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GLYCOSYLATION REACTION VIA A MILD AND EFFICIENT

ONE-POT REACTION USING DOPED NATURAL PHOSPHATE

WITH IODINE AS CATALYST

H. B. Lazrek, D. Ouzebla, and L. Baddi � Laboratoire de Chimie Bio-Organique,
Faculté des Sciences Semlalia, Marrakech, Maroc

J. J. Vasseur � Institut des Biomolécules Max Mousseron, IBMM, UMR 5247
CNRS-UM1-UM2, Université Montpellier II, Montpellier France

� Several α/β-D-ribonucleosides were synthesized in good yields under mild conditions by
N-glycosylations of acetyl 2,3,5-tri-O-benzoyl- β-D-ribofuranose with silylated nucleobases in ace-
tonitrile using NP doped with iodine as catalyst.

Keywords Natural phosphate; iodine; catalyst; D-ribonucleoside

INTRODUCTION

Analogues of nucleosides are used as therapeutic agents such as antivi-
ral agents (e.g., AZT, d4T, ddC, ddI, 3TC, AraA, ACV, DHPG . . .) and an-
titumor (AraC, FU, . . .), and more new analogues of nucleosides are be-
ing synthesized for the examination of their biological activities now. Three
methodologies are used for the synthesis of nucleosides: (i) condensation of
a sugar moiety with a nucleobase (N-glycosylation); (ii) construction of the
base moiety after introducing functional group in the anomeric position of
the sugar moiety; (iii) conversion of naturally occurring nucleoside.[1]

Recently, a practical access to glycosyl iodides from the corresponding
1-O-acetylated derivatives has been described by Gervay and coworkers.[2]

This procedure is based on the use of TMSI and takes advantage of the easy
removal of volatile by products.

Furthermore, a mild and highly efficient method for the silylation of al-
cohols using HMDS catalyzed by iodine under nearly neutral reaction con-
ditions has been described.[3]
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Natural phosphate[4] (NP), an inexpensive and noncorrosive solid acid,
has been used efficiently as a catalyst for a variety of organic reactions. The
reactions catalyzed by doped NP usually are carried out under mild condi-
tions with high yields and high selectivity and the work-up of these reactions
is very simple since it requires only filtration to remove the catalyst and evap-
oration of the solvent.[5]

We were interested in studying the application of doped NP as catalyst
for glycosylation reaction instead of well-known Lewis acids. Recently, we
have started a programme directed to the synthesis of cyclic and acyclic nu-
cleosides using the doped NP as catalyst.[6]

Here, we want to describe a new and very easy method for glycosylation
reactions using doped Natural phosphate with I2 in HMDS as catalyst instead
of TMSI. These catalysts are insensitive to moisture, are very stable and are
inexpensive. However, their use in the glycosylation reaction remains unex-
plored.

RESULTS AND DISCUSSION

As shown in Table 1, when either NP or I2 were used alone, the reaction
of 1-O-acetyl-2,3,5-tri-O-benzoyl-β-D-ribofuranose with bis-(trimethylsilyl)
uracil [USi(CH3)3] gave the corresponding ribonucleoside in only 5 and
40% yield, respectively. In view to establish beneficial effects of solid sup-
ports and to find the most effective conditions, a number of experiments
were performed, we have investigated the use of the NP coated with I2 in
HMDS as silylating agent. The results of these studies are summarized in
Table 1.

HMDS /catalyst/CH3CN
BH= uracil, thymine, cytosine, adenine, N-Ac guanine

As can be seen in the subsequent examples, the yield increased sig-
nificantly when NP doped with I2 in HMDS was used. For example, the
desired ribonucleoside was obtained as a major isomer and in good yield
by using 0.892 mmol of the nucleobase, (0.9 eq.) of 1-O-acetyl-2,3,5-tri-O-
benzoyl-β-D-ribofuranose and NP/I2 (223 mg) corresponding to 0.2 mmol
of iodine in HMDS (3 ml) at reflux in acetonitrile (5 ml) overnight (entry
5, Table 1).When Al2O3 or silica gel doped with I2 was used, the yield of nu-
cleoside decreased (entries 6, 7, Table 1). The experimental conditions are
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TABLE 1 Synthesis of 2′, 3, 5′-tri-O-benzoyl-α/β-D-ribonucleosides NP/I2 (HMDS)

Yield% of Yield% of
Entry Nucleobasea NP/I2 nucleosideb sugar recovery α/β

1 Uracil (1 mmol) 325 mg/0 5 93 . . .. . .

2 Uracil (0.892 mmol) 0 /1.11 g (1 eq. of I2) 40 32 33/67
3 Uracilc (0.892 mmol) 557 mg (0.5 eq. of I2) 47 42 50/50
4 Uraci (0.892 mmol) 223 mg (0.2 eq. of I2) 50 19 28/72
5 Uracil (0.892 mmol) 223 mg (0.2 eq. of I2) 62 25 22/78 N1
6 Uracil (0.892 mmol) Silica / I2 223 mg 55 29 20/80 N1

(0.2 eq. of I2)
7 Uracil (0.892 mmol) Al2O3 / I2 223 mg 48 24 20/80 N1

(0.2 eq. of I2)
8 Thymine (0.79 mmol) 195 mg (0.2 eq. of I2) 55 45 10/90 N1
9 Cytosine (0.9 mmol) 225 mg (0.2 eq. of I2) 52 47 10/90 N1

10 Adenine (0.74 mmol) 185 mg (0.2 eq. of I2) 55 45 15/85 N9
11 N-ac-guanine (0.51 mmol) 127.8 mg (0.2 eq. of I2) 35 65 50/50 N9

aReaction carried out with 0.9 eq. of sugar.
b Yields refer to isolated and chromatographically pure compounds.
c Reaction carried out with 0.5 eq. of sugar.

milder, after the work up the recovered sugar is used in the next reaction.
The used and recovered NP/I2 has been shown to be reusable after drying
at 150◦C in vacuum.

Other nucleobases also were subjected to this N-glycosylation, and the
corresponding nucleosides were obtained in 35–62% yields (Table 1). These
reactions appeared to be regioselective, since only the N-1 isomer was ob-
tained for pyrimidine (uracil, thymine, and cytosine) and the N-9 for purine
(adenine and Nac-guanine). All D-ribofuranosides were characterized by 1H
and 13C NMR as well as comparison with literature data. The α/β ratio was
determined by 1H and 13C-NMR.

CONCLUSION

In summary, we describe a simple, efficient, and eco-friendly method
for the synthesis of D-ribonucleosides using cheap and readily available cat-
alyst (NP/I2). This methodology is an additive method to the conventional,
but makes it significant under the umbrella of environmentally greener and
safer processes.
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4. NP comes from an ore extracted in the region of Khouribga (available in raw form or treated form
from CERPHOS Casablanca, Morocco). Prior to use, this material requires initial treatments such as
crushing and washing. For use in organic synthesis, the NP is treated by techniques involving attrition,
sifting, calcinations (900◦C), washing and recalcination. These treatments lead to a fraction between
100 and 400 lm, which is rich in phosphate. The structure of NP is similar to that of fluorapatite
(Ca10(PO4)6F2), as shown by x-ray diffraction and chemical analysis. The surface area of NP was
measured at 1m2g−1 (nitrogen adsorption) and the total pore volume was 0.005 cm3g−1.
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