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Abstract – N-Iodosuccinimide (NIS) mediated ring opening of 

carbohydrate-derived donor-acceptor cyclopropanes with free “CO2H” group of 

N-protected L-amino acids at ambient conditions afforded iodo derivatives of 

glycosyl ester of L-amino acids. The iodides were subsequently converted easily 

into corresponding azides using NaN3 in DMF followed by reduction with 

Zn/AcOH to produce ester linked glycosyl amino acids. A similar strategy was 

adopted to synthesize C-linked glycoamino acid derivatives from different 

N-protected L-amino alcohols. By using an orthogonal strategy C- and O-linked 

glycopeptides were also synthesized. 

INTRODUCTION 

For the last four decades, compounds containing cyclopropane ring have proved to be valuable synthons for 

diverse types of transformations in organic synthesis.1 Cyclopropane derivatives are also used in preclinical 

or clinical drug candidates for cancer therapy, infectious diseases, anti-HIV, antibacterial and 

cardiovascular drugs.2 Cyclopropanes substituted with both electron withdrawing and donating groups 

which are called as donor-acceptor cyclopropanes (DA-cyclopropanes) have been found to be excellent 

building blocks for the synthesis of natural products and heterocyclic drugs.3 In particular, 

carbohydrate-derived DA-cyclopropane derivatives have also been used as key intermediates in the 

synthesis of natural products, and numerous biologically active heterocyclic derivatives.4 

Due to the presence of a number of chiral centers and high functionalization, carbohydrate derivatives are 

used as alternatives to natural amino acids to study conformational stabilities of peptide and 

peptidomimetics.5 Glycoconjugates of amino acids especially O-linked glycosyl amino acids (via an ether 
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Table 1 

 
 

After achieving the synthesis of divergent glycosyl esters of amino acids, we decided to further extend this 

methodology for the synthesis of O-linked glycopeptides which are very important tools in biological 

studies.19 In this direction, deprotection of the t-butyl carbamate (NHBoc) of glycosyl ester of glycine 4a 

was attempted and it was not successful probably due to acid-sensitive and highly reactive anomeric 
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reaction mixture was treated with a saturated aqueous Na2S2O3 solution and then the organic layer was 

separated and dried over anhydrous Na2SO4. The crude product obtained after removal of solvent was 

purified by column chromatography on silica gel (230–400 mesh) using EtOAc and petroleum ether of 

appropriate composition to obtain the corresponding iodide derivatives. Physical, spectral data of 

compounds 2b–2k and crystal data of compound 2d can be found in the supporting information. 

3,4,6-Tri-O-benzyl-2-(1-iodo-2-methoxy-2-oxoethyl)-1,2-dideoxy-β-D-glucopyranos-1-yl N-{[(2- 

methyl-2-propanyl)oxy]carbonyl}glycinate (2a). Yield 52%; Rf = 0.5 (hexanes/EtOAc, 8:2); White 

solid; mp 52–54 °C; [ ]25
D +1.7 (c 1, CHCl3); IR (KBr): 3390, 2923, 1745, 1722, 

1366, 1155, 1089, 736, 698 cm–1; 1H NMR (300 MHz, CDCl3): 7.32–7.07 (m, 

15H), 5.69 (d, 1H, J = 8.4 Hz), 5.21 (bs, 1H), 4.97–4.45 (m, 7H), 3.95–3.59 (m, 

7H), 3.35 (s, 3H), 2.21 (t, 1H, J = 8.4 Hz,), 1.44 (s, 9H); 13C NMR (75 MHz, CDCl3): 168.4, 167.2, 155.5, 

137.8, 137.5, 137.4, 128.9, 128.2, 127.8, 127.6, 127.5, 127.5, 127.3, 94.6, 81.0, 79.9, 78.9, 75.4, 74.6, 

74.5, 73.3, 67.9, 53.2, 48.7, 42.3, 28.1; HRMS (ESI–QTOF) m/z: [M+Na]+ Calcd for C37H44INO10Na 

812.1903; Found 812.1880. 

General procedure for the synthesis of azides (3a–3g & 3i–3k). To a stirred solution of iodo derivative 

of glycosyl ester of amino acid (1 mmol) in dry DMF (5 mL) was added NaN3 (2 mmol) and the reaction 

mixture was stirred for 24 h at room temperature (25 °C). DMF was removed under vacuum and the 

crude product was extracted with CH2Cl2 (20 mL). The organic layer was washed with water (10 mL), 

dried over anhydrous Na2SO4 and filtered. The filtrate was concentrated and the crude product was 

purified by column chromatography on silica gel (230–400 mesh) using EtOAc and petroleum ether of 

appropriate composition to furnish the pure azide derivatives. Physical and spectral data of compounds 

3b–3g, 3i–3k can be found in the supporting information. 

3,4,6-Tri-O-benzyl-2-(1-azido-2-methoxy-2-oxoethyl)-1,2-dideoxy-β-D-glucopyranos-1-yl N-{[(2- 

methyl-2-propanyl)oxy]carbonyl}glycinate (3a). Yield 74%; Gummy; Rf = 0.5 (hexanes/EtOAc, 8:2); 

[ ]25
D +88.5 (c 1, CHCl3); IR (neat): 3421, 2929, 2871, 2113, 1778, 1747, 1719, 

1498, 1366, 1215, 1158, 1075, 737 cm–1; 1H NMR (300 MHz, CDCl3): 7.37–7.16 

(m, 15H), 5.61 (d, J = 8.7 Hz, 1H), 4.95 (d, J = 11.4 Hz, 2H), 4.79 (d, J = 7.5 Hz, 

1H), 4.67–4.57 (m, 3H), 4.47 (d, J = 11.2 Hz, 1H), 4.318 (d, J = 1.5 Hz, 1H), 3.842–3.492 (m, 10H), 

2.454 (t, J = 9 Hz, 1H), 1.44 (s, 9H); 13C NMR (75 MHz, CDCl3): 170.4, 168.1, 135.3, 137.8, 137.6, 

128.6, 128.4, 128.3, 128.2, 127.9, 127.8, 127.7, 91.8, 79.9, 79.1, 78.1, 75.6, 75.1, 74.7, 73.6, 67.9, 57.8, 

52.6, 47.3, 42.3, 42.0, 28.2; HRMS (ESI–QTOF) m/z: [M+Na]+ Calcd for C37H44N4O10Na 727. 2955; 

Found 727. 2940.  

General procedure for the synthesis of glycosyl esters of amino acids (4a–4g & 4i–4k). To a stirred 

solution of azide (1 mmol) in 10 mL of AcOH:THF (1:1), Zn dust (2 mmol) was added and the reaction 
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gel) using EtOAc and petroleum ether of appropriate composition to furnish free amine derivative of 

glycosyl amino acid. Physical and spectral data of compound 6 can be found in the supporting 

information. 

(S)-2-Carbmethoxy-2-(amino)ethyl 3,4,6-tri-O-benzyl-2-(1-azido-2-methoxy- 

2-oxoethyl)-1,2-dideoxy-β-D-glucopyranoside (5). Yield: 66%; Gummy; Rf = 

0.4 (hexanes/EtOAc, 5:5); [ ]25
D +42.7 (c 3.3, CHCl3); IR (neat): 3392, 2921, 2111, 1745, 1217, 1063, 

737, 698 cm–1; 1H NMR (300 MHz, CDCl3): 7.38–7.20 (m, 15H), 4.94 (d, J = 11.6 Hz, 1H), 4.80 (d, J = 

11.0 Hz, 1H), 4.64–4.53 (m, 4H), 4.38 (d, J = 8.4 Hz, 1H), 4.29 (d, J = 1.72 Hz, 1H), 4.11–4.07 (m, 1H), 

3.76–3.57 (m, 13H), 3.40–3.35 (m, 1H), 2.34–2.17 (m, 1H); 13C NMR (100 MHz, CDCl3): 173.4, 170.8, 

138.0, 137.8, 137.8, 128.6, 128.4, 128.3, 128.2, 128.1, 127.8, 127.6, 100.2, 79.6, 78.5, 75.0, 74.7, 73.5, 

71.8, 68.3, 58.1, 54.5, 52.5, 52.1, 48.7; HRMS (ESI–QTOF) m/z: [M+Na] Calcd for C34H40N4O9Na 

671.2693; Found 671.2690. 

Synthesis of glycopeptides. EDC∙HCl (1.2 mmol) was added to an ice-cold solution of glycosyl amino 

acid derivative (0.1 mmol), amino acid (0.13 equiv.), N, N-diisopropylethylamine (2.5 mmol) and HOBt 

(1.2 mmol) in 2 mL of DMF. The reaction mixture was stirred for 10 h. After the disappearance of 

starting material, the solvent was removed under vacuum followed by dilution with 20 mL of EtOAc. The 

organic layer was thoroughly washed with 2N HCl solution, followed by water and then with a saturated 

aq. NaHCO3 solution. It was separated and dried over anhydrous Na2SO4. The filtrate was concentrated 

and the crude product was purified by column chromatography on silica gel (230–400 mesh) using 

EtOAc and petroleum ether of appropriate composition to furnish glycopeptides. Physical and spectral 

data of compounds 8 and 9 can be found in the supporting information. 

Glycopeptide 7. Yield: 81%; Rf = 0.5 (EtOAc); Gummy; [ ]25
D +64.1 (c 1.5, CHCl3); IR (Neat): 3342, 

2112, 1745, 1722, 1713, 1515, 1217, 1054, 753, 698 cm–1; 1H NMR (500 

MHz, CDCl3): 7.38–7.16 (m, 27H), 7.04 (d, J = 7.9 Hz, 2H), 6.69 (d, J = 7.8 

Hz, 2H), 5.59 (d, J = 8.1 Hz, 1H), 5.09 (s, 2H), 5.01–4.99 (m, 1H), 4.93 (d, J 

= 11.5 Hz, 1H), 4.78 (d, J = 10.9 Hz, 1H), 4.68–4.60 (m, 2H), 4.54–4.50 (m, 2H), 4.44–4.41 (m, 1H), 

4.23 (d, J = 1.5 Hz, 1H), 4.16–4.11 (m, 1H), 3.74–3.61 (m, 5H), 3.53–3.48 (m, 1H), 3.35 (s, 3H), 3.23–

3.21 (m, 1H), 3.10–2.95 (m, 2H), 2.25–2.20 (m, 1H); 13C NMR (100 MHz, CDCl3): 170.7, 170.6, 155.2, 

138.8, 137.7, 137.6, 137.1, 136.3, 130.4, 128.7, 128.6, 128.5, 128.4, 128.3, 128.2, 128.1, 128.0, 127.97, 

127.93, 127.8, 127.2, 126.7, 115.7, 100.1, 79.3, 78.4, 74.9, 74.8, 74.4, 73.5, 68.4, 66.8, 58.0, 56.8, 52.7, 

52.6, 52.3, 48.4; HRMS (ESI–QTOF) m/z: [M+Na] Calcd for C55H57N5O11 [M+Na+] 986.3952; Found 

986.3953. 
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SUPPLEMENTARY MATERIAL 

Preparation, 1H and 13C NMR data of glyconjugates of amino acids 2a–2k, 3a–3g, 3i–3k, 4a–4g, 4i–4k 

and 5-9 can be found in the supporting information. Complete crystallographic data of compound 2d was 

deposited at the Cambridge Crystallographic Data Centre, CCDC 995269 and this information may be 

obtained free of charge from the Director, Cambridge Crystallographic Data Centre, 12 Union Road, 

Cambrige, CB2 1EZ, UK. (fax: +44 1223 336033, email: deposit@ccdc.cam.ac.uk or via: 
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