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Abstract: A general method for the stereoselective coupling of unprotected oligosaccharides with any

substrate containing a N O-disubstituted hudrr\vvlqm|np aroun is described, The cvclic nature of the
ng 8 group iDC CY n Ci Wl

oligosaccharide reducing unit is preserved and thc substrate glycosylated with high diastereoselectivity to
sugar through an amino (N[OR;]-) or an aminoxy (N[R,]-O-) linkage. Due to the uniquely high chemical
reactivity and specificity of disubstituted hydroxylamine toward the sugar reducing end, neither protecting

erouns nor activation methods are remured to nerfnrm the reaction in agueouns solution. The characteristic
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features and the scope of this new type of glycosylat:on reaction are excmphﬁcd for the chemoselective
synthesis of model glycopeptides. © 1998 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION
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The critical role of specific oligosaccharide structures in the biological function of many glycoproteins is
now well appreciated'. The importance of protein-bound oligosaccharides in cell-cell recognition events and in
modulating protein folding and stability has been highlighted in a number of recent landmark studies, inspiring
the development of elegant chemical’ and enzymatic’ approaches for the construction of glycoproteins with
defined, homogeneous giycoforms. However, the regiospecific chemical approach to glycoconjugates remains a
challenging task due to the requirement for extensive protecting group manipulations and the chemical sensitivity
of glycosidic linkages. Convergent methods exploiting available sources of carbohydrates appear to give flexible
and rapid entry to the synthesis and functional screening of carbohydrates-based-antigens or conjugates. In this
context, methods employing the chemoselective oxime bond formation have been introduced recently for rapid
access to neoglycopeptides. Chemoselective ligation methodologies® are based on the introduction of mutually
and uniquely reactive moieties (e.g. a hydroxylamino group and an aldehyde group) on to fragments that makes

coupling of these fragments possible in aqueous solution without protecting groups or activation procedures.
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Oxime-bound carbohydrate molecules have been readily obtained from ligation of unprotected oligosaccharides
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derivatives’. However, the presence of the E/Z oxime isomers or equilibrium between cyclic and linear oxime-

sugar forms has led to conformational heterogeneity of the glycoconjugate that may significantly hamper the
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reducing unit is completely preserved. We also demonstrate that the reaction proceeds chemoselectively and with

high anomeric stereoselection without requirement of activation at the anomeric center and protection of
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and trisaccharides.
RESULTS AND DISCUSSION
In order to assess the potential of this approach, alkyl N,0-substituted hydroxylamines 2 were reacted with

available carbohydrate molecules 1a-g. We were pleased to find that the reaction effectively provides the

expected glycosylated compounds 3a-g’ in good and reproducible yields (Table 1). The reaction proceeded

under mild conditions in aqueous buffer (pH 4) or in polar organic solvents (generally a mixture of acetic acid
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N, O-substituted hydroxylamine Z with D-Glucose.

Compounds 3a-g were obtained exclusively in the pyranose form with a typical *C, conformation as
Py . = PR [P . e “BF 1 AL

didCLlOSC alld [Annose (.B:[lVd[l €S 54 ana Ji,

where 20% and 13% of the furanose form was also detected respectively'>".

Table 1. Yields and Reaction Times of Glycosylation of N, Q-substituted Hydroxylamines.

Product Sugar la-g R, R; Times(h) Yield (%)
3a D-Glc Et Bn 20 90
3b D-Glc Me Me 20 92
3c D-GlcNAc Me Me 20 40
3d D-Gal Et Bn 20 80
3e Lactose Me Me 60 95
I D-Man Me Me 144 60
3g D-Glc Octyl  Me 20 30

Noteworthy is the analysis of Tz and 'Jiscp coupling constant values which indicates that the reaction

iactarancalectivity (de > 06%Y% Onlv the B-nvranace forme were onheerve nr the
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glucose and galactose derivatives (3a-e and 3g), whereas for the mannose derivative 3f the o anomeric

configuration was preferred. These high diastereoselectivities are indicative of a thermodynamic control of the



intermediate during the ring closure reaction. The presence of an oxy-imminium intermediate (Scheme 1) is
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Scheme 2. 6-exo-trig ring closure of the oxy-iminium intermediate with OH-5 attacking preferentially the Re or Si face to
afford diastereoselectively B-galacto or B-gluco (top) and o-manno (bottom) derivatives 3a-g.

Wiih these resuits in hand, we expioited the method to the §-N-giycosylation of a model peptide (Scheme
3). N[Me]-O-peptide 5 was obtained simply by reduction of the formaldehyde-oxime of the corresponding

primary aminooxy peptide 4 (Scheme 3, steps a and b). As exemplified in Table 2 for D-glucose derivatives, the

Ac-Lys-Ala-Lys-NH, AC";YS“Ala'LSiS‘NHz Ac-Lys-Ala-Lys-NH,
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Scheme 3. Preparation and chemoselective glycosylation of aminooxy-peptide 5§ with D-Glucose derivatives. a) CH,0,
Aqueous sodium acetate buffer, pH 4. b) NaBH;CN, AcOH. c) Aqueous sodium acetate buffer, pH 4, 60°C, sugar.
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NMR analysis to the expected giycoconjugates 6a-d. In particular, in the ROESY spectra the presence of a ROE
cross peak between the H-1 of the sugar unit and the N-Me hydrogens of the hydroxylamino group is of
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protecting groups nor activation methods are required to perform the glycosylation step which represents an

interesting alternative to existing chemical approaches to glycopeptides’.

Table 2. Yields and Reaction Times of Glycosylation of Peptide 5.

Product Sugar Time (h) Yield (%)
6a D-Gle 48 62
6b D-Lactose 144 57
6c¢ Maltotriose 144 35
6d GalNAc 48 70

These reaction conditions and the very good stereoselectivity observed open up the possibility to

glycosylate unprotected peptides directly on a solid support. This may then allow the use of an excess of sugar to
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Although the products we obtained here do not have a natural aglycon linkage, the conformation of the
first sugar unit which is thought to piay a dominant role in biological activity'*" is preserved. Therefore
glycoconjugates of this type may prove useful in glycobiology as mimic of natural occurring glycosylated
molecules. Another advantage of using N,O substituted hydroxylamine is that the oligosaccharide chain can be
conjugated either to R, through an aminooxy (N[R,]-O-, 6a-d) linkage or to R, through an amino (N{OR;]-, 3g)
linkage depending on how the substrate is tethered to the hydroxylamine (Scheme 4). Compounds 3g is an
illustrative example of a N[OR.]- conjugation of a lipid moiety (octyl) to glucose which after reduction of the N-
O bond (Zn / AcOH, 30 min 85%) provides an efficient synthetic entry to the corresponding N-Octyi-(B-D-

glucopyranosyl)amine known for immunostimulation properties'®.

CgH,;—NHOMe HO ~Xo” | 7
OH - Ot ocH,
0 — N[OMe]-linked

’ o CH,
MeNHO-peptide HO % PEI
HO O — peptide

Scheme 4. N[OMe]- and N[Me]-O-linked glycoconjugates.



CONCLUSION

The results obtained herein demonstrate that the reaction of an N,O-substituted hydroxylamine with

carbohydrates provides a rapid synthetic entry to stereoselectively glycosylated molecules such as peptides or

th nataeally e o
uyxu:a Wlkll uau.ua.uy UL

alrac nca Af Awima hand ~Ahamat

. “ 7
¢ 1Caction iMakes Use O OXili vOnd Chemisiry

3
3
H

but without its usual inconveniences. This should provide a very efficient method for the rapid synthesis of more

complex targets such as carbohydrate-based antigens for immunological studies.

EXPERIMENTAL SECTION
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Materials and Methods. Reagents and solvents were purchased
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further purification. All protected amino acids were purchased from Calbiochem-Novabiochem (Laufeifingen,
CH). HPLC was performed on Waters equipment using column packed with Vydac Nucleosil 300 As pm Cyg
particles unless otherwise stated. The analytical column (250 x 4.6 mm) was operated at 1 mL/min and the
preparative column (250 x 21 mm) at 18 mL/min, monitoring at 214 nm. Solvent A consisted of 0.09% TFA and
solvent B of 0.09% TFA in 90% acetonitrile unless otherwise stated. Mass spectra were obtained by electron
spray ionisation (ESI-MS) on a Finningan MAT SSQ 710C. NMR spectra were recorded in D,0 at 400 MHz
(Bruker ARX spectrometer) or at 600MHz (Bruker AMX-2 spectrometer) at 300 K. 2D experiments were
typically acquired using 2K x 512 matrices over a 2000 Hz sweep width in both dimensions. Quadrature
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either through the conventional NOESY sequence'® or the ROESY sequence®® with mixing times from 150 to
200 ms. A randomisation of the mixing length (+ 5%) was introduced in the NOESY experiments in order to
minimise coherence transfer. The spin lock mixing interval of the ROESY sequence was applied by coherent CW
irradiation at YB2/2n = 1 KHz. Experimental data processing was performed using the Felix software package.
The standard sinebell squared routine was employed for apodization with a shift range of 60-90° and zero filling
in both dimensions before 2D transformations were applied to end up with square matrices of 2K x 2K real point
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N-Ethyl-O-benzylhydroxylamine (2a). A solution of O-benzylhydroxylamine hydrochloride (lg, 6.3 mmol),
AcONa (1g) and acetaldehyde (12.6 mmol, 720 pl) in water/methanol (100 mL, 5:1 mixture), was stirred at

oom temperature for 10 min. The solvent was concentrated in vacuum and the residue was taken up in ethyl

acetate (200 ml), washed with aqueous citric acid (200 ml., 10% w/v), dried over sodium sulphate and
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without further purification. A solution of the O-benzyl oxime of acetaldehyde (0.87 g, 5.8 mmol) in acetic acid
(3mL) was treated with NaCNBH; (1.46 g, 4 equiv.) for 1 h at room temperature. The reaction mixture was
concentrated, the residue taken up in diethyl ether (200 mL), washed with brine, dried on sodium sulphate,
filtered, and concentrated. The product was purified by flash chromatography on silica-gel (25% ethyl

acetate/hexane) and recovered as a colourless oil (0.7 g, 80% yield). '"H-NMR (400 MHz, CDCL): § = 1.13 (t,
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4 mL of DMF/AcOH 50% and N—Ethyl—O—benzylhydroxylannne (63 mg, 0.42 mmol), was stirred for 20 h at
room iemperature. After removal of the volatile, the product was purun:u by flash cmomatogfapny on silica gel
(10% methanoi/ethyl acetate) and recovered as a colourless oil which precipitated from diethyi ether as a white
solid (78 mg, 90%). [o. °p = -4.6 (c = 0.4, MeOH). 'H NMR (400 MHz, D,0): 8= 1.12 (t, 3 H, CH;CH,N, °J =
7.0 Hz), 2.91 (dq, 1H, CH;CH,N, %J =12.0 Hz, *J =7.0 Hz,), 3.11 (dq, 1H, CHyCH,N, % = 12.0 Hz, T = 7.0
Hz), 3.26 (m, 1H, H4), 3.27 ( m, 1H, H5), 3.43 (dd, 1H, H3, *J 3= "J 3., = 9.0 Hz), 3.58 (dd, 1H, H2, 37 ,,="],,
= 9.0 Hz), 3.60 (dd, lH H6, J 6. = 12.0 Hz, *J 65 = 1.6 Hz), 3.76 (dd, 1H, H6", 2 oo = 120 Hz, *J g5 = 1.6

= 9.0 Hz), 4.75 (2H CH,Ph), 7.3 (m, SH, Hyom);'’'C NMR (400 MHz, D,0): § =13.9

) 1‘2
(CH;CH,N), 49.7 (CH,CH,N), 63.0 (C6), 71.6 (C4), 72.2 (C2), 79.3 (CH;Ph), 79.5 (C3), 79.5 (CS5), 93.9 (C1)
(CH; \), 49.7 (CH;CH,N), 63.0 (C6), (C (C2), 79.3 (CH,F 5(C3 5 93.9 (C1),
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N, O-Dimethyl-N-(B-D-glucopyranosyl)hydroxylamine (3b). A solution of D-glucose (90 mg, 0.5 mmol) and
N, O-dimethyl-hydroxylamine hydrochloride (195 mg, 2 mmol) in 5 mL of aqueous buffer (sodium acetate/acetic
acid 0.1 M, pH 4), was stirred for 20 h at room temperature. The solvent was removed and flash
chromatography (water/methanol/ethyl acetate = 1:24:75) afforded the pure product as a colourless oil (102 mg,

N A& mmal 0V0L) 1oy = 08 (r =12 MaOH) ' NMR (400 MI> D.OY 8=26K7c T LN 294
VAU TN, 7270). (k) D= 7.0 \0 = 1.4, VIUUTLL)., 11 IVIVIN \TUV VA4, N7 ). U L. 00 (D, J 11, LX3iN ), J.65%
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3.34 (in, 2n, H3 and H5), 3.38-3.47 (m, 20, N2 ana 04), 3.4% (8, sn, C 3U}, 3.04 (aag, 1M, no, "Jsg = 5.4 HZ,
2y - n O a4 1TT TTLr 3T o 11 271 ~ A iH H1. Y trov 13wy
Jeg = 12.1 Hz), 3.83 (dd, 1H, H6’, "J 55 = 1.8 Hz, “J¢s = 12.1 Hz), 4.02 (d, 1, %312 = 8.5 Hz);"C NMR

(400 MHz, D,O): 8 = 40.35 (CH3N), 62.28 (CH30), 63.23 (C6), 71.82 (C3), 72.10 (C4), 79.42(C2), 79.71
(C5), 95.19 (C1); MS: m/z = 224 (M+H"), 192 (M-OMe); Anal. Calcd. for CgH7NOg (223.2): C 43.05, H 7.68,
N 6.28; found. C 43.25, H7.76, N 6.22.

N, O-Dimethyl-N-(2-aminoacetyl-2-deoxy-B-D-glucopyranosyl)hydroxylamine  (3c). N-Acetyl-glucosylamine
(100 mg, 0.45 mmol) and N, O- uuncmymydmxylan‘uﬁe uyurOCmGriuc {176 mg, 1.8 mmiol) were reacted u.smg the
same procedure described for 3b. The crude material was purified by chromatography (water/methanoi/ethyi
acetate = 1:24:75) affording, after precipitation from diethyl cther, 47 mg of 3¢, (40%). [0 b = +3.1 (c = 2.2,
MeOH). 'H NMR (400 MHz, D;0): 8= 1.90 (s, 3H, CH;CO), 2.58 (s, 3 H, CH:N), 3.25-3.30 (m, 1H, H4),
3.30 (s, 3H, CH;0), 3.30-3.45 (m, 1H, H3), 3.55-3.65 (m, 1H, HS5), 3.65-3.80 (m, 2H, H6 and H6’), 3.84 (dd,
1H, H2, *J ;5 =1 1., = 9.8 Hz), 4.06 (d, 1H, H1);"*C NMR (400 MHz, D,0): 17.8 (CH,CO), 35.4 (CH;N), 56.5
(CH;0), 58.0 (C5), 58.1 (C2), 66.6 (C6), 72.6 (C3), 74.4 (C4), 88.3 (C1), 171.5 (CH1CO); MS: m/z = 265
(M+H"), 234 (M- OMe); C;gH3N;04 (264.3) caled. C 45.44, H 7.63, N 10.60; found C 45.47, H7.71, N 10.57.

N-ethyl-O-benzyl-N-([3-D-galactosyl }hydroxylamine. D-galactose (50 mg, 0.28 mmol) and N-ethyl-O-
benzylhydroxylamine (63 mg, 0.42 mmol) were reacted using the same protocol as for 3a. The product was
purified to afford 52 mg of a colourless oil (60%). The product consisted of a mixture of the $-pyranose (80%)
and the B-furanose (20%) forms. MS (ESI): m/z = 3143 (M + H*"); Anal. Calcd. for C sH,3NOg (313.3 ): C
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57.50, H 7.40, N 4.47; found: C 57.42, H 7.37, N 4.49. As it was not possible to separate the two forms by
chromatographic methods the two compounds were characterised as a mixture: N-Ethyl-O-benzyl-N-(f-D-
galactopyranosyl)hydroxylamine (3d). '"H NMR (400 MHz, D,0): §=1.09 (t, 3 H, CH;CH,N, 33=172 Hz),
2.91 (dq, 1H, CHsCH:N, *J=12.7 Hz, *J=7.2 Hz,), 3.07 (dg, 1H, CH;CH:N, *J = 12.7 Hz, °J = 7.2 Hz), 3.49-
3.68 (m, 4H, H3-H5-H6-H6"), 3.73 (dd, 1H, H2, °J ;= *J ;3= 9.1 Hz), 3.80 (d, 1H, H4, *J 3, = 3.3 Hz), 4.08 (d,
1H, H1, ’J 12 = 9.1 Hz), 477 2H, CH,Ph), 7.3 (m, 5H, Huom); °C NMR (400 MHz, D,0): 8= 14.0
LH,CHZN) 489 (CH;CH;N), 63.5 (C6), 69.7 (C2), 71.4 (C4), 76.5 (C3), 78.9 (C5), 79.1 (CH,Ph), 94.7 (C1),

1310, 131.7, 138.0 (Curom). N_Ethul_-0 . honavl N_{R.D_oalaetafirannou] vudrazrulameins [T NRAD (AN AT
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D,0): 6 =1.05-1.15 (m, 3 H, CH,CH,N), 2.8-3.1 (m, 2H, CH3CH:N), 3.5-3.8 (m, 4H, H4,HS, 2H6), 4.04 (dd,
S S - e ~ T e — I —_— - ww w4 o s o s - I N

1H, H3, )13 J = 7.0 Hz), 4.24 (da, 1H, H2Z), 4.4/ (d, I1H, HI, "J,,= /.0 Hz), 4.7-4.5 (m, 2H, Lﬂzl’h)

H,
N, O-Dimethyl-N-(B-D-lactosyl)hydroxylamine (3e). D-Lactose monohydrate (100 mg, 0.28 mmol) was reacted
with N, O-dimethylhvdroxylamine hydrochloride (110 mg, 1.12 mmol) in water (acetate buffer, pH 4) for 20 h at
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room temnerature. The solvent was removed. and flash chromatosranhy (waterfmethanol/chloroform
Toor er ature. 1t was removed,
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0.5:50:50) afforded pure 3e which was finally precipitated in diethyl ether as a white solid (102 mg, 0.27 mmol,
95% yieid). [o’p = -3.0 (¢ = 0.3, MeOH). 'H NMR (400 MHz, D,0): § = 2.64 (s, 3H, CH;N), 3.47 (s, 3H,
CH;0), 3.4-3.8 (m, 11H, H2, H2’, H3, H3’, H4, H4’, H5, H5’and 3 protons among H6 and H6’), 3.87 (dd, 1H,
H6 or H6’, >Js.s = 2.1 Hz, 2J ¢ = 12.3 Hz), 4.03 (d, 1H, H1, *J ., = 9.0 Hz), 4.34 (d, 1H, HI", °J ., = 7.8 Hz);
BC NMR (400 MHz, D,0): § = 40.4 (C7), 62.4 (C8), 62.6, 63.4 (C6-C6), 70.9, 71.8, 73.3, 74.8, 77.7, 78.0,
78.6, 80.5 (C2-C2’-C3-C3’-C4-C4’-C5-C5’), 95.0 (C1), 105.2 (C1’); MS: m/z = 386 (M + H"); C4H;7NO,,

(385.4) calcd. C 43.63, H 7.06, N 3.63, found C 43.44, H 7.04, N 3.69.

N, O-Dimethyl-N-(a-D-mannosyl)hydroxylamine. A solution of D-mannose (100 mg, 0.55 mmol) and N,O-
dimethyl-hydroxylamine hydrochloride (270 mg, 2.2 mmol) in 5 mL of aqueous buffer (sodium acetate/acetic
acid 0.1 M, pH 4) was stirred at room temperature. After one week the solvent was evaporated and the product
purified by flash chromatography on silica gel (water/methanol/ethyl acetate = 1:24:75) to afford 30 mg of 3f
(24% yield). The final product contained 77% of the a-pyranose form and 13% of the a—furanose form that
were not isolated but characterised in the mixture. The analysis of the mixture gave the following values: MS:
m/z = 224 (M+H"), 192 (M-OMe); Anal. Calcd. for CgH;sNOg (223.2): C 43.05, H 7.68, N 6.28; found: C
42.98, H 7.73, N 6.31. N,O-Dimethyl-N-(a-D-mannopyranosyl)hydroxylamine (3f). '"H NMR (400 MHz, D,0):

R_NEA S CH.N). 3.46 (5. 3H. CH.0O). 3.50 (dd. 1H. H4 3y _3y  _oNLI.\ 2 £9 744 11T 1TL 3T

O =L.54 (S, 3H, CaiN), 3.46 (s, on, CiiaUj, 5.5V (Aq, 1, 04, J34= J45= 7.0 NZj, 3.62 (aq, in, nb, Jse=
rayath &4 f ~ Ay ~ "IN s " TTLN S ™A 11 1TTY YT - -1 Y 3' - 4 YT _

6.0 Hz, “Jss= 12 Hz), 3.70 (m, 1H, HS), 3.74 (dd, 1H, H6), 3.77 3, “J23= 3.4 Hz, °J ;4= 9.0 Hz),

-~ 13~ wte oaos PP

4.05 (d, 1H, HI, ’J 12 = 2.1 Hz), 4.08 (dd, iH, H2, "J .= 2.1 Hz, °J 1= 54111) C NMR (4UUMHZ 1)2(_))
36.80 (CH3N), 57.07 (CH;0), 58.25 (C6), 64.03 (C4), 65.52 (C2), 68.04 (C3), 72.71 (C5), 90.90 (C1). N,0-
Dimethyl-N-(a-D-mannofuranosyl)hydroxylamine. 'H NMR (400 MHz, D,0): 8 =2.59 (s, 3 H, CH;N), 3.48 (s,
3H, CH,0), 3.5-3.8 (m, 3H, H5, H6, H6"), 3.93 (d, 1H, H4, *J,s= 9.0 Hz), 4.23 (dd, 1H, H3, *J34= 2.5 Hz),
4.33 (dd, 1H, H2, J,,= 4.3 Hz), 4.47 (d, 1H, H1, *J,,= 7.0 Hz).

s R Y 1. %4 PURRpIPS i |

N-Octyl-O-methyl-N-(3-D-glucopyranosyl)hydroxylamine  (3g). N-Octyl-O-methyl hydroxylamine was
synthesised from caprylic aldehyde through oxime formation and subsequent reduction with NaCNBH; as
described for compound 2a. A solution of D-glucose (90 mg, 0.5 mmol) and N-octyl-O-methylhydroxylamine
(80mg, 0.5 mmol) in 5 mL of DMF/water (9:1, v/v), was stirred for 20 h at room temperature. The solvent was
evaporated and the crude purified by flash chromatography (methanol/ethyl acetate = 1:9) to afford 49 mg of a
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colouriess oii (30% yieid). 'H NMR (400 MHz, D,0): 6 =0.73 (bt, 3 H, CHsoctyi), 1-1.5 (m, i12H, CH,octyl),
2.73 (m, 1H, N-CH,), 2.94 (m, 1H, N-CHg), 3.21-3.26 (m, 2H, H4 and HS), 3.37 (dd, 1H, H3, J23— "134 = 8.9
Hz), 3.44 (dd, 1H, H2, °J 1;= )3 = 8.9 Hz), 3.48 (s, 3H, OCH3), 3.58 (dd, 1H, H6, *J s6= 4.0 Hz, T ¢s=11.9
Hz), 3.76 (bd, 1H, H6"), 4.02 (d, 1H, H1, T, = 8.9 Hz);’C NMR (400 MHz, CDCh): & = 16.6 (CHsoctyl),
25.2,29.9, 30.0, 31.8, 32.0, 34.3 (CH,octyl), 56.0 (N-CHa), 63.9 (C6), 65.5 (OCH3), 71.8 (C3), 72.4 (C4), 79.7
(C2), 80.1 (C5), 95.2 (C1). MS: nv/z = 322 (M+ H"). Anal. Calcd. for C;sH3NOs (321.2): C 56.08, H 9.66, N

4.36. Found: C 56.32, H 9.88, N 4.54.

N-Methyl-hydroxylaminopeptide (5). The tripeptide Ac-Lys(Dde)-Ala-Lys(Boc)-NH, was synthesised using No-
Fmoc chemistry according to the typical procedure for solid phase synthesis. The No-Fmoc amino acids side
chains were protected as follows: 1-(4,4-dimethyl-2,6-dioxocyclohexylidene)ethyl (Dde) for N-terminal Lys,
tert-butoxycarbonyl (Boc) for the other Lys. The Noi-Fmoc amino acids were assembled on Rink amide MBHA
resin (2g, 0.82 mmol) using the following coupling conditions: Fmoc-amino acid (1.5 equiv.), benzotriazole-1-yl-
oxy-tris-pyrrolidino-phosphonium hexafluorophosphate (PyBOP) (640 mg, 1.5 equiv.) in presence of N,N-

diisopropylethylamine (DIPEA) (420 ul, 3 equiv.) in 20 mL of dimethylformamide (DMF) for 30 min. Removal
of Pmoc protecting groups was achieved by subsequent piperidine cycles (20% v/v in DMF, 3x10 min). N-
acetyiation of the N-terminai iysine o-amino group was performed with 20 mi of a solution of Ac,0 (10%) and
pyridine (10%) in DMF (30 min, room temperature) affording the protected peptide Ac-Lys(Dde)-A-Lys(Boc)-
resin. The e-lysine Dde protecting group was then removed with hydrazine (2%, v/v) in DMF and the
succinimide ester of the N-Boc,0-carboxymethylhydroxylamine (M, = 288 , 520 mg, 2.2 equiv.) was directly
coupled to the peptide-resin in the presence of DIPEA (560 pl, 4 equiv.). The peptide was then cleaved from the
resin by treatment with a mixture 2.5% (v/v) of tris-isopropylsilane (TIS), 2.5% water and 85% trifluoroacetic

acid (TFA) at room temperature (3 x 1 hour). In these conditions the Boc groups were also cleaved. The

B niatd L=

combined filtrates were precinitated with diethvl ether, filtered and washed three times with cold diethv] ether
combined fitrates were precipit aietnyl ether, fitered and wasned taree tunes with coid diethyl ether.
Tha Crik An gp—" <rno miirifiad ey meamarativa DY O favadiant N0 t~ SN0 anluant B i 20 snen) ta aoffised A ao n
11 W1 L }K;P Wab Pulu A9 3 Uy Plcpal ativu 111 1.\ . \Elaul\.«lll A /0 W IO /U DULYGLLL L 1 OV 11 l,’ (49 IVIU = adas 4

white powder (K— .3 min., M, = 460, 360 mg, 95% yield). ESI-MS: m/z = 460.4 (M"). Peptide 4 (200 mg,
0.43 mmol) was reacted with aqueous formaldehyde (37% solution in water, 50 pl, 1.1 equiv.) in 10 mL of 0.1
M acetate buffer (pH 4.0) and the corresponding N-methyloxime-peptide was purified by semipreparative HPLC
(gradient of 0% to 50% solvent B in 30 min). After lyophilisation, the pure oxime-peptide was recovered as a
white powder (92% yield). The oxime-peptide (M; = 472, 100 mg, 0.21mmol) was finally reduced with
NaCNBH; (54 mg, 4 equiv.) in 10 mL of acetic acid (10 min, room temperature). The crude peptide 5 was
purified by semipreparative HPLC (gradient of 0% to 50% solvent B in 30 min) affording peptide 5 (180 mg,
89%) (R= 13.1 min, ESI-MS: m/z = 474.7 (M+H).

'H-NMR (400 MHz, D,0): § = 1.27 (d, 3H, CH; Ala , J = 7.1 Hz), 1.2-1.8 (m, 12 H, CH,p, CHay, CHy5 of Lys1
and Lys 3), 1.90 (s, 3H, CH,CO), 2.72 (bd, 3H, CH,N), 2.88 (bt, 2H, CHy Lys 3), 3.14 (bt, 2H, CHy, Lys 1),
3.22 (s, 2H, CH,-O-N), 4.05-4.20 (m, 3H, H,, Ala, Lys 1,Lys 3); MS (ESI): m/z = 474.1 (M+H).
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purification, glycopeptide 6a was obtained as a white powder (16 mg, 62%).
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I1-INIVIIN \U\JU iVEE1Z, LIOVJ ). O = 1.20 (U, JI11, L I3 Ald, J = [.£ ¥14), 1.4-1.0 \11}, 12 11, \,HZB, any, LI U1 LLYS |
and Lys 3), 1.90 (s, 3H, CH3CO), 2.67 (s, 3H, CH;N), 2.89 (dd, 2H, CHaze Lys 3, Jes = 7.5 Hz, e = 4.0

Hz), 3.12 (bt, 2H, CHy Lys 1, *J .5 = 8.4), 3.22 (s, 2H, CH,-0-N), 3.32 (m, |H, H4 Gk), 3.47 (m, 1H, H5, *J.5
= 8 Hz Gk), 3.76 (m, 1H, H3 and H2 Glc),3.62 (dd, 1H, H6, *J ¢ = 12.5 Hz, *J s = 5.9 Hz Glc), 3.80 (dd, 1H,
H6', Jes = 12.5 Hz, *J s = 1.9 Hz Glc), 4.13 (d, 1H, H1,%J ;2 = 8.7 Hz Glc), 4.15 (m, 1H, Hy Lys 1), 4.21 (m,
1H, H,, Lys 3), 4.25 (m, 1H, H, Ala 1),MS (ESD): m/z = 635.9 (M+H).

s,

Giycopeptide 6b was obtained after 144 h at 60 °C (19 mg, 57% yield). R, 11.1 min (gradient of 0% to 50%
solvent B in 30 min), ESI-MS: m/z = 798.2 (M+H). Glycopeptide 6¢ was obtained after 144 h at 60 °C (14 mg,
35% yield). R, 10.3 min (gradient of 0% to 50% solvent B in 30 min), ESI-MS: m/z = 959.8 (M+H).
Glycopeptide 6d was obtained after 48 h at room temperature (20 mg, 70% yield). R, 13.6 min (gradient of 0%

to 50% solvent B in 60 min), ESI-MS: m/z = 677.7 (M+H).
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