane and chlorotrim ethylsilane
[14], The reactio n of 2 with two equivalents of lith
ium diphenylphosphide was first attem p ted at
0 °C, since it was feared th at cleavage of the
O SiM e3 group might occur to give O -lithiated d e
rivatives of 1 and trim ethylsiyl-diphenylphosphide.
31P N M R of the crude pro d u ct m ixture after hy
drolysis revealed that tetraphenyldiphosphine was
th e m ajor P-containing product and th at only ca.
23% of the desired m ethyl 6-deoxy-6-diphenyl-
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O rien tatio n al experim ents [20] with 6-O-tosyll,2:3,4-di-0-isopropylidene-a-D -galactopyranose
had show n th at the am ount of lithium diphenyl
phosphide can be alm ost halved w hen carrying out
the reaction in diethyl eth er ra th e r than tetrahydrofuran . This enabled the synthesis of 6-deoxy6-diphenylphosphino-l,2:3,4-di-0-isopropylidenea-D -galactopyranose in ca. 80% yield.
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Scheme 2. Possible S -O cleavage mode
of 2 by LiPPh2 leading to 3 and
Ph2PPPh2.
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Table I. Reaction of 2 with LiPPh2 at various temperatures.
2 [mmol]
1

0 .7
3 .5

Solvent
TH F
TH F
TH F

Molar ratio 2: LiPPh2

Temperature

[°C ]h

Time [h]

4a

Ph2PPh2a

1 : 2

0

1

-2 3

1 : 2

- 2 0

3

- 1 0

-7 7
-9 0

1

-9 0

< 1 0

1 : 2

60

a Amounts of 4 and Ph2PPPh2 estimated by 31P PMR after hydrolysis: 4 d
perature.

- 2 0 .2 .

Ph2PPPh2 d

-1 4 .3 ;

b bath tem 
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In the case of 2, the use of diethyl e th e r as a
solvent also allow ed a reduction in the am ount of
lithium diphenylphosphide req u ired for com plete
reaction of the starting tosylate. The reaction of 2
with lithium diphenylphosphide in the ratio 1:1.2
gave 4 in high yield, with only 6 m ol% of tetrap h enyldiphosphine side-product being p resen t in the
crude product.
D eprotectio n of 4 was achieved w ith acidic
m ethanol at room tem p eratu re, giving waxy 5 in
ca. 90% yield. The 31P N M R chem ical shifts of
both 4 and 5 are at ca. -20. T hese values are close
to those found for D IO P and 2,3-dihydroxy-l,4bis(diphenylphosphino)-butane [4]. H ence, in
these cases depro tectio n does not result in a re 
m arkable low-field shift in the 31P N M R spectra,
as rep o rted recently for two carbohydrate-phosphines [3 g].

Experim ental
All experim ents w ere carried out in dry deoxy
genated solvents u nder argon.-M S: Finnigan M AT
CH5.-*H, 13C and 31P N M R : B ru k er AC-200,
AMX-400. The 31P N M R shifts are given in c> re la 
tive to external 85% phosphoric acid. O th e r ch em 
ical shifts are given relative to TMS.

Starting co m pou n ds

M ethyl a-D -glucopyranoside was p urchased
from Fluka. Lithium diphenylphosphide was p re 
pared by reaction of butyl lithium with diphenylphosphine (both obtain ed from A ldrich) in hexane
at room tem p eratu re as described below.

H P L C con ditions

For analytical m easurem ents at 35 °C -Varian
5060, Shim adzu CTO -6A , V arian U V 100. S tation
ary phase: 250 mm Nucleosil 1 0 0 -5 -C 18/A , 4.5 mm
internal diam eter. M obile phase: acetonitrile/
w ater 30:70-10 m in-80:20-10 min isocratic 80:20.
Flow rate 0.8 ml/min with 10.6 M pa. P reparative
conditions at room tem perature.- Instrum ent: Shi
m adzu LC-8 gradient system .-Colum n: 230 mm
Buchi M PLC, 36 mm. Stationary phase: LiC hroprep Si 100-C18/C1, 2 5 -4 0 jum. M obile phase: acetonitrile/w ater 60:40 for isolation of the ditosyl
com pound and 25:75 for isolation of the m onotosylated com pounds. Flow rate 20 m l/m in at 1.4
M Pa. D etection: UV, 238 nm.
L ithium diph en ylp h o sp h id e

A 1.6 m solution of butyl lithium (80 ml, 128
m m ol) is added dropw ise in ca. 1.5 h to a stirred
solution of diphenylphosphine (20.5 g, 110 m m ol)
in hexane (350 ml), so that the flask tem p eratu re
does not exceed 38 °C. A fter stirring overnight,
the lithium diphenylphosphide is filtered off,
washed with hexane and dried in vacuo (1 0 3 Torr)
to give yellow, pow dery product (19.5 g, 92% ). 31P
N M R (TH F): Ö = -20.7.
M eth yl 6 -O -p -to lu en esu lfo n yl-a -D -g lu co p yra n o sid e (1)

A solution of p-toluenesulfonyl chloride (10.5 g,
55.1 m m ol) in pyridine (20 ml) is added dropw ise
to a stirred solution of m ethyl a-D -glucopyrano
side (10 g, 51.5 m m ol) in pyridine (20 ml) at room
tem p eratu re so that the flask tem p eratu re reaches
35°C. The clear, yellow solution is stirred for 2d at
room tem p eratu re and then concentrated in vacuo
(10 3 Torr, 6 0 -7 0 °C bath tem p eratu re). The resi
due is dissolved in chloroform (25 ml) and the so-

Com
pound

Formula
[mol. mass]

Found m /z (% rel. intensity)3
M
Base mass

O ther characteristic masses

1

c 14H20o 8s

b

317(<1), 245(19), 215(14)
173(14), 133(24), 91(64)

60c

[348.4]

2

C23H440 8SSi3
[564.9]

3

C i6H 380 6Si3
[410.7]

4

C28H470 5PSi3
[578.8]

5

C 19H 23O 5P
[362.4]

564
( < 1)
-

578
(1)
362
(5)

893

204

533(< 1), 459(< 1), 443(1)
317(26), 287(7), 217(30)

204

395(< 1), 379(< 1), 305(2)
290(4), 276(3), 217(48)

73

563(7), 547(2), 488(17)
317(12), 243(23), 204(45)

186

347(5), 331(3), 302(12)
285(40), 199(22), 108(56)

Table II. Formulae and
mass
spectrometric
data of 1-5.

a EI-MS (70 eV);
b [M+NH4] 366 found
by Cl with ammonia as
the
reactant
gas;
c above 140 °C decom
position occurs and the
mass spectrum of p-toluenesulfonic acid is
obtained.

894

W. V. D ahlhoff-K . Radkowski • Methyl 6-Deoxy-6-diphenylphosphino-«-D-glucopyranoside

lution is w ashed with satu rated potassium hy
drogen sulfate (10 ml) and potassium hydrogen
carb o n ate (10 ml). The solid obtained after re 
m oval of the chloroform is treated with ethanol
(10 ml) and dried in vacuo (10‘3 Torr, <40 °C bath
tem p eratu re) to give a white, am orphous solid
m ixture (12.3 g), which contains 46% 1, 7% methyl
2-O -p-toluenesulfonyl-a-D -glucopyranoside and
31% m ethyl 2.6-di-0-/?-toluenesulfonyl-a-D -glucopyranoside (H P L C analysis). Preparative H PLC
sep aratio n yields 99.9% pure 1 (4.7 g, 26% ) with
m.p. 130°C (L it.[8] 124 °C) and [a]2£ 100.7 (c 0.6,
M eO H ). The 2-O -tosyl isom er (0.5 g, 2.7% ) and
the 2,6-di-O-tosyl derivative (2.05 g, 8% ) are also
separated. The ditosylated com pound can also be
rem oved from the m ixture by flash ch rom atogra
phy (silica gel, ethyl acetate).
M eth yl 2 ,3 ,4 -tris-0 -trim e th ylsilyl-6 -0 -p -to lylsu lfo n yl-a -D -g lu co p yra n o sid e (2)

A solution of 1 (4.7 g, 13.5 mm ol) in pyridine
(30 m l) is tre a te d with hexam ethyldisilazane (11.3
ml, 54.2 m m ol) and trim ethylsilyl chloride (3.4 ml.
27 m m ol) is added dropw ise to the stirred m ixture
at 0°C. A fter 15 min. at 0 °C the m ixture is stirred
for 1 h at room tem p eratu re before adding
p en tan e (ca. 30 m l), filtering and concentrating the
filtrate in vacuo (10 3 Torr, <60 °C , bath). 2 (6.82
g, 89% ) is o b tain ed as a colourless, highly viscous
residue.
M ethyl 2,3,4-tris-O -trim ethylsilyl-a-D -glu copyranoside 3 by reaction o f 2 with lithium diphenylp h o sp h id e at 0 °C

A solution of 2 (0.55 g, ~1 mm ol) in T H F (10
ml) is added dropw ise to lithium diphenylphosphide (2 m m ol) in T H F (5 ml) at 0 °C (bath). The
m ixture is stirred for 1 h, at which tim e the bath
tem p eratu re has risen to 10 °C and T L C (diethyl
e th e r / hexane 1:1) indicates th at no m ore 2 is p re 

sent. D iethyl e th e r (10 ml) is added and the o r
ganic solution is w ashed with ice-w ater and then
ev aporated to dryness to give a P-containing mix
ture containing -2 3 % 4 and 77% tetraphenyldiphosphine (by 31P N M R ) to g eth er with 3.
A sim ilar experim ent carried out at -20 °C bath
tem p eratu re for 3 h gives a m ixture of P-contain
ing products with only -1 0 %
4 and 90%
Ph2P P P h2 (by 31P N M R ).
W hen the experim ent is carried out at 60 °C for
1 h -9 0 % 4 and < 10% Ph2P P P h2 is obtained.
M eth yl 6 -D e o x y-6 -d ip h en ylp h o sp h in o -2 ,3 ,4 -tris-0 trim eth ylsilyl-a -D -g lu co p yra n o sid e (4)

A solution of 2 (1.2 g, 2.1 m m ol) in diethyl ether
(10 ml) is added dropw ise to a solution of lithium
diphenylphosphide (0.47 g, 2.45 m m ol) in diethyl
eth er (-1 5 ml) at 45 °C (bath tem p eratu re) and
the stirred m ixture is then h eated under reflux. A f
ter 0.5 h, 2 can still be d etected by TLC (ether/
hexane 1:1) so a spatula tip of lithium diphenyl
phosphide is added and refluxing is continued for
a fu rth er 0.5 h. The eth er solution is shaken with
w ater and the organic phase is concentrated in
vacuo (IO 3 T orr) to give 4 (1.18 g, 97% ) with
31P N M R (CDC13): d = -20.2. The crude product
contains ca. 6 m ol% of diphenylphosphine
(<331p = -39.7).
M eth yl 6 -d eo x y-6 -d ip h en ylp h o sp h in o -a -D -g lu co p yra n o sid e (5)

M ethanol (10 ml) containing glacial acetic acid
(0.1 ml) is added to 4 (2.8 g, 4.9 m m ol) and the
stirred m ixture is heated u n d er reflux for 6 h.
C rude 5 (1.8 g, 102% ) is o btained on rem oving the
volatile com ponents in vacuo (10~3 Torr, 60 °C
bath te m p eratu re). 5 is treated with diethyl ether
(20 ml) and heated u nder reflux before adding
ethanol ( - 2 ml) to obtain a clear solution. On

Table III. 'H NMR chemical shifts and coupling constants (in parentheses) for the methyl a-D-glucopyranosides 1,
2 and 5.
Com 
pound

Solvent
(MHz)

H -l
C/1.2)

H-2

H-3
O/3.4)

H-4
(■/4.5)

H-5
(•/5.6a)

H-6a
(•/5.6a)

H-6b
(■/fia.fib)

OMe

(J2.3)

1

DMSO-d6
(400)

4.28
(3.7)

3.21
(9.5)

3.41
(8.8)

3.07
(10)

3.56
(1-9)

4.28
(6.3)

4.12
(-10.7)

3.23

2

CDCL
(200)

4.36
(3.6)

3.25
(9.1)

3.57
(8.4)

3.53
(1.8)

4.15
(5.9)

3.94
(-10.5)

3.14

5a

Pvridine-ds
(400)

5.03
(3.7)

4.11
(9.6)

3.94
(8.9)

3.22
(9)
4.42
(10)

4.31
(2.4)

3.33
(10.4)

2.59
(-14.3)

3.38

a Additional coupling constants: J5 P 10. / 6a P 3.8, / 6b P 2.
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Com
pound

Solvent

C-l

C-2

C-3

C-4

C-5

C-6

OMe

1
2
3
4

DM SO-d6
CDCL
CDCL
CDCL

99.5
99.4
99.2
99.4

71.7
73.3
71.l a
73.7a

73.2
74.8
74. l a
74.7a

5

Pyridine-ds

101.1

73.5a

74.9a

69.9
69.4
71. l a
76.6
(7.1)
76.7
(7.0)

69.6
71.9
73.2a
69.4
(13.2)
70.6
(13.1)

70.4
69.2
60.9
32.3
(13.7)
32.2
(14.0)

54.6
54.7
54.0
54.5
(4.3)
54.7
(3.0)
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Table IV.
Characterstic 1JC NMR
data for 1 -5 .

a Assignment may
be interchanged; 7PC
in brackets.

cooling, a waxy p recip itate of 5 is form ed and this
is filtered off and dried to give white 5 (1.57 g,
89% ) with 31P N M R (pyridine-d5): (3 = -19.8.
A ttem p ts to o b tain crystalline m aterial from either

diethyl ether, chloroform o r hexane/ethanol al
ways result in the form ation of waxy product. 5 is
poorly soluble in w ater (0.234 g/ 100 ml, 20 °C, i.e.
-6.5 mmol/1).
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