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STUDY OF DIFFERENT COPPER (I) CATALYSTS FOR THE “CLICK
CHEMISTRY” APPROACH TO CARBANUCLEOSIDES
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o We compare herein the scope of three copper (I) catalysts on the synthesis of vari-
ous 1,4-disubstitued-1,2, 3-triazolo-carbanucleosides through a microwave (and thermic) as-
sisted Huisgen 1,3-dipolar cycloaddition. The tetrakis(acetonitrile)copper hexafluorophosphate
([Cu(CH3CN)4]PFs), the imidazoline(mesythyl)copper bromide (Imes)CuBr, and the copper/copper
sulfate Cu(0)/CuSOy4 (II) mixture have been chosen for this study. Their influence in a catalytic
amount will be analyzed according to the substituent of the alkyne, the solvent, or the heating
method.

Keywords Carbanucleosides; Huisgen; 1,3-dipolar cycloaddition

INTRODUCTION

Pharmacomodulation has become fundamental in drug discovery and
has played a major role in the research of new treatment for viral infec-
tious diseases. However, the discovery and process optimization of poten-
tial agents is often slow, expensive, and involves complex synthesis. Click
Chemistry, proposed by Sharpless,!!] has emerged as a fast and efficient ap-
proach to simplify compound synthesis. To be defined as “click,” a reaction

These studies were supported in part by a grant from Aventis Pharma (Sanofi-Aventis group) and
Bayer Pharma as part of a multi-organism call for proposals, and in part by an “ANR-05-BLLAN-0368-03.”

Address correspondence to Luigi Agrofoglio, Institut de Chimie Organique et Analytique, UMR
6005, Université d’Orléans, Orléans, France. E-mail: luigi.agrofoglio@univ-orleans.fr

779



09: 16 26 January 2011

Downl oaded At:

780 J. Broggi et al.

must respond to a set of stringent criteria: it must be of wide scope, giving
very high yields with a large range of starting materials and providing stere-
ospecific products. Moreover, a click reaction requires simple conditions
as the process is usually insensitive to oxygen and water, requires no protec-
tion or chromatographic purification, and generates easily removed byprod-
ucts. The Huisgen 1,3-dipolar cycloaddition of azides and terminal alkynes
is one of the best known and powerful click reactions (2). This reaction
is also termed the copper(I)-catalyzed azide-alkyne cycloaddition (CuAAC).
The resulting 1,2,3-triazoles have been studied intensively for many years
due to their antiviral and antimicrobial activities. This cycloaddition offers
complete regioselectivity, giving the 1,4-isomer if catalyzed by copper (I),
and can be improved by the use of microwave irradiation. Thus, as part of
our drug discovery program, we compare herein the scope of three cop-
per (I) catalysts on the synthesis of various 1,4-disubstitued-1,2,3-triazolo-
carbanucleosides through a microwave (and thermic) assisted CuAAC.

RESULTS AND DISCUSSION

The most powerful click reaction, the Huisgen 1,3-dipolar cycloaddi-
tion between an azide and a terminal alkyne, generates in a fast, repro-
ducible, and quantitative way, a large variety of five-membered heterocycles.
The resulting 1,2,3-triazoles have been studied intensively for many years
due to their antiviral and antimicrobial activities.!?! Most of the time, the
reaction affords, under thermal condition, both 1,4 and 1,5 disubstitued
regioisomers!®! (Figure 1).

However, since the discovery in 2002 of copper (I) catalysts, this cycload-
dition offers a complete regioselectivity, giving exclusively the 1,4-isomer
(Figure 2).

The use of a copper catalyst, like the use of microwave irradiation,!¥)
also considerably decreases reaction times and temperatures. As shown in
Figure 2, the catalysis of the Huisgen cycloaddition starts by the forma-
tion of a Cu(I) acetylide via initial 7-complex formation then subsequent

Rz R2
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FIGURE 1 Huisgen cycloaddition under thermal heating or in the presence of a copper catalyst under
microwave irradiations.
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FIGURE 2 Catalytic cycle of the Huisgen cycloaddition.

deprotonation to afford the o-acetylide Cu(I) complex (I). The density
functional theory calculations, proposed by Fokin and Sharpless,® reveal
that the copper catalyzed reaction proceeds in a stepwise mechanism over a
concerted mechanism.

Thus, as part of our drug discovery program, we compare herein the in-
fluence of three copper (I) catalysts (with respect to the substituent of the
alkyne and the heating method) on the synthesis of 1,4-disubstitued-1,2,3-
triazoles. Tetrakis(acetonitrile)copper hexafluorophosphate ([Cu(CH;CN),]PF;), im-
idazoline(mesythyl)copper bromide (Imes)CuBr, and an equimolar mixture of cop-
per/copper sulfate Cu(0)/CuSO4(II) were chosen for this study. Various 1,2,3-
triazolo-carbanucleosides (2-5) were thus synthesized through the Huisgen
1,3-dipolar cycloaddition with a simple and efficient method (Scheme 1).
The results of the present study are gathered in Table 1.
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N:]/
N N

HO 3 H—— R HO
HO
" cu(l) HO 1,
(i)-1 tBuOH/H,O 1/1 (i)-2, R = CGH5
3,R=CH,,
4, R = CH,0Ac

5 R= CH,CH,OH

SCHEME 1 Synthesis of carbanucleosides by the CuAAC.
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All the reactions were performed in the presence of 50 mg of 1, 1.05
equivalent of alkyne and the copper catalyst in 2 ml of a water-tertbutanol
mixture. The temperature was set at 75°C for the thermal heating and at
125°C under microwave irradiation. Almost all the cycloadditions were real-
ized with complete and rapid conversion of the azido-carbocycle into the de-
sired carbanucleoside. We have noticed that microwave irradiation consid-
erably reduced the reaction time and increased the conversion compared to
the thermal results (Table 1). Generally, 1,4-disubstitued triazoles obtained
from alkynes with polar substituents (acetate and ethanol, entries 3—4) were
easier to obtain than triazoles with non-polar substituents (phenyl and pen-
tyne, entries 1-2). The reaction time decreases with the polarity of the
substituent.

Different treatments were followed according to the carbanucleoside.
1,4-disubstitued triazoles with non-polar substituents (enties 1-2) were iso-
lated with very good yields after a simple extraction in ethyl acetate and
salt saturated water. 1,4-disubstitued triazoles with polar substituents (en-
tries 3—4) required filtration on silica gel column chromatography to elim-
inate the salts, since the products had too much affinity for the aqueous
layer. The regioselectivity of the ligation leading to 1,4-disubstitued-[1,2,3]-
tﬁanﬂeInoknywasconﬁnnedln/NNH{uﬂng]IJJSCIOngrangecornﬂaﬁon
spectra (HMBC).

Finally, the catalytic efficiency of Cu(0)/CuSO4(II) and
[Cu(CH3CN)4]PFg is comparable in term of percentage of conver-
sion. Reaction times are generally longer with the [Cu(CH3CN)4]PFs. A
high percentage of conversion and increasing times are observed with
ImesCuBr.

REFERENCES

1. Kolb, H.C; Sharpless, K.B. D.D.T 2003, 8, 1128. (b) Kolb, H.C.; Finn, M.G.; Sharpless, K.B. Angew.
Chem. Int. Ed. 2001, 40, 2004.

2. (a) Joubert, N.; Schinazi, R.F.; Agrofoglio, L.A. Tetrahedron 2005, 61, 11744. (b) Chen, M.D.; Lu, S.J.;

Yuag, G.P; Yang, S.Y,; Du, X.L. Heterocycl. Commun. 2000, 6, 421. (c) Manfredini, S.; Vicentini, C.B.;

Manfrini, M.; Bianchi, N.; Rutigliano, C.; Mischiati, C.; Gambari, R. Bioorg. Med. Chem. 2000, 8, 2343.

Huisgen, R. In I,3-Dipolar Cycloaddition Chemistry; Padwa, A., Ed. Wiley, New York, p. 1984.

Wang, Q.; Chittaboina, S.; Barnhill, H.N. Lett. Org. Chem. 2005, 2, 293.

Appukkuttan, P.; Dehaen, W.; Fokin, V.V.; VanderEycken, E. Org. Lett. 2004, 6, 4223.

Himo, F.; Lovell, T.; Hilgraf, R.; Rostovtsev, V.V.; Noodleman, L.; Sharpless, K.B.; Fokin, V. V. J. Am.

Chem. Soc. 2005, 127, 210.

o

SRS



