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Glycosylation Reaction of Unprotected Sugars with
Hydroxyalkylthymine

Rachida Zerrouki, Luc Billard, Robert Granet, and Pierre Krausz®

Laboratoire de Chimie des Substances Naturelles, Faculté des Sciences et Techniques,
Université de Limoges, Limoges, France

ABSTRACT

Under mild conditions (Lewis acid/solvent/room temperature), the reaction of
unprotected glucose, deoxyribose or xylose with hydroxylalkylthymine gives
selectively nucleoside analogs with a spacer arm between sugar and base moiety.
Experimental conditions (Lewis acid, solvent) for this new strategy leading to
nucleoside analogs synthesis are discussed.

Key Words: Nucleoside; Carbohydrate; Glycosylation.

INTRODUCTION

Since the discovery of the human immunodeficiency virus (HIV) known as the
etiological agent of AIDS,!" increasing efforts have been devoted to design compounds
that can block replication of retroviruses. In our laboratory, we have developed a new
family of nucleoside analogs with a spacer arm.””>~*! It is now known that an aliphatic
chain not only serves as neutral linkage but also affects the coiling of DNA. Increasing
the length of spacer arm linkage would thus enhance bending of DNA, leading to base

>kCorrespondence: Pierre Krausz, Laboratoire de Chimie des Substances Naturelles, Faculté des
Sciences et Techniques, Université de Limoges, 123, av. Albert Thomas, 87060 Limoges, France;
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pair opening where the bases then become susceptible to attack by reactive groups.”!
Spacer arms have also been used in oligomer nucleoside antisense synthesis for
preventing the enzymatic degradation by nucleases.'®’ Synthesis of such compounds
needs protection and deprotection sequences of hydroxyl groups. In addition,
glycosylation reaction with acetylated or benzoylated carbohydrate leads to an
important amount of secondary product (40%) resulted from trans-esterification of
alcohol. In this context, direct synthesis from totally-O-unprotected sugar would be
highly desirable.

Plusquellec et al.”’ = showed that glycosylation of unprotected sugars with long
chain alcohols was possible by using appropriate solvents and catalysts. Thus this
strategy has been applied to the preparation of glycosylated alkylthymine 2, 3, 4 from
hydroxylalkylthymine 1 (Scheme 1).

Synthesis of hydroxyalkylated thymine 1 was carried out by reaction of bromobu-
tylacetate in DMF in the presence of sodium hydride under inert atmosphere as described in
our previous paper!'”! followed by a deacetylation using sodium methylate in dry methanol.

Using FeCls, AICI; or BF30Et, as catalysts in various solvents, (CH;CN, THF),
glycosylation of 1 with 2-deoxyribose, glucose or xylose led to the corresponding
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Scheme 1. Preparation of glycosylated alkylthymine 2, 3, 4 from hydroxylalklthymine.
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Table 1. Reaction conditions for the synthesis of glycosylated alkylthymine.

o/B ratio of

Starting Catalyst/ Reaction® Overall Obtained major
sugar solvent time (h) yield® (%) compounds product®
2-deoxyribose ~ FeCl;/CH;CN 2 54 2a/2b 4/1
(95/5)
FeClz/THF 24 61 2a/2b 1/1.8
(95/5)
AICI1;/CH;CN 20 25 2a/2b 1.6/1
(95/5)
BF;OEt,/THF 24 20 2a/2b -
(95/5)
Glucose FeCl;/CH;CN 4 60 3 (100 furanose 0/1
form)
BF;0Et,/THF 48 traces - -
Xylose FeCl3/CH;CN 168 20 4a/4b (95/5) 1.8/1°

Conditions, [sugar] = 1 mmol, [1] = 1 mmol, [Lewis acid] = 2,4 mmol, solvent = 8§ mL.
P Acetylated products.
“This ratio was determined by 'H NMR.

glycoside in pyranose or furanose form, in 20 to 61% yields (Table 1). The reactions
were performed at room temperature with different reaction times. For analytical
purpose the crude mixtures were acetylated and purified by flash chromatography and
then analyzed by NMR. The results are summarized in Table 1.

2-Deoxyribose, glucose and xylose gave the best yields using FeCl; as catalyst in
acetonitrile. In the case of 2-deoxyribose the use of FeCls leads nearly exclusively to
the pyranose form. The anomeric ratio o/f varies from 4/1 to 1/2 according to solvent
used acetonitrile and THF respectively (Table 1). Xylose led also nearly exclusively to
the pyranose form with a poorer yield, its anomeric ratio o/f is 1.8/1. In contrast

Table 2. Effect of FeCl; concentration and reaction time.

Entry FeCl; (eq) Reaction time (h) Yield* (%)
1 0,4 48 0
2 2,15 2,5 9
3 24 1 20
54
4 12
24 degradation
4 3 1,5 10
5 8 1 degradation

*Yield of mixture of o and B anomers.
Conditions: sugar = 1 mmol, [1] = 1 mmol, CH;CN = § mL.

MaRrcEL DEKKER, INC.
270 Madison Avenue, New York, New York 10016
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Table 3. '>C NMR data of acetylated derivatives of 2a, 3 and 4a in CDCl; (50 MHz).

2a (o anomer)  2a (P anomer) 3 4a (o anomer)  4a (P anomer)
Thymine
C4 164.08 164.27 164.23 164.03 164.03
C2 150.79 150.90 150.82 150.72 150.72
C6 140.31 140.38 140.55 140.43 140.43
C5 110.57 110.74 110.63 110.73 110.73
C(CHz) 12.28 12.24 12.33 12.3 14.12
Alkyl
Ca 48.17 48.38 48.12 48.4 48.24
CB 26.03 26.14 26.05 25.99 25.88
Cy 26.41 26.39 26.32 26.18 26.26
Co 68.44 67.13 67.91 67.85 68.86
Carbohydrate
Cy 99.37 97.63 106.49 95.86 100.78
Cy 32.51 30.94 80.37 71.07 71.01
Cy 67.87 65.78 73.44 69.59 71.57
Cy 66.69 67.68 78.33 69.34 68.92
Cs 63.15 60.96 68.61 58.43 62.19
Cy - - 63.53
Acetyl
(CO) 170.34, 170.51, 170.75 170.16 170.16
170,11 170,2 169.75 170.09 170.09
169.49 169.94 169.94
21.04 169.39
(CH3) 20.94 20.98 20.81 20.78 20.78
20.88 20.77 20.73 20.73
20.64 20.69 20.69
20.53

glucose in acetonitrile gives only the B furanose with acceptable yield (60%). This
good stereoselectivity was also observed in literature for the system glucose/fatty
alcohol.!”!

We also studied the effect of Lewis acid concentration using 2-deoxyribose and 1
as starting materials (Table 2).

A catalytic amount of Lewis acid gives no reaction even after 48 hours. An excess of
FeClj; is necessary but beyond 2.5 eq degradation is observed. The best result is obtained
by using 2.4 eq after 2 hours. The increase of reaction time gives also degradation.

All products were derivatised by acetylation (Ac,O/pyridine, room temperature)
and after standard work up the pure compound were isolated as analytical sample.

In a typical experiment, compound 2a,b were synthesised by reaction of
hydroxylalkylthymine 1 (198 mg, 1 mmol) in 8 mL of dry acetonitrile containing
FeCl; (389 mg, 2.4 mmol) with 2-deoxy-D-ribose (134 mg, 1 mmol) at room
temperature for 2 hours. Pyridine (10 mL) and acetic anhydride (2 mL) were then
added. After 12 hours and usual work up, the product was purified by flash
chromatography on SiO, (petroleum ether/acetone as eluent).

Copyright © Marcel Dekker, Inc. All rights reserved.
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Structures were established by spectroscopic methods ("H NMR, '*C NMR, Cosy
and HMQC)? and were based on previous results on methyl furanosides.!''! '*C NMR
data of acetylated 2a, 3, 4a are presented on Table 3.

In summary, this paper presents an efficient and new route for the synthesis of
nucleosides with a spacer arm linking the sugar and the base moiety. This approach
could be applied to other pyrimidines or purines. New compounds in this series are
currently under investigation in our laboratory.

REFERENCES

1. Barré-Sinoussi, F.; Chermann, J.-C.; Rey, F.; Nugeyre, M.T.; Chamaret, S.; Gruest,
J.; Danguet, C.; Axler-Blin, C.; Vézinet-Brun, F.; Rouzioux, C.; Rozenbaum, W.;
Montagnier, L. Isolation of a T-lymphotropic retrovirus from a patient at risk for
acquired immune deficiency syndrome (AIDS). Science 1983, 220, 868—871.

2. Benhaddou, R.; Benjahad, A.; Granet, R.; Kaouadji, M.; Krausz, P.; Piekarski, S.;
Thomasson, F.; Bosgiraud, C.; Delebassé, S. Synthesis of various 2-alkyl-
pyperazinone nucleoside analogues with a hydrocarbon spacer arm. Tetrahedron
Lett. 1994, 35 (51), 9545-9548.

3. Davis, J.M.; Benhaddou, R.; Granet, R.; Krausz, P.; DeMonte, M.; Aubertin, A.M.
Synthesis and antiviral evaluation of pyrazinones substituted with acyclic chains.
Nucleosides Nucleotides 1998, 17 (5), 875—893.

4. Davis, J.M.; Benhaddou, R.; Fedoryak, O.; Granet, R.; Krausz, P.; Bliard, C.; De
Monte, M.; Aubertin, A.M. Potential antiviral agents. Part II Synthesis and antiviral
evaluation of pyrazinones substituted with acyclic chains. Nucleosides Nucleotides
1998, 17 (8), 1489—1504.

5. Dodin, G.; Kiihnel, J.M.; Demersman, P.; Kotzyba, J. The linking chain length in
bridged aldehyde-substituted pyridinium dimers modulates a slow reversible
binding that affects supercoiling of plasmid DNA. Anti-Cancer Drug Des. 1993,
8 (5), 361-368.

6. Caufield, T.J.; Prasad, C.V.C.; Deleki, D.J.; Prouty, C.P.; Saha, A.K.; Upson, D.A ;
Kruse, L.I. Achiral internucleoside linkages 2: O—CH2—-CH2 linkage. Bioorg. Med.
Chem. Lett. 1994, 4 (12), 1497-1500.

7. Ferrieres, V.; Bertho, J.N.; Plusquellec, D. A new synthesis of O-glycosides from

Selected values of "H NMR for acetylated derivatives of 2a (o) and 3 compound 2a (o) : thymine:
8.98 s (1H) NH, 7.01 q (1.2) (1H) H6, 1.91 d (1.2) (3H) CH3, alkyl : 3.74 t (7.1) (2H) Ho, 1.78 m
(2H) HB, 1.65 dt (6.1) (2H) Hy, 3.91 dt (6.1) (IH)HJS1, 3.49 dt (6.1) (1H) H32, carbohydrate : 4.51
dd (5.4-5.3) (1H) H1’, 2.0 dd (2.9-8.4) (1H) H2', 2.0 dd (2.9-6.7) (1H) H2", 5.03 ddd (3.2-7.8—
6.4) (1H) H3', 5.08 ddd (1.9-3.4-3.4) (1H) H4', 4.04 dd (12.9-3.6) (1H) H5’, 3.57 dd (12.9-1.9)
(1H) H5', CHj; acetyl : 2.12's,2.08 s, 2.03 s, 2.01 s (12H). Compound 3 : thymine : 8.81 s (1H) NH,
7.01d (1.1) (1H) H6, 1.93 d (1.1) (3H) CH3, alkyl : 3.76 t (7.2) (1H) Ha, 1.81 m (2H) HP3, 1.66 m
(2H) v, 3.72 m (1H) HS1, 3.49 dt (5.8) (1H) Hd2, carbohydrate : 4.98 s (1H) H1’, 4.98 s (1H) H2',
5.3d(5.1) (1H).H3', 4.48 dd (5.1-9.4) (1H) H4', 5.28 ddd (2.3-5.6-9.4) (1H) HY, 4.64 dd (2.3—-
12.2) (1H) H6', 4.11 dd (5.6—12.2) (1H) H6', CH3 acetyl : 2.12 s, 2.08 s, 2.03 s, 2.01 s (12H).

MARCEL DEKKER, INc.
270 Madison Avenue, New York, New York 10016

Copyright © Marcel Dekker, Inc. All rights reserved.

) 1}



10: 50 26 January 2011

Downl oaded At:

754

10.

11.

ORDER | _=*_[Il REPRINTS

Zerrouki et al.

totally O-unprotected glycosyl donors. Tetrahedron Lett. 1995, 36 (16), 2749—
2752.

Bertho, J.N.; Ferriéres, V.; Plusquellec, D. A new synthesis of D-glycosiduronates
from unprotected D-uronic acids. J. Chem. Soc., Chem. Commun. 1995, /3, 1391—
1393.

Ferrieres, V.; Bertho, J.N.; Plusquellec, D. A convenient synthesis of alkyl D-
glycofuranosiduronic acids and alkyl D-glycofuranosides from unprotected
carbohydrates. Carbohydr. Res. 1998, 311, 25-35.

Grandjean, P.; Benhaddou, R.; Granet, R.; Krausz, P. An unexpected result in the
alkylation of thymine. Tetrahedron Lett. 1997, 38 (35), 6185—6188.

Bock, K.; Pedersen. Carbon-13 nuclear magnetic resonance spectroscopy of
monosaccharides. C. Adv. Carbohydr. Chem. Biochem. 1983, 47, 27—66.

Received November 14, 2003
Accepted March 22, 2004

Copyright © Marcel Dekker, Inc. All rights reserved.

MaRrcEL DEKKER, INC. m
270 Madison Avenue, New York, New York 10016 ®



Downl oaded At: 10:50 26 January 2011

Request Permission or Order Reprints|nstantly!

Interested in copying and sharing this article? In most cases, U.S. Copyright
Law requires that you get permission from the article’ s rightsholder before
using copyrighted content.

All information and materials found in this article, including but not limited
to text, trademarks, patents, logos, graphics and images (the "Materials"), are
the copyrighted works and other forms of intellectual property of Marcel
Dekker, Inc., or itslicensors. All rights not expressly granted are reserved.

Get permission to lawfully reproduce and distribute the Materials or order
reprints quickly and painlessly. Simply click on the "Request Permission/
Order Reprints' link below and follow the instructions. Visit the

U.S. Copyright Office for information on Fair Use limitations of U.S,
copyright law. Please refer to The Association of American Publishers
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted,
reposted, resold or distributed by electronic means or otherwise without
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the
limited right to display the Materials only on your personal computer or
personal wireless device, and to copy and download single copies of such
Materials provided that any copyright, trademark or other notice appearing
on such Materiasis also retained by, displayed, copied or downloaded as
part of the Materials and is not removed or obscured, and provided you do
not edit, modify, ater or enhance the Materials. Please refer to our Website

User Agreement for more details.

Request Permission/Order Reprints

Reprints of this article can also be ordered at

http://www.dekker.com/servlet/product/DOI/101081INCN120039217


http://www.copyright.gov/fls/fl102.html
http://www.publishers.org/conference/copyguide.cfm
http://www.dekker.com/misc/useragreement.jsp
http://www.dekker.com/misc/useragreement.jsp
http://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=SPI&publication=NCN&title=Glycosylation+Reaction+of+Unprotected+Sugars+with+Hydroxyalkylthymine&offerIDValue=18&volumeNum=23&startPage=749&isn=1525-7770&chapterNum=&publicationDate=&endPage=754&contentID=10.1081%2FNCN-120039217&issueNum=5&colorPagesNum=0&pdfStampDate=05%2F31%2F2004+14%3A01%3A05&publisherName=dekker&orderBeanReset=true&author=Rachida+Zerrouki%2C+Luc+Billard%2C+Robert+Granet%2C+Pierre+Krausz&mac=JxJeGQLWpv5JBJrr%nVlBQ--

