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a b s t r a c t

Reported is a modular approach for the synthesis of a number of structurally diverse ligands derived from
carbohydrates. The use of the highly functional hydroxy amino azide 1 derived from glucosamine allows
the synthesis of a number of useful ligands for organic and organometallic catalyses. The key step of the
approach is the Huisgen cycloaddition of the anomeric sugar azide and diverse alkynes.

� 2011 Elsevier Ltd. All rights reserved.
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As a consequence of the importance of chiral compounds in
agriculture, fragrance, medicine, and material science, the asym-
metric synthesis of enantiopure entities, is currently one of the
most dynamic and creative fields in organic synthesis.1 Within
the different ways developed so far for the synthesis of enantio-
pure entities, asymmetric catalysis is the method of choice, as it
combines efficiency, versatility, atom economy, and is well-suited
for the ‘‘green chemistry’’ initiative.2 Enantioselective catalysis is
usually achieved by using chiral organic ligand, responsible for
the enantiodiscrimination, either alone,3 or bound to a transition
metal. Consequently, a considerable effort in this area has been
devoted to the development of new ligands, which combine effi-
ciency and ease of access. Among the different candidates which
can be used in this task carbohydrates hold a prominent role.4

Indeed, carbohydrates account for 93% of the renewable biomass
on earth, are the cheapest enantiopure compounds in the market,
possess various hydroxyl groups in different orientations, and
compared to other biomolecules, their chiral coding information
capacity is by far the most significant.5 Based on these premises,
and within our interest in the synthesis and application of chiral
sulfur compounds in asymmetric synthesis,6 we have recently
found that S/S and mixed S/P ligands derived from D-sugars are
excellent catalyst precursors in Pd-catalyzed allylic substitution
and in Rh(I)-catalyzed enamide hydrogenation.7,8 In our continu-
ous search for new ligands derived from carbohydrates, in the
present Letter we report our preliminary results on the assessment
of compound 1, Figure 1, derived from glucosamine as a central
ll rights reserved.
scaffold for the synthesis of a number of ligands of interest. One
of the key steps for enhancing the molecular diversity of the
thought ligands is the unrivaled copper-catalyzed azide–alkyne
cycloaddition (CuAAC), the paradigmatic example of ‘click chemis-
try’.9 The great advantages of the Huisgen cycloaddition, namely
smooth, fast, and predictable coupling conditions are at the basis
of its successes in many synthetic areas.10 In the carbohydrate
field, sugar azides have been widely used as privileged partners
in the synthesis of glycoclusters based triazol.11 Additionally, click
chemistry has also been used for the synthesis and optimization of
a number of P/P,12 P/N,13 and P/S ligands.14

For the synthesis of 4,6-benzylidene-2-deoxy-2-amino-b-gluco-
pyranosyl azide 1, two basic problems must be solved. The first one
1

Figure 1. Structure of compound 1 with three orthogonal functional groups.
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Scheme 2. Synthesis of the P,N ligand 8 by click chemistry. Reagents and
conditions: (a) PhCCH, CuSO4, Na–ascorbate, THF/H2O (2:1), 70%; (b) CuSO4, CH2Cl2,
quant.
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Scheme 3. Synthesis of the polydentate ligand 14. Reagents and conditions: (a)
BH3, THF, quant.; (b) n-BuLi, CHCCH2Br, �78 �C, THF, 94%; (c) 1, CuSO4, sodium
ascorbate, THF/H2O (2:1), 70%; (d) DABCO, toluene, 55%; (e) p-MeOC6H4CHO, CuSO4,
CH2Cl2, 70%.
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is a stereoselective approach for the introduction of the azide func-
tion in a stereoselective manner, and the second one is the use of
an amine protective group which can be easily removed once
needed. The widely used method for the synthesis of azido sugar
is either the Lewis-acid-catalyzed substitution of the anomeric ace-
tate,15 or the nucleophilic substitution of anomeric halide with
azide anions.16 Additionally, in order to accede to the desired
1,2-trans amino azide in a diastereoselective manner the starting
glycosyl donor must have a participating group at the 2 position.
Taking into account all the above, we used as starting material
the known tetrachlorophthalimide (TCP) protected glucosamine
derivative 2.17 Condensation of trimethylsilyl azide on the rather
inert axial acetate 2,18 using tin tetrachloride as the catalyst in
methylene chloride afforded the desired azide in an 85% yield.
Azide 3 was obtained as a single diastereoisomer as a result of
the known efficient anchimeric assistance of the TCP-group. Owing
to the sensitivity of the TCP group to basic conditions, the acetate
group could not be removed by Zemplen deacetylation, and there-
fore acid conditions were used to obtain the trialcohol 4 in quanti-
tative yield. Benzylidene acetal formation in acetonitrile leads to
compound 5 in 80% yields. Treatment of the protected compound
5 with ethylenediamine, at 60 �C as described by Fraser–Reid leads
to the free amine 1 in a moderate yield (Scheme 1).17a We have
found that the use of microwave activation, enhances substantially
the yield of the deprotection step, allowing the synthesis of the free
amine with an 80% yield.19

Compound 1 possesses three orthogonal functional groups
which can be separately and adequately manipulated for the
synthesis of the desired ligands. Such manipulation may consist
either in appending a coordinating atom, in the creation of a
well-defined chiral environment or simply in masking a functional
group whose reactivity is not required. For the synthesis of the first
derivative which was designed to act as a P,N coordinating ligand,
the anomeric azide was transformed into a triazol group, and the
coordinating P atom was appended at the 2 position.

‘Click’ reaction between sugar azide 1 and phenyl acetylene
using CuSO4 sodium ascorbate as Cu(I) source, afforded the 1,
4-disubstituted 1,2,3-triazol 6 in excellent yield (Scheme 2).
Condensation of 6 with 2-diphenylphosphine benzaldehyde 7 in
methylene chloride using copper sulfate as the dehydrating agent
leads to the P,N ligand 8 in excellent yield.20 For the synthesis of
the second family of ligands, we decided to synthesize a polyden-
tate ligands through the introduction of two electronically differ-
ent coordinating P atoms, the first one at anomeric position and
the second at the 2-position. Propynyl phosphine 1113a (Scheme
3), obtained in two steps from diphenylphosphine 9 has been used
as the alkyne partner for the synthesis of sugar based diastereo-
merically pure ‘clickcarb’. Huisgen cycloaddition between sugar
azide 1 and alkyne 11 using CuSO4–sodium ascorbate as Cu(I)
source afforded the 1,4-disubstituted 1,2,3-triazol 12 in excellent
yield (Scheme 3).
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Scheme 1. Synthesis of 4,6-benzylidene-2-deoxy-2-amino-b-glucopyranosyl azide
1. Reagents and conditions: (a) TMSN3, SnCl3, CH2Cl2, 85%; (b) HCl, acetone/H2O,
70 �C, quant.; (c) PhCH(OMe)2, CSA, CH3CN, 80%; (d) ethylenediamine, MW)), 80%.
The unprotected hydroxyamino click phosphine ligand 13 has
been obtained in quantitative yield after phosphine deprotection.
Compound 13 still possesses two other sites for heteroatom
ligation namely the amino group at position 2, and the hydroxyl
function at position 3. Along this way the condensation of 13 with
2-diphenylphosphine benzaldehyde in methylene chloride using
copper sulfate as the dehydrating agent leads to the polydentate li-
gand 14 in excellent yield.

Once demonstrated the ability of compound 1 to create molec-
ular diversity, we studied the ability of the prepared ligands 8, 13,
and 14 to act as catalyst precursors in the palladium catalyzed
allylic alkylation of 1,3-diphenylpropenylacetate 15 with dimethyl
malonate, and the results are collected in Table 1.

As can be seen from Table 1, all the ligands tested are active cat-
alyst precursors as the allylated product 16 was obtained in all the
assays in quantitative yield (Table 1, entries 1–3). In terms of enanti-
oselectivity, the best ligand is the P,N-ligand 8 which gives the de-
sired product 16 in moderate to acceptable enantioselectivity
(Table 1, entries 1, 4–10), while ligands 13 and 14 afforded the ally-
lated product in racemic form (vide infra). With the best ligand 8 we
conducted studies in order to assess the solvent and temperature ef-
fects on course of the allylation reaction. Significantly, while the
reaction did not proceed in THF (Table 1, entry 4), the product was
obtained in good yield in toluene, methylene chloride and acetoni-
trile. Nevertheless, the best solvents seem to be acetonitrile, and tol-
uene, where the product 16S was obtained in quantitative yield and a
good 76% enantiomeric excess (Table 1, entries 5 and 6). Lowering
the catalyst loading to 1 mol% has a negative effect both on the
chemical yield and on the enantioselectivity (Table 1, entry 7). Yet,
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Figure 2. Possible coordination sites of polydentate ligand 14.

Table 1
Pd-catalyzed allylic alkylation of 1,3-diphenylpropenyl acetate 15 with dimethyl malonate using ligands 8, 13 and 14a
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Entry 1a Ligand Solvent Temp (�C) Yield (%)b Enantiomeric ratio (16S/16R)c,d

1 8 CH2Cl2 25 100 80/20
2 13 CH2Cl2 25 100 50/50
3 14 CH2Cl2 25 100 50/50
4 8 THF 25 0 —
5 8 Toluene 25 100 88/12
6 8 CH3CN 25 100 88/12
7 8 CH2Cl2 25 14 77/23e

8 8 CH2Cl2 0 100 80/20
9 8 Toluene 0 80 90/10

10 8 CH3CN 0 100 90/10

a All reactions were conducted in CH2Cl2 using 4 mol % of the ligand and 1.5 mol % of [PdCl(C3H3)]2.
b Isolated yield.
c Determined by HPLC using chiral column Chiralpack-AD.
d R or S configurations based on specific rotation.
e The reaction was conducted using 1 mol % of the ligand.

N. Khiar et al. / Tetrahedron Letters 53 (2012) 395–398 397
lowering the temperature has a beneficial effect on the enantioselec-
tivity allowing the preparation of the 16S isomer in quantitative
yield and an excellent 80% ee at 0 �C (Table 1, entries 9 and 10).

Surprising for us was that the polydentate ligand 14, afforded
the allylated product 16 in a racemic form. However P,N and P,P li-
gands have been successfully used in the palladium catalyzed
asymmetric allylation in particular and in enantioselective cataly-
sis in general.

Although further coordination studies are needed, a possible
explanation for the result obtained is summarized in Figure 2. Ow-
ing to the polydentate nature of ligand 14, and without taking into
account secondary interactions exerted by the 3-OH,20 three differ-
ent plausible scenarios may be invoked in the coordination of the
ligand to the metal. The ligand can putatively act as P,P ligand, if
the metal is coordinated by the two phosphorus atoms (pathway
A). On the other hand, ligand 14 can act as P,N ligand in two differ-
ent manners, either through the triazol nitrogen and the diaryl al-
kyl phosphine (pathway B), or through the imine nitrogen and the
triaryl phosphine (pathway C). For the process to be selective, the
palladium coordination should be close to the sugar skeleton such
as the P,P and P,N coordination in the pathways A and C. Taking
into account that the allylated product 16 was obtained in a
racemic form, we can assume that chelate B is more favoured than
chelate A and C.21 Indeed, when the sugar ‘clickphine’ 13 was ap-
plied as the catalyst in the allylic alkylation, the allylated com-
pound 16 was obtained in quantitative yield and in racemic form
(Table 1, entry 2). A further proof of this assumption is that ligand
8, afforded the allylated product with good enantioselectivity. To
address this issue, the Pd(II)-complex of the ligand 8, was
synthesized in an 80% yield by treatment of the free ligand with
1 mol equiv of [PdCl2(CH3CN)2] in methylene chloride, Scheme 4.



O
HO

N
N

O
O

Ph NN

PPh2

O
HO

N

N
O

O
Ph NN

P
Pd

Ph
Ph

Cl
Cl

8 16

a

Scheme 4. Synthesis of Pd(II) complex 16. Reagents and conditions: (a)
[PdCl2(CH3CN)2], CH2Cl2, 80%.

398 N. Khiar et al. / Tetrahedron Letters 53 (2012) 395–398
The structure of the complex 16 was determined by NMR anal-
ysis, as we could not get adequate crystal for X-ray analysis. The
most significant characteristics of the Pd(II) complex are the down-
field chemical shifts of the anomeric proton (from 5.7 ppm to
6.9 ppm), and the H-2 proton (from 3.8 ppm to 5.5 ppm). Beside
the downfield chemical shift (from 8.6 pp to 9.2 ppm), the imine
proton appears as a singlet in the complex instead of a doublet
as in the free ligand. These data are indicative of a Pd-coordination
through the nitrogen atom of the imine. On the other hand the
31PNMR analysis of the complex shows that the phosphorus atom
registers a 46 ppm downfield chemical shift, and appears at
35 ppm instead of �11 ppm as in the free ligands (see Supplemen-
tary data). All these data indicate that ligand 8 acts as a mixed P,N
ligand and coordinates the palladium through an enantioselective
chelate (similar to pathway C).

In conclusion, 4,6-benzylidene-2-deoxy-2-amino-b-glucopyr-
anosyl azide 1, with three orthogonal functional groups is an inter-
esting scaffold for the synthesis of chiral structurally diverse
ligands. Using click chemistry as key step of the approach, allows
the synthesis of triazol based ligands which are potential catalyst
precursors both in metal promoted and organic catalyses. The pre-
liminary results reported in this Letter illustrate the potential of
the approximation as a new P/N ligand for Pd(0) allylic alkylation
has been discovered. Other ligands, such as bifunctional organocat-
alyst with a phosphine and a thiourea moieties are easily obtained
from the developed method. These ligands are of interest as organ-
ocatalysts for processes such as the Morita–Baylis–Hillmann reac-
tion, Aza Baylis–Hillmann reaction, and intramolecular Ruhut–
Currier reaction. Work along these lines is actually under active
investigation in our group.

Acknowledgments

This work was supported by the Ministerio de Ciencia e Innova-
ción (Grant No. CTQ2010-21755-CO2-00), and the Junta de
Andalucía (P07-FQM-2774).

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.tetlet.2011.11.043.
References and notes

1. (a) Chiral Auxiliaries and Ligands in Asymmetric Synthesis; Seyden-Penne, J., Ed.;
Wiley Interscience: New York, 1995; (b) Comprehensive Asymmetric Catalysis;
Jacobsen, E. N., Pfaltz, A., Yamamoto, H., Eds.; Springer: Berlin, 1999; Vol. I–III,
(c) Meggers, E. Chem. Eur. J. 2010, 16, 752; (d) Asymmetric Synthesis-The
Essentials; Christmann, M., Brässe, S., Eds.; Wiley-VCH: Weinheim, 2008.

2. (a) Trost, B. Proc. Natl. Acad. Sci. U.S.A. 2004, 101, 5348; (b) Noyori, R.; Kitamura,
M.; Ohkuma, T. Proc. Natl. Acad. Sci. U.S.A. 2004, 101, 5356.

3. (a) Bertelsen, B.; Jorgensen, K. A. Chem. Soc. Rev. 2009, 38, 2178; (b) Melchiore,
P.; Marigo, M.; Carlone, A.; Bartoli, G. Angew. Chem., Int. Ed. 2008, 47, 6138; (c)
Dondoni, A.; Massi, A. Angew. Chem., Int. Ed. 2008, 47, 4638.

4. (a) Boysen, M. M. K. Chem. Eur J. 2007, 13, 8648; (b) Castillon, S.; Claver, C.; Diaz,
Y. Chem Soc. Rev. 2005, 34, 702; (c) Dieguez, M.; Pamiés, O. P.; Claver, C. Chem.
Rev. 2004, 104, 3189; (d) Wang, Y. D.; Wang, F.; Miao, Z. W.; Chen, R. Y. Prog.
Chem. 2008, 20, 1923.

5. Laine, R. A. Pure Appl. Chem. 1997, 69, 1867.
6. Fernández, I.; Khiar, N. Chem. Rev. 2003, 103, 3651; (b) Khiar, N.; Fernández, I.;

Alcudia, F. Tetrahedron Lett. 1993, 34, 123; (c) Khiar, N.; Alcudia, F.; Espartero,
J.-L.; Rodríguez, L.; Fernández, I. J. Am. Chem. Soc. 2000, 122, 7598; (d) Khiar, N.;
Araújo, C. S.; Alcudia, F.; Fernández, I. J. Org. Chem. 2002, 67, 345.

7. (a) Khiar, N.; Araújo, C. S.; Alvarez, E.; Fernández, I. Tetrahedron Lett. 2003, 44,
3401; (b) Khiar, N.; Araújo, C. S.; Suárez, B.; Fernández, I. Eur. J. Org. Chem. 2006,
1685.

8. (a) Khiar, N.; Suárez, B.; Valdivia, V.; Fernández, I. Synlett 2005, 2963; (b) Khiar,
N.; Navas, R.; Suárez, B.; Alvarez, E.; Fernández, I. Org. Lett. 2008, 12, 3697.

9. (a) Kolb, H. C.; Finn, M. G.; Sharpless, K. B. Angew. Chem., Int. Ed. 2001, 40, 2004;
(b) Rostovtsev, G. L.; Fokin, V. V.; Sharpless, K. B. Angew. Chem., Int. Ed. 2002, 41,
2596; (c) Tornoe, C. W.; Christensen, C.; Meldal, M. J. Org. Chem. 2002, 67, 3057.

10. (a) Kolb, H. C.; Sharpless, K. B. Drug Discovery Today 2003, 8, 1128; (b) Johanson,
J.; Antonsson, T.; Kann, N. J. Comb. Chem. 2007, 9, 477; (c) Meldal, M.; Tornoe, C.
W. Chem. Rev. 2008, 108, 2952; (d) Struthers, H.; Mindt, T. L.; Schibli, R. Dalton
Trans. 2010, 39, 675.

11. For recent applications see: (a) Fabbrizzi, P.; Cecconi, B.; Cicchi, S. Synlett 2011,
223; (b) Chabre, Y. M.; Brisebois, P. P.; Abbassi, L.; Kerr, S. C.; Fahy, J. V.;
Marcotte, I.; Roy, R. J. Org. Chem. 2011, 76, 724; (c) Cagnoni, A. J.; Varela, O.;
Gouin, S. G.; Kovensky, J.; Uhrig, M. L. J. Org. Chem. 2011, 76, 3064; (d) Pernía
Leal, M.; Assali, M.; Fernández, I.; Khiar, N. Chem. Eur. J. 2011, 17, 1828.

12. (a) Fukuzawa, S.-I.; Oki, H. Org. Lett. 2008, 10, 1747; (b) Zhang, Q.; Takacs, J. M.
Org. Lett. 2008, 10, 545.

13. (a) Detz, R. J.; Heras, S. A.; De Gelder, R.; Van Leeuwen, P. W. N. M.; Hiemstra,
H.; Reek, J. N. H.; Van Maarseveen, J. H. Org. Lett. 2006, 8, 3227; (b) Shen, C.;
Zhang, P.-F.; Chen, X.-Z. Helv. Chim. Acta 2010, 93, 2433.

14. (a) Kato, M.; Nakamura, T.; Ogata, K.; Fukuzawa, S.-I. Eur. J. Org. Chem. 2009,
5232; (b) Oura, I.; Shimizu, K.; Gata, K.; Fukuzawa, S.-I. Org. Lett. 2010, 12, 1752.

15. Szilagyi, C.; Gyoergydeak, Z. Carbohydr. Res. 1985, 143, 21.
16. Soli, C. D.; DeShong, P. J. Org. Chem. 1999, 64, 9724.
17. (a) Debenham, J. S.; Madsen, R.; Roberts, C.; Fraser-Reid, B. J. Am Chem. Soc.

1995, 117, 3302; (b) Castro-Palomino, J. C.; Schmidt, R. R. Tetrahedron Lett.
1995, 36, 5343.

18. Olsson, L.; Kelberlau, S.; Jia, Z. J.; Fraser-Reid, B. Carbohydr. Res. 1998, 314, 273.
19. Data of compound 1: white solid. mp: 158–161 �C. ½a�20

D �40.2 (c 1.0, CHCl3). 1H
NMR (500 MHz, CDCl3): d = 7.55–7.50 (m, 2H), 7.45–7.35 (m, 3H), 5.56 (s, 1H),
4.52 (d, 1H, J = 8.8 Hz), 4.37 (dd, 1H, J = 10.5, 4.4 Hz), 3.79 (t, 1H, J = 10.0 Hz),
3.61–3.47 (m, 3H), 2.70 (t, 1H, J = 9.0 Hz), 2.25 (br, 2H, NH2). 13CNMR
(125 MHz): d = 136.9, 129.4, 128.4, 126.2, 110.3, 102.0, 92.1, 81.0, 73.1, 68.5,
68.4, 57.5. Anal. Calcd for C13H16N4O4: C, 53.42; H, 5.52; N, 19.17. Found: C,
53.42; H, 5.52; N, 19.05.

20. Data of compound 8: colorless oil. ½a�20
D �32.7 (c 1.0, CHCl3). 1H NMR (500 MHz,

CDCl3): d = 8.58 (d, 1H, J = 3.8 Hz), 7.82–7.81 (m, 2H), 7.63–7.17 (m, 22H), 6.87–
6.84 (m, 1H), 5.64 (s, 1H), 5.60 (d, 1H, J = 8.5 Hz), 4.38 (m, 1H), 4.13–4.04 (m,
2H), 3.89–3.85 (m, 2H), 3.80–3.74 (m, 1H). 13C NMR (125 MHz, CDCl3):
d = 164.9, 164.8, 147.3, 138.7, 138.5, 138.4, 138.3, 137.7, 137.6, 136.9, 134.2
134.1, 133.7, 133.5, 130.6, 130.2, 129.3, 128.8, 128.7, 128.6, 128.5, 128.5, 128.4,
128.3, 126.3, 125.8, 119.7, 102.1, 87.2, 79.8, 72.4, 69.8, 68.3. 31P NMR
(121.4 MHz, CDCl3): d = 10.69. HMRS: calcd for C40H36N4O4P: 667.24770,
found: 667.24770.

21. Hayashi, T.; Yamamoto, A.; Hagihara, T.; Ito, Y. Tetrahedron Lett. 1986, 27, 191.

http://dx.doi.org/10.1016/j.tetlet.2011.11.043

	‘ClickCarb’: modular sugar based ligands via click chemistry
	Acknowledgments
	Supplementary data
	References and notes


