
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

A Novel and Facile Route to the Phosphorylation of Carbohydrates by The
S-L PTC Modified Procedure of the Atherton-Todd Reaction
Yi Xiang Dinga; Shun Fu Zhoua

a Shanghai Institute of Organic Chemistry, Chinese Academy of Science, Shanghai, China

To cite this Article Ding, Yi Xiang and Zhou, Shun Fu(1994) 'A Novel and Facile Route to the Phosphorylation of
Carbohydrates by The S-L PTC Modified Procedure of the Atherton-Todd Reaction', Phosphorus, Sulfur, and Silicon and
the Related Elements, 92: 1, 219 — 223
To link to this Article: DOI: 10.1080/10426509408021475
URL: http://dx.doi.org/10.1080/10426509408021475

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509408021475
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus. Sulfur. and Silicon. 19W. Vol. 91. pp. 219-223 
Reprints available directly from the publisher 
Photrropying permitted by l i n v  only 

0 1994 OPA (Overseas Publishers Association) Amsterdam B.V. 
Published under license by Gordon and Breacb Science Publishen SA 

Printed in tk United States of America 

A NOVEL AND FACILE ROUTE TO THE 
PHOSPHOaYLATION OF CARBOHYDRATES BY THE 

S-L PTC MODIFIED PROCEDURE OF THE 
ATHERTON-TODD REACTION 

YI XIANG DING* and SHUN FU ZHOU 
Shanghai Institute of Organic Chemistry, Chinese Academy of Science, 

345 Lingling Lu, Shanghai 200032, China 

(Received July 21, 1994) 

The various phosphates of mono- and diols of carbohydrates have been conveniently prepared in good 
yield by the S-L PTC modified procedure of the Atherton-Todd reaction. 
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The carbohydrate phosphates perform a dominant role in living system. They serve 
as intermediates of metabolisms and also function as substrates in some biological 
processes. More importantly, carbohydrate phosphates occur as constituents of 
nucleic acids and coenzymes. 

In order to study the functions and properties of these phosphorylated species, 
many efficient synthetic methods not only of the naturally occurring molecules, 
but also of analogs have been developed. Some excellent reviews on phosphory- 
lation methods have appeared in the literature. ' On the other hand, phosphorylation 
of alcohols by the Atherton-Todd reaction2 is a convenient method. The L-L PTC 
version of this reaction is apparently more convenient and ~ersati le.~ However the 
preparative usefulness of this procedure is also limited to primary alcohols and 
lower dialkyl phosphonates as phosphorylating agents. Secondary and tertiary al- 
cohols, probably due to steric hindrance, exhibit much lower reactivity and give 
very low yield. For this reason the Atherton-Todd reaction has not been used for 
the phosphorylation of hydroxyl groups in biomolecules so far. 

It is a purpose of this work to show that the S-L phase-transfer catalysis (KOW 
CH2CI,~C14iBu4NBr) modified procedure of the Atherton-Todd reaction is par- 
ticularly useful for the phosphorylation of carbohydrates. 

This modified procedure made full use of advantages of the S-L PTC method. 
We believe that the ion pair (2) of oxygen anion of carbohydrate/tetrabutylam- 
monium cation formed under S-L FTC condition attacked the dialkyl phosphoryl 
chloride (4), intermediate of the Atherton-Todd rea~t ion,~ to give the product 
carbohydrate phosphate in the last step of the reaction. The successes of the novel 
method are attributed to the higher reactivity of oxygen anion of carbohydrate and 
the lower concentration of free hydroxide ion which can result in some side reaction 
under reaction condition. The formation of the intermediate, dialkyl phosphoryl 
chloride, can be envisaged, which underwent very slow decomposition under the 
S-L PTC condition in comparison with L-L PTC. We did not find the partial 
dealkylation of the phosphite that occurred in L-L PTC procedure.3 The KOH had 
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R(0H): 
1 

a 

p@J OMe 

OH 
e 

U 

three functions in this reaction: it captured the proton of hydroxyl group of car- 
bohydrate; it binded water; it reacted with tetrachloromethane and dialkyl phos- 
phonate to offer dialkyl phosphoryl chloride. 

The novel procedure has some advantages over other synthetic routes. The 
reaction condition was mild and easy to operate. The reaction was carried out at 
room temperature and below it, above 25°C the side reaction became obvious. This 
procedure did not require anhydrous solvents; it employed the cheapest and readily 
available phosphorylation agent which is neutral, stable and convenient to handle. 
The mixed solvent of CH2C12 (or CH,CN) and CCI, was used satisfactorily, CH2C12 
may increase the solubility of carbohydrate and dilute the concentration of CCI,; 
sole use of CCl, as solvent will result in a higher concentration of the intermediate 
and more serious side reaction. It is worth emphasizing that all compounds prepared 
by this method were formed in good yield. The use of an excess of phosphorylating 
agent favours the increase of yield. Dimethyl phosphonate (6) has same reactivity 
as dibenzyl phosphonate (3). 

CCLIKOH 
R(OH)t(CHaO)aPH- (C&O)S(O)OR 
Id 6 BurNBr/CHaC12 7 

r.t. 
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TABLE I 
The phosphorylation of carbohydrates 

Eutry products reaction reaction m.p. C isolated yield 

temperature C time % 

1 Ea r.t 1 Oil  96 
2 6b r.t 2 Oil 76 
3 sc 10 6 O i l  70 
4 w r.t 4 39-40 81 
5 se r.t 3 95-96 90 
6 6f 10 3 O i l  84 
I 5g r.t 6 Oil 86 
8 7 r.t 6 78-79 83 

The wide utility of the recommended phosphorylation procedure has been proven 
on a relatively representative spectrum of carbohydrates presented in Table I. In 
order to expand the scope of the method the examination of the reaction with 
other compounds with P-H bond is in progress. 

In conclusion, in this paper we have demonstrated that the S-L PTC modified 
procedure of the Atherton-Todd reaction is a novel and effective method for the 
phosphorylation of carbohydrates. The advantages of this procedure are good 
yields, the short reaction time and ease with which the reaction can be camed out 
at room temperature with readily available materials. Due to the important bio- 
logical activity of this class of compounds, the described procedure should find 
wide application in the synthesis of carbohydrate phosphates and its analogues. 

EXPERIMENTAL 

Microanalyses were performed on a RaPid C H N U S  analyser. Mass spectra were run on a Finnigan- 
MATT3430 spectrometer. 'H and 3*P NMR spectra were recorded on a AMX-300 (300 MHZ) instrument 
in CDC13 with TMS as internal standard and 85% H3P04 as external standard, respectively. Melting 
points were uncorrected. 

Reagent grade solvents were used directly without treatment. Dibenzyl phosphonate and dimethyl 
phosphonate were prepared from alcohol and phosphorus tri~hloride.~ Carbohydrates were protected 
according to references TLC was performed with commercial silica gel plates (GF254). 
visualization was done with UV light or by dipping the plate into a solution of phenol (3g)lsulfuric acid 
(5 mL)/EtOH (95 mL) followed by heating. 

The general procedure for phosphorylation of carbohydrates: To a stirred mixture of carbohydrate 
derivative (1 mmol), tetra-n-butylammonium bromide (0.2-0.5 mmol) and powdered KOH (10 mmol) 
in a mixed solvent (10 mL) of dichloromethane-tetrachloromethane (1:0.2) was slowly added the solution 
of dibenzyl phosphonate (1.1-2.0 equiv.) in CHzCIz (1 mL) at 10-15°C. The progress of the reaction 
was monitored by TLC. After the reaction was completed (about 0.5-4 hr), the mixture was filtered 
and the filtrate was concentrated under reduced pressure. The residue was chromatographed on silica 
gel to afford pure carbohydrate phosphate. 

1,2,3,4,- Di-o-iospropylidene-a- D-galacopyranose-6-dibenzylphosphate (5a) 

eluent: ethyl acetatelpetroleum, 1:1, R, = 0.60. 
'H NMR: 6 = 1.30. 1.31. 1.41, 1.49 (4s. 3H each), 4.02-4.07 (m, lH), 4.11-4.20 (m. 3H). 4.32 (dd, 
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1H). 4.59 (dd, lH), 5.06, 5.07 (2d, 2H each, ,JFH = 7.7 Hz), 5.52 (d, lH), 7.36 (m, 10H). 

MS(E1): m/z(%) = 521 (M + 1, 0.95), 447 (1.7), 279 (10.44), 207 (19.62). 149 (10.54), 99 (27.84), 91 
"P NMR: - 0.41. 

. .  
(lod). . 
C,H,O,P (520.49) calc: C 59.99; H 6.39. found: C 59.72; H 6.67. 

2,3,4,5- Di-o-&opropylidene-/3- D-fructopyranose-I -dibenzylphosphate (5b) 

eluent: chlorofordether acetate, 7:1, R, = 0.41. 
'H NMR: 6 = 1.31, 1.34, 1.40, 1.51 (4s, 3H each), 3.77 (d, lH), 3.89 (dd, lH), 4.10 (m. 2H), 4.20 
(in, 1H). 4.32 (dd, lH), 4.57 (dd, lH), 5.06, 5.07 (2d, 2H each, 3Jp-H = 7.7 Hz), 7.31 (m, 10H). 
"P NMR: 6 = -0.85. 
MS(FAB): d z ( % )  = 521 (M + 1, 20.1), 267 (7.8), 181 (8.1). 91 (100). 
C&l,,O,P (520.49) calc: C 59.99; H 6.39. found: C 59.75; H 6.15. 

1,2,4,5- Di-o-isopropylidene-/3-D-fructopyranose-3-dibenzylphosphate (5c) 

eluent: ethyl acetatelpetroleum, 1:1, R, = 0.64. 
'H NMR: 6 = 1.36, 1.40, 1.50, 1.53 (4s. 3H each), 3.99 (d, lH), 4.09 (s, lH), 4.13 (d, lH), 4.23 (dd, 
lH), 4.35 (m. 2H), 4.53 (dd, lH), 5.10, 5.15 (2d, 2H each, 3Jp-H = 7.7 Hz), 7.3 (m, 10H). 
"P NMR: 6 = - 1.21. 
MS(FAB): d z ( % )  = 521 (M + 1, 4.0), 279 (20.1), 181 (11.7), 91 (100). 
G,H3,O9P (520.49) calc: C 59.99; H 6.39. found: C 59.81; H 6.54. 

I ,2,5,6-Di-o-isopropylidene-a- D-glucofuranose-3-dibenzylphosphate (5d) 

eluent: ethyl acetate/petroleum, 4:6, R, = 0.61. 
'H NMR: 6 = 1.25 (s, 6H), 1.37, 1.47 (2s, 3H each), 3.94-4.13 (m, 3H), 4.20-4.27 (m, lH), 4.60 (d, 
lH), 4.83 (dd, lH), 5.10, 5.11 (2d, 2H each, ,JPpH = 7.7 Hz), 5.76 (d, lH), 7.35 (m, 10H). 
"P NMR: 6 = - 1.28. 
MS(FAB): d z ( % )  = 521 (M + 1, 6.0), 505 (4.0). 463 (9.4), 267 (27.1), 99 (37.2). 91 (100). 
C3HS,0,P (520.49) calc: C 59.99; H 6.39. found: C 59.75; H 6.42. 

Methyl-4,6-benzylidene-a-D-glucopyronoside-2,3-b~(dibenzylphosphate) (5e) 

eluent: ethyl acetate/petroleum, 1:l R, = 0.35. 
'H NMR: 6 = 3.35 (s, 3H), 3.64 (t. lH), 3.74 (t, lH), 3.92 (m, lH), 4.29 (dd, lH), 4.43 (m, lH), 
4.80-5.08 (m. 9H), 5.10 (d, lH), 5.49 (s, lH), 5.49 (s, lH), 6.98-7.50 (m, 25H). 
"P NMR: 6 = - 1.15, - 1.50. 
MS(FAB): m/z(%) = 803 (M + 1, 36.7), 713(4.8), 181(17.5), 105(13.6), 91(100). 
C,2H,0,2P2 (802.71) calc: C 62.84; H 5.53. found: C 62.64; H 5.62. 

I ,  2,4,5-Di-o-cyclohexylidene-6-o-benzy1-myo-inositol-3-dibenzy1phosphate (Sf) 

eluent: ethyl acetatelpetroleum, 1:1, R, = 0.38. 
I NMR: 6 = 1.35-1.74 (m, 20H), 3.44 (dd, lH), 3.67 (dd lH), 4.04 (dd, lH), 4.15 (t, lH), 4.57 (dd, 
1H). 4.76 (dd, lH), 4.86 (s, 2H), 5.12, 5.17 (2d, 2H each, 3.Jp-H = 7.7 Hz), 7.30-7.47 (m, 15H). 
"P NMR: 6 = - 1.51. 
MS(E1): dz(%) = 691 (M + 1, 2.27). 486(4.31), 298(4.02), 279(4.78), 201(2.56), 91(100). 
C,Jl,,O,P (690.74) calc: C 67.81; H 6.86. found: C 67.75; H 6.81. 

1.2,3,4-Di-o-cyclohexylidene-myo-inositol-5,6-bis(dibenzylphosphate) (5g) 

eluent: ethyl acetate/petroleum, 4:6, R, = 0.79. 
'H NMR: 6 = 1.26-1.80 (m. 20H), 3.63 (dd, lH), 4.17 (dd, lH), 4.40 (m, lH), 4.46 (dd, lH), 4.74- 
4.86 (m. 2H), 4.96-5.12 (m. 8H), 7.24-7.37 (m, 20H). 

MS(FAB): m/z(%) = 861 (M + 1, 5.24), 771 (1.77), 207 (1.84), 181(6.80), 91(100). 
C,HS40,,P2 (860.83) calc: C 64.18; H 6.32. found: C 64.11; H 6.25. 

1,2,5,6-Di-o-~opropylidene-a-D-glucofuranose-3-dimethylphosphate (7) 

eluent: ethyl acetate/petroleum, 6:4, R, = 0.33. 
'H NMR: 6 = 1.32, 1.33, 1.43, 1.50 (4s. 3H each), 3.81, 3.83 (2d. 3H each, >J,, = 11 Hz), 4.0 (dd, 
lH), 4.1-4.15 (m, 2H), 4.23-4.32 (m. lH), 4.73-4.85 (m, ZH), 5.91 (d, 1H). 
"P NMR: 6 = 1.014. 

"P NMR: 6 = - 1.93, - 1.80. 
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MS(FAB): m/z(%) = 369 (M + 1, 24). 353 (33.8). 311 (52.0). 253(31.5), 127(100), lOl(31.1) 
C,,H,,O,P (368.31) calc: C 45.64; H 6.84. found: C 45.37; H 7.07. 
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