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Very productive Grignard-type addition of sugar alkynes to imines via C–H activation using Cu–Ru cat-
alyst was achieved under microwave conditions. The resulting glyco-conjugates are attractive for future
evaluation as potential drug-like molecules.

� 2009 Elsevier Ltd. All rights reserved.
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Recent development of glycomics has earned a great deal of
interest toward synthetic glyco-conjugates for future drug design
and development.1–5 Therefore, conjugation of sugars with various
aglycons has become a challenge for the synthetic carbohydrate
chemists in recent years.6–11 Owing to the ease of performance,
multicomponent reactions (MCRs) are growing in popularity for
the generation of highly complex and medicinally relevant com-
pound libraries.12 One such approach is the so-called A3-coupling,
involving alkyne, aldehyde, and amine.13–20 This is of particular
interest because of the three-point diversity to construct a relevant
library where sugar alkynes can be used to generate the corre-
sponding sugar propargyl amine derivatives. These propargyl
amines are attractive targets for their functional decoration and
further derivatization is possible by using the internal alkyne moi-
ety. Recent literature reports revealed metal-catalyzed Grignard-
type C–H activation as a powerful tool for the generation of prop-
argyl amines via coupling of alkynes with imines.21 Here, we report
an efficient synthesis of the sugar propargyl amines via Cu–Ru cat-
alyzed C–H activation under micowave conditions using propargyl
glycosides and different aldehydes and amines (Scheme 1).

Our experiment started with the reaction of the acetylated
propargyl glucoside 1 with the imine generated in situ by the cou-
pling between benzaldehyde and aniline. Using CuBr (30 mol %) as
ll rights reserved.
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the sole catalyst at 80 �C in CH3CN, the corresponding propargyl
amine was obtained in 55% yield. Other Cu(I) salts except CuI
(45% yield) failed to produce the desired derivative reasonably in
the same condition. Use of AgBr produced the desired compound
in 45% yields, whereas the use of AuI failed to form the propargyl
amine derivative. To improve the yield further, we used 30 mol %
CuBr in conjunction with 3 mol % RuCl3 and the yield went up to
75% at 80 �C for 16 h. Concerned about the long heating time, we
opted for microwave22,23 and to our satisfaction, when the reaction
was carried out with the same catalyst combination but at 130 �C
for 35 min under microwave, 95% yield of the desired derivative
was obtained. Even the reaction afforded 87% yield under sol-
vent-free condition. It is worth noting that RuCl3 alone failed to
catalyze the transformation (Table 1).

Once settled on the catalyst combination and the reaction con-
ditions, we focused our attention to explore the generality of the
AcO

Scheme 1. Cu–Ru catalyzed A3-coupling between propargyl glycoside, aldehyde,
and amine.



Table 1
Standardization of MCR between propargyl glucoside, benzaldehyde, and aniline
using different catalysts and conditionsa
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1 6 11
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No Catalyst (mol %) Conditions Yield

1 CuBr (30) MeCN, 80 �C, 16 h 55
2 CuCl (30) MeCN, 80 �C, 16 h 35
3 CuCl2 (30) MeCN, 80 �C, 16 h 15
4 CuI (30) MeCN, 80 �C, 16 h 45
5 CuSO4 (30) MeCN, 80 �C, 16 h —
6 CuCN (30) MeCN, 80 �C, 16 h 10
7 Cu(OAc)2 (30) MeCN, 80 �C, 16 h —
8 RuCl3 (3) MeCN, 80 �C, 16 h —
9 AgBr (30) MeCN, 80 �C, 16 h 45

10 AuI (30) MeCN, 80 �C, 16 h —
11 CuBr (30)–RuCl3 (3) MeCN, 80 �C, 16 h 75
12 CuBr (30)–RuCl3 (3) MW, 130 �C, 5 min, MeCN 30
13 CuBr (30)–RuCl3 (3) MW, 130 �C, 20 min, MeCN 54
14 CuBr (30)–RuCl3 (3) MW, 130 �C, 35 min, MeCN 95
15 CuBr (30)–RuCl3 (3) MW, 130 �C, 35 min, neat 87

a The reactions were performed with 1.1 equiv of propargyl glucoside, 1 equiv of
benzaldehyde, and 1.1 equiv of aniline.
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procedure toward all the three variables; that is, propargyl glyco-
side, aldehyde, and amine. Therefore, propargyl glycosides of dif-
ferent sugars, different aldehydes and anilines were subjected in
various combinations. Excellent yields were obtained in each case
as summarized in Table 2. It is worth noting that when aliphatic
amines and/or aliphatic aldehydes were used, no significant prod-
Table 2
Synthesis of glycosylated propargyl amines via Cu–Ru catalyzed Grignard-type C–H bond

Entry Propargyl glycoside Aldehyde Aniline
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6 1 6 p-Br–C
ucts were isolated from the complex mixture (Table 2, entries 12–
14). Even aliphatic aldehydes, devoid of any a-hydrogen, failed to
produce the desired product (Table 2, entries 13 and 14).

It is important to note that in a greener approach, we tried to do
the reaction in an aqueous medium by using un-protected propar-
gyl glycosides. Unfortunately, no significant product could be iso-
lated from the reaction mixture. May be this is due to the poor
solubility of propargyl glycosides in water and also the presence
of several interactive –OH groups.

A tentative mechanism has been proposed which involves the
activation of the C–H bond of sugar alkyne by a Ru(II) species24

which was possibly generated in situ from the reduction of Ru(III)
by sugar alkyne and also activation of imine with copper. The
ruthenium intermediate thus generated then reacts immediately
via Grignard-type addition with the activated imine to afford the
corresponding nucleophilic addition product and the copper and
ruthenium salts were released for further reaction (Scheme 2).

In conclusion, we have developed an efficient protocol for the
synthesis of glycosyl propargyl amines through A3-coupling of
propargyl glycosides, aldehydes, and amines under microwave
conditions. The procedure was proved to be general for different
synthons. The library of compounds thus synthesized will be eval-
uated for appropriate medicinal activities and the results will be
published in due course.

A typical procedure for the A3-coupling reaction is as follows: A
mixture of aldehyde (1 mmol) and amine (1.1 mmol) was stirred at
60 �C for 1 h. Then propargyl glycoside (1.1 mmol) in CH3CN (2 mL)
was added followed by CuBr (30 mol %) and RuCl3 (3 mol %). After
sealing the microwave vial, it was placed in the reactor (Biotage,
Initiator 1TM) and the reaction was carried out at 130 �C for
35 min. After completion of the reaction, the mixture was diluted
activation under microwave condition
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Table 2 (continued)

Entry Propargyl glycoside Aldehyde Aniline Product Yielda (%)

7 1 6 o-Cl–C6H4–CHO (13)
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a Yields reported are those obtained after chromatographic purification.
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Scheme 2. Proposed pathway for imine addition via C–H activation.
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with CH2Cl2 (15 mL) and washed with H2O (2 � 15 mL). The organ-
ic layer was separated, dried (Na2SO4), and evaporated in vacuo.
The residue thus obtained was purified through flash chromatogra-
phy using n-hexane–EtOAc (3:1) as solvent.

Acknowledgments

B.R. is grateful to the Council of Scientific and Industrial Re-
search (CSIR), New Delhi, India, for the Senior Research Fellowship
and R.R. is grateful to IISER-K for the Summer Fellowship. This
work is funded by the Department of Science and Technology
(DST), New Delhi, India, through SERC-DST Fast Track scheme for
young scientists (SR/FTP/CS-110/2005).

Supplementary data

Supplementary data (detailed analytical data and copies of 1H
and 13C NMR spectra of all new compounds) associated with this
article can be found, in the online version, at doi:10.1016/
j.tetlet.2009.08.005.

References and notes

1. Gamblin, D. P.; Scanlan, E. M.; Davis, B. G. Chem. Rev. 2009, 109, 131–163.
2. Liu, X.; Siegrist, S.; Amacker, M.; Zubriggen, R.; Rinaldo, P.; Pluschke, G.;

Seeberger, P. H. ACS Chem. Biol. 2006, 1, 161–164.



B. Roy et al. / Tetrahedron Letters 50 (2009) 5838–5841 5841
3. Dondoni, A.; Massi, A. Acc. Chem. Res. 2006, 39, 451–463.
4. Koeller, K. M.; Wong, C.-H. Chem. Rev. 2000, 100, 4465–4494.
5. Sorg, B. L.; Hull, W. E.; Kliem, H.-C.; Mier, W.; Wiessler, M. Carbohydr. Res. 2005,

340, 181–189.
6. D’Onofrio, J.; Petraccone, L.; Martino, L.; Di Fabio, G.; Iadonisi, A.; Balzarini, J.;

Giancola, C.; Montesarchio, D. Bioconjugate Chem. 2008, 19, 607–616.
7. Zhu, J.; Wan, Q.; Raghupathi, G.; George, C. M.; Livingston, P. O.; Danishefsky, S.

J. J. Am. Chem. Soc. 2009, 131, 4151–4158.
8. Ducatti, D. R. B.; Massi, A.; Noseda, M. D.; Duarte, M. E. R.; Dondoni, A. Org.

Biomol. Chem. 2009, 7, 1980–1986.
9. Grant, R. W.; Goff, R. D.; Williams, G. J.; Thorson, J. S. Angew. Chem., Int. Ed.

2008, 47, 8889–8892.
10. Mandal, S.; Gauniyal, H. M.; Pramanik, K.; Mukhopadhyay, B. J. Org. Chem. 2007,

72, 9753–9756.
11. Roy, A. D.; Subramanian, A.; Mukhopadhyay, B.; Roy, R. Tetrahedron Lett. 2006,

47, 6857–6860.
12. Tuch, A.; Walle, S.. In Handbook of Combinatorial Chemistry; Nicolaou, K. C.,
Hanko, R., Hartwig, W., Eds.; Wiley-VCH: Weinham, Germany, 2002; Vol. 2, p
Chapter 23.

13. Wei, C. M.; Li, C. J. J. Am. Chem. Soc. 2003, 125, 9584–9585.
14. Li, C. J. Acc. Chem. Res. 2002, 4, 39.
15. Zhang, J. H.; Wei, C. M.; Li, C. J. Tetrahedron Lett. 2002, 43, 5731.
16. Carreira, E. M. Acc. Chem. Res. 2000, 33, 373. and references therein.
17. Koradin, C.; Polborn, K.; Knochel, P. Angew. Chem., Int. Ed. 2002, 41, 2535.
18. Lu, G.; Li, X.; Chan, W. L.; Chan, A. S. C. Chem. Commun. 2002, 2098–

2099.
19. Yan, B.; Liu, Y. Org. Lett. 2007, 9, 4323.
20. Kidwai, M.; Bansal, V.; Kumar, A.; Mozumdar, S. Green Chem. 2007, 9, 742.
21. Wei, C. M.; Li, C. J. Chem. Commun. 2002, 268–269.
22. Ju, Y.; Li, C. J.; Varma, R. S. QSAR Comb. Sci. 2004, 23, 891.
23. Shi, L.; Tu, Y. Q.; Wang, M.; Zhang, F. M.; Fan, C. A. Org. Lett. 2004, 6, 4473.
24. Trost, B. M.; Toste, F. D.; Pinkerton, A. B. Chem. Rev. 2001, 101, 2067.


