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Scheme S1. Sd-attack followed by thio-mitsunobu mechanism.
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Scheme S2. Sy-attack followed by thio-mitsunobu mechanism.
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General procedures

Melting points were recorded on a Kofler hot block and are uncorrected. Proton nuclear
magnetic resonance (o) spectra were recorded on a Bruker AV400 (400 MHz), or by
Dr. B. Odell or Dr. T. Claridge on a Bruker AVII500 (500 MHz) spectrometer. Carbon
nuclear magnetic resonance (&¢) spectra were recorded on a Bruker AV400 (100.7
MHz) spectrometer or by Dr. B. Odell or Dr. T. Claridge on a Bruker AVII500 (125.8
MHz) spectrometer. Spectra were fully assigned using COSY and HMQC; multiplicities
were assigned using DEPT 135. All chemical shifts are quoted on the & scale in ppm
using residual solvent as the internal standard (1H NMR: CDCl; = 7.26, CD;0D = 4.87;
C NMR: CDCl; = 77.0; CD;OD = 49.0; D,O = 4.80). The following splitting

abbreviations were used: s = singlet, d = doublet, t = triplet, g = quartet, a = apparent.

Infrared spectra were recorded on a Bruker Tensor 27 Fourier Transform
spectrophotometer using thin films on NaCl plates for oils and KBr discs for solids and
crystals. Absorption maxima (vma) are reported in wavenumbers (cm™) and classified
as strong (s) or broad (br). Only signals representing functional groups are reported; C-

H absorptions as well as the fingerprint region are not listed.

Low resolution mass spectra were recorded on a Micromass Platform 1 spectrometer
using electrospray ionization (ESI) or by Mr. Robin Proctor using a Walters 2790-
Micromass LCT electrospray ionization mass spectrometer. High resolution mass
spectra were recorded by Mr. Robin Proctor on a Walters 2790-Micromass LCT

electrospray ionization mass spectrometer. m/z values are reported in Daltons.

Optical rotations were measured on a Perkin-Elmer 241 polarimeter with a path length
of 1 dm and are reported with implied units of 10" deg cm® g™'. Concentrations (c) are

given in g/100 ml.

Thin layer chromatography (TLC) was carried out using Merck aluminium backed
sheets coated with 60F.s, silica gel. Visualization of the silica plates was achieved
using a UV lamp (Amax = 254 nm), and/or ammonium molybdate (5% in 2M H,SO,), or
potassium permanganate (5% in 1M NaOH). Flash column chromatography was
carried out using BDH PROLAB® 40-63 mm silica gel (VWR).
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Anhydrous solvents were purchased from Fluka or Acros except dichloromethane
which was distilled over calcium hydride. All other solvents were used as supplied
(Analytical or HPLC grade), without prior purification. Distilled water was used for
chemical reactions and Milli-Q water for protein modifications. Reagents were
purchased from Aldrich and used as supplied. ‘Petrol’ refers to the fraction of light
petroleum ether boiling in the range 40-60 °C. All reactions using anhydrous conditions
were performed using flame-dried apparatus under an atmosphere of argon or

nitrogen.

Protein Mass Spectrometry: Liquid chromatography-mass spectrometry (LC-MS) was
performed on a Micromass LCT (ESI-TOF-MS) coupled to a Waters Alliance 2790
HPLC using a Phenomenex Jupiter C4 column (250 x 4.6 mm Xx 5um).
Water:acetonitrile, 95:5 (solvent A) and acetonitrile (solvent B), each containing 0.1%
formic acid, were used as the mobile phase at a flow rate of 1.0 mL min™. The gradient
was programmed as follows: 95% A (5 min isocratic) to 100% B after 15 min then
isocratic for 5 min. The electrospray source of LCT was operated with a capillary
voltage of 3.2 kV and a cone voltage of 25 V. Nitrogen was used as the nebulizer and
desolvation gas at a total flow of 600 | hr'. Spectra were calibrated using a calibration
curve constructed from a minimum of 17 matched peaks from the multiply charged ion
series of equine myoglobin, which was also obtained at a cone voltage of 25V. Total
mass spectra were reconstructed from the ion series using the MaxEnt algorithm
preinstalled on MassLynx software (v. 4.0 from Waters) according to manufacturer’s

instructions.
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p-Nitrophenyl 2,3,4,6-tetra- O-benzyl-1-thio-a-D-glucopyranoside 2

OBn
n
BnOS
NO,

Tributylphosphine (51 ul, 0.206 mmol) was added to a stirred solution of p-nitrophenyl
2,3,4,6-tetra-O-benzyl-p-D-glucopyranosyl disulfide’ 1 (73 mg, 0.103 mmol) in
anhydrous dichloromethane (2 ml) under an atmosphere of argon. The reaction mixture
instantly became a dark orange red, but the colour faded rapidly to very pale yellow
within 15 min. After 1 h, t.l.c. (petrol:ethyl acetate, 8:2) showed formation of a major
product (R 0.4). The reaction mixture was concentrated in vacuo and the resulting
residue purified by flash column chromatography (petrol:ethyl acetate, 9:1) to afford p-
nitrophenyl 2,3,4,6-tetra- O-benzyl-1-thio-a-D-glucopyranoside 2 (52 mg, 74%) as a pale
yellow solid; [a]p® +184 (c, 1 in CHCIls); vma (KBr disc) no significant peaks;
Oy (400 MHz, CDCl3) 3.58 (1H, dd, Js¢ 1.8 Hz, Jse 10.7 Hz, H-6), 3.69-3.76 (2H, m,
H-4, H-6’), 3.90 (1H, at, J 9.1 Hz, H-3), 3.98 (1H, dd, J;» 5.8 Hz, J,5 9.6 Hz, H-2), 4.17
(1H, ddd, Js5 10.0 Hz, Jss 1.8 Hz, Jse 3.6 Hz, H-5), 4.42, 4.58 (2H, ABq, Jas 11.9 Hz,
OCH,Ph), 4.50, 5.00 (2H, ABq, Jag 10.7 Hz, OCH,Ph), 4.74 (2H, s, OCH,Ph), 4.83,
4.87 (2H, ABq, Jap 9.6 Hz, OCH,Ph), 5.80 (1H, d, J;2 5.3 Hz, H-1), 7.14-7.38 (20H, m,
Ar-H), 756 (2H, d, J 8.8 Hz, 0-PhNO,), 8.08 (2H, d, J 8.8 Hz, p-PhNO);
dc (100.7 MHz, CDCl;) 68.3 (t, C-6), 71.7 (d, C-5), 73.0, 73.5, 75.2, 75.9 (4 x t,
4 x OCH,Ph), 77.1 (d, C-4), 79.4 (d, C-2), 82.4 (d, C-3), 85.3 (d, C-1), 123.8, 127.8,
127.9, 128.0, 128.1, 128.4, 128.5, 128.6, 129.1 (9 x d, 24 x Ar-C), 137.3, 137.6, 137.9,
138.4, 144.9, 145.9 (6 x s, 6 x Ar-C); m/z (ES*) 700 (MNa*, 100%); HRMS (ES*) Calcd.
for C4H3gNNaO,S (MNa*) 700.2340. Found: 700.2339; Found: C, 72.44%; H, 5.68%,
N, 2.09%. C4oH39sNO;S requires: C, 71.88%; H, 5.80%; N, 2.07%.

A) General procedure for desulfurization reaction

Typically, the disulfide-linked glycoaminoacid/glycopeptide was dissolved in degassed
anhydrous methanol (1 mL for a 50 mg scale reaction). The phosphine reagent (2.0-2.2
equivalents) was added via microsyringe, and the resulting solution stirred under an
atmosphere of argon. After t.l.c. (petrol:ethyl acetate) showed complete consumption of
starting material and formation of a major product, the reaction mixture was
concentrated in vacuo and the resulting residue purified by flash column

chromatography.
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N-Acetyl-DL-cysteine-S-(2,3,4,6-tetra-O-benzyl--D-glucopyaranoside) methyl

OBn
B”Oé&
BnO S
OBn
AcHN OMe

O
Using the general procedure, N-acetyl-DL-cysteine-S-(2,3,4,6-tetra-O-benzyl-p-D-

ester 4

glucopyaranoside) methyl ester 4 was prepared as a thin film being a mixture of
epimers (D:L, 1:1) on a 0.068 mmol (substrate) scale; Yield: 73%; R; 0.4 (petrol:ethyl
acetate, 1:1); [o]p'® -13.6 (c, 0.5 in CHCI3); Umax (thin film) 3361 (br, NH) 1744 (s, C=0)
1661 (s, C=0) cm™; 3y (500 MHz, CDCls) 1.84, 1.87 (6H, 2 x s, HNC(O)CHjsD,
HNC(O)CHsL), 3.10, 3.14 (2H, 2 x dd, Jouw 14.6 Hz, Joun 7.2 Hz, CH,H'D, CH,H'L),
3.22, 3.23 (2H, dd, Joun 14.6 Hz, Joyn 4.2 Hz, CH,H'D, CH,H'L), 3.25-3.29 (2H, m,
H-5D, H-5L), 3.32, 3.36 (2H, 2 x at, J 9.1 Hz, H-2D, H-2L), 3.40-3.49 (2H, m, H-4D,
H-4L), 3.66-3.68 (2H, 2 x at, J 8.6 Hz, H-3D, H-3L), 3.70-3.77 (4H, m, H-6D, H-6L, H-6'D,
H-6'L), 3.75, 3.78 (6H, 2 x s, OCH3D, OCHjsL), 4.38, 4.40 (2H, 2 x d, J;» 9.8 Hz, H-1D,
H-1L), 4.49-4.99 (18H, m, 4 x OCH.PhD, 4 x OCH.PhL, aHD, aHL) 6.85, 6.95 (2H,
2 x d, Unnen 7.9 Hz, HNC(O)CH3D, HNC(O)CHsL), 7.15-7.36 (40H, m, 20 x Ar-HD,
20 x Ar-HL); d¢ (125.8 MHz, CDCl3) 22.5, 22.6 (2 x g, HNC(O)CH3D, HNC(O)CHsL),
32.8, 34.6 (2 x t, CH,HD, CH,HL), 52.4, 52.5 (2 x d, aCD, aCL), 52.6, 52.9 (2 x q,
OCHjsD, OCHaL), 68.7, 69.7 (2 x t, C-6D, C-6L), 73.6, 73.7, 75.1, 75.2, 75.5, 75.6, 75.7,
75.8 (8 x t, 4 x OCH.PhD, 4 x OCH,PhL), 77.5, 77.7 (2 x d, C-4D, C-4L), 78.5, 78.8
(2 x d, C-2p, C-2L), 81.0, 81.7 (2 x d, C-5D, C-5L), 85.6, 86.1 (2 x d, C-1D, C-1L), 86.4,
86.5 (2 x d, C-3D, C-3L), 127.6, 127.7, 127.8, 127.9, 128.0, 128.1, 128.2, 128.3, 128.4,
128.5 (10 x d, 20 x Ar-Cb, 20 x Ar-CL), 137.3, 137.5, 137.6, 137.7, 137.8, 138.2, 138.3
(7 x s, 4 x Ar-CD, 4 x Ar-CL), 170.2, 170.3, 170.5, 170.9 (4 x s, HNC(O)CHsD,
HNC(O)CHsL, CO,CH3D, CO,CHaL); m/z (ES*) 758 (MMeCNNH,*, 100%); HRMS (ES")
Calcd. for C4oH4sNNaOgS (MNa*) 722.2758. Found: 722.2759.
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N-Acetyl-DL-cysteine-S-(2,3,4-tri- O-benzyl-1-thio-a-L-fucopyranoside) methyl
ester 6
OMe
S 0]
?;OZ oBnNHAC
Bn OOBn

Using the general procedure, N-acetyl-DL-cysteine-S-(2,3,4-tri-O-benzyl-1-thio-o-L-
fucopyranoside) methyl ester 6 was prepared as a colourless oil being a mixture of
epimers (D:L, 1:1) on a 0.048 mmol (substrate) scale; Yield: 61%; R¢ 0.4 (ethyl acetate);
[a]o® -4.3 (¢, 0.5 in CHCl3); Vmax (thin film) 3299 (br, NH) 1746 (s, C=0) 1654 (s, C=0)
cm™; &y (500 MHz, CDCls) &y (500 MHz, CDCls) 1.14 (1H, d, J 6.5 Hz, CHgD), 1.22
(1H, d, J 6.4 Hz, CHaL), 1.97 (3H, s, HNC(O)CH3D), 1.98 (3H, s, HNC(O)CHaL), 2.77
(1H, dd, Jeuw 14.5 Hz, Joun 3.3 Hz, CHHD), 2.85 (1H, dd, Jouw 14.0 Hz,
Jonn 5.7 Hz, CH,HL), 3.07 (1H, dd, Jeun 13.8 Hz, Jow o 4.3 Hz, CH,H'L), 3.29 (1H,
dd, Jonp 14.7 Hz, Jow.n 4.7 Hz, CH,H'D), 3.63-3.67 (2H, m, H-3D, H-4D), 3.74-3.79
(2H, m, H-3L, H-4L), 3.76, 3.77 (6H, 2 x s, OCH3;D, OCHaL), 4.07 (1H, q, J 6.5 Hz,
H-5D), 4.15 (1H, q, J 6.5 Hz, H-5L), 4.28 (2H, dd, J;» 5.7 Hz, J,53 9.9 Hz, H-2D, H-2L),
4.64-4.99 (14H, m, 3 x OCH,PhD, 3 x OCH,PhL, aHD, aHL), 5.21 (1H, d, J;» 5.6 Hz,
H-1D), 5.48 (1H, d, J1» 5.4 Hz, H-1L), 6.21 (1H, br d, Ju4,.+ 7.8 Hz, HNC(O)CH3D), 7.07
(1H, br d, Jupen 9.0 Hz, HNC(O)CHaL), 7.29-7.40 (30H, m, 15 x Ar-HD, 15 x Ar-HL);
Oc (125.8 MHz, CDCl3) 14.1, 16.5 (2 x q, CH3D, CHsL), 22.7, 23.1 (2 x q, HNC(O)CH3D,
HNC(O)CHsL), 35.0, 37.3 (2 x t, CH,H'D, CH,H'L), 52.1, 52.2 (2 x d, aCD, aCL), 52.5,
52.7 (2 x q, OCH3D, OCH3aL), 67.8, 68.0 (2 x d, C-5D, C-5L), 72.6, 72.8, 73.5 (3 x t,
3 x OCH,PhD, 3 x OCH,PhL), 75.0, 75.9 (2 x d, C-2D, C-2L), 76.0, 76.7, 76.9, 77.2
(4 x d, C-3p, C-3L, C-4D, C-4L), 86.5 (d, C-1D, C-1L), 127.4, 127.5, 127.6, 127.7, 127.8,
127.9, 128.0, 128.2, 128.3, 128.4, 128.5, 128.6 (12 x d, 15 x Ar-CD, 15 x Ar-CL), 138.2,
138.6 (2 x s, 3 X Ar-CD, 3 x Ar-CL), 169.9, 170.0, 170.9 (3 x s, COOCH3D, COOCHGL,
HNCOCH;D, HNCOCHsL); m/z (ES*) 615 (MNa®, 100%); HRMS (ES*) Calcd. for
CasHagNNaO-,S (MNa*) 616.2339. Found: 616.2340.
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N-Acetyl-DL-cysteine-S-(2,3,4,6-tetra-O-acetyl-3-D-glucopyaranoside) methyl

OAc
Acoéow
AcO O S
C
AcHN OMe

0]
Using the general procedure, N-acetyl-DL-cysteine-S-(2,3,4,6-tetra-O-acetyl-p-D-

ester 8

glucopyaranoside) methyl ester 8 was prepared as a colourless oil being a mixture of
epimers (D:L, 1:1) on a 0.093 mmol (substrate) scale; Yield: 72%; R¢ 0.3 (petrol:ethyl
acetate, 1:4); [a]p'® +4.0 (¢, 0.75 in CHCls); vmax (thin film) 3383 (br, NH) 1750 (s, C=0)
1668 (s, C=0) cm™"; 8y (500 MHz, CDCl,) 2.01, 2.02, 2.03, 2.04, 2.06, 2.07, 2.08, 2.11,
2.13 (30H, 9 x s, 4 x C(O)CHj3D, 4 x C(O)CHsL, HNC(O)CHsD, HNC(O)CHsL), 3.05, 3.08
(2H, 2 x dd, Jeyn 14.2 Hz, Joy 5.7 Hz, CHHD, CH,HL), 3.20, 3.23 (2H, dd,
Jonp 14.1 Hz, Jowon 3.3 Hz, CH,H'D, CH,HL), 3.70-3.75 (2H, m, H-5D, H-5L), 3.77,
3.78 (6H, 2 x s, OCH3D, OCHjsL), 4.17, 4.20 (2H, 2 x dd, Js6 2.1 Hz, Js s 12.4 Hz, H-6D,
H-6L), 4.24, 4.26 (2H, 2 x dd, Js¢ 5.4 Hz, Jse 12.4 Hz, H-6'D, H-6'L), 4.49, 4.53 (2H,
2 x d, J;» 10.1 Hz, H-1D, H-1L), 4.78-4.84 (2H, m, oHD, aHL), 4.98, 4.99 (2H, 2 x at,
J 9.7 Hz, H-2D, H-2L), 5.04, 5.08 (2H, 2 x at, J 9.5 Hz, H-4D, H-4L), 5.20, 5.23 (2H,
2 x at, J 9.4 Hz, H-3D, H-3L), 6.46, 6.53 (2H, 2 x d, Jwun 7.4 Hz, HNC(O)CHj3D,
HNC(O)CHjsL); ¢ (125.8 MHz, CDCl;) 20.6, 20.7 (2 x g, 4 x C(O)CH3D, 4 x C(O)CHjsL),
22.9 (q, HNC(O)CH3b, HNC(O)CHaL), 31.7, 32.4 (2 x t, CH,H’D, CH,HL), 51.8, 52.2
(2 x d, aCD, aCL), 52.7, 52.8 (2 x g, OCH3D, OCHaL), 61.8, 62.1 (2 x t, C-6D, C-6L),
68.0, 68.1 (2 x d, C-4D, C-4L), 69.7, 69.9 (2 x d, C-2D, C-2L), 73.5 (d, C-3D, C-3L), 76.0,
76.1 (2 x d, C-5D, C-5L), 83.3, 83.7 (2 x d, C-1D, C-1L), 169.3, 169.4, 169.5, 169.6,
169.8, 169.9, 170.0, 170.1, 170.6, 170.7, 170.8, 170.9 (12 x s, 4 x C(O)CHsD,
4 x C(O)CHsL, HNC(O)CHsD, HNC(O)CHjL, CO,CHsD, CO,CHaL); m/z (ES") 566
(MMeCNNH,*, 100%); HRMS (ES*) Calcd. for CyHxgNNaO1,S (MNa®) 530.1303.
Found: 530.1296.
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N-Acetyl-DL-cysteinamide-S-(2,3,4,6-tetra- O-acetyl--D-glucopyaranoside) 10

OAc
T s
OAc
AcHNj\WNHZ

@)

Using the general procedure, N-acetyl-DL-cysteinamide-S-(2,3,4,6-tetra-O-acetyl-p-D-
glucopyaranoside) 10 was prepared as a colourless oil being a mixture of epimers (D:L,
1:1) on a 0.067 mmol (substrate) scale; Yield: 75%; R 0.3 (ethyl acetate:methanol,
95:5); [0]o®® -1.6 (¢, 0.5 in CHCl3); vmax (KBr disc) 3057 (br, NH NH,) 1752 (s, C=0)
1643 (s, C=0) cm™"; &y (500 MHz, CDCls) 2.01, 2.03, 2.04, 2.05, 2.06. 2.07, 2.08, 2.09,
2.10, 2.11 (30H, 10 x s, 4 x C(O)CH3D, 4 x C(O)CHsL, HNC(O)CHsD, HNC(O)CHaL),
2.69 (1H, dd, Jouw 14.2 Hz, Joy.n 7.4 Hz, CHH'D), 2.79 (1H, dd, Joun 14.2 Hz,
Jonon 9.0 Hz, CH,HL), 3.16 (1H, dd, Joun 14.2 Hz, Jo 1 4.4 Hz, CH,H'L), 3.34 (1H,
dd, Jony 14.3 Hz, Jowan 5.3 Hz, CH,H'D), 3.76-3.83 (1H, m, H-5D), 3.88 (1H, ddd,
Jiss 10.1 Hz, Jsg 5.2 Hz, Js 2.0 Hz, H-5L), 4.12 (1H, dd, Jss 5.3 Hz, Js e 12.4 Hz, H-6L),
4.22 (1H, dd, Jss 4.4 Hz, Js¢ 12.5 Hz, H-6D), 4.29 (1H, dd, Jss 2.1 Hz, Js¢ 12.5 Hz,
H-6'D), 4.37 (1H, dd, Js 2.0 Hz, Js¢ 12.4 Hz, H-6'L), 4.59 (1H, d, J;2 9.9 Hz, H-1D),
4.62-4.67 (1H, m, aHD), 4.76-4.80 (1H, m, aHL), 4.77 (1H, d, J;» 10.3 Hz, H-1L), 4.99
(1H, at, J 9.8 Hz, H-2L), 5.07 (1H, at, J 9.8 Hz, H-2D), 5.13 (1H, at, J 9.7 Hz, H-4L),
5.18 (1H, at, J 9.7 Hz, H-4D), 5.26, 5.27 (2H, 2 x at, J 9.3 Hz, H-3D, H-3L), 6.54, 6.63
(2H, 2 x d, JuHen 7.4 Hz, HNC(O)CH3D, HNC(O)CHjsL); &¢ (125.8 MHz, CDClz) 20.5,
20.6, 20.7, 20.8 (4 x g, 4 X C(O)CH3D, 4 x C(O)CHaL), 23.0, 23.1 (2 x g, HNC(O)CHD,
HNC(O)CHsL), 31.0, 33.9 (2 x t, CH,H'D, CH,HL), 52.2, 52.7 (2 x d, aCD, aCL), 61.6,
61.8 (2 x t, C-6D, C-6L), 67.9, 68.1 (2 x d, C-4D, C-4L), 69.2, 69.7 (2 x d, C-2D, C-2L),
73.5, 73.6 (2 x d, C-3Dp, C-3L), 76.0, 76.5 (2 x d, C-5D, C-5L), 83.1, 85.7 (2 x d, C-1D,
C-1L), 169.4, 169.5, 169.6, 170.0, 170.1, 170.2, 170.3, 170.7 (8 x s, 4 x C(O)CH3D,
4 x C(O)CHaL, HNC(O)CH3D, HNC(O)CHaL), 172.3, 173.9 (2 x s, CONH,D, CONH_L);
m/z (ES") 515 (MNa*, 100%); HRMS (ES") Calcd. for CigH2sN:NaO;;S (MNa")
515.1306. Found: 515.1304.
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N-Acetyl-DL-cysteine-S-(2,3,4,6-tetra-O-acetyl-g-D-galactopyaranoside) methyl

ester 12
AcO _0OAc
(0]
AcO OAcS
AcHN OMe

@)

Using the general procedure, N-Acetyl-DL-cysteine-S-(2,3,4,6-tetra-O-acetyl-p-D-
galactopyaranoside) methyl ester 12 was prepared as a colourless oil being a mixture
of epimers (D:L, 1:1) on a 0.124 mmol (substrate) scale; Yield: 70%; R; 0.5 (ethyl
acetate:methanol, 9:1); Umax (thin film) 3366 (br, NH) 1749 (s, C=0) 1664 (s, C=0) cm™;
Oy (500 MHz, CDCl;) 1.98, 1.99, 2.05, 2.06, 2.07, 2.08, 2.08, 2.09, 2.16, 2.17 (30H,
10 x s, 4 x C(O)CH3D, 4 x C(O)CHsL, HNC(O)CH3;b, HNC(O)CHsL), 3.04 (1H, dd,
Jonnw 14.1 Hz, Jopn 6.4 Hz, CH,HD), 3.09 (1H, dd, Jonw 14.1 Hz, Jow . 4.4 Hz,
CHHD), 3.21 (1H, dd, Jouw 13.9 Hz, Jou.n 54 Hz, CHHL), 3.24 (1H, dd,
Jonp 13.9 Hz, Jow 1 4.5 Hz, CH,H'L), 3.77, 3.82 (6H, 2 x s, OCH3D, OCHjsL), 3.96 (2H,
at, J6.5 Hz, H-5D, H-5L), 4.13 (2H, dd, Jss 2.6 Hz, Jss 11.4 Hz, H-6D, H-6L), 4.18 (2H,
dd, Jsg 4.4 Hz, Jss 11.4 Hz, H-6'D, H-6L), 4.49 (2H, 2 x d, J;» 10.3 Hz, H-1D, H-1L),
4.79-4.85 (2H, m, oHD, aHL), 5.038 (1H, dd, J,3 10.4 Hz, J;4 3.4 Hz, H-3D), 5.07 (1H,
dd, Jos 10.4 Hz, Js4 3.4 Hz, H-3L), 5.18 (1H, at, J 10.0 Hz, H-2D), 5.21 (1H, at,
J 10.0 Hz, H-2L), 5.44 (2H, br s, H-4D, H-4L), 6.44 (1H, d, J 7.4 Hz, HNC(O)CH3D), 6.55
(1H, d, J 7.3 Hz, HNC(O)CHaL); d¢ (125.8 MHz, CDCls) 20.3, 20.5, 20.7, 20.8 (4 x q,
4 x C(O)CH3;D, 4 x C(O)CHaL), 22.9, 23.0 (2 x q, HNC(O)CH3D, HNC(O)CHsL), 31.5,
32.6 (2 x t, CH,H'D, CH,H'L), 51.7, 52.2 (2 x d, aCD, aCL), 52.7, 52.8 (2 x q, OCH;D,
OCHaL), 61.4, 61.8 (2 x t, C-6D, C-6L), 66.8, 67.1 (2 x d, C-2D, C-2L), 67.2, 67.4 (2 x d,
C-4p, C-4L), 71.6, 71.7 (2 x d, C-3D, C-3L), 74.6, 74.9 (2 x d, C-5D, C-5L), 83.6, 84.2
(2 x d, C-1p, C-1L), 169.6, 169.7, 169.8, 169.9, 169.9, 170.0, 170.1, 170.2, 170.3,
170.4, 170.6, 170.9 (12 x s, 4 x C(O)CH3D, 4 x C(O)CHaL, HNC(O)CH3D, HNC(O)CHaL,
CO,CH3D, CO,CHsL); m/z (ES) 566 (MMeCNNH,", 100%); HRMS (ES*) Calcd. for
C20H2sNNaO;,S (MNa*) 530.1303. Found: 530.1321.



Bernardes et al. Supporting Information S11

N-Acetyl-DL-cysteine-S-(3,4,6-tetra-O-acetyl-2-acetamido-2-deoxy-f-D-

glucopyaranoside) methyl ester 14

OAc
R s
AcHN
AcHNj\H/OMe
O

Using the general procedure, N-acetyl-DL-cysteine-S-(3,4,6-tetra- O-acetyl-2-acetamido-
2-deoxy-B-D-glucopyaranoside) methyl ester 14 was prepared as a colourless oil being
a mixture of epimers (D:L, 6:5) on a 0.082 mmol (substrate) scale; Yield: 73%; R; 0.3
(ethyl acetate); [a]p®* -15.6 (¢, 1 in CHCIs); vmax (thin film) 3386 (br, NH) 1743 (s, C=0)
1656 (s, C=0) cm™; 84 (400 MHz, CDCls) 1.96, 1.97, 1.98, 2.03, 2.04, 2.06, 2.07, 2.10,
211, 2.20 (30H, 10 x s, 3 x C(O)CHsD, 3 x C(O)CHsL, 2 x HNC(O)CHsD,
2 x HNC(O)CHaL), 3.02 (1H, dd, Jouw 14.2 Hz, Joy 4 6.5 Hz, CH,H'D), 3.05 (1H, dd,
Jony 14.2 Hz, Jow . 4.8 Hz, CH,HD), 3.21 (1H, dd, Joyn 14.2 Hz, Jop . 5.7 Hz,
CH,HL), 3.29 (1H, dd, Jouw 14.2 Hz, Jowan 3.9 Hz, CH,H'L), 3.67-3.73 (2H, m, H-5D,
H-5L), 3.76, 3.77 (6H, 2 x s, OCH3D, OCHjsL), 4.04 (1H, at, J 9.8 Hz, H-2D), 4.06 (1H,
at, J 9.8 Hz, H-2L), 4.14 (2H, dd, Js¢ 2.2 Hz, Jss 12.5 Hz, H-6D, H-6L), 4.24 (2H, dd,
Jse 4.7 Hz, Jse 12.5 Hz, H-6'D, H-6L), 4.57 (1H, d, J;» 10.4 Hz, H-1D), 4.59 (1H, d,
Ji» 10.0 Hz, H-1L), 4.88-4.94 (2H, m, oHD, aHL), 5.06 (1H, at, J 9.8 Hz, H-4D), 5.10
(1H, at, J 9.8 Hz, H-4D), 5.13 (1H, at, J 9.6 Hz, H-3D), 5.16 (1H, at, J 9.5 Hz, H-3L),
5.71 (1H, d, Jwpn2 9.4 Hz, HNC(O)CHsD, H-2D), 5.81 (1H, d, Jyun2 9.3 Hz,
HNC(O)CHsL, H-2L), 6.58 (1H, d, Juy.n 8.1 Hz, HNC(O)CH;D, aHD), 6.68 (1H, d,
INHoH 7-3 Hz, HNC(O)CHsL, aHL); 3¢ (125.8 MHz, CDCl;) 20.5, 20.6, 20.7, 20.8 (4 x q,
3 x C(O)CH3D, 3 x C(O)CHaL), 22.9, 23.0, 23.2, 23.3 (4 x g, 2 x HNC(O)CH3D,
2 x HNC(O)CHaL), 31.9, 32.2 (2 x t, CH,H’D, CH,HL), 50.8, 52.2 (2 x d, aCD, aCL),
52.7, 52.8 (2 x q, OCH3D, OCHaL), 52.9, 53.5 (2 x d, C-2D, C-2L), 62.0, 62.1 (2 x t,
C-6D, C-6L), 67.9, 68.2 (2 x d, C-4D, C-4L), 73.5, 73.8 (2 x d, C-3D, C-3L), 76.1, 76.3
(2 x d, C-5D, C-5L), 84.2, 84.3 (2 x d, C-1D, C-1L), 169.2, 169.3, 169.4, 170.1, 170.4,
170.5, 170.6, 170.7, 170.8, 170.9, 171.0, 171.3 (12 x s, 3 X C(O)CH3D, 3 X C(O)CHaL,
2 x HNC(O)CHsb, 2 x HNC(O)CHsL, CO,CHsb, CO,CHiL); m/z(ES*) 565
(MMeCNNH,*, 100%). HRMS (ES*) Calcd. for CgHsN2NaO;S (MNa') 529.1463.
Found: 529.1462.
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N-Acetyl-DL-cysteine-S-(B-D-glucopyranoside) methyl ester 16

OH
Hﬁ)oé%ﬁsj\rr
AcHN OMe
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Using the general procedure, N-acetyl-DL-cysteine-S-(B-D-glucopyranoside) methyl
ester 16 was prepared as a white foam being a mixture of epimers (D:L, 1:1) on a 0.064
mmol (substrate) scale; Yield: 68%; R; 0.3 (ethyl acetate:iso-propanol:water, 5:3:1);
[a]o® +0.0 (c, 0.5 in MeOH); Umax (thin film) 3442 (br, NH OH) 1643 (s, C=0) cm™;
oy (500 MHz, CD5;0D) 2.03, 2.04 (6H, 2 x s, HNC(O)CH3b, HNC(O)CHsL), 2.95 (1H,
dd, Jepw 14.2 Hz, Jown 8.1 Hz, CH,H'D), 3.09 (1H, dd, Jeun 14.3 Hz, Jonn 8.3 Hz,
CH,HL), 3.20 (1H, dd, Jeuw 14.5 Hz, Jown 7.8 Hz, CH,H'L), 3.26-3.40 (7H, m, H-2D,
H-2L, H-3D, H-3L, H-4D, H-4L, CH,H'D), 3.59-3.66 (2H, m, H-5D, H-5L), 3.69 (1H, dd,
Jsp 6.0 Hz, Js e 13.0 Hz, H-6D), 3.76 (6H, s, OCH3D, OCH3L), 3.77-3.79 (1H, m, H-6L),
3.83 (1H, dd, Js¢ 2.4 Hz, Js s 12.0 Hz, H-6'D), 3.90 (1H, dd, Js¢ 1.7 Hz, Js s 12.0 Hz,
H-6'L), 4.41 (1H, d, Ji» 9.7 Hz, H-1D), 4.43 (1H, d, J;2 9.7 Hz, H-1L), 4.69-4.72 (1H, m,
aHD), 4.76-4.78 (1H, m, aHL); 8¢ (125.8 MHz, CD;0D) 22.4, 22.5 (2 x g, HNC(O)CHD,
HNC(O)CHsL), 31.9, 33.0 (2 x t, CH,H'D, CH,H'L), 52.9, 54.3 (2 x d, aCD, aCL), 54.6,
55.5 (2 x q, OCH3D, OCHaL), 62.7, 62.9 (2 x t, C-6D, C-6L), 71.6, 71.8 (2 x d, C-2D,
C-2L), 74.2, 74.4 (2 x d, C-5D, C-5L), 78.1, 79.5 (2 x d, C-4D, C-4L), 82.1, 82.3 (2 x d,
C-3p, C-3L), 86.8, 87.8 (2 x d, C-1D, C-1L), 172.7, 173.5 (2 x s, HNC(O)CHjsD,
HNC(O)CHsL, CO,CH3D, CO,CHaL); m/z (ES*) 362 (MNa*, 100%); HRMS (ES*) Calcd.
for C12H21NNaOsS (MNa*) 362.0880. Found: 362.0870.

N-Acetyl-DL-cysteine-S- (2-acetamido-2-deoxy-f-D-glucopyranoside) methyl ester
18

OH
o)
HO
O~ AN °
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AcHN OMe

(0]
Using the general procedure, N-acetyl-DL-cysteine-S-(2-acetamido-2-deoxy-p-D-
glucopyranoside) methyl ester 18 was prepared as a white amorphous solid being a
mixture of epimers (D:L, 1:1) on a 0.072 mmol (substrate) scale; Yield: 74%; R 0.3
(ethyl acetate:iso-propanol:water, 5:3:1); [a]p'® +1.6 (¢, 1 in MeOH); Umax (KBr disc)
3413 (br, NH OH) 1735 (s, C=0) 1646 (s, C=0) cm™; &4 (500 MHz, CD30D) 1.99,
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2.00, 2.04, 2.18 (12H, 4 x s, 2 x HNC(O)CHsD, 2 x HNC(O)CHsL), 2.83 (1H, dd,
Jour 14.2 Hz, Jouat 9.1 Hz, CHH'D), 3.07 (1H, dd, Joyr 14.1 Hz, Jopn 7.8 Hz,
CH,HL), 3.11 (1H, dd, Joup 14.2 Hz, Jow 5.5 Hz, CH,H'L), 3.33-3.37 (3H, m, CH,H'D,
H-4Dp), 3.48 (2H, at, J 9.0 Hz, H-3D, H-3L), 3.54-3.59 (1H, m, H-5D), 3.74, 3.75 (6H,
2 x s, OCH3D, OCHjL), 3.66-3.76 (4H, m, H-2L, H-5L, H-6D, H-6L), 3.80-3.97 (3H, m,
H-2D, H-6'D, H-6'L), 4.52 (1H, d, J;» 10.3 Hz, H-1D), 4.58 (1H, d, J;» 10.3 Hz, H-1L),
4.67-4.76 (2H, m, aHD, aHL); 8¢ (125.8 MHz, CD;0D) 22.5, 22.6, 23.0, 25.3 (4 x g,
2 x HNC(O)CH;3D, 2 x HNC(O)CH,L), 32.0, 33.3 (2 x t, CH,H'D, CH,H'L), 52.9, 53.0
(2 x g, OCH3D, OCHsL), 54.1, 54.5 (2 x d, aCD, aCL), 55.8, 56.3 (2 x d, C-2D, C-2L),
62.7, 62.8 (2 x t, C-6D, C-6L), 73.0, 73.7 (2 x d, C-4D, C-4L), 77.1, 77.2 (2 x d, C-5D,
C-5L), 82.2, 82.4 (2 x d, C-3D, C-3L), 85.3, 86.8 (2 x d, C-1D, C-1L), 172.7, 172.8,
173.5, 173.6, 173.7, 173.8 (6 x s, 2 x HNC(O)CH4D, 2 x HNC(O)CHsL, CO,CHsD,
CO,CH,L); m/z (ES*) 403 (MNa*, 100%); HRMS (ES*) Calcd. for CisHo4N:NaOgS
(MNa*) 403.1146. Found: 403.1141.

N-Acetyl-DL-cysteine-S-(2,3,4,6-tetra- O-acetyl-$ -D-glucopyaranoside)- O-tert-butyl-

L-serine-glycine ethyl ester 20

OAc
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Using the general procedure, N-acetyl-DL-cysteine-S-(2,3,4,6-tetra-O-acetyl-p-D-
glucopyaranoside)- O-tert-butyl-L-serine-glycine ethyl ester 20 was prepared as a
colourless oil being a mixture of epimers (D:L, 1:1) on a 0.066 mmol (substrate) scale;
Yield: 73%; R; 0.6 (petrol:ethyl acetate, 1:4); [a]o™ +0.1 (¢, 0.5 in CHCl3); Unmax (thin film)
3334 (br, NH) 1751 (s, C=0) 1661 (s, C=0) cm™; &4 (500 MHz, CDCl) 1.19, 1.22
(18H, 2 x s, C(CHj3)3D, C(CHjs)sL), 1.26 (6H, t, J 7.2 Hz, OCH,CH3D, OCH,CHsL), 1.99,
2.01, 2.03, 2.04, 2.05, 2.06, 2.07, 2.08, 2.09, 2.12 (30H, 10 x s, 4 x C(O)CH3;D,
4 x C(O)CHsL, HNC(O)CH3sb, HNC(O)CHsL), 2.90 (2H, 2 x dd, Jeuw 14.0 Hz,
Jonn 9.5 Hz, CH,H'cysD, CH,HcysL), 3.11 (2H, dd, Jouw 14.0 Hz, Jown 4.9 Hz,
CH,HcysD, CH,HcysL), 3.35-3.48 (4H, m, CH,H’serdD, CH,H’serL), 3.75-3.80 (1H, m,
H-5D), 3.85-3.93 (1H, m, H-5L), 4.01-4.06 (4H, m, 2 x aHglyD, 2 x aHglyL), 4.16-4.26
(6H, m, OCH,CH3D, OCH,CHgL, H-6D, H-6L), 4.38 (1H, dd, Jss 2.0 Hz, Js¢ 12.6 Hz,
H-6'D), 4.41 (1H, dd, Jse 2.0 Hz, Jss 12.6 Hz, H-6'L), 4.46-4.56 (2H, m, aHserD,
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aHserL), 4.59 (1H, d, J;2 9.8 Hz, H-1D), 4.77 (1H, d, J;» 10.2 Hz, H-1L), 4.85-4.88 (2H,
m, aHcysD, aHcysL), 5.03 (2H, at, J 9.8 Hz, H-2D, H-2L), 5.11 (1H, at, J9.7 Hz, H-4D),
5.17 (1H, at, J 9.7 Hz, H-4L), 5.26 (2H, at, J 9.9 Hz, H-3D, H-3L), 6.51 (2H, d,
I 7.4 Hz, HNC(O)CHscysb, HNC(O)CHascysL), 6.65 (2H, d, Jwi.n 6.9 Hz,
HNC(O)CHsserdb, HNC(O)CHgsserL), 7.44 (2H, d, Jwin 7.8 Hz, HNC(O)CHsglyD,
HNC(O)CHsglyL); d¢ (125.8 MHz, CDCl;) 14.1, 14.2 (2 x q, OCH,CH3D, OCH,CHjsL),
20.5, 20.6, 20.7, 2.08, 21.0 (5 x g, 4 x C(O)CH3D, 4 x C(O)CHsL), 22.9, 23.0 (2 x q,
HNC(O)CH3D, HNC(O)CHaL), 27.3, 27.4 (2 x q, C(CHj)3D, C(CH3)sL), 34.6 (2 x t,
CH,H’cysD, CH,H’cysL), 41.2, 41.4 (2 x t, aCglyD, aCglyL), 52.4, 53.1, 53.4, 54.1 (4 x d,
aCcysD, aCcysL, aCserbD, aCserL), 60.4, 60.9, 61.1, 61.3, 61.4, 62.3 (6 x t, OCH,CH3D,
OCH,CHaL, C-6D, C-6L, CH,H’serd, CH,H’serL), 67.8, 68.3 (2 x d, C-4D, C-4L), 69.0,
69.7 (2 x d, C-2p, C-2L), 73.6, 74.1 (d, C-3D, C-3L), 76.4, 76.5 (2 x d, C-5D, C-5L), 83.1,
85.6 (2 x d, C-1D, C-1L), 169.0, 169.2, 169.4, 169.5, 169.6, 169.7, 169.8, 169.9, 170.0,
170.1, 170.2, 170.4, 170.9, 171.1 (14 x s, 4 x C(O)CH3D, 4 x C(O)CHaL, HNC(O)CHjD,
HNC(O)CHsL, C(O)HNoaCserd, C(O)HNoaCserL, C(O)HNaCglyD, C(O)HNaCglyL,
CO,CH3D, CO,CHaL); m/z (ES*) 780 (MMeCNNH,", 100%); HRMS (ES*) Calcd. for
CaoH47N3NaO1sS (MNa*) 744.2620. Found: 744.2608.

N-Acetyl-DL-cysteine-S- (2,3,4,6-tetra-O-acetyl-p-D-galactopyaranoside)-glycine-
O-tert-butyl-L-threonine-glycine ethyl ester 22
AcO OAc

o O/ o
(zf;aNlr R
Using the general procedure, N-acetyl-DL-cysteine-S-(2,3,4,6-tetra-O-acetyl-p-D-
galactopyaranoside)-glycine-O-tert-butyl-L-threonine-glycine  ethyl ester 22 was
prepared as a colourless oil being a mixture of epimers (D:L, 1:1) on a 0.057 mmol
(substrate) scale; Yield: 67%; R; 0.5 (DCM:methanol, 9:1); [a]po'® -1.7 (c, 0.5 in CHCIs);
Umax (thin film) 3382 (br, NH) 1725 (s, C=0) 1652 (s, C=0) cm™'; 8 (500 MHz, CDCl5)
1.05, 1.07 (6H, 2 x d, J 6.5 Hz, CHCHsthrD, CHCHjsthrL), 1.28-1.54 (24H, m, C(CH,)3D,
C(CHjs)sL, OCH,CH3D, OCH,CHsL), 1.98, 1.99, 2.00, 2.01, 2.05, 2.06, 2.07, 2.09 (24H,
8 x s, 4 x C(O)CHsD, 4 x C(O)CHaL), 2.18, 2.22 (6H, 2 x s, HNC(O)CHsD,
HNC(O)CHaL), 2.87-3.00 (8H, m, CH,H’cysD, CH,HcysL, CH,H’cysL), 3.13 (1H, dd,
Jonn 14.4 Hz, Joy 1 5.4 Hz, CH,H’cysD), 3.53-4.23 (16H, m, H-5D, H-5L, H-6D, H-6L,
H-6'D, H-6°L, OCH,CH3D, OCH.CHasL, 2 x aHglyD, 2 x aHglyL, CHCHsthrd, CHCHathrL),
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4.49 (2H, dd, J 3.6 Hz, J 6.2 Hz, aHthrD, aHthrL), 4.66 (2H, 2 x d, J;» 10.1 Hz, H-1D,
H-1L), 4.77 (1H, dd, J 3.8 Hz, J 6.3 Hz, aHcysD), 4.83 (1H, dd, J 3.6 Hz, J 5.8 Hz,
aHcysL), 4.99-5.47 (6H, m, H-2D, H-2L, H-3D, H-3L, H-4D, H-4L), 6.60, 6.97, 7.10, 7.17,
7.37,7.66 (6H,6 xd, J4.2Hz, J5.4 Hz, J5.8 Hz, J6.7 Hz, J 8.3 Hz, 4 x HNC(O)CH3D,
4 x HNC(O)CHjsL); d¢ (125.8 MHz, CDCl3) 14.1, 14.2 (2 x q, OCH,CH3D, OCH,CHaL),
17.3, 17.4 (2 x q, CHCHsthrb, CHCHathrL), 20.5, 20.6, 20.7, 2.08, 20.9, 21.0 (6 x q,
4 x C(O)CH3;D, 4 x C(O)CHaL), 22.9, 23.0 (2 x q, HNC(O)CH3D, HNC(O)CHsL), 28.1,
28.2 (6 x g, C(CHs)sD, C(CHa)sl), 41.3, 41.4, 415, 416, 417, 418 (6 x t,
2 x CH,Hglyp, 2 x CH,H’glyL, CH,H’cysD, CH,H’cysL), 52.3, 52.7 (2 x d, aCcysD,
aCcyslL), 57.5, 57.6 (2 x d, aCthrD, aCthrL), 61.4, 61.5 (2 x t, OCH,CH3;D, OCH,CHaL),
62.0, 62.4 (2 x t, C-6D, C-6L), 65.9, 66.1, 66.4, 66.7, 67.2, 67.6 (6 x d, C-2D, C-2L,
C-3D, C-3L, C-4D, C-4L), 71.3, 71.6 (2 x s, C(CHj3)3D, C(CHs)aL), 74.9, 75.4 (2 x d, C-5D,
C-5L), 75.7, 75.9 (2 x d, CHCHsthrb, CHCHathrL), 83.1, 84.9 (2 x d, C-1D, C-1L), 169.9,
170.1, 170.3, 170.8, 170.9, 172.4, 1725 (7 x s, 4 x C(O)CHsD, 4 x C(O)CHaL,
HNC(O)CH3;D, HNC(O)CHaL); m/z (ES*) 851 (MMeCNNH,*, 100%); HRMS (ES*) Calcd.
for CazHsoN4sNaO46S (MNa*) 815.2991. Found: 815.2990.
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Protein Modification

Preparation of SBL-S156C-SS-Glc(OAc), 23

822 Site-directed
mutagenesis

buffer pH 9.5

SBL-5156C SBL-S156C-SS-Glc(OAC),

Scheme S4.

SBL-S156C mutant 25 (2.5 mg) was dissolved in buffer (500 uL, 70 mM CHES, 5 mM
MES, 2 mM CaCl,, pH 9.5). A solution of 2,3,4,6-tetra-O-acetyl-p-D-glucopyranoside
phenylthiosulfonate 26 (100 uL of a 10 mM solution in acetonitrile) was added and
placed on an end-over-end rotator. After 30 min, the reaction mixture was purified by
size exclusion chromatography Sephadex® G25 column against the above buffer. The
protein fraction was analysed by LC-mass spectrometry to afford the modified protein
23 (calculated mass, 27078; observed mass, 27075).

TOF MS ES+
100 27075 296
Calculated mass, 27078
Observed mass, 27075

20000 21000 22000 23000 24000 25000 26000 27000 28000 29000

e 355

Figure S1. ESI-MS spectrum of SBL-S156C-SS-Glc(OAc), 23.

Desulfurization of SBL-S156C-SS-Glc(OAc), 23

OAc
:&:CO S

SBL-S156C-SS-Glc(OAc), SBL-S156C-S-Glc(OAc),

Scheme S5.

To a degassed solution of SBL-S156C-SS-Glc(OAc), 23 (250 uL of a 2 mg/mL solution
in buffer (70 mM CHES, 5 mM MES, 2 mM CaCl,, pH 9.5)) hexamethylphosphorus

triamide was added (6.0 uL, 2 equivalent). The reaction was placed on an end-over-
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end rotator. After 12 h, the reaction mixture was purified by size exclusion
chromatography Sephadex® G25 column against the above buffer and analysed by
LC-mass spectrometry to afford SBL-S156C-S-Glc(OAc), 24 (calculated mass, 27046;
observed mass 27044).

OAc TOF MS ES+
100 Calculated mass, 27046 27044 Aﬁgoégvs 350
Observed mass, 27044 OAc

. WMU.\‘L-MI{ |.M-1PJuillmJU‘UM Al mﬁl‘uh M\W umb’.“4llfu“LHMIHLA'ﬁil)Jl‘u“Llﬁ\;Mwwlf’ml;JMJL11I|}\I‘l““MM§QlLdﬁL‘wui nass

25000 25500 26000 26500 27000 2?500 28000 28500 290IDU 29500

Figure S2. ESI-MS spectrum of SBL-S156C-S-Glc(OAc), 24.

Treatment of 24 with TCEP

SBL-S156C-S-Glc(OAc)4 SBL-S156C-S-Glc(OAc),

Scheme S6.

To a degassed solution of SBL-S156C-S-Glc(OAc), 24 (80 uL of a 2 mg/mL solution in
buffer (70 mM CHES, 5 mM MES, 2 mM CaCl,, pH 9.5)) tris(2-carboxyethyl) phosphine
(TCEP) (0.4 uL of a 200 mmol aqueous solution, pH 7.0). The reaction was placed on
an end-over-end rotator for 10 min, purified by size exclusion chromatography
Sephadex® G25 column against the above buffer and analysed by LC-mass
spectrometry and the tioether-linked glycoprotein 24 was shown to be stable under

reducing conditions (calculated mass, 27044; observed mass 27046).

OAc TOF MS ES+
100 Calculated mass, 27046 27044 Awé&/s/\ 27 8
Observed mass, 27044 Ao

mass

25000 25500 26000 26500 27000 27500 28000 28500 29000 29500

Figure S3. ESI-MS spectrum of SBL-S156C-S-Glc(OAc), 24 when treated with TCEP.
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Treatment of 23 with TCEP

OAc
RO
AcO S

OAc

SBL-S156C-SS-Glc(OAc), SBL-S156C

Scheme S7.

To a degassed solution of SBL-S156C-SS-Glc(OAc)4 23 (150 uL of a 2 mg/mL solution
in buffer (70 MM CHES, 5mM MES, 2 mM CaCl,, pH 9.5)) tris(2-carboxyethyl)
phosphine (TCEP) (1 uL of a 200 mmol aqueous solution, pH 7.0). The reaction was
placed on an end-over-end rotator for 10 min, purified by size exclusion
chromatography Sephadex® G25 column against the above buffer and analysed by
LC-mass spectrometry to afford SBL-S156C 25 (calculated mass, 26714; observed
mass 26718).

TOF MS ES+

100 26718 156 2.56e3

Calculated mass, 26714 HS
Observed mass, 26718

g in
25000 | 25500 26000 26500

1 mass

27000 27500 | 28000 28500 29000 29500

Figure S4. ESI-MS spectrum of SBL-S156C 25, formed from reaction of 23 with TCEP.

Trypsin digestion and MALDI analysis of 24

Thioether protein 24 (20 ul of 1mg/mL in 100 mM NH;HCO,;, pH 8.0) was incubated
with 1ug of trypsin (Promega) overnight at 37 °C. Peptides were extracted and desalted
with a C18 ZipTip (Millipore Corp.) according to the manufacturer’s specifications.
Eluted peptides were mixed 1:1 (v/v) with a solution of a-cyano-4-hydroxycinnamic acid
(saturated in 50% MeCN in H,O with 0.1% TFA). From this mixture, 2 ul were spotted
onto a steel target and analyzed in positive mode on a Waters Micro-Mass MALDI. A
three point calibration curve of Angiotensin (1296.5), Renin (1759.0), and ACTH (18-34
clip, 2465.7) was applied to data with ACTH as the lock mass. 8 of 13 predicted
peptides of 24 were observed including the peptide containing Cys156GIc(OAc),. (2312
calculated, 2312 found).
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MALDI Micro
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Peptide Fragment Calcd. | Observed
(cut predicted after all R and K residues) Mass | Mass
AQSVPWGISR 1101 1087
VQAPAAHNR 964 967
GLTGSGVK 718 -
VAVLDTGISTHPDLNIR 1822 | 1849
GGASFVPGEPSTQDGNGHGTHVAGTIAALNNSIGVLGVAPSAELYAVK 4591 -
VLGASGSGSVSSIAQGLEWAGNNGMHVANLSLGSPSPSATLEQAVNSATSR | 4927 | -
GVLVVAASGN[CGIc(OAG)GAGSISYPAR 2313 [ 2312
YANAMAVGATDQNNNR 1711 [ 1719
ASFSQYGAGLDIVAPGVNVQSTYPGSTYASLNGTSMATPHVAGAAALVK 4800 | -

QK 275 -
NPSWSNVQIR 1201 1201
NHLK 511 516
NTATSLGSTNLYGSGLVNAEAATR 2370 | 2386
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Disulfide-linked glycoaminoacids and glycopeptides - prepared using glycoPTS?
or glycoSeS?® strategy

Preparation of Sodium phenylthiosulfonate (Na-PTS)* 26

O 0]

Il elemental sulphur Il
Qﬁ_Na anhydrous pyridine Qﬁ_SNa
0,

o) 83% o)

Sodium benzenesulfinate (10.0 g, 61 mmol) and elemental sulphur (1.9 g, 61 mmol)
was dissolved in anhydrous pyridine (60 mL) to give a yellow solution. The reaction
was stirred under argon and after 1 h gave a white suspension. The reaction was
fitered and washed with anhydrous diethyl ether. Recrystalisation from anhydrous
ethanol afforded sodium phenylthiosulfonate 26 (9.8 g, 83%) as a white crystalline
solid; m.p. 282-284 °C (ethanol) [Lit. 287 °Cl*; &4 (400 MHz, D,0) 3.26 (3H, s, CHy);
m/z (ES’) 173 (M-Na*, 100%).

Synthesis of N-acetyl-L-cysteine-methyl ester® 27
SH

AcHN OMe
o)

Thionyl chloride (2 mL, 26.99 mmol) was carefully added to a solution of N-acetyl-L-
cysteine (4 g, 24.54 mmol) in anhydrous methanol, and the resulting mixture was
stirred for 3 h at RT. The reaction mixture was concentrated in vacuo, diluted with ethyl
acetate (75 mL), and washed with sodium hydrogen carbonate (50 mL of a saturated
aqueous solution). The aqueous layer was re-extracted with ethyl acetate (2 x 75 mL).
The organic layers were combined, dried (MgSO.), filtered, and concentrated in vacuo
to afford N-acetyl-L-cysteine methyl ester 27 (2.32 g, 54%) as a white crystalline solid;
m.p. 78-80 °C (ethyl acetate) [Lit. 79-80 °C (ethyl acetate)]’; [o]p?® -23.2 (¢, 1 in
CD;0D) [Lit. [a]pb® -24 (c, 1 in MeOH)]%; 3y (400 MHz, CDCls) 1.34 (1H, t, J 9.0 Hz,
SH), 2.08 (3H, s, COCHj3), 3.00-3.04 (2H, m, CH,), 3.80 (3H, s, CO,CHz3), 4.88-4.92
(1H, m, aH), 6.40 (1H, br s, NH); m/z (ES’) 176 (M-H*, 100%).
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Synthesis of N-Acetyl-L-cysteine (2,3,4,6-tetra-O-benzyl-1-dithio-p-D-

glucopyaranosyl disulfide) methyl ester 3

OBn OBn
é - BnBr, NaH, DMF Bn0,§§ ; AcOH, 2M sto4 Bgooé ;o
n
HO 72% BnO 68% BnO “OH
30
(COBH),
DCM/DMF
94%
SH
OBn ACHN OMe OBn NaPTS 26 OBn
27 e} dioxane, 70 °C 0
BnO - 9 2 BnO - BnO
BnO BnO SSOzPh BnO
DCM/MeOH OBn
Et;N, 89% BnO
o, 89% 32 31 Br
AcHN OMe
3 o
Scheme S8.

Methyl 2,3,4,6-tetra-O-benzyl-a-D-glucopyranoside’ 29

OBn
BnO O
BnO
BnO
OMe

Methyl a-D-glucopyranoside 28 (25 g, 129 mmol) was dissolved in anhydrous DMF
(250 mL), and sodium hydride (60% dispersed in mineral oil) (31 g, 774 mmol) was
added portionwise for a period of 10 min at 0 °C. Benzyl bromide (92 mL, 770 mmol)
was then added dropwise and the mixture left to stir under an atmosphere of argon at
room temperature. After a 24 h period, t.l.c. (petrol:ethyl acetate, 3:1) indicated the
formation of a product (R; 0.4) with complete consumption of the starting material
(Rf 0). The reaction mixture was quenched by the slow addition of methanol (150 mL)
and stirred for 30 min, at which point the resulting solution was concentrated in vacuo.
The residue was dissolved in DCM (800 mL), washed with water (2 x 500 mL), and
brine (500 mL), dried (MgSQ,), filtered and concentrated in vacuo. Purification by flash
column chromatography (petrol:ethyl acetate, 6:1) afforded methyl 2,3,4,6-tetra-O-
benzyl-a-D-glucopyranoside 29 (51.5 g, 72%) as a viscous yellow oil; [a]p?' +19.3 (c, 1
in CHCly) [Lit. [a]p® +21.2 (c, 1 in H0)]"; 84 (400 MHz, CDCls) 3.39 (3H, s, OCHb),
3.57 (1H, dd, Ji» 3.6 Hz, J,3 9.6 Hz, H-2), 3.63 (1H, d, J 9.6 Hz, H-4), 3.64 (1H, dd,
Jse 2.3 Hz, Jsg 13.1 Hz, H-6), 3.71-3.78 (2H, m, H-5, H-6"), 4.00 (1H, at, Jr5 9.6 Hz,
Jss 9.2 Hz, H-3), 4.48, 4.84 (2H, ABq, Jag 11.0 Hz, OCH.Ph), 4.49, 4.68 (2H, ABq,
Jag 12.1 Hz, OCH,Ph), 4.59, 4.81 (2H, ABq, Jxg 8.9 Hz, OCH,Ph), 4.64 (1H, d,
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Ji2 3.6 Hz, H-1), 4.91, 4.92 (2H, ABq, Jsg 10.9 Hz, OCH,Ph), 7.13-7.16 (2H, m, Ar-H),
7.27-7.39 (18H, m, Ar-H); m/z (ES*) 577 (MNa*, 50%) 613 (MMeCNNH,", 100%).

2,3,4,6-Tetra-O-benzyl-D-glucopyranose® 30

OBn
o
Blgr?o&/@h1
BnO OH

Methyl 2,3,4,6-tetra-O-benzyl-a-D-glucopyranoside 29 (15.33 g, 27.64 mmol) was
dissolved in glacial acetic acid (300 mL). The mixture was heated to 90 °C with stirring,
at which point sulfuric acid (2M, 75 mL) was added. After a further 2 h period, sulfuric
acid (2M, 75 mL) was added. After 22 h, t.l.c. (petrol:ethyl acetate, 4:1) indicated
formation of a major product (R 0.4) and complete consumption of starting material
(Rf 0.5). Water (200 mL) was added and the reaction mixture cooled to 0 °C, at which
point a crystalline solid precipitated. The crystals were filtered off and washed with
methanol (80% V/V) affording 2,3,4,6-tetra-O-benzyl-D-glucopyranose 30 (10.25 g,
68%) as a white crystalline solid, being a mixture of anomers (a:f, 1:1); m.p. 148-150
°C (ethyl acetate/petrol) [Lit. 151-152 °C]%; [a]p®® +20.7 (c, 1 in CHCI3) [Lit. [a]p® +22
(c, 1.0 in CHCI5)]®%; 8y (400 MHz, CDCls) 3.42 (1H, dd, J;» 7.8 Hz, J»5 9.1 Hz, H-2p),
3.47-3.74 (8H, m, H-4a, H-6a, H-6’a, H-3p, H-48, H-58, H-6p, H-6’), 3.60 (1H, dd,
Ji2 3.7 Hz, J>3 9.5 Hz, H-20), 3.99 (1H, at, J,3 9.5 Hz, J34 9.2 Hz, H-3a), 4.05 (1H,
ddd, Jss 10.1 Hz, Jsg 3.8 Hz, Jsg 2.1 Hz, H-50), 4.48-4.97 (16H, m, 4 x OCH,Pha,
4 x OCH.PhB), 4.73 (1H, d, J1» 7.8 Hz, H-1B), 5.24 (1H, d, J;» 3.7 Hz, H-1a), 7.15-7.38
(40H, m, 20 x Ar-Ha, 20 x Ar-Hp).

2,3,4,6-Tetra-O-benzyl-a-D-glucopyranose bromide 31
OBn
BnO 0O
Bnogf/ﬂ
BnO
Br
2,3,4,6-Tetra-O-benzyl-D-glucopyranose 30 (4.0 g, 7.39 mmol) was dissolved in
anhydrous DCM (24 mL) and anhydrous DMF (2 mL). The resulting solution was
cooled to 0 °C, at which point oxalyl bromide (16 mL, 2M in DCM, 29.56 mmol) was
added dropwise. The reaction mixture was allowed to warm to room temperature and
left to stir under an atmosphere of argon. After 2 h, t.l.c. (petrol:ethyl acetate, 1:1)
indicated the formation of a major product (R 0.6). The reaction was cooled to 0 °C and

quenched with ice cold water (60 mL) added over a 5 min period. The mixture was
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partitioned between DCM (80 mL) and water. The aqueous layer was re-extracted with
DCM (3 x 80 mL), and the combined organic layers were washed with brine (150 mL),
dried (MgSQ,), filtered and concentrated in vacuo to afford 2,3,4,6-tetra-O-benzyl-a-D-
glucopyranose bromide 31 (4.20 g, 94%) as a crude yellow oil which was used without
any further purification; d4 (400 MHz, CDCl;) 3.55 (1H, dd, J;» 3.7 Hz, J,3 9.2 Hz, H-2),
3.66 (1H, dd, Jse 1.8 Hz, Js ¢ 11.0 Hz, H-6), 3.76-3.80 (1H, m, H-4, H-6’), 4.04 (1H, at,
Jo3 9.2 Hz, J34 9.2 Hz, H-3), 4.55-5.00 (8H, m, 4 x OCH,Ph), 6.44 (1H, d, J,» 3.7 Hz,
H-1), 7.14-7.42 (20H, m, Ar-H).

2,3,4,6-Tetra-O-benzyl-B-D-glucopyranosyl phenylthiosulfonate? 32

OBn
o}
BBQ&/ SS0O,Ph
OBn

2,3,4,6-Tetra-O-benzyl-a-D-glucopyranose bromide 31 (3.5 g, 5.804 mmol) and sodium
phenylthiosulfonate 26 (4.41 g, 22.47 mmol) were dissolved in anhydrous dioxane
(90 mL). The resulting reaction mixture was heated to 70 °C under an atmosphere of
argon. After a 24 h period, t.l.c. (petrol:ethyl acetate, 2:1) indicated the formation of a
major product (R¢ 0.5) with complete consumption of the starting material (R 0.6). The
reaction mixture was cooled to room temperature and filtered. The precipitate was
washed with petrol/ethyl acetate and the filtrate concentrated in vacuo. The residue
was purified by flash column chromatography (petrol:.ethyl acetate, 4:1) to afford
2,3,4,6-tetra-O-benzyl-D-glucopyranosyl phenylthiosulfonate 32 (3.26 g, 81%) as a
white viscous gum being a mixture of anomers (a:p, 1:2). Selective recrystallisation
from ethyl acetate/petrol afforded pure 2,3,4,6-tetra-O-benzyl-p-D-glucopyranosyl
phenylthiosulfonate X as a white crystalline solid; m.p. 106-108 °C (ethyl acetate/petrol)
[Lit. 106-108 °C (ethyl acetate/petrol)]?; [a]o>> +47.8 (c, 1 in CHCI5) [Lit. [a]o® +21.4 (c,
0.35 in CHCIy)%; d4 (400 MHz, CDCls) 3.45 (1H, ddd, Ji5 9.6 Hz, Jsg 1.6 Hz,
Jse 3.6 Hz, H-5), 3.49 (1H, dd, Js¢ 1.4 Hz, Js¢ 11.7 Hz, H-6), 3.54 (1H, dd, J;» 9.9 Hz,
Jos 8.7 Hz, H-2), 3.57 (1H, dd, Jse 3.6 Hz, Js¢ 11.6 Hz, H-6’), 3.62 (1H, at, J 9.4 Hz,
H-3), 3.72 (1H, at, J 8.8 Hz, H-4), 4.34-4.90 (8H, m, 4 x OCH,Ph), 5.13 (1H, d,
Ji 2 10.0 Hz, H-1), 7.09-7.15 (3H, m, Ar-H), 7.27-7.54 (20H, m, Ar-H), 7.90-7.98 (2H, m,
Ar-H); m/z (ES") 718 (MNa*, 20%) 755 (MMeCNNH,", 100%).
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N-Acetyl-L-cysteine (2,3,4,6-tetra-O-benzyl-1-dithio-f-D-glucopyaranosyl

OBn
BnO S~s
OBn
AcHNLWOMe
o
2,3,4,6-Tetra-O-benzyl-B-D-glucopyranosyl phenylthiosulfonate 32 (1.10 g, 1.581 mmol)

disulfide) methyl ester 3

and triethylamine (74 pL, 0.527 mmol) were dissolved in anhydrous DCM (15 mL), and
the resulting solution stirred at room temperature under an atmosphere of argon. A
solution of N-acetyl-L-cysteine methyl ester 27 (0.15 g, 0.847 mmol) in a mixture of
anhydrous DCM (15 mL) and anhydrous methanol (12 mL) was added slowly to the
above solution. After a 2 h period, t.l.c. (petrol:iethyl acetate, 1:1) indicated the
formation of a product (R; 0.2) along with complete consumption of the starting material
(Rf 0.1). The reaction mixture was concentrated in vacuo and the resulting residue
purified by flash column chromatography (petrol:ethyl acetate, 1:1) to afford N-acetyl-L-
cysteine (2,3,4,6-tetra-O-benzyl-1-dithio-p-D-glucopyaranosyl disulfide) methyl ester 3
(0.52 g, 89%) as a white crystalline solid; m.p. 108-110 °C (ethyl acetate/petrol);
[a]o® +35.2 (¢, 1 in CHCI3); vmax (KBr disc) 3330 (br, NH) 1740 (s, C=0) 1651 (s, C=0)
cm’; dy4 (400 MHz, CDCl;) 1.99 (3H, s, HNC(O)CHs), 3.24 (1H, dd, Jouw 13.9 Hz,
Jonwn 7.7 Hz, CH,H’), 3.45 (1H, dd, Jepuw 13.9 Hz, Jop on 3.9 Hz, CH,H’), 3.54 (1H, m,
H-5), 3.68 (1H, at, J;» 9.1 Hz, J,3 9.0 Hz, H-2), 3.69-3.72 (2H, m, H-3, H-4), 3.74 (3H,
s, OCHs), 3.77 (1H, dd, Jsg 1.9 Hz, Jse 11.4 Hz, H-6), 3.80 (1H, dd, Js¢ 3.8 Hz,
Joo 11.4 Hz, H-6’), 4.48 (1H, d, J;2 9.1 Hz, H-1), 4.52-4.93 (8H, m, 4 x OCH,Ph), 4.77
(1H, d, J7.7 Hz, oH), 6.86 (1H, d, Jun .1 8.0 Hz, HNC(O)CHj3), 7.13-7.16 (2H, m, Ar-H),
7.27-7.35 (18H, m, Ar-H); &¢ (100.7 MHz, CDCls) 23.0 (9, HNC(O)CHa), 41.4 (t, CH,H’),
52.3 (d, aC), 52.6 (q, OCHs), 68.7 (t, C-6), 73.5, 75.1, 75.5, 75.7 (4 x t, 4 x OCH.Ph),
78.9, 79.5 (3 x d, C-2, C-4, C-5), 86.4 (d, C-3), 89.9 (d, C-1), 127.7, 127.8, 127.9,
128.0, 128.1, 128.3, 128.4, 128.5, 128.6 (9 x d, 20 x Ar-C), 137.5, 137.6, 137.8, 138.2
(4 x s, 4 x Ar-C), 170.2, 171.0 (2 x s, COOCH;, HNCOCHz); m/z (ES*) 790
(MMeCNNH,*, 100%); HRMS (ES*) Calcd. for CsH4sNNaOsS, (MNa®) 754.2479.
Found: 754.2479.; Found: C, 64.78%; H, 6.30%, N, 1.75%. C4H4sNOgS, requires: C,
64.64%; H, 6.20%; N, 1.91%.
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Synthesis of N-Acetyl-L-cysteine (2,3,4-tri-O-benzyl-1-dithio-a-L-fucopyranosyl
disulfide) methyl ester 5

OH OAc SPh SPh
o A0 o Brafl0 o 1. NaOMe, MeOH 0
OH Pyr 81% OAc thiopheno OAc OBn
33 34 35 q y 36
1.05 eq. Bry, DCM,
OMe 1h, RT
SH
S—s © SSOzPh NaPTS 26 Br
o AcHN OMe o CH4CN, TBAB, o
oBn  NHAc o 27 OBn 50 °C, 4h 0Bn
DCM/MeOH BnO OBn OBn
BnoOBn 5 EGN, ;% nO 38 38% over 2 steps BnO

37
Scheme S9.

1,2,3,4-Tetra-O-acetyl-a-L-fucopyranoside® 34
OAc
2 OAc
AcO OAc

L-Fucose 33 (2.0 g, 12.2 mmol) was dissolved in pyridine (25 mL) under an
atmosphere of argon. Acetic anhydride (25 mL) was added portionwise over 30 min
and the mixture was left to stir at room temperature. After 16 h, t.l.c. (petrol:ethyl
acetate, 1:1) indicated the formation of a product (R; 0.4) with complete consumption of
starting material (R; 0). The reaction mixture was co-evaporated with toluene until no
pyridine or acetic anhydride remained. The residue was recrystallised (diethyl
ether/petrol) to afford 1,2,3,4-tetra-O-acetyl-a-L-fucopyranoside 34 (3.3 g, 81%) as a
white crystalline solid; m.p. 94-96 °C (diethyl ether/petrol) [Lit. 93 °C (diethyl
ether/petrol)]®; [a]p?" -105.7 (c, 1 in CHCI5) [Lit. [o]p' -129.9 (c, 2 in acetone)]®; dy (400
MHz, CDCl;) 1.16 (8H, d, J 6.5 Hz, CHs), 2.00, 2.01, 2.14, 2.17 (12H, 4 x s,
4 x C(O)CH,), 4.27 (1H, q, J 6.5 Hz, H-5), 5.29-5.37 (3H, m, H-2, H-3, H-4), 6.34 (1H,
d, J;2 2.7 Hz, H-1); m/z (ES*) 391 (MMeCNNH4+, 100%).

Phenyl 2,3,4-tri-O-acetyl-1-thio-L-fucopyranoside'® 35
SPh

Q OAc

ACOoAC
1,2,3,4-Tetra-O-acetyl-a-L-fucopyranoside 34 (1.91 g, 5.74 mmol) was dissolved in
anhydrous DCM (12 mL) under argon. Thiophenol (1.2 mL, 11.49 mmol) and boron

trifluoride diethyl etherate (1.7 mL, 14.37 mmol) were added and the mixture was left to
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stir at room temperature. After 16 h, t.l.c. (petrol:ethyl acetate, 3:1) indicated the
formation of a major product (R; 0.6) and the complete consumption of starting material
(R 0.1). Triethylamine was added dropwise until the effervescence ceased. The
reaction mixture was diluted with DCM (40 mL), washed with sodium hydrogen
carbonate (2 x 30 mL of a saturated aqueous solution), water (30 mL) and brine
(30 mL), dried (MgSQ,), filtered and concentrated in vacuo. The residue was purified by
flash column chromatography (petrol:ethyl acetate, 2:1) to give phenyl 2,3,4-tri-O-
acetyl-1-thio-L-fucopyranoside 35 (2.10 g, 96%) as a colourless oil; &y (400 MHz,
CDClz) 1.14 (8H, d, J 6.5 Hz, CH3a), 1.25 (3H, d, J 6.4 Hz, CH3p), 1.98, 2.09, 2.15 (9H,
3xs, 3xC(O)CHsp), 2.02, 2.05, 2.17 (9H, 3 x s, 3 x C(O)CH3a), 3.84 (1H, q, J 6.4 Hz,
H-5p), 4.62 (1H, g, J 6.5 Hz, H-50), 4.71 (1H, d, J;» 9.9 Hz, H-1p), 5.06 (1H, dd,
Jo3 9.9 Hz, J;4 3.4 Hz, H-3B), 5.23 (1H, at, J 9.9 Hz, H-28), 5.27 (1H, br d, J 3.4 Hz,
H-4p), 5.30-5.37 (3H, m, H-20, H-3a, H-4a), 5.94 (1H, d, J;» 5.2 Hz, H-1a), 7.27-7.53
(10H, m, 5 x Ar-Ha, 5 x Ar-HP).

Phenyl 2,3,4-Tri-O-benzyl-1-thio-L-fucopyranoside'' 36
+SPh

Q OBn

Bno ©OBn
A solution of phenyl 2,3,4-tri-O-acetyl-1-thio-L-fucopyranoside 35 (2.01 g, 5.27 mmol) in
anhydrous methanol (12 mL) was treated with sodium methoxide (57 mg, 1.05 mmol).
The mixture was stirred under an atmosphere of argon for 10 min, when t.l.c.
(petrol:ethyl acetate, 1:1) indicated formation of a single product (R;0) and complete
consumption of starting material (R; 0.5). The reaction mixture was then concentrated
in vacuo. The resulting residue was dissolved in anhydrous DMF (20 mL), and sodium
hydride (60% dispersed in mineral oil) (1.82 g, 45.50 mmol) was added portionwise for
a period of 10 min at 0 °C. Benzyl bromide (3.8 mL, 31.62 mmol) was then added
dropwise and the mixture left to stir under an atmosphere of argon at RT. After a 16 h
period, t.l.c. (petrol:ethyl acetate, 7:3) indicated the formation of a major product
(Rf 0.5) with complete consumption of the starting material (R¢ 0). The reaction mixture
was quenched by the slow addition of methanol (8 mL) and stirred for 10 min. The
resulting solution was diluted with water (15 mL) and extracted with ether (3 x 20 mL).
The organic layers were combined and washed with sodium hydrogen carbonate
(40 mL of a saturated aqueous solution), and water (40 mL), dried (MgSO,), filtered

and concentrated in vacuo. The residue was purified by flash column chromatography
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(petrol:ethyl acetate, 6:1) to afford phenyl 2,3,4-tri-O-benzyl-1-thio-L-fucopyranoside 36
(2.79 g) being a mixture of anomers (a:p, 3:2) in quantitative yield over two steps;
o._anomer: oy (400 MHz, CDCls) 1.13 (3H, d, J 6.5 Hz, CHs), 3.71 (1H, br d, J 2.3 Hz,
H-4), 3.84 (1H, dd, J»5 10.0 Hz, Js4 2.9 Hz, H-3), 4.34 (1H, q, J 6.5 Hz, H-5), 4.38 (1H,
dd, Ji» 5.5 Hz, J3 10.1 Hz, H-2), 4.66-5.05 (6H, m, 3 x OCH,Ph), 5.74 (1H, d,
Ji2 5.5 Hz, H-1), 7.21-7.62 (20H, m, Ar-H); B8 anomer: &y (400 MHz, CDCl3) 1.29 (3H,
d, J6.4 Hz, CH,3), 3.55 (1H, q, J 6.4 Hz, H.5), 3.62 (1H, dd, J,3 9.1 Hz, J;4 2.8 Hz, H-3),
3.66 (1H, br d, J 2.7 Hz, H-4), 3.95 (1H, at, J 9.4 Hz, H-2), 4.62 (1H, d, J;» 9.7 Hz,
H-1), 4.66-5.05 (6H, m, 3 x OCH,Ph), 7.21-7.62 (20H, m, Ar-H); m/z (ES*) 585
(MMeCNNH,", 100%); HRMS (ES*) Calcd. for Cs3H3NaO,S (MNa*) 549.2070.
Found: 549.2060.

2,3,4-Tri-O-benzyl-a-L-fucopyranosyl phenylthiosulfonate 38
SS0O,Ph

2 OBn

BnO OBn

Bromine (38 uL, 0.799 mmol) was added to a solution of phenyl 2,3,4-tri-O-benzyl-1-
thio-L-fucopyranoside 36 (363 mg, 0.699 mmol) in anhydrous DCM (3 mL), and after
stirring for 1 h at room temperature cyclohexane (100 uL) was added. The resulting
glycosyl bromide solution 37 was added dropwise to a solution of sodium
phenylthiosulfonate 26 (315 mg, 1.605 mmol) and tetrabutylammonium bromide
(23 mg, 0.069 mmol) in anhydrous acetonitrile (6 mL). The resulting mixture heated to
50 °C and stirred under an atmosphere of argon. After 4 h, t.l.c. (petrol:ethyl acetate,
3:1) indicated the formation of a major product (R; 0.3). The reaction mixture was
diluted with DCM (20 mL), washed with brine (15 mL) and the aqueous layer re-
extracted with DCM (2 x 20 mL). The organic layers were combined and washed with
water (50 mL), dried (MgSQ,), filtered and concentrated in vacuo. The residue was
purified by flash column chromatography (petrol:ethyl acetate, 8:1) to afford 2,3,4-tri-O-
benzyl-a-L-fucopyranosyl phenylthiosulfonate 38 (155 mg, 38% yield over two steps) as
a colourless oil; [o]p® -35.1 (¢, 1 in CHCls); vmax (thin film) 1325 (s, SO,) cm™;
Oy (400 MHz, CDCls) 0.66 (3H, d, J 6.4 Hz, CH3), 3.45 (1H, dd, J,3 10.0 Hz, J;4 2.8 Hz,
H-3), 3.53 (1H, br d, J 2.0 Hz, H-4), 3.67 (1H, q, J 6.4 Hz, H-5), 4.32 (1H, dd,
Ji2 5.5 Hz, J,5 10.0 Hz, H-2), 4.57-4.94 (6H, m, 3 x OCH,Ph), 6.20 (1H, d, J;» 5.5 Hz,
H-1), 7.27-7.37 (15H, m, Ar-H), 7.47-7.60 (3H, m, Ar-H), 7.93-7.96 (2H, m, Ar-H);
dc (100.7 MHz, CDCl;) 15.8 (q, CHs), 69.3 (d, C-5), 72.5, 73.5, 75.0 (3 x t,
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3 x OCH,Ph), 75.5 (d, C-2), 76.9 (d, C-4), 79.9 (d, C-3), 90.9 (d, C-1), 127.3, 127.5,
127.7,127.8, 127.9, 128.0, 128.2, 128.5, 128.9 (9 x d, 16 x Ar-C), 133.4, 137.3, 138.1,
138.3 (4 x s, 4 x Ar-C); m/z (ES*) 649 (MMeCNNH,*, 100%); HRMS (ES*) Calcd. for
Ca3H34NaOgS; (MNa®) 613.1689. Found: 613.1692.

N-Acetyl-L-cysteine  (2,3,4-tri-O-benzyl-1-dithio-a-L-fucopyranosyl  disulfide)

methyl ester 5

OMe
s—s\eto
OBn

BnO

A solution of 2,3,4-tri-O-benzyl-1-thio-a-L-fucopyranosyl phenylthiosulfonate 38 (148
mg, 0.251 mmol) and triethylamine (12 pL, 0.084 mmol) were dissolved in anhydrous
DCM (3 mL), and the resulting solution stirred at room temperature under an
atmosphere of argon. A solution of N-acetyl-L-cysteine methyl ester 27 (16 mag,
0.084 mmol) in a mixture of anhydrous DCM (3 mL) and anhydrous methanol (2 mL)
was slowly added via a syringe pump over a 2 h period. After 2 h, t.I.c. (petrol:ethyl
acetate, 3:7) indicated the formation of a product (R; 0.4) along with complete
consumption of the starting material (R; 0.1). The reaction mixture was concentrated in
vacuo and the resulting residue purified by flash column chromatography
(petrol:ethyl acetate, 4:6) to afford N-acetyl-L-cysteine (2,3,4-tri-O-benzyl-1-dithio-o-L-
fucopyranosy! disulfide) methyl ester 5 (48 mg, 31%) as white foam; [o]p?° -37.3 (c, 0.5
in CHCls); vmax (KBr disc) 3299 (br, NH) 1746 (s, C=0) 1654 (s, C=0) cm™;
Oy (500 MHz, CDCl3) 1.17 (1H, d, J 6.4 Hz, CH3), 2.03 (3H, s, HNC(O)CHs), 3.34 (1H,
dd, Jouw 14.5 Hz, Jonn 5.0 Hz, CH,H’), 3.41 (1H, dd, Jeuw 14.5 Hz, Jown 4.5 Hz,
CH,H), 3.71 (1H, br s, H-4), 3.73-3.75 (1H, m, H-3), 3.76 (3H, s, OCHs), 4.06 (1H, q,
J 6.5 Hz, H-5), 435 (1H, dd, J;» 5.4 Hz, J,3 9.6 Hz, H-2), 4.66-5.00 (6H, m,
3 x OCHyPh), 4.93-4.96 (1H, m, aH), 5.63 (1H, d, J;» 5.5 Hz, H-1), 6.36 (1H, br d,
JINHon 7.7 Hz, HNC(O)CHj3), 7.29-7.39 (15H, m, Ar-H); d¢ (125.8 MHz, CDCl;) 16.3 (q,
CHj3), 23.2 (9, HNC(O)CHa), 41.3 (t, CH,H’), 51.8 (d, aC), 52.8 (q, OCHj3), 68.5 (d, C-5),
72.7,73.3,74.9 (3 x t, 3 x OCH,Ph), 76.5 (d, C-2), 77.6 (d, C-4), 79.6 (d, C-3), 90.2 (d,
C-1), 127.4, 127.6, 127.7, 127.8, 127.9, 128.2, 128.3, 128.4, 128.5 (9 x d, 15 x Ar-C),
137.7, 138.3, 138.5 (3 x s, 3 x Ar-C), 169.7, 170.8 (2 x s, COOCHs;, HNCOCH;);
m/z (ES*) 684 (MMeCNNH,", 100%); HRMS (ES") Calcd. for Cs3H3NNaO;S, (MNa™)
648.2060. Found: 648.2067.
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Synthesis of N-Acetyl-L-cysteine (2,3,4,6-tetra-O-acetyl-1-dithio-f-D-

glucopyaranosyl disulfide) methyl ester 7

OH AO OAc OAc
0 c20, pyr O  HBr(33% in AcOH) 0
HO AcO /7 AcO
HO — Acm -~ ACO&‘
HO oy  84% ACO “oac b AcO |
39 40 41
NaPTS 26

acetonitrile, 70 °C| 70%

SH
OAc AcHN L,r OMe OAc
/gol o 27 /SS io
AcO S - AcO
AcO ~s DCM/MeOH AcO — SSO,Ph
OAc EtsN, 76% c
42
7 AcHN OMe
(0]
Scheme S10.

1,2,3,4,6-Penta-O-acetyl-D-glucopyranoside'®'* 40
OAc

Aco’&oz
AcO

AcO “oOAc

D-Glucose 39 (50.0 g, 278 mmol) was dissolved in pyridine (200 mL) under an
atmosphere of argon. Acetic anhydride (250 mL) was added portionwise over 30 min
and the mixture was left to stir at room temperature. After 22 h, t.l.c. (petrol:ethyl
acetate, 1:1) indicated the formation of a product (R 0.6) with complete consumption of
starting material (R; 0). The reaction mixture was co-evaporated with ethanol until no
pyridine or acetic anhydride remained. The residue was recrystallised (ethanol) to
afford 1,2,3,4,6-penta-O-acetyl-D-glucopyranoside 40 (90.5 g, 84%) as a white
crystalline solid being a mixture of anomers (a:f, 1:1.2); m.p. 98-100 °C (ethanol)
[Lit. 100-102 °C]'?; [a]o?' +51.3 (c, 1.01 in CHCIy) [Lit. [a]o +54.5 (¢, 3.8 in CHCI,)]";
Su (400 MHz, CDClg) 2.02, 2.03, 2.09, 2.11, 2.18 (15H, 5 x s, 5 x C(O)CHsa), 2.02,
2.08, 2.09, 2.12, 2.18 (15H, 5x s, 5 x C(O)CHsp), 3.82-3.86 (1H, m, H-58), 4.08-4.14
(3H, m, H-50, H-6'a, H-6'B), 4.25-4.31 (2H, m, H-6a, H-6B), 5.08-5.17 (4H, m, H-20,
H-40, H-2B, H-4p), 5.25 (1H, at, J 9.4 Hz, H-3p), 5.47 (1H, at, J 9.8 Hz, H-3a), 5.72
(1H, d, J128.3 Hz, H-1B), 6.33 (1H, d, J;2 3.6 Hz, H-1a).
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2,3,4,6-Tetra-O-acetyl-a-D-glucopyranosyl bromide' 41

OAc
AcO O
AcO
AcO
Br

1,2,3,4,6-Penta-O-acetyl-D-glucopyranoside 40 (20.0 g, 51.2 mmol) was dissolved in
anhydrous DCM (200 mL) and to this hydrogen bromide (33% w/w in acetic acid,
150 mL) was added. The mixture was stirred under argon at room temperature. After a
2 h period, t.l.c. (petrol:ethyl acetate, 3:1) indicated the formation of a product (R; 0.4)
with complete consumption of starting material (R; 0.1). Ice water (250 mL) was added
and the mixture stirred for 10 min. The two phases were separated and the aqueous
layer re-extracted with DCM (3 x 50 mL). The combined organic layers were washed
with sodium hydrogen carbonate (saturated aqueous solution) until pH 8 was obtained.
The combined organics were washed with brine (200 mL), dried (MgSQO,), filtered and
concentrated in vacuo. Recrystallisation (ethyl acetate/petrol) afforded 2,3,4,6-tetra-O-
acetyl-a-D-glucopyranosyl bromide 41 (17.5 g, 83%) as a white crystalline solid;
m.p. 84-86 °C (ethyl acetate/petrol) [Lit. 89.5-90.5 °C]"*; [o]p?? +182.1 (c, 1.01 in CHCl5)
[Lit. [a]o +186 (c, 6 in CH.Clo)]'*; 84 (400 MHz, CDCls) 2.04, 2.06, 2.10, 2.11 (12H,
4x s, 4 x C(O)CHg), 4.14 (1H, dd, Js6 1.9 Hz, Js e 12.6 Hz, H-6), 4.28-4.36 (2H, m, H-5,
H-6), 4.85 (1H, dd, J; 4.0 Hz, J>510.0 Hz, H-2), 5.17 (1H, at, J 9.8 Hz, H-4), 5.56 (1H,
at, J9.7 Hz, H-3), 6.25 (1H, d, J; 4.0 Hz, H-1).

2,3,4,6-Tetra-O-acetyl-p-D-glucopyranosyl phenylthiosulfonate® 42
OAc

0
ACA%& SSO,Ph

AcO
2,3,4,6-Tetra-O-acetyl-a-D-glucopyranose bromide 41 (7.90 g, 19.21 mmol) was
dissolved in anhydrous acetonitrile (80 mL). To this solution sodium phenylthiosulfonate
(7.51 g, 38.42 mmol) and tetrabutylammonium bromide (0.62 g, 1.92 mmol) were
added. The resulting mixture was stirred under argon at 70 °C. After a 4.5 h period,
t.l.c. (petrol:ethyl acetate, 1:1) indicated the formation of a major product (R¢ 0.2) with
complete consumption of the starting material (R;0.3). The reaction mixture was
concentrated in vacuo. The crude solid was partitioned between DCM (100 mL) and
water (80 mL), and the aqueous layer re-extracted with DCM (2 x 100 mL). The
combined organic layers were washed with brine (80 mL), dried (MgSQ,), filtered and

concentrated in vacuo. Recrystallisation (ethyl acetate/petrol) afforded 2,3,4,6-tetra-O-
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acetyl-p-D-glucopyranosyl phenylthiosulfonate 42 (6.81 g, 70 %) as a white crystalline
solid; m.p. 128-130 °C (ethyl acetate/petrol) [Lit. 129-130 °C (ethyl acetate/petrol)]?;
[a]o® +48.3 (c, 1 in CHCIy) [Lit. [a]o® +51.2 (c, 1 in CHCI5)]%; 84 (400 MHz, CDCl,) 1.99,
2.00, 2.02, 2.05 (12H, 4 x s, 4 x C(O)CHj3), 3.74 (1H, ddd, Js5 10.1 Hz, Jss 2.3 Hz,
Jse 4.3 Hz, H-5), 3.91 (1H, dd, Js5 2.3 Hz, Js ¢ 12.5 Hz, H-6), 4.11 (1H, dd, Js¢ 4.3 Hz,
Jso 12.5 Hz, H-6’), 4.99-5.05 (2H, m, H-2, H-4), 5.26 (1H, d, Ji» 10.4 Hz, H-1), 5.27
(1H, at, J9.3 Hz, H-3), 7.53-7.67 (3H, m, Ar-H), 7.93-7.95 (2H, m, Ar-H).

N-Acetyl-L-cysteine (2,3,4,6-tetra-O-acetyl-1-dithio--D-glucopyaranosyl disulfide)

OAc
A0,
A ~
c0 OAc S
AcHNLWOMe
(0]
2,3,4,6-Tetra-O-acetyl-p-D-glucopyranosyl phenylthiosulfonate 42 (200 mg, 0.397

methyl ester 7

mmol) was dissolved in anhydrous DCM (8 mL) and stirred at room temperature under
an atmosphere of argon. A solution of N-acetyl-L-cysteine methyl ester 27 (70 mg,
0.397 mmol) and triethylamine (55 pL, 0.397 mmol) in a mixture of anhydrous DCM (15
mL) and anhydrous methanol (2 mL) was slowly added via a syringe pump over a 2 h
period. After 2 h, t.l.c. (ethyl acetate) indicated the formation of a product (R; 0.4) along
with complete consumption of the starting material (R 0.3). The reaction mixture was
concentrated in vacuo and the resulting residue purified by flash column
chromatography (ethyl acetate) to afford N-acetyl-L-cysteine (2,3,4,6-tetra-O-acetyl-1-
dithio-p-D-glucopyaranosyl disulfide) methyl ester 7 (164 mg, 76%) as a white
amorphous solid; [a]p'® +19.8 (c, 1 in CHCIls); Umax (KBr disc) 3290 (br, NH) 1749 (s,
C=0) 1663 (s, C=0) cm™'; &4 (400 MHz, CDCl5) 2.00, 2.02, 2.03, 2.04, 2.08 (15H, 5 X s,
4 x C(O)CHs, HNC(O)CHa), 3.09 (1H, dd, Jouw 14.2 Hz, Jop 4 6.8 Hz, CH,H’), 3.33
(1H, dd, Joupw 14.2 Hz, Jow o 4.4 Hz, CH,H), 3.77 (3H, s, OCHj3), 3.81-3.85 (1H, m,
H-5), 4.18 (1H, dd, Jss 2.2 Hz, Jsg 12.5 Hz, H-6), 4.27 (1H, dd, Jsg 4.7 Hz,
Josor 12.5 Hz, H-6), 4.59 (1H, d, J;» 9.5 Hz, H-1), 4.95-4.99 (1H, m, aH), 5.10 (1H, at,
J 9.7 Hz, H-4), 5.21 (1H, at, J 9.4 Hz, H-2), 5.25 (1H, at, J 9.2 Hz, H-3), 6.41 (1H, d,
Jwien 8.0 Hz, HNC(O)CHs); d¢ (100.7 MHz, CDCl;) 20.6, 20.7, 20.8 (3 x q,
4 x C(O)CHj3), 23.1 (g, HNC(O)CHj3), 41.9 (t, CH,H’), 51.9 (d, aC), 52.8 (g, OCH,3), 61.9
(t, C-6), 67.9 (d, C-4), 68.9 (d, C-2), 73.7 (d, C-3), 76.1 (d, C-5), 88.9 (d, C-1), 169.4,
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169.8, 170.1, 170.6, 171.0, 172.4 (6 x s, 4 x C(O)CHjs;, HNC(O)CH;z;, CO.CHjs);
m/z (ES*) 598 (MMeCNNH,", 100%); HRMS (ES") Calcd. for CH29NNaO;,S, (MNa™)
562.1017. Found: 562.1023; Found: C, 44.43%; H, 5.49%, N, 2.58%. C4oH45NOgS,
requires: C, 44.52%; H, 5.42%; N, 2.60%.

Synthesis of N-Acetyl-L-cysteinamide'® 43
SH

AcHN NH>

0]

N-acetyl-L-cysteine methyl ester (387 mg, 2.19 mmol) was stirred in a 1:1 mixture of
toluene and ammonium hydroxide. After 19 h, t.lc. (ethyl acetate) showed
comsumption of starting material (R; 0.3) and formation of a product (R; 0). The reaction
mixture was concentrated in vacuo at 60 °C and the resulting residue purified by
recrystallisation (ethanol) to afford N-acetyl-L-cysteinamide 43 (322 mg, 91%) as a
white crystalline solid; m.p. 147-149 °C (ethanol) [Lit. 148-150 °C (ethanol)]'®;
[a]o® -44.0 (c, 1 in H,0) [Lit. [a]p®® -12.28 (c, 5 in H,0)]"®; 34 (400 MHz, CDCl;) 2.03
(8H, s, HNC(O)CHs), 2.80 (1H, dd, Jouw 13.9 Hz, Jown 7.3 Hz, CH,H’), 2.92 (1H, dd,
Jony 13.8 Hz, Jown 9.2 Hz, CHH), 472 (1H, dd, J 4.9 Hz, J 9.2 Hz, aH);
d¢ (100.7 MHz, CDCl3) 21.5 (g, HNC(O)CHj3), 25.9 (t, CH,H’), 55.8 (d, aC), 172.4 (s,

HNC(O)CHs), 174.2 (s, C(O)NHy); m/z (ES’) 161 (M-H*, 100%).

Synthesis of N-Acetyl-L-cysteinamide (2,3,4,6-tetra-O-acetyl-1-dithio-f-D-
glucopyaranosyl disulfide) 9

SH
OAc
OAS AcHN Ln/ NH o
ACA%&/ SSO,Ph °0_43_ A S
ACO DCM/MeOH ¢ OAG
EtsN, 61%
42
% AcHN NH,
(0]

Scheme S11.
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N-Acetyl-L-cysteinamide (2,3,4,6-tetra-O-acetyl-1-dithio-f-D-glucopyaranosyl

disulfide) 9
OAc
Aﬁgo%s\s
AcHNLWNHz
0]

2,3,4,6-Tetra-O-acetyl-p-D-glucopyranosyl phenylthiosulfonate 42 (407 mg, 0.807
mmol) was dissolved in anhydrous DCM (8 mL) and stirred at room temperature under
an atmosphere of argon. A solution of N-acetyl-L-cysteinamide 43 (131 mg,
0.807 mmol) and triethylamine (0.11 mL, 0.807 mmol) in a mixture of anhydrous DCM
(10 mL) and anhydrous methanol (8 mL) was slowly added via a syringe pump over a
2 h period. After 3 h, tl.c. (ethyl acetate:MeOH, 9:1) indicated the formation of a
product (R; 0.4) along with complete consumption of the starting material (R 0.3). The
reaction mixture was concentrated in vacuo and the resulting residue purified by
recrystallisation (ethyl acetate) to afford N-acetyl-L-cysteinamide (2,3,4,6-tetra-O-
acetyl-1-dithio-p-D-glucopyaranosyl disulfide) 9 (260 mg, 61%) as a white amorphous
solid; [a]p*® -173 (¢, 1 in MeOH); vmax (KBr disc) 3046 (br, NH NH,) 1748 (s, C=0) 1638
(s, C=0) cm™; &, (400 MHz, CD;OD) 1.99, 2.03, 2.07 (15H, 3 x s, 4 x C(O)CHj,
HNC(O)CHs), 2.97 (1H, dd, Jouw 13.8 Hz, Joum 9.7 Hz, CH,H’), 3.36 (1H, dd,
Jonp 18.9 Hz, Jow o4 4.6 Hz, CH,H’), 3.97 (1H, ddd, J;5 10.2 Hz, Js6 2.3 Hz, Js 5 4.3 Hz,
H-5), 4.33 (1H, dd, Jsg 2.2 Hz, Jse 12.5 Hz, H-6), 4.38 (1H, dd, Js¢ 4.4 Hz,
Jso 12.5 Hz, H-6’), 4.75-4.78 (1H, m, aH), 4.79 (1H, d, J;2 9.5 Hz, H-1), 5.07 (1H, at,
J9.7 Hz, H-4), 5.27 (1H, at, J 9.4 Hz, H-2), 5.34 (1H, at, J 9.3 Hz, H-3); &¢ (100.7 MHz,
CD,0OD) 19.5, 19.6, 19.7, 19.8 (4 x g, 4 x C(O)CHs), 21.6 (g, HNC(O)CH), 41.8 {t,
CH,H"), 52.5 (d, aC), 62.1 (t, C-6), 68.3 (d, C-4), 69.4 (d, C-2), 74.2 (d, C-3), 76.0 (d,
C-5), 87.4 (d, C-1), 169.9, 170.1, 170.5, 171.4, 1725 (5 x s, 4 x C(O)CHs,
HNC(O)CH,3), 174.1 (s, CONH,); m/z (ES*) 547 (MNa*, 100%) 583 (MMeCNNH,",
70%); HRMS (ES") Calcd. for CigH2sN2NaO;:S, (MNa*) 547.1027. Found: 547.1027;
Found: C, 44.85%; H, 5.73%, N, 5.34%. C19H2sN>011S, requires: C, 44.50%; H, 5.38%;
N, 5.34%.
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Synthesis of N-Acetyl-L-cysteine (2,3,4,6-tetra-O-acetyl-1-dithio-f-D-

galactopyaranosyl disulfide) methyl ester 11

HO AcO AcO
O'a Ac,0, pyr OAO\C HBr (33% in AcOH) OAO\C
HO AcO AcO
OMOH ™% AcO % A0
" 45 OAC a6 Br

NaPTS 26
acetonitrile, 70 °C | 67%

SH
AcO _OAc acrmn Lo ome  ACO oac
AcO S\s pcMmeoH  AcO OACSSOZPh

OAc Et;N, 63% 4
AcHN OMe

1 @)
Scheme S12.

1,2,3,4,6-Penta-O-acetyl-a-D-galactopyranoside'® 45

AcO OAc
(0]
AcO
AcO
OAc

A solution of D-galactose 44 (30.0 g, 167 mmol) in pyridine (200 mL) was treated with
acetic anhydride (250 mL), and stirred at room temperature under an atmosphere of
argon. After 24 h, t.l.c. (petrol:ethyl acetate, 1:1) indicated the formation of a product
(R 0.5) with complete consumption of starting material (R; 0). The reaction mixture was
co-evaporated with ethanol until no pyridine or acetic anhydride remained. The residue
was recrystallised (ethanol) to afford 1,2,3,4,6-penta-O-acetyl-a-D-galactopyranoside
45 (82.3 g, 74%) as white crystalline solid; m.p. 88-90 °C (ethanol) [Lit. 92-94 °C]';
[a]o?! +87.7 (c, 1.06 in CHCIy) [Lit. [a]p®® +107 (c, 1.0 in CHCI5)]'®; 84 (400 MHz, CDCls)
2.00, 2.02, 2.04, 2.16 (15H, 4 x s, 5 X C(O)CHjs), 4.08 (1H, dd, Js¢ 4.2 Hz, Jse 11.3 Hz,
H-6), 4.12 (1H, dd, Js46.7 Hz, H-6’), 4.34 (1H, dt, J,50.6 Hz, H-5), 5.33 (2H, at,
J 1.3 Hz, J1.7 Hz, H-2, H-4), 5.50 (1H, br s, H-3), 6.38 (1H, d, J;» 1.6 Hz, H-1).

2,3,4,6-Tetra-O-acetyl-a-D-galactopyranosyl bromide'” 46

AcO OAc
(0]
AcO
AcO
Br

1,2,3,4,6-Penta-O-acetyl-a-D-galactpyranoside 45 (1.0 g, 2.56 mmol) was dissolved in
anhydrous DCM (10 mL) and to this hydrogen bromide (33% w/w in acetic acid, 10 mL)
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was added. The mixture was stirred under argon at room temperature. After a 18 h
period, t.l.c. (petrol:ethyl acetate, 3:1) indicated the formation of a product (R; 0.3) with
complete consumption of starting material (R; 0.2). Ice water (15 mL) was added and
the mixture stirred for 10 min. The two phases were separated and the aqueous layer
re-extracted with DCM (3 x 10 mL). The combined organic layers were washed with
sodium hydrogen carbonate (saturated aqueous solution) until pH 8 was obtained. The
combined organics were washed with brine (20 mL), dried (MgSQ,), filtered and
concentrated in vacuo. Recrystallisation (diethyl ether/petrol) afforded 2,3,4,6-tetra-O-
acetyl-a-D-galactopyranosyl bromide 46 (1.0 g, 95%) as a white crystalline solid;
m.p. 84-86 °C (diethyl ether/petrol) [Lit. 84-85 °C]"; [a]o®' +212 (c, 1 in CHCI)
[Lit. [a]o?® +210 (c, 1in CHCI3)]""; 34 (400 MHz, CDCls) 2.02, 2.06, 2.12, 2.16 (12H,
4 x s, 4 x C(O)CHz), 4.09-4.21 (2H, m, H-6, H-6’), 4.49 (1H, at, J 6.6 Hz, H-5), 5.05 (1H,
dd, Ji» 3.9 Hz, J»5 10.6 Hz, H-2), 5.41 (1H, dd, J»5 10.6 Hz, J4 3.3 Hz, H-3), 5.53 (1H,
brd, J3.3 Hz, H-4), 6.76 (1H, d, J; » 3.9 Hz, H-1).

2,3,4,6-Tetra-O-acetyl-B-D-galactopyranosyl phenylthiosulfonate? 47

AcO  Hac
@)
AcO SSOzPh
OAc

2,3,4,6-Tetra-O-acetyl-a-D-galactopyranose bromide 46 (1.0 g, 2.43 mmol) was
dissolved in anhydrous acetonitrile (40 mL). To this solution sodium phenylthiosulfonate
26 (0.95 g, 4.86 mmol) and tetrabutylammonium bromide (78 mg, 0.243 mmol) were
added. The resulting mixture was stirred under argon at 70 °C. After a 5 h period, t.l.c.
(petrol:ethyl acetate, 1:1) indicated the formation of a major product (R; 0.4) with
complete consumption of the starting material (R; 0.6). The reaction mixture was
concentrated in vacuo. The crude solid was partitioned between DCM (50 mL) and
water (30 mL), and the aqueous layer re-extracted with DCM (2 x 50 mL). The
combined organic layers were washed with brine (80 mL), dried (MgSQ,), filtered and
concentrated in vacuo. The residue was purified by flash column chromatography (ethyl
acetate:petrol, 2:1) afforded 2,3,4,6-tetra- O-acetyl-p-D-galactopyranosyl
phenylthiosulfonate 47 (0.82 g, 67%) as a white crystalline solid; m.p. 56-58 °C
[Lit. 53-54 °CP%; [o]o?' +21.2 (¢, 1 in CHCI) [Lit. [0]o®” +24.2 (c, 1 in CHCl)]%;
Sy (400 MHz, CDCls) 1.98, 2.03, 2.06, 2.11 (12H, 4 x s, 4 x C(O)CH,), 3.85 (1H, dd,
Jsp 8.8 Hz, Js¢ 13.6 Hz, H-6), 3.93-3.99 (2H, m, H-5, H-6’), 5.11 (1H, dd, J>3 9.6 Hz,
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Js.a 3.3 Hz, H-3), 5.22 (1H, at, J 9.9 Hz, H-2), 5.28 (1H, d, J;» 9.9 Hz, H-1), 5.43 (1H,
brd, J 3.3 Hz, H-4), 7.54-7.68 (3H, m, Ar-H), 7.94-7.97 (2H, m, Ar-H).

N-Acetyl-L-cysteine (2,3,4,6-tetra-O-acetyl-1-dithio-p-D-galactopyaranosyl
disulfide) methyl ester 11
AcO _0OAc

N
AcO OAcS\S

AcHN/erO'VIe

0

2,3,4,6-Tetra-O-acetyl-p-D-galactopyranosyl  phenylthiosulfonate 47 (339 mg,
0.672 mmol) was dissolved in anhydrous DCM (10 mL) and stirred at room temperature
under an atmosphere of argon. A solution of N-acetyl-L-cysteine methyl ester 27
(119 mg, 0.672 mmol) and triethylamine (0.1 mL, 0.672 mmol) in a mixture of
anhydrous DCM (10 mL) and anhydrous methanol (2 mL) was slowly added via a
syringe pump over a 2 h period. After a 2 h period, t.l.c. (ethyl acetate) indicated the
formation of a product (R; 0.4). The reaction mixture was concentrated in vacuo and
the resulting residue purified by flash column chromatography (ethyl acetate) to afford
N-acetyl-L-cysteine  (2,3,4,6-tetra-O-acetyl-1-dithio-B-D-galactopyaranosyl  disulfide)
methyl ester 11 (228 mg, 63%) as a white amorphous solid; [a]p® +27.3 (c, 1 in CHCl5);
Umax (KBr disc) 3373 (br, NH) 1749 (s, C=0) 1665 (s, C=0) cm™'; &, (400 MHz, CDCl5)
1.99, 2.05, 2.06, 2.07, 2.17 (15H, 5 x s, 4 X C(O)CH,, HNC(O)CHs), 3.13 (1H, dd,
Jouw 14.3 Hz, Jon n 6.8 Hz, CH,H’), 3.36 (1H, dd, Jouw 14.2 Hz, Jow 1 4.3 Hz, CH,H),
3.79 (3H, s, OCHs), 4.06-4.09 (1H, m, H-5), 4.11-4.17 (2H, m, H-6, H-6"), 4.62 (1H, d,
Ji2 9.9 Hz, H-1), 4.97-5.02 (1H, m, aH), 5.09 (1H, dd, J,3 10.0 Hz, J;4 3.4 Hz, H-3),
5.36 (1H, at, J 9.9 Hz, H-2), 5.45 (1H, br d, J 3.3 Hz, H-4), 6.39 (1H, Juu . 8.0 Hz,
HNC(O)CHj3); d¢ (100.7 MHz, CDCl3) 20.5, 20.6, 20.7, 20.8 (4 x q, 4 x C(O)CHj3), 23.2
(9, HNC(O)CHj3), 42.1 (t, CH,H’), 52.0 (d, aC), 52.8 (g, OCHg3), 61.5 (t, C-6), 66.6 (d,
C-2), 67.2 (d, C-4), 71.7 (d, C-3), 74.9 (d, C-5), 90.3 (d, C-1), 169.5, 169.8, 170.0,
170.1, 170.4, 171.0 (6 x s, 4 x C(O)CH;, HNC(O)CH3;, CO,CHs); m/z (ES*) 598
(MMeCNNH,*, 100%); HRMS (ES*) Calcd. for CyHzgNNaO;,S, (MNa®) 562.1023.
Found: 562.1025.
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Synthesis of N-Acetyl-L-cysteine (3,4,6-tetra-O-acetyl-2-acetamido-2-deoxy-1-
dithio-pg-D-glucopyaranosyl disulfide) methyl ester 13
OAc

A ol Ac thiourea
ﬁ C & \ acetone, 60°C /-\CO ﬁ \ NH2CI
ACHN AcHN

AcHN “oH 72% 75%

50
N828205
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Scheme S13.

3,4,6-Tri-O-acetyl-2-N-acetylamido-2-deoxy-o.-D-glucopyranosyl chloride'®'® 49

OAc
ACO/A/ 0
ACOW
AcHN
Cl

Acetyl chloride (40 mL, 563 mmol) was added through an air condenser into a round
bottom flask containing 2-acetylamido-2-deoxy-D-glucose 48 (20.0 g, 90.41 mmol). The
reaction mixture was heated for 1 h until a colour change was observed (pink) and the
reaction mixture was stirred vigorously overnight. After 16 hours, t.l.c. (petrol:ethyl
acetate, 1:2) indicated formation of a product (R 0.3) with complete consumption of the
starting material (R 0).The reaction mixture was diluted with DCM (150 mL) and then
poured on to ice water (100 mL). The organic layer was washed with ice cold sodium
bicarbonate (3 x 100 mL) until no more gas was evolved. The organic layer was dried
(MgSQ,), filtered and concentrated in vacuo. Recrystallization (diethyl ether/DCM)
yielded 3,4,6-tri-O-acetyl-2- N-acetylamido-2-deoxy-a-D-glucopyranosyl chloride 49 as a
crystalline solid (23.95 g, 72%); m.p. 120-122°C (diethyl ether/DCM)
[Lit. 122-123 °C]"®; [a]p'® +127.0 (c, 1 in CHCI3) [Lit. [a]p?® +120.6 (c, 1.03 in CHCI3)]";
Sy (400 MHz, CDCl;) 1.99, 2.06, 2.11 (12H, 3x s, 3x C(O)CHs, HNC(O)CHs),
4.05-4.14 (1H, m, H-6), 4.23-4.31 (2H, m, H-5, H-6’), 4.53 (1H, ddd, J;» 3.7 Hz,
Jo3 10.7 Hz, Jonn 8.9 Hz, H-2), 5.22 (1H, at, J 9.8 Hz, H-4), 5.32 (1H, at, J 10.0 Hz,
H-3), 5.83 (1H, d, J 8.6 Hz, HNC(O)CHa), 6.19 (1H, d, J;» 3.7 Hz, H-1).
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(3,4,6-Tri-O-acetyl-2-acetamido-2-deoxy-f-D-glucopyranosyl)-1-isothiouronium
chloride® 50

OAc
Acoﬁoz S_ _NH,CI
AcO
AcHN \I&

NH,
3,4,6-Tri-O-acetyl-2-acetamido-2-deoxy-a-D-glucopyranosyl chloride 49 (5.0 g,
13.67 mmol) and thiourea (1.8 g, 23.24 mmol) were dissolved in anhydrous acetone
(40 mL). The reaction mixture was stirred under an atmosphere of argon and heated to
60 °C. After a 2 h period a white solid precipitated. The precipitate was removed by
filtration, the filtrate was returned to reflux, and this process was repeated until the solid
ceased to precipitate. The off white crystals were combined and recrystallised from
acetone/petrol to afford (3,4,6-tri-O-acetyl-2-acetamido-2-deoxy-B-D-glucopyranosyl)-1-
isothiouronium chloride 50 (4.5 g, 75%) as a white crystalline solid; m.p. 134-136 °C
(acetone/petrol) [Lit. 134-137 °C (acetone/petrol)?; [o]o®® -24.6 (c, 1 in Hy,0) [Lit.
[a]p?® -25.2 (c, 1 in Hx0)]% 34 (400 MHz, DMSO-dg) 1.80 (3H, s, HNC(O)CHs), 1.94,
1.97, 2.01 (9H, 3 x s, 3 x C(O)CHs), 4.00 (1H, at, J 9.9 Hz, H-2), 4.06 (1H, dd,
Jse 2.0 Hz, Jsg 11.4 Hz, H-6), 4.17 (1H, dd, Js¢ 4.8 Hz, Jse 11.4 Hz, H-6"), 4.22 (1H,
ddd, Js5 9.9 Hz, Js5 2.0 Hz, Js 5 4.8 Hz, H-5), 4.93 (1H, at, J 9.6 Hz, H-4), 5.13 (1H, at,
J 9.8 Hz, H-3), 5.67 (1H, d, J;» 10.5 Hz, H-1), 8.43 (1H, d, J 9.3 Hz, NH), 9.20 (2H, br
s, NHy), 9.39 (2H, br s, NH,); d¢c (100.7 MHz, DMSO-d¢) 21.1, 21.3, 21.4 (3 x q,
3 x C(O)CHs3), 23.4 (q, HNC(O)CHs3), 52.0 (d, C-2), 62.3 (t, C-6), 68.7 (d, C-4), 73.5 (d,
C-3), 75.6 (d, C-5), 81.5 (d, C-1), 168.0 (s, C=N), 170.1, 170.5, 170.8, 170.9 (4 X s,
3 x C(O)CHg;, HNC(O)CHs).

1-Thio-3,4,6-Tri-O-acetyl-2-acetamido-2-deoxy-f-D-glucopyranose® 51
OAc
AX?%SH
(3,4,6-Tri-O-acetyl-2-acetamido-2-deoxy-B-D-glucopyranosyl)-1-isothiouronium chloride
50 (4.4 g, 9.96 mmol) and sodium metabisulfite (2.3 g, 11.95 mmol) were dissolved in
a mixture of DCM (60 mL) and water (30 mL). The mixture was heated to reflux under
an atmosphere of argon. After a 2 h period the reaction was cooled to room
temperature and the phases were separated. The aqueous layer was re-extracted with
DCM (2 x 60 mL). The organics were combined and washed with water (60 mL) and

brine (60 mL), dried (MgSQO.,), filtered and concentrated in vacuo. Recrystallisation from
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ethyl acetate/petrol  afforded  1-thio-3,4,6-Tri-O-acetyl-2-acetamido-2-deoxy-f3-D-
glucopyranose 51 (2.7 g, 74%) as a white solid; m.p. 166-168 °C (ethyl acetate/petrol)
[Lit. 165-187 °C (ethyl acetate/petrol)]?; [a]o™ -25.3 (c, 1 in CHCIy) [Lit. [a]o> -24.8 (c, 1
in CHCI3)]%; &y (400 MHz, CDCls) 1.99, 2.03, 2.05, 2.10 (12H, 4 x s, 3 x C(O)CHs,
HNC(O)CHs), 2.57 (1H, d, Jisn 9.4 Hz, SH), 3.69 (1H, ddd, Js5 9.5 Hz, Js5 2.2 Hz,
Jse 4.8 Hz, H-5), 4.00 (1H, at, J 9.9 Hz, H-2), 4.13 (1H, dd, Jss 2.3 Hz, Js¢ 12.4 Hz,
H-6), 4.24 (1H, dd, Js¢ 4.8 Hz, Jse 12.4 Hz, H-6’), 4.58 (1H, at, J 9.7 Hz, H-1), 5.08
(1H, at, J 9.4 Hz, H-3), 5.13 (1H, at, J 9.3 Hz, H-4), 5.70 (1H, d, J 9.5 Hz, HNC(O)CHs);
d¢ (100.7 MHz, CDCls) 20.6, 20.7, 20.8 (3 x g, 3 x C(O)CHg), 23.3 (q, HNC(O)CHj),
56.8 (d, C-2), 62.1 (t, C-6), 68.0 (d, C-4), 73.5 (d, C-3), 76.3 (d, C-5), 80.4 (d, C-1),
169.2, 170.4, 170.8, 171.3 (4 x s, 3 x C(O)CH3, HNC(O)CHs).

Phenyl 3,4,6-tri-O-acetyl-2-acetamido-2-deoxy-1-selenenylsulfide-3-D-
glucopyranoside® 52
OAc
AcOﬁo: S—SePh
AcO
AcHN

1-Thio-3,4,6-tri-O-acetyl-2-acetamido-2-deoxy-f-D-glucopyranose 51 (406 mg, 1.11
mmol) and phenylselenyl bromide (395 mg, 1.67 mmol) were dissolved in anhydrous
DCM (10 mL). The resulting mixture was stirred under an atmosphere of argon at room
temperature. After 10 min, t.l.c. (ethyl acetate) indicated the formation of a major
product (R 0.4). The reaction was quenched with the addition of triethylamine (2 mL)
and stirred for 5 min. The mixture was portioned between DCM (10 mL) and water
(15 mL), the aqueous phase was separated and re-extracted with DCM ( 2 x 20 mL).
The combined organic layers were washed with brine (25 mL), dried (MgSQ,), filtered
and concentrated in vacuo. The residue was purified by flash column chromatography
(ethyl acetate) to afford phenyl 3,4,6-tri-O-acetyl-2-acetamido-2-deoxy-1-
selenenylsulfide-p-D-glucopyranoside 52 (424 mg, 73 %) as a white crystalline solid;
m.p. 176-178 °C [Lit. 177-179 °C]®; [a]n?° -141.3 (c, 1 in CHCl,) [Lit. [a]p®® -134.0 (c, 1 in
CHClIg)J%; 84 (400 MHz, CDCl5) 1.89 (3H, s, HNC(O)CHg), 2.01, 2.02, 2.04 (9H, 3 x s,
3 x C(O)CHj3), 3.75 (1H, ddd, Js5 10.0 Hz, Js¢ 2.3 Hz, Jse 4.7 Hz, H-5), 4.08 (1H, dd,
Jse 2.3 Hz, Jse 12.3 Hz, H-6), 4.16 (1H, dd, Jse¢ 4.7 Hz, Js¢ 12.3 Hz, H-6’), 4.20 (1H,
at, J10.3 Hz, H-2), 4.78 (1H, at, J 10.1 Hz, H-1), 5.11 (1H, at, J 9.7 Hz, H-4), 5.28 (1H,
at, J 9.8 Hz, H-3), 5.46 (1H, d, J 9.0 Hz, HNC(O)CHj3), 7.26-7.29 (3H, m, Ar-H), 7.69-
7.71 (2H, m, Ar-H); d¢ (100.7 MHz, CDCl;) 20.6, 20.7 (2 x g, 3 x C(O)CHj3), 23.3 (q,
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HNC(O)CHs), 54.3 (d, C-2), 62.1 (1, C-6), 68.1 (d, C-4), 73.3 (d, C-3), 76.0 (d, C-5),
86.9 (d, C-1), 127.9, 129.0, 131.3 (3 x d, 5 x Ar-C), 132.4 (s, Ar-C), 169.3, 170.0,
170.7,171.0 (4 x s, 3 x C(O)CHa, HNC(O)CHs); m/z (ES*) 578 (MMeCNNH,", 100%).

N-Acetyl-L-cysteine (3,4,6-tetra-O-acetyl-2-acetamido-2-deoxy-1-dithio-3-D-
glucopyaranosyl disulfide) methyl ester 13
OAc

A
AcO S\S
AcHN

@)

Phenyl 3,4,6-tri-O-acetyl-2-acetamido-2-deoxy-1-selenenylsulfide-p-D-glucopyranoside
52 (165 mg, 0.318 mmol) was dissolved in anhydrous DCM (5 mL) and stirred at room
temperature under an atmosphere of argon. Triethylamine (50 yL, 0.318 mmol) was
added to the above solution. A solution of N-acetyl-L-cysteine methyl ester 27 (56 mg,
0.318 mmol) in a mixture of anhydrous DCM (5 mL) and anhydrous methanol (4 mL)
was slowly added via a syringe pump over a 2 h period. After a 2 h period, t.l.c. (ethyl
acetate) indicated the formation of a major product (R; 0.2). The reaction mixture was
concentrated in vacuo and the resulting residue purified by flash column
chromatography (ethyl acetate) to afford N-acetyl-L-cysteine (3,4,6-tetra-O-acetyl-2-
acetamido-2-deoxy-1-dithio-p-D-glucopyaranosyl disulfide) methyl ester 13 (126 mg,
74%) as a white amorphous solid; [a]o?' -28.9 (c, 1 in CHCIls); vmax (KBr disc) 3309 (br,
NH) 1746 (s, C=0) 1659 (s, C=0) cm’; 8y (400 MHz, CDCl3) 1.95, 2.03, 2.04, 2.06,
2.09 (15H, 5 x s, 3 x C(O)CH3, 2 x HNC(O)CHs), 3.12 (1H, dd, Jouw 14.2 Hz,
Jonn 6.7 Hz, CH,H’), 3.34 (1H, dd, Jouw 14.2 Hz, Jop x4 4.8 Hz, CH,H’), 3.79 (3H, s,
OCHs), 3.82 (1H, ddd, Js5 9.9 Hz, Js6 2.4 Hz, Js¢ 4.6 Hz, H-5), 4.18 (1H, at, J 9.8 Hz,
H-2), 4.20 (1H, dd, Jss 2.4 Hz, Jsg 12.5 Hz, H-6), 4.26 (1H, dd, Jsg 4.6 Hz,
Jsg 12.5 Hz, H-6), 4.77 (1H, d, J;» 10.4 Hz, H-1), 4.94-4.99 (1H, m, aH), 5.11 (1H, at,
J 9.7 Hz, H-4), 5.24 (1H, at, J 9.8 Hz, H-3), 5.89 (1H, d, Jyyn2 9.2 Hz, HNC(O)CHS,,
H-2), 6.46 (1H, d, Jyp.n 7.9 Hz, HNC(O)CHs,aH); d¢ (100.7 MHz, CDClI;) 20.6, 20.7,
20.8 (3xq, 3xC(0O)CHs,), 23.1,23.2 (2 x g, 2 x HNC(O)CHj3), 42.0 (t, CH,H’), 52.1 (d,
aC), 52.7 (d, C-2), 52.8 (g, OCHz), 62.0 (t, C-6), 68.0 (d, C-4), 73.4 (d, C-3), 76.1 (d,
C-5), 90.3 (d, C-1), 169.3, 169.9, 170.2, 170.6, 170.6 (5 x s, 3 x C(O)CHs,
2 x HNC(O)CHj, CO,CHg); m/z (ES*) 597 (MMeCNNH,", 100%); HRMS (ES") Calcd.
for CooH31N2011S, (MH*) 539.1364. Found: 539.1372.
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Synthesis of N-Acetyl-L-cysteine (1-dithio--D-glucopyranosyl disulfide) methyl

ester 15
OH 1. Lawesson's reagent, OAC OH
HO 0) dioxane, reflux, 4iih § NaOMe MeOH HO (o)
HO 2. Ac,0, pyr B ACO HO SH
OH"QH* 72+ ACO quantltatlve OH
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Scheme S14.

1-S-acetyl-2,3,4,6-tetra-O-acetyl-1-thio-p-D-glucopyranoside® 53

OAc

AcO O
AC&/ SAc

AcO

Lawesson’s reagent (672 mg, 1.665 mmol) was added to a partial solution of D-glucose
39 (200 mg, 1.110 mmol) in anhydrous dioxane (6 mL) and the reaction mixture heated
to 110 °C under an atmosphere of argon for 48 h. After this time, the reaction mixture
was cooled to room temperature, filtered through Celite® and concentrated in vacuo.
The resulting crude product was then dissolved in pyridine (3 mL) and acetic anhydride
(3 mL) added to the solution. The reaction was stirred for 16 h, after which time a few
drops of water were added and the reaction left to stir for 10 min. The reaction mixture
was extracted with ether (3 x 90 mL), washed with hydrochloric acid (50 mL of a 1M
solution), sodium hydrogen carbonate (50 mL of a saturated aqueous solution), and
water (2 x 50 mL), dried (MgSQ,), filtered and concentrated in vacuo. The residue was
purified by flash column chromatography (petrol:ethyl acetate, 3:1) to afford 1-S-acetyl-
2,3,4,6-tetra- O-acetyl-1-thio-p-D-glucopyranoside 53 (0.2 g, 44%) as a white solid; m.p.
100-102 °C [Lit. 119-120 °CJ?°; [a]o® +11.4 (c, 1.10 in CHCI,) [Lit. [a]o*® +10.5 (c, 0.6 in
CHCI5)]?%; 3y (400 MHz, CDCl3) 2.00, 2.02, 2.03, 2.08 (12H, 4 x s, 4 x C(O)CHjs), 2.39
(38H, s, S(O)CHj3), 3.82-3.86 (1H, m, H-5), 4.10 (1H, dd, Js 2.2 Hz, Js 12.5 Hz, H-6),
4.26 (1H, dd, Jsg 4.5 Hz, H-6’), 5.09-5.15 (2H, m, H-3, H-4), 5.26 (1H, d, J;» 10.6 Hz,
H-1), 5.28 (1H, at, J>3 9.3 Hz, H-2); m/z (ES™) 465 (MMeCNNH,*, 100%).
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1-Thio-B-D-glucopyranose?' 54

1-S-acetyl-2,3,4,6-tetra-O-acetyl-1-thio-p-D-glucopyranoside 53 (0.2 g, 0.50 mmol) was
dissolved in anhydrous methanol (5 mL) and sodium methoxide (27 mg, 0.50 mmol)
was added. The mixture was stirred under an atmosphere of argon for 1 h, when t.l.c.
(petrol:ethyl acetate, 1:1) indicated formation of a single product (R¢ 0.1) and complete
consumption of starting material (R; 0.4). lon exchange resin (DOWEX 50WX8-200)
was added portionwise until the solution was neutralised, at which point the reaction
mixture was concentrated in vacuo to yield 1-thio-p-D-glucopyranose 54 (quantitative
yield) which was used directly without further purification; [a]o* +6.0 (c, 1.0 in MeOH);
Oy (400 MHz, CD;OD) 2.61 (1H, d, Jisy 8.0 Hz, SH), 3.12 (1H, at, J;»9.3 Hz,
Jr3 9.3 Hz, H-2), 3.30-3.36 (2H, m, H-3, H-5), 3.51 (1H, at, J4 9.4 Hz, Js5 9.4 Hz, H-4),
3.64 (1H, dd, Jsg 1.9 Hz, Jse 12.0 Hz, H-6), 3.85 (1H, dd, Jss 5.3 Hz, Jss 12.0 Hz,
H-6"), 4.42 (1H, d, J; 2 9.3 Hz, H-1); &¢ (100.7 MHz, CD;0D) 61.8 (t, C-6), 72.1 (d, C-4),
76.4 (d, C-5), 77.2 (d, C-2), 78.2 (d, C-3), 80.9 (d, C-1); m/z (ES’) 195 (M-H*, 100%).

Phenyl 1-selenenylsulfide-p-D-glucopyranoside® 55
OH

0
HOON g:g _S—SePh

OH

1-Thio-p-D-glucopyranose 54 (200 mg, 1.02 mmol) and phenylselenyl bromide (265
mg, 1.12 mmol) were dissolved in anhydrous dioxane (5 mL). The resulting mixture
was stirred under an atmosphere of argon at room temperature. After 1 min, t.I.c. (ethyl
acetate:methanol, 9:1) indicated the formation of a major product (R¢ 0.4). The reaction
was quenched with the addition of triethylamine (2 mL). The solution was concentrated
in vacuo. The residue was purified by flash column chromatography (ethyl acetate) to
afford phenyl 1-selenenylsulfide-p-D-glucopyranoside 55 (94 mg, 26 %) as an off white
amorphous solid; [a]p'® -93.8 (c, 1 in MeOH) [Lit. [a]p?* -153.0 (c, 1 in MeOH)%;
Sy (400 MHz, CD;0D) 3.53-3.55 (2H, m, H-3, H-5), 3.61-3.66 (2H, m, H-2, H-4), 3.84
(1H, dd, Js6 5.1 Hz, Jge 11.7 Hz, H-6), 4.04 (1H, dd, Js¢ 1.7 Hz, Jse 11.3 Hz, H-6’),
4.69 (1H, d, J;2 9.8 Hz, H-1), 7.47-7.56 (3H, m, Ar-H), 7.98-8.00 (2H, m, Ar-H);
Sc (100.7 MHz, CD;0D) 62.2 (t, C-6), 70.6, 81.5 (2 x d, C-3, C-5), 73.8, 78.7 (2 x d,
C-2,C-4),89.8 (d, C-1),127.8, 129.3, 130.9 (3 x d, 5 x Ar-C), 133.1 (s, Ar-C).
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N-Acetyl-L-cysteine (1-dithio-p-D-glucopyranosyl disulfide) methyl ester 15

Phenyl 1-selenenylsulfide-p-D-glucopyranoside 55 (90 mg, 0.256 mmol) was dissolved
in anhydrous methanol (8 mL) and stirred at room temperature under an atmosphere of
argon. A solution of N-acetyl-L-cysteine methyl ester 27 (45 mg, 0.256 mmol) and
triethylamine (40 pL, 0.256 mmol) in anhydrous methanol (5 mL) was slowly added via
a syringe pump over a 2 h period. After a 2 h period, t.l.c. (ethyl acetate:methanol, 9:1)
indicated the formation of a product (R; 0.2) along with complete consumption of the
starting material (R;0.4). The reaction mixture was concentrated in vacuo and the
resulting residue purified by flash column chromatography (ethyl acetate:methanol, 9:1)
to afford N-acetyl-L-cysteine (1-dithio-p-D-glucopyaranosyl disulfide) methyl ester 15
(75 mg, 79%) as a white amorphous solid; [a]p?' -12.5 (c, 1 in MeOH); vmax (KBr disc)
3363 (br, NH OH) 1764 (s, C=0) 1653 (s, C=0) cm; &, (400 MHz, CD30D) 2.00 (3H,
s, HNC(O)CHs), 3.02 (1H, dd, Joun 13.8 Hz, Jou o 8.7 Hz, CH,H’), 3.31-3.34 (1H, m,
H-5), 3.35-3.37 (2H, m, CH,H’, H-4), 3.42 (1H, dd, J 8.0 Hz, J 10.3 Hz, H-3), 3.52 (1H,
at, J9.0 Hz, H-2), 3.71 (1H, dd, Js6 5.3 Hz, Js¢ 11.9 Hz, H-6), 3.75 (3H, s, OCH,), 3.89
(1H, dd, Jsg 1.9 Hz, Js ¢ 11.9 Hz, H-6"), 4.36 (1H, d, J;2 9.3 Hz, H-1), 4.90-4.93 (1H, m,
aH); &¢ (100.7 MHz, CD3;0D) 21.4 (q, HNC(O)CHj3), 40.6 (t, CH,H’), 51.9 (d, aC), 52.4
(9, OCHs,), 61.9 (t, C-6), 70.2 (d, C-4), 71.4 (d, C-2), 78.4 (d, C-3), 81.5 (d, C-5), 90.5
(d, C-1), 171.8, 172.4 (2 x s, HNC(O)CHs, CO,CHg); m/z (ES*) 394 (MNa*, 90%), 430
(MMeCNNH,", 100%); HRMS (ES*) Calcd. for Ci2H1NNaOsS, (MNa®) 394.0601.
Found: 394.0601.
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Synthesis of N-Acetyl-L-cysteine (2-acetamido-2-deoxy-1-dithio-B-D-
glucopyranosyl disulfide) methyl ester 17

OAc NaOMe OH g PhS;a’\I/?rOH OH
o) MeOH e} ioxane/Me o)
Aﬁg&/s'* HS&SH g HﬁoﬁwS—swh
AcHN 87% AcHN 66% AcHN
51 56 57
SH
MeOH
AcHNerOMe Et.N
3
O 27| o4%
OH
o)
Hoéws
HO ~s
AcHN
AcHN OMe
17 o
Scheme S15.

1-Thio-2-acetamido-2-deoxy-p-D-glucopyranose® 56

AcHN
1-thio-3,4,6-Tri-O-acetyl-2-acetamido-2-deoxy-f-D-glucopyranose 51 (0.66 g,
1.829 mmol) was dissolved in anhydrous methanol (10 mL) and sodium methoxide
(0.32 g, 5.961 mmol) was added. After 30 min, t.l.c. (ethyl acetate) indicated the
formation of a single product (R; 0) and the absence of starting material (R 0.2). lon
exchange resin (DOWEX 50WX8-200) was added portionwise until the solution was
neutralised, at which point the reaction mixture was concentrated in vacuo.
Recrsytalisation from methanol/ethyl acetate yielded 1-thio-2-acetamido-2-deoxy-B-D-
glucopyranose 56 (0.38 g, 87%) as a white crystalline solid; m.p. 174-176 °C
(methanol/ethyl acetate) [Lit. 177-179 °C (methanol/ethyl acetate)]®; [a]p?' -12.1 (c, 1 in
MeOH) [Lit. [0]p?* -10.4 (c, 1 in MeOH)]*; 3y (400 MHz, CDs;OD) 2.00 (3H, s,
HNC(O)CHs), 3.27-3.37 (2H, m, H-4, H-5), 3.41 (1H, at, J 9.0 Hz, H-3), 3.65 (1H, dd,
Js 5.6 Hz, Js e 11.9 Hz, H-6), 3.87 (1H, dd, Js & 2.0 Hz, Js e 12.0 Hz, H-6"), 4.56 (1H, d,
Ji2 10.0 Hz, H-1), 8.15 (1H, d, Jugn-2 8.8 Hz, HNC(O)CHg); d¢ (100.7 MHz, CD;0D)
21.9 (9, HNC(O)CHs), 58.9 (d, C-2), 61.8 (t, C-6), 70.8 (d, C-4), 76.0 (d, C-3), 79.9 (d,
C-1), 81.5 (d, C-5), 172.8 (s, HNC(O)CHjs); m/z (ES’) 236 (M-H*, 100%).
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Phenyl 2-acetamido-2 deoxy-1-selenenylsulfide--D-glucopyranoside® 57
OH

(e}
OO, s sepr

AcHN
1-Thio-2-acetamido-2-deoxy-p-D-glucopyranose 56 (248 mg, 1.05 mmol) and
phenylselenyl bromide (271 mg, 1.15 mmol) were dissolved in a mixture of anhydrous
dioxane (5 mL) and anhydrous methanol (3 mL). The resulting mixture was stirred
under an atmosphere of argon at room temperature. After 1 min, t.lc. (ethyl
acetate:methanol, 9:1) indicated the formation of a major product (Rs 0.4). The reaction
was quenched with the addition of triethylamine (3 mL). The solution was concentrated
in vacuo. The residue was purified by flash column chromatography (ethyl
acetate:methanol, 9:1) to afford phenyl 2-acetamido-2 deoxy-1-selenenylsulfide-3-D-
glucopyranoside 57 (271 mg, 66 %) as an white amorphous solid; [a]p*' -171.3 (c, 1 in
MeOH) [Lit. [a]o® -174.0 (c, 1 in MeOH)]*; 5y (400 MHz, CD;OD) 1.96 (3H, s,
HNC(O)CHs), 3.31-3.34 (1H, m, H-5), 3.36 (1H, dd, Js¢ 5.3 Hz, Js¢ 11.9 Hz, H-6), 3.84
(1H, dd, Jse¢ 2.0 Hz, Jss 11.9 Hz, H-6’), 3.87 (1H, at, J 10.0 Hz, H-2), 4.64 (1H, d,
Ji2 10.3 Hz, H-1), 7.27-7.34 (3H, m, Ar-H), 7.71-7.74 (2H, m, Ar-H); d¢ (100.7 MHz,
CD3;0D) 21.9 (g, HNC(O)CHs), 56.1 (d, C-2), 61.9 (t, C-6), 70.8 (d, C-5), 76.0 (d, C-3),
81.4 (d, C-4), 89.5 (d, C-1), 127.6, 129.1 (2 x d, 5 x Ar-C), 130.8 (s, Ar-C), 172.6 (s,
HNC(O)CHs).

N-Acetyl-L-cysteine (2-acetamido-2-deoxy-1-dithio-p-D-glucopyranosyl disulfide)

methyl ester 17

OH
0
HO
HO S\s
AcHN
AcHN/LWOMe
o)

Phenyl 3,4,6-tri-O-acetyl-2-acetamido-2-deoxy-1-selenenylsulfide-f3-D-glucopyranoside
57 (112 mg, 0.286 mmol) and triethylamine (20 pL, 0.143 mmol) were dissolved in
anhydrous methanol (8 mL) and stirred at room temperature under an atmosphere of
argon. A solution of N-acetyl-L-cysteine methyl ester 27 (17 mg, 0.095 mmol) in
anhydrous methanol (5 mL) was added dropwise over a 10 min period. After 6 h, t.l.c.
(ethyl acetate:methanol, 9:1) indicated the formation of a product (R; 0.1) along with
complete consumption of the starting material (R;0.2). The reaction mixture was

concentrated in vacuo and the resulting residue purified by flash column
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chromatography (ethyl acetate:methanol, 9:1) to afford N-acetyl-L-cysteine (2-
acetamido-2-deoxy-1-dithio-p-D-glucopyranosyl disulfide) methyl ester 17 (37 mg, 94%)
as a white amorphous solid; [a]p®® -74.1 (¢, 1 in MeOH); vmax (KBr disc) 3363 (br, NH
OH) 1737 (s, C=0) 1654 (s, C=0) cm™; &, (500 MHz, CD;OD) 1.99, 2.00 (6H, 2 x s,
2 x HNC(O)CHs3), 3.07 (1H, dd, Jepyw 13.9 Hz, Jow 1 8.7 Hz, CH,H’), 3.30-3.39 (3H, m,
H-3, H-4, CH,H’), 3.50-3.54 (1H, m, H-5), 3.72-3.78 (2H, m, H-6, H-6’), 3.79 (3H, s,
OCHa), 3.92 (1H, at, J 10.3 Hz, H-2), 4.57 (1H, d, J;» 10.3 Hz, H-1), 4.73-4.77 (1H, m,
aH), 7.32 (1H, d, Jwin2 7.5 Hz, HNC(O)CH3,H-2), 7.74 (1H, d, Jwp.n 7.0 Hz,
HNC(O)CHs,oH); &¢ (125.8 MHz, CD;0D) 22.4, 22.9 (2 x g, 2 x HNC(O)CHj3), 41.9 (t,
CH,H"), 52.9 (q, OCH,), 53.6 (d, aC), 55.6 (d, C-2), 62.9 (t, C-6), 71.7 (d, C-4), 77.1 (d,
C-5), 82.6 (d, C-3),91.3 (d, C-1), 172.8, 173.4, 173.5 (3 x s, 2 x HNC(O)CHg3, CO,CHj);
m/z (ES*) 471 (MMeCNNH,*, 100%); HRMS (ES*) Calcd. for C14H24N2NaOgS, (MNa®)
435.0869. Found: 435.0866.

General procedures for peptide synthesis

General procedure 1 (GP 1): to a ~0.1M solution of the amine and appropriate amino
acid (1.1 equivalents) in anhydrous DMF were added HBTU (1.1 equivalents), HOBt
(0.37 equivalents) and DIPEA (2 equivalents). After t.l.c. analysis showed complete
consumption of starting material and formation of a major product, the reaction mixture
was concentrated in vacuo. The residue was diluted with DCM, washed with sodium
hydrogen carbonate (saturated aqueous solution), potassium hydrogen sulfate (1N
aqueous solution), and brine, dried (MgSQ,), filtered and concentrated in vacuo.
General procedure 2 (GP 2): a ~0.1M solution of the Fmoc building block in DCM (c=
0.1M) was treated with 1.05 equiv. DBU. After t.l.c. analysis showed complete
consumption of starting material and formation of a major product, the reaction mixture
was concentrated in vacuo ~20% of the original volume. The amine was subsequently
purified by flash column chromatography. In case of the “one-pot” procedure (i.e.
deprotection-coupling), the reaction mixture was not concentrated after completion but
treated with 1.0 equivalents of HOBt and this solution was used for the amino acid
coupling as described in GP 1.

General procedure 3 (GP 3): a solution of the amine in pyridine (c= 0.1M) was cooled
to 0°C and treated with acetic anhydride (5 mL mmol™). To speed up the reaction 0.33
equivalents of DMAP were added. After t.l.c. analysis showed complete consumption of
starting material and formation of a major product, the reaction mixture was

concentrated in vacuo. The residue was diluted with DCM, washed with sodium
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hydrogen carbonate (saturated aqueous solution), potassium hydrogen sulfate (1N

aqueous solution), and brine, dried (MgSQ,), filtered and concentrated in vacuo.

Synthesis of Ac-Cys-Ser(iBu)-Gly-OEt 58

tBuO. o ' tBuO OtBu
]\/OH HCHN L ! H Q ii H
FmocHN " MNP0B = FmooHn N~ oet T FmOCHN; Ny N
o o] " H O
Fmoc-Ser(tBu)-OH  HCI H-Gly-OEt 59 s 60
jii/
OR OfBu
H O H2 O ] O H O
\n,N\)LH N Aog v HZN:JI\N N\)\OEt
o = (0] ; o)
SR rs”

61

[62 Ry= Tr; Ry= tBu])

58: R1 H; R2— tBu
Scheme S16. Reagents and Conditions: () HBTU, HOBt, DiIiPEA, DCM, DMF (yield 59:
99%); (i) (a) DBU, DCM; (b) HOBY; (c) Fmoc-Cys(Tr)-OH, HBTU, HOBt, DIPEA, DCM,

DMF (yield 60: 89%); (ii) DBU, DCM (yield 61: 86%). (iv) Ac,O, pyridine (yield 62:
84%). (v) TFA/DCM (5/95 v/iv), iPr3SiH (yield 58: 73%).

N-fluorenyl methoxycarbonyl-O-tert-butyl-L-serine-glycine ethyl ester 59
tBuO

H O
FmocHN"~r N~ "0Et

0]
Fmoc-Ser(Bu)-OH (5.00 g, 13.0 mmol) and HCIlGly-OEt (2.00 g, 14.3 mmol) were
treated according to GP 1; purification by flash column chromatography (diethyl ether)
gave Fmoc-Ser(fBu)-Gly-OEt 59 as a white solid; m.p. 119 °C; Yield: 99%; R; 0.6
(diethyl ether); [o]p'® +23.2 (c, 1 in CHCl3); vmax (KBr disc) 3300 (br, NH) 1726 (s, C=0)
1656 (s, C=0) cm™"; & (400 MHz, CDCls) 1.15 (9H, s, C(CHs)s), 1.21 (3H, dd, J 7.1 Hz,
partially obscured by following resonance, OCH.CH,), 3.34 (1H, at, J 8.4 Hz,
CH,H’ser), 3.77 (1H, dd, J 3.8 Hz, J 8.4 Hz, CH,H’ser), 3.99 (2H, ABX system,
J 13.3 Hz, J 18.3 Hz, aHgly), 4.10 (4H, m, aHser, H™™>, OCH,CHs), 4.32 (2H, d,
J 6.8 Hz, CH,"™), 5.72 (1H, d, J 5.2 Hz, NH), 7.18-7.36 (5H, m, 4xH™™°, NH*"®), 7.55
(2H, d, J 7.4 Hz, H™*), 7.70 (1H, d, J 7.5 Hz, NH™); 3¢ (100.7 MHz, CDCl;) 13.5 (q,
OCH,CH,), 26.7 (g, C(CHa)s), 40.9 (t, aCgly), 46.5 (d, CH™), 54.1 (d, aCser), 60.7 (t,
CH,H’ser), 61.4 (t, OCH,CHs), 66.5 (s, C(CHa)s), 73.4 (t, CH,™™), 119.4, 124.6, 126.5,
127.1 (4 x d, 4 x CF™°), 140.6, 143.2, 143.3 (3 x s, 3 x C™™*), 155.2 (s, CO™), 169.2,
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171.2 (2 x s, 2 x CO); m/z (ES") 527 (MMeCNNH,*, 100%); HRMS (ES*) Calcd. for
CgeHsgNgNaOG (MNa+) 491.2153. Found: 491.2136.

N-fluorenyl methoxycarbonyl-S-trityl-L-cysteine- O-tert-butyl-L-serine-glycine
ethyl ester 60
OtBu

H O
FmocHN\)L N\)\OEt

= H O
Tr/

Fmoc-Ser(Bu)-Gly-OEt 59 (2.50 g, 5.34 mmol) was deprotected according to GP 2 and
coupled with Fmoc-Cys(Tr)-OH according to GP 1; purification by flash column
chromatography (diethyl ether) gave 60 as a colourless foam; Yield: 89%; R, 0.6
(diethyl ether); [a]o'® +2.0 (¢, 0.5 in CHCls); Umax (thin film) 3370 (br, NH) 1750 (s, C=0)
1650 (s, C=0) cm™'; 34 (400 MHz, CDClg) 1.09 (9H, s, C(CHa)s), 1.16 (3H, at, J 7.1 Hz,
OCH.CH,), 2.64 (2H, d, J 6.8 Hz, CH,Hcys), 3.25 (1H, dd, J 6.2 Hz, J 8.8 Hz
CH,H’ser), 3.51 (1H, dd, J 6.6 Hz, J 7.0 Hz, aHcys), 3.66, 3.71 (1H, ABX system,
J 5.2 Hz, aHgly), 3.80 (1H, dd, J 3.3 Hz, J 8.8 Hz, CH,H’ser), 3.84, 3.88 (1H, ABX
system, J 5.8 Hz, aHgly), 4.04 (2H, dd, J 6.9 Hz, J 7.2 Hz, OCH,CHj), 4.10 (1H, at,
J 7.0 Hz, CH™), 4.28 (2H, dd, J 5.4 Hz, J 7.2 Hz, CH,™>), 4.37 (1H, ddd, J 3.3 Hz,
J 6.5 Hz, J 6.9 Hz, aHser) 5.00 (1H, d, J 7.0 Hz, NH), 6.64 (1H, d, J 7.3 Hz, NH),
7.09-7.38 (19 H, m, NH, 6 x H™™* 13 x H™), 7.49 (2H, d, J 7.0 Hz, H™), 7.65 (1H, d,
J 3.5 Hz, H™), 7.69 (1H, d, J 3.9 Hz, H™); 3¢ (100.7 MHz, CDCls) 13.8 (q, OCH,CHs),
27.0 (g, C(CHa)s), 33.5 (t, CH,H’cys), 40.8 (t, aCgly), 46.7 (d, CH™*), 52.9, 53.7 (2 x d,
aCser, aCcys), 60.8 (2 x t, OCH,CH,, CH,H’ser), 66.9 (t, CH,™™), 73.6 (s, C(CHa)a),
119.6, 124.7 (2 x d, 3x C™), 126.6-127.8 (C™™>*, C™), 140.9, 143.3, 143.5, 143.9 (4 x s,
3 x Cf™°, C™), 155.5 (s, CO™™>), 168.9, 169.6, 169.8 (3 x s, 2 x CO?™*, CO®*"*";
m/z (ES*) 872 (MMeCNNH,*, 100%); HRMS (ES*) Calcd. for CssHsiNsNaO;S (MNa*)
836.3340. Found: 836.3316.

S-trityl-L-cysteine-O-tert-butyl-L-serine-glycine ethyl ester 61
OtBu

0] H O
H2N\)LN N\)kOEt

z H O
/
TrS

Fmoc-Cys(Tr)-Ser(tBu)-Gly-OEt 60 (1.00 g, 1.23 mmol) was deprotected according to
GP 2; purification by flash column cromatography (DCM—-DCM:methanol, 9:1) gave H-
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Cys(Tr)-Ser(fBu)-Gly-OEt 61 as a yellow oil; Yield: 86%; R, 0.5 (DCM:methanol, 9:1);
Su (400 MHz, CDCls) 1.17 (9H, s, C(CHa)s), 1.25 (3H, at, J 7.2 Hz, OCH,CH,), 2.55
(1H, at, J 8.1 Hz, CH,H’cys), 2.75 (1H, dd, J 4.6 Hz, J 12.8 Hz, CH,H’cys), 2.83 (1H,
dd, J 4.2 Hz, J 8.1 Hz, aHcys), 3.33 (1H, at, J 7.7 Hz, CH,H'ser), 3.80 (1H, dd,
J 4.0 Hz, J 8.8 Hz, CH,H’ser), 3.95 (2H, d, J 5.2 Hz, aHgly), 4.18 (2H, at, J 7.2 Hz,
OCH,CHs), 4.40 (1H, dd, J 4.0 Hz, J 7.3 Hz, aHser), 7.20-7.45 (16 H, m, 15 x H",
NH?™®) 7.62 (1H, d, J 7.2 Hz, NH*™%): 5. (100.7 MHz, CDCl;) 13.7 (q, OCH,CHs,),
27.0 (q, C(CHs)3), 36.9 (t, CH,H’cys), 40. 9 (t, aCgly), 52.4, 53.7 (2 x d, aCser, aCcys),
60.8, 66.4 (2 x t, OCH,CHs, CH,H’ser), 73.5 (s, C(CHs)s), 126.7, 127.6, 129.1 (3 x d,
3xC™), 144.1 (s, C™), 169.0, 170.0, 173.0 (3 x s, 2 x CO*™ CO**"); m/z (ES*) 650
(MMeCNNH,*, 100%); HRMS (ES*) Calcd. for CssHaiNsNaOsS (MNa*) 614.2659.
Found: 614.2647.

N-acetyl-S-trityl-L-cysteine-O-tert-butyl-L-serine-glycine ethyl ester 62
OtBu
H O H O
YN\)J\N/Q(N\)LOE,[
O H O

SSTr

H-Cys(Tr)-Ser(Bu)-Gly-OEt 61 (351 mg, 593 umol) was treated according to GP 3;
purification by flash column chromatography (6% methanol in DCM) furnished Ac-
Cys(Tr)-Ser(tBu)-Gly-OEt 62 as a white solid; m.p. 191 °C; Yield: 84%; R, 0.5 (6%
methanol in DCM); [a]p'® +14.4 (¢, 0.25 in CHCl3); umax (KBr disc) 3260 (br, NH) 1757
(s, C=0) 1640 (s, C=0) cm™; alternatively, Fmoc-Cys(Tr)-Ser(Bu)-Gly-OEt 60 (1.00 g,
1.15 mmol) was deprotected according to GP 2 and acetylated following GP 3b; Yield:
81% over 2 steps; o4 (400 MHz, CDCI3) 1.18 (9H, s, C(CHz)s), 1.25 (3H, at, J 7.2 Hz,
OCH.CHs), 1.90 (3H, s, C(O)CHj3), 2.65 (1H, at, J 6.6 Hz, CH,H’cys), 2.75 (1H, dd,
J 5.9 Hz, J 6.6 Hz, CH,H’cys), 3.35 (1H, dd, J 6.0 Hz, J 8.8 Hz, CH,H’ser), 3.75 (1H,
dd, J 5.4 Hz, J 8.0 Hz, aHgly), 3.88 (3H, m, aHgly, CH,H’ser, aHcys), 4.18 (2H, dd,
J 7.0 Hz, J 14.0 Hz, OCH,CHj3), 4.40 (1H, dd, J 3.3 Hz, J 7.3 Hz, aHser), 6.05 (1H, d,
J 7.1 Hz, NH*™) 6.70 (1H, d, J 7.4 Hz, NH®""%) 7.20-7.45 (16H, m, 15 x H™", NHa™%);
dn (100.7 MHz, CDCl3) 13.9 (g, OCH.CHj3), 22.7 (g, C(O)CHs), 27.1 (g, C(CH,)3), 33.3
(t, CH,Hcys), 40.9 (t, aCgly), 52.1, 53.1 (2 x d, aCser, aCcys), 60.7, 60.9 (2 x t,
OCH,CH,, CH,H’ser), 73.7 (s, C(CHs)s), 126.7, 127.9, 129.2 (3 x d, 3 x C™), 144.0 (s,
C™), 169.0, 169.8, 169.9 (4 x CO); m/z (ES*) 692 (MMeCNNH,*, 100%); HRMS (ES*)
Calcd. for CasHisN3sNaOgS (MNa*) 656.2765. Found: 656.2766.
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Synthesis of Ac-Cys-Gly-Thr(iBu)-Gly-OEt 63

FmocHN

BuO,, BuO..,
BuO, o i H O i o) /E‘/H o)
/Q(OH + HOFHN L g, — FmocHN ~yN~""0Bt —— FmocHN A\ A N gy
o} H O
(0]
Fmoc-Thr(tBu)-OH HCI H-Gly-OEt

ifi

SR; ReO. o
o Y R 4o 69: Ry= Tr Ry= tBu __
vil
AN NN N o
H O H

(0] 63: R4= H; Ry= {Bu

Scheme S17. Reagents and Conditions: () HBTU, HOBt, DiIiPEA, DCM, DMF (yield 64:
89%). (ii) (a) DBU, DCM; (b) HOBL; (c) Fmoc-Gly-OH, HBTU, HOBt, DIiPEA, DCM, DMF
(yield 65: 85%); (i) DBU, DCM (yield 66: 82%); (iv) Fmoc-Cys(Tr)-OH, HBTU, HOB,
DiPEA, DCM, DMF (yield: 85%); (v) DBU, DCM (yield 67: 70% from 65); (vi) Ac,O,
pyridine (yield 69: 82%); (vii) TFA/DCM (5/95 v/v), iPr3SiH (yield 63: 38%).

N-fluorenyl methoxycarbonyl-L-threonine-glycine ethyl ester 64

‘BuO., 40
FmocHN/E(N\)I\OEt
O
Fmoc-Thr(tBu)-OH (5.00 g, 12.6 mmol) and HCI*H-Gly-OEt (2.11 g, 15.1 mmol) were
treated according to GP 1; purification by flash column chromatography (petrol:diethyl
ether, 1:3) gave 64 as a white solid; m.p. 93 °C; Yield: 89%; R, 0.8 (diethyl ether); [a]p'®
+19.2 (¢, 1 in CHCIs); Umax (KBr disc) 3310 (br, NH) 1742 (s, C=0) 1670 (s, C=0) cm™;
dH (400 MHz, CDCl3) 1.10 (38H, d, J 6.4 Hz, CH,thr), 1.30 (12H, m, OCH,CHs, C(CHjs)s),
4.07 (2H, ABX system, aHgly), 4.18-4.26 (5H, m, aHthr, CHthr, H"™°, OCH,CHs), 4.40
(2H, d, J 7.5 Hz, CH,”™), 6.03 (1H, d, J 5.0 Hz, NH), 7.31 (2H, at, J 7.4 Hz, H™>),
7.40 (2H, at, J 7.5 Hz, H"™°), 7.61 (2H, d, J 7.6 Hz, H™), 7.64 (1H, m, NH), 7.75 (2H,
d, J 7.5 Hz, H™°); &; (100.7 MHz, CDCls) 13.9 (q, OCH»CHs), 16.6 (g, CHsthr), 27.9
(9, C(CHa)s), 41.3 (t, aCgly), 46.9 (d, CH™*), 58.3 (d, aCthr), 61.1 (t, OCH,CH;), 66.4
(d, CHthr), 66.6 (t, CH,"™), 75.3 (q, C(CHa)s), 119.7, 124.9, 126.8, 127.4 (4 x d,

4 x CF™°) 141.0 (s, 2 x C"™°), 143.4, 143.7, (2 x s, 2 x C"™*), 155.7 (s, CO™°), 169.1,
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169.3 (2 x d, 2 x CO); m/z(ES") 505 (MNa*, 100%); HRMS (ES*) Calcd. for
C27H34N2Na06 (MNa") 505.2309. Found: 505.2304.

N-fluorenyl methoxycarbonyl-glycine-O-tert-butyl-L-threonine-glycine ethyl ester
65

t%JOM H O
FmocHNQkNJ:(NJOEt
H O

Fmoc-Thr(tBu)-Gly-OEt 64 (2.60 g, 5.39 mmol) was deprotected according to GP 1 and
the free amine was coupled with Fmoc-Gly-OH following GP 2; purification by flash
column chromatography (petrol:diethyl ether, 1:1—=DCM—5% methanol in DCM)
furnished Fmoc-Gly-Thr(tBu)-Gly-OEt 65 as a foam; Yield: 85%; R, 0.4 (8% methanol in
DCM); ); [a]o'® +23.6 (c, 0.5 in CHCls); vmax (thin film) 3320 (br, NH) 1726 (s, C=0)
1656 (s, C=0) cm™'; &y (400 MHz, CDCls) 1.05 (3H, d, J 6.3 Hz, CH,thr), 1.25 (3H, t,
J 7.2 Hz, OCH,CHs), 1.28 (9H, s, C(CHs)s), 4.05-4.11 (4H, ABX system, aHgly),
4.16-4.22 (4H, m, CH™*, CHthr, OCH,CHs), 4.38 (2H, d, J 7.0 Hz, CH,™™), 4.44 (1H,
at, J 4.6 Hz, aHser), 5.80 (1H, m, NH), 7.23 (1H, d, J 5.6 Hz, NH*"%) 7.30 (2H, m,
Hf™°), 7.37 (2H, at, J 7.4 Hz, H™>), 7.58 (2H, d, J 7.4 Hz, H™"), 7.68 (1H, at,
J 5.0 Hz, NH*™®), 7.74 (2H, d, J 7.5 Hz, NH™®): & (100.7 MHz, CDCl;) 14.0 (q,
OCH,CHg), 17.1 (g, CHsthr), 28.0 (g, C(CHa)s), 41.4, 44.2 (2 x t, 2 x aCgly), 46.9 (d,
CH™°), 57.4 (d, aCthr), 61.4 (t, OCH,CHj), 66.0, 67.1 (2 x t, CH,™, CHthr), 75.5 (s,
C(CHa)s), 119.8, 125.0, 126.9, 127.6 (4 X d, C™™®), 141.1 (s, 2 x C™>), 143.7 (s,
2 x CF™°), 156.5 (s, CO™), 168.8, 169.3, 169.5 (3 x s, 3 x CO); m/z (ES*) 598
(MMeCNNH,*, 100%); HRMS (ES*) Calcd. for CuHs;NsNaO; (MNa*) 562.2524.
Found: 562.2525.

N-fluorenyl methoxycarbonyl-S-trityl-L-cysteine-glycine-O-tert-butyl-L-threonine-

glycine ethyl ester 67

BuO.,,
LS(THr o /E(H 0
FmocHN" N~ N N ot
o] H O
Fmoc-Gly-Thr(Bu)-Gly-OEt 65 (108 mg, 200 umol) was deprotected following GP 2;
(H-Gly-Thr(#Bu)-Gly-OEt: R, 0.3 (DCM:methanol, 9:1). After t.l.c. showed completion
(30 min), the solution was concentrated in vacuo and the residue purified by flash

column chromatography (DCM—-DCM:methanol, 9:1). The amine (66, 52 mg,
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164 umol, 82%) was used directly for the coupling with Fmoc-Cys(Tr)-OH following GP
2; after strirring the reaction mixture overnight, t.l.c. analysis showed total consumption
of  starting material;  purification by  flash  column  chromatography
(DCM—DCM:methanol, 9:1) gave 67 as a white solid; m.p. 117 °C; Yield: 85%; R, 0.4
(5% methanol in DCM); ); [a]o'® +14.6 (c, 0.5 in CHCI3); umax (KBr disc) 3300 (br, NH)
1742 (s, C=0) 1632 (s, C=0) cm™; &y (400 MHz, CDCls) 0.91 (3H, d, J 6.2 Hz,
CH,thr), 1.13 (3H, t, J 7.1 Hz, OCH,CHs), 1.17 (9H, s, C(CHjs)3), 2.61 (2H, m,
CH,H’cys), 3.83 (2H, m, aHgly), 3.88-4.00 (8H, m, 2 x aHgly, aHcys), 4.00-4.13 (4H,
m, CH™°, OCH,CHjs, CHthr), 4.30 (3H, m, aHthr, CH,"™*), 5.40 (1H, d, J 6.9 Hz, NH),
7.10 (1H, m, NH), 7.10-7.22 (11H, m, 11 x Ar-H), 7.26-7.33 (8H, m, 8 x Ar-H), 7.51 (2H,
m, H™°, NH), 7.65 (2H, dd, J 5.2 Hz, J 7.4 Hz, NH™™°); 8¢ (100.7 MHz, CDCl;) 14.0
(g, OCH,CH5), 17.1 (q, CHsthr), 28.0 (g, C(CHs)3), 41.4, 43.0 (2 x t, 2 x aCgly), 33.6 (t,
CH,H’cys), 47.0 (d, CH™°), 53.8 (d, aCcys), 57.3 (d, aCthr), 61.3 (t, OCH,CHs), 66.0,
67.1 (2 x t, CH,™*, CHthr), 75.4 (s, C(CHa)s), 119.8, 125.0, 126.7, 126.9, 127.6, 129.5
(6 x, d, C"™>T) 141.1, 143.6, 143.7, 144.3 (4 x s, CT™*°T"), 155.9 (s, CO ™), 168.0,
169.3, 170.5 (3 x s, 4 x CO); m/z (ES*) 907 (MNa*, 100%); HRMS (ES*) Calcd. for
Cs1HssN4sNaOgS (MNa*) 907.3711. Found: 907.3712.

N-acetyl-S-trityl-L-cysteine-glycine-O-tert-butyl-L-threonine-glycine ethyl ester 69

0 L’S:,.ﬁ t%uo"J;H 0
AH ONJH ONJOEt
Fmoc-Cys(Tr)-Gly-Thr(tBu)-Gly-OEt 67 was synthesised from Fmoc-Gly-Thr(fBu)-Gly-
OEt on a 4.36 mmol scale, however, in this case the crude tetrapeptide was used crude
during the next removal of the Fmoc group on the cysteine residue according to GP 2;
purification by flash column chromatography (DCM—DCM:methanol, 9:1) gave H-
Cys(Tr)-Gly-Thr(iBu)-Gly-OEt (68, 2.03 g, 3.06 mmol) as a foam; Yield: 70% from
Fmoc-Gly-Thr(fBu)-Gly-OEt; R, 0.5 (8% methanol in DCM); m/z(ES*) 721
(MMeCNNH,", 100%);

Next, H-Cys(Tr)-Gly-Thr(Bu)-Gly-OEt (1.00 g, 1.51 mmol) was treated with acetic
anhydride (10 mL) and pyridine (10 mL) for 20 h. The reaction mixture was diluted with
ethyl acetate (100 mL), washed with sodium hydrogen carbonate (saturated aqueous
solution), hydrochloric acid (1N aqueous solution), and brine, dried (MgSQ,), filtered
and concentrated in vacuo. The residue was purified by flash column chromatography

(petrol:ethyl acetate, 1/0—~0/1—5% methanol in ethyl acetate) yielding 69 as a glassy
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oil; Yield: 82%; R, 0.5 (8% methanol in DCM); ); [a]p'® +15.0 (c, 1 in CHCls); Umax (KBr
disc) 3312 (br, NH) 1734 (s, C=0) 1656 (s, C=0) cm™; 5 (400 MHz, CD;OD) 1.01 (3H,
d, J 6.4 Hz, CH,thr), 1.13-1.17 (12H, m, OCH,CHs, C(CHs)s), 1.91 (3H, s, C(O)CHy),
2.58 (1H, dd, Jouw 13.0 Hz, Jopn 5.9 Hz, CH,Hcys), 2.71 (1H, dd, Jeuy 13.0 Hz,
Jor o+ 6.7 Hz, CH,H'cys), 3.81-3.92 (1H, d, J 4.9 Hz, aHgly), 3.92-3.98 (1H, d, J 5.2 Hz,
aHgly), 4.01-4.09 (2H, m, 2 x aHgly), 4.12 (1H, m, CHthr), 4.19 (3H, m, OCH,CHs,
aHcys), 4.40 (1H, dd, J 3.8 Hz, J 5.9 Hz, aHthr), 6.25 (1H, m, NH*"), 6.88 (1H, at,
J 5.0 Hz, NH3™%) 7.19-7.30 (11H, m, 10 x H™, NH®"), 7.63 (1H, t, J 5.1 Hz, NH3™%),
7.41 (5H, m, 5 x H™); 8¢ (100.7 MHz, CD;OD) 14.1 (g, OCH,CHs), 17.8 (g, CHsthr),
23.0 (g, C(O)CHs), 28.1 (q, C(CHa)s), 33.2 (t, CH,Hcys), 41.5, 43.2 (2 x t, 2 x aCgly),
52.0 (d, aCcys), 57.5 (d, aCthr), 61.4 (t, OCH,CHs), 66.1 (t, CHthr), 75.5 (s, C(CHs)s),
126.8, 128.0, 129.5 (3 x d, 3 x C™), 144.4 (s, C™), 168.1, 169.4, 169.5, 170.4, 170.6
(5 x s, 5 x CO); m/z(ES*) 763 (MNa*, 100%); HRMS (ES*) Calcd. for CsgHisN4sNaO;S
(MNa*) 727.3136. Found: 727.3135.

N-acetyl-L-cysteine-glycine-O-tert-butyl-L-threonine-glycine ethyl ester 63

0 LS(']L t%’o"/‘E(H 0
)L” ONJH ONJOEt
Ac-Cys(Tr)-Gly-Thr(Bu)-Gly-OEt 68 (868 mg, 1.23 mmol) was dissolved in DCM
(14 mL) and treated with /Pr,SiH (1.6 mmol, 327 ulL) and trifluoroacetic acid (0.75 mL).
After 6 h t.l.c. (DCM:methanol, 9:1) showed complete consumption of starting material
and the formation of two lower running spots. The reaction mixture was co-evaporated
with dry toluene and purified by flash column chromatography (petrol:ethyl acetate,
10/1—1/1—ethyl acetate—10% methanol in ethyl acetate—=20% methanol in ethyl
acetate) to give 63 as a foam; Yield: 38%; R; 0.4 (ethyl acetate:methanol, 9:1);
dH (400 MHz, CDs;0D) 1.12 (3H, d, J 6.3 Hz, CH,thr), 1.24 (9H, s, C(CHjs)s), 1.30 (3H,
at, J 7.1 Hz, OCH,CHa), 2.05 (3H, s, C(O)CHa), 2.83 (2H, d, J 6.1 Hz, CH,H’cys), 3.88-
4.06 (4H, m, oHgly), 4.17 (1H, m, CHthr"), 423 (2H, dd, J 7.1 Hz, J 14.1 Hz,
OCH.CHy), 4.45 (1H, at, J 3.8 Hz, aHthr), 4.58 (1H, at, J 6.1 Hz, aHcys), 7.56 (1H, d,
J 7.6 Hz, NH), 7.90 (1H, at, J 5.6 Hz, NH), 8.03 (1H, d, J 7.6 Hz, NH), 8.36 (1H, at,
J 5.6 Hz, NH); 3¢ (100.7 MHz, CD;0D) 13.8 (g, OCH.CH3), 17.8 (q, CHathr), 22.4 (q,
C(O)CHs3), 27.9 (q, C(CHa3)3), 34.3 (t, CH,H’cys), 41.2, 42.9 (2 x t, 2 x aCgly), 54.6, 57.6
(2 x d, aCthr, aCcys), 61.4 (t, OCH,CHj3), 66.3 (t, CHthr), 75.3 (s, C(CHas)3), 169.1-
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171.3 (CO); m/z(ES') 521 (MMeCNNH,", 100%); HRMS (ES*) Calcd. for
C19H34N4N8.O7S (MNa*) 485.2040. Found: 485.2037.

Synthesis of N-Acetyl-L-cysteine-(2,3,4,6-tetra-O-acetyl-1-dithio-B-D-

glucopyaranosyl disulfide)-O-tert-butyl-L-serine-glycine ethyl ester 19
SH

o
H
AcHN N A OFt
o : H/\g

OAc ~o0 OAc
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Ohe DCM/MeOH, Et3N CLWH 0
RT, 46% N OEt
42 ° 19 AcHN T \)J\uﬁ(
: o)
~
<
Scheme S18.

N-Acetyl-L-cysteine-(2,3,4,6-tetra-O-acetyl-1-dithio-g-D-glucopyaranosyl
disulfide)-O-tert-butyl-L-serine-glycine ethyl ester 19

OAc
A
AcO o S\S

Ac e
AcHNLﬂ/N\_)kNAr(OEt

Ac-Cys(Tr)-Ser(Bu)-Gly-OEt 58 (250 mg, 394 umol) was dissolved in DCM (10 mL)
and treated with /Pr,SiH (513 umol, 105 uL) and trifluoroacetic acid (0.5 mL). After 1 h
the reaction mixture was co-evaporated with dry toluene (2x25 mL) and a solution of
this tripeptide and triethylamine (394 umol, 55 ulL) in a mixture of DCM/methanol (9/1
v/v, 10 mL) was subsequently added dropwise (30 min period) to a solution of 2,3,4,6-
tetra-O-acetyl-p-D-glucopyranosyl phenyl thiosulfonate 42 (398 mg, 0.79 mmol) in
DCM/methanol (9/1 v/iv, 10 mL). After stirring under an atmosphere of argon for
1 h 30 min, tl.c. (6% methanol in DCM) showed complete consumption of starting
material and formation of a major product (R, 0.4). The reaction mixture was
concentrated in vacuo and the resulting residue purified by flash column
chromatography (DCM:methanol, 9:1) yielding 19 (137 mg, 46% over 2 steps) as an oil;
[a]p'® -159.2 (¢, 0.5 in CHCls); Umax (thin film) 3300 (br, NH) 1750 (s, C=0) 1643 (s,
C=0) cm'; &y (400MHz, CDCl;) 1.16 (9H, s, C(CHs)s), 1.23 (3H, at,
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J 7.2 Hz,OCH,CHg3), 1.96-2.02 (15H, m, 4 x C(O)CH3;, HNC(O)CHa), 3.01 (1H, dd,
Jour 14.1 Hz, Jown 8.5 Hz, CH,H'cys), 3.22 (1H, dd, Jouyw 14.2 Hz, Jow n 5.2 Hz,
CH,H’cys), 3.40, 3.73 (2H, 2 x m, CH,H’ser), 3.79-3.83 (1H, ddd, J 2.2 Hz, J 4.1 Hz,
J 6.2 Hz, H-5), 3.93-4.05 (2H, ABX system, 2 x aHgly), 4.13-4.19 (3H, m, OCH,CHs,
H-6), 4.27 (1H, dd, Jse 2.0 Hz, Jss 12.5 Hz, H-6’), 4.44 (1H, m, aHser), 4.58 (1H, d,
Ji 2 9.4 Hz, H-1), 4.85 (1H, m, aHcys), 5.09 (1H, at, J 9.5 Hz, H-4), 5.21 (2H, m, H-2,
H-3), 7.05 (1H, d, J 7.5 Hz, NH), 7.35 (1H, m, NH), 7.46 (1H, d, J 7.1 Hz, NH);
Oc (100.7 MHz, CDCls) 14.0 (g, OCH.CHg), 20.3, 20.4, 20.5, 20.6 (4 x q, 4 x C(O)CHj,),
22.8 (q, HNC(O)CHas), 27.2 (q, C(CHj3)3), 41.3 (2 x t, aCgly, CH,H’cys), 52.4, 53.3
(2 x d, aCser, aCcys), 61.0, 61.2, 61.3 (3 x t, OCH,CHs3, C-6, CH,H’ser), 67.8 (d, C-4),
69.0, 73.4 (C-2, C-3) 76.0 (d, C-5), 77.2 (s, C(CH,);), 88.3 (d, C-1)), 169.1-170.8 (8 x s,
8 x CO); m/z(ES') 812 (MMeCNNH,*, 100%); HRMS (ES*) Calcd. for
Cs0H47N3Na045S, (MNa®) 776.2341. Found: 776.2345.

Synthesis of N-Acetyl-L-cysteine-(2,3,4,6-tetra-O-acetyl-1-dithio-p-D-

galactopyaranosyl)-glycine-O-tert-butyl-L-threonine-glycine ethyl ester 21

s Y

y o O, o
AcO _0Ac AcHN N\)J\N/QI(NJKOEt AcO _0Ac
° H o 0

2 éw \N/
63
SSO,Ph ACO S<g
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Scheme S19.

N-Acetyl-L-cysteine-(2,3,4,6-tetra-O-acetyl-1-dithio-p-D-galactopyaranosyl)-
glycine-O-tert-butyl-L-threonine-glycine ethyl ester 21
AcO _0OAc

0
Acogws\s \*/

OAc o O..

H H @
AcHN N\)kN N\)koa
O H o

A solution of Ac-Cys-Gly-Thr(fBu)-Gly-OEt 63 (214 mg, 463 umol) in DCM/methanol
(6/2 viv, 8 mL) and triethylamine (463 umol, 65 uL) was added dropwise (3 mL h") to a
solution of 2,3,4,6-tetra-O-acetyl-p-D-galactopyranoside phenylthiosulfonate 47 (0.70 g,
1.39 mmol) in DCM (10 mL). After stirring overnight, t.I.c. (DCM,methanol, 9:1) showed

total consumption of starting material and formation of a major product (R, 0.5). The



Bernardes et al. Supporting Information S56

reaction mixture was concentrated in vacuo and purified by flash column
chromatography (DCM:methanol, 9:1) to afford 21 (240 mg, 62%) as a glassy solid;
[a]n'® -58.0 (¢, 1 in CHClg); vpmax (thin film) 3321 (br, NH) 1749 (s, C=0) 1654 (s, C=0)
cm™; &y (500 MHz, CDCL,) 1.05 (3H, d, J 6.3 Hz, CHathr), 1.27 (12H, m, OCH,CHs,
C(CHs3)3), 1.98, 2.03, 2.04, 2.05 (12H, 4 x s, 4 x C(O)CHj3), 2.17 (3H, s, HNC(O)CHs3),
3.04 (1H, dd, Jepw 14.2 Hz, Joun 8.2 Hz, CH,Hcys), 3.26 (1H, dd, Jouyw 14.2 Hz,
Jowun 5.4 Hz, CH,H’cys), 3.85-4.23 (10H, m, H-5, H-6, OCH.CHjs, 2 x aHgly, CH,H’thr),
4.40 (1H, dd, J 3.6 Hz, J 6.2 Hz, aHthr), 4.62 (1H, d, J;» 10.1 Hz, H-1), 4.90 (1H, dd,
J 2.5 Hz, J 7.6 Hz, aHcys), 5.10 (1H, dd, J3 10.1 Hz, Js4 3.5 Hz, H-3), 5.38 (1H, at,
J 9.9 Hz, H-2), 5.43 (1H, dd, J 0.6 Hz, J 3.5 Hz, H-4), 6.84 (1H, d, J 8.3 Hz, NH), 7.22
(1H, d, J 6.3 Hz, NH), 7.39 (1H, m, NH), 7.64 (1H, at, J 4.8 Hz, NH); d¢ (125.7 MHz,
CDCl,) 14.2 (g9, OCHxCHg), 17.3 (g, CHsthr), 20.5, 20.6, 20.7, 20.8 (4 x q,
4 x C(O)CH3), 23.1 (g, HNC(O)CH3), 28.1 (q, C(CHs)s), 41.5, 41.7, 43.3 (3 x t,
2 x aCgly, CH,H’cys), 52.5 (d, aCcys), 57.5 (d, aCthr), 61.5 (t, C-6), 66.1, 66.6, 67.4 (3
x d, C-2, C-4, C-5), 71.7 (d, C-3), 75.0 (s, C(CHj3)3), 75.6 (t, OCH.CHg3), 89.8 (d, C-1),
168.2-170.8 (9 x s, 9 x CO); m/z (ES") 883 (MMeCNNH,", 100%); HRMS (ES*) Calcd.
for CasHsoN4sNaO46S;, (MNa*) 847.2712. Found: 847.2717.
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Mechanistic Studies on Desulfurization Reaction

Synthesis of Phenyl 2,3,4,6-tetra-O-benzyl-$-D-glucopyranosyl disulfide 71

OBn o HSPh OBn

O o Et3N, DCM éow
BnO —S- , BnO —
é'n()&ws §Me BnO S S\©

OBn (@) 50% OBn
70 7

Scheme S20.

Phenyl 2,3,4,6-tetra-O-benzyl-g-D-glucopyranosyl disulfide 71

OBn
B”Oé&/ -
BnO S S\@

OBn

A solution of thiophenol (34 ul, 0.34 mmol) in dichloromethane (20 ml) was added
dropwise over 45 min to a stirred solution of 2,3,4,6-tetra-O-benzyl-p-D-glucopyranosyl
methanethiosulfonate' (0.22 g, 0.34 mmol) and triethylamine (47 wl, 0.34 mmol) in
dichloromethane (10 ml) at 0 °C. The ice bath was removed. After a further 1 h, t.l.c.
(petrol:ethyl acetate, 4:1) showed disappearance of most of the starting material. The
reaction mixture was passed through a short silica plug and the plug washed with
dichloromethane. The filtrate was evaporated and the residue purified by flash column
chromatography (petrol:ethyl acetate, 9:1) to give phenyl 2,3,4,6-tetra-O-benzyl-4-D-
glucopyranosyl disulfide 71 (0.12 g, 50%) as a white crystalline solid; m.p. 80-82 °C;
[a]o® -122 (¢, 0.7 in CHCl3); vmax (thin film) no significant peaks; &y (500 MHz, CDCls)
3.48 (1H, m, H-5), 3.66-3.72 (4H, m, H-3, H-4, H-6, H-6’), 3.71 (1H, at, J 8.7 Hz, H-2),
4.41-4.90 (9H, m, H-1, 4 x OCH,Ph), 7.13-7.46 (25H, m, Ar-H); d¢ (128.7 MHz, CDCly)
69.0 (t, C-6), 73.6, 75.0, 75.4, 75.7 (4 x t, 4 x OCH,Ph), 77.6, 79.5, 80.1 (3 x d, C-2, C-4,
C-5), 86.7 (d, C-3), 89.4 (d, C-1), 127.0, 127.5, 127.6, 127.7, 127.8, 127.9, 128.2, 128.3,
128.4, 128.7 (10 x d, Ar-C), 137.4, 137.8, 138.0, 138.2, 138.4 (5 x s, Ar-C); m/z (ES*) 687
(MNa*, 100%); HRMS (ES*) Calcd. for Cy4H4NaOsS, (MNa') 687.2209.
Found: 687.2212.
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Phenyl 2,3,4,6-tetra-O-benzyl-1-thio-a-D-glucopyranoside 72

OBn OBn OBn
(0] . PBU3, DCM BnO (@] BnO 0]
Bé‘?oéws S\@ Bno —~ BrO
n

OBn S © BnO “sH
71 72, 12% 73, 72%
Tributylphosphine (44 ul, 0.18 mmol) was added to a stirred solution of phenyl 2,3,4,6-
tetra-O-benzyl-p-D-glucopyranosyl disulfide 71 (59 mg, 0.09 mmol) in anhydrous
dichloromethane (2 ml) under an atmosphere of argon. After 5 h, t..c. (petrol:ethyl
acetate, 8:2) showed incomplete consumption of the starting material along with the
formation of two products. A further portion of tributylphosphine (44 ul, 0.18 mmol) was
added and the reaction mixture stirred for 12 h. The solvent was removed in vacuo and
the resulting residue purified by flash column chromatography (petrol:ethyl acetate, 95:5)
to afford phenyl 2,3,4,6-tetra-O-benzyl-1-thio-a-D-glucopyranoside 72 (7 mg, 12%) as a
white foam and 2,3,4,6-tetra- O-benzyl-1-thio-D-glucopyranose 73 (35 mg, 72%) as an oil
being a mixture of anomers (a:p, 1:2);

Phenyl 2,3,4,6-tetra-O-benzyl-1-thio-a-D-glucopyranoside'’ 72: [a]o®® +124 (c, 1 in
CHCIy) [Lit. [o]o®® +128.2 (c, 1 in CHCI3)]'; 8y (500 MHz, CDCl3) 3.59 (1H, dd, Js6 2.0 Hz,
Js 6+ 10.8 Hz, H-6), 3.70-3.76 (2H, m, H-4, H-6’), 3.93 (1H, at, J 9.0 Hz, H-3), 3.99 (1H, dd,
Ji2 4.7 Hz, J3 9.5 Hz, H-2), 4.28 (1H, ddd, Js5 10.0 Hz, Js¢ 1.8 Hz, Js¢ 3.6 Hz, H-5),
4.43-4.87 (8H, m, 4 x OCH,Ph), 5.66 (1H, d, J;» 4.8 Hz, H-1), 7.17-7.45 (25H, m, Ar-H);
m/z (ES*) 650 (MNH,", 80%) 655 (MNa*, 100%).
2,3,4,6-Tetra-O-benzyl-1-thio-D-glucopyranose® 73: m.p. 48-50 °C (ether/petrol)
[Lit. 47-50 °C]%; [o]p?® +42.5 (c, 0.75 in CHCI3); 8y (500 MHz, CDCls) 1.95 (1H, d,
Jisn 4.8 Hz, SHa), 2.37 (1H, d, J; sy 8.1 Hz, SHB), 3.43 (1H, at, J9.0 Hz, H-2p), 3.50-
3.58 (1H, m, H-5B), 3.67-3.73 (2H, m, H-3a, H-3p), 3.78-3.88 (6H, m, H-4a, H-6a, H-6'q,
H-48, H-68, H-6'), 3.92 (1H, dd, Ji» 4.9 Hz, J,3 9.0 Hz, H-20), 4.25-4.28 (1H, m, H-5a),
456 (1H, dd, Jisy 8.1 Hz, J;29.0Hz, H-1B), 4.57-5.01 (16H, m, 4 x OCH,Pha,
4 x OCH,Php), 5.80 (1H, at, J4.8 Hz, H-1a), 7.19-7.43 (40H, m, 20 x Ar-Ha, 20 x Ar-Hp);
m/z (ES*) 574 (MNH,*, 100%) 579 (MNa*, 80%).
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Crossover experiment

Preparation of N-(tert-Butoxycarbonyl)-L-cysteine methyl ester®® 74
SH 1. HCI/MeOH SH

/[ 2. BOC20, Eth, CHQClz
HN" COH 3. PBUg, MeOH, H,0 ~ BocHN™ “CO,Me

89% from L-Cysteine

74
Scheme S21.

Methanol (100 mL) was added to a flame dried 250 mL round bottom flask equipped with
a teflon stir bar. The solvent was stirred and cooled to 0 °C and acetyl chloride (17.6 mL,
248 mmol) was added dropwise over 5 minutes. The solution was stirred an additional 10
minutes at 0 °C to give a concentrated solution of HCI.L-cysteine (20..00 g, 16.51 mmol)
was then added in one portion and the flask flushed with argon. The ice bath was
removed and the reaction was stirred at room temperature for 24 h. The solvent was then
removed under reduced pressure to give the crude cysteine methyl ester hydrochloride
as a pale yellow solid. This material was used immediately in the next step without
purification. The crude ester was suspended in dichloromethane (100 mL) and cooled to
0 °C. Triethylamine (5.06 mL, 36.3 mmol) was added carefully followed by di-tert-butyl
dicarbonate (4.32 g, 19.81 mmol). The reaction was stirred at room temperature for 3.25
h after which time t.l.c. (ethyl acetate:petrol, 3:7) revealed the desired product (R; 0.6)
and its corresponding disulfide (R; 0.3). The solvent was removed under reduced
pressure and the resulting residue was redissolved in methanol (40 mL) and water
(8 mL). Tributylphosphine (2.0 mL, 8.1 mmol) was added dropwise to the stirred solution.
t.l.c. revealed reduction of the disulfide. The reaction was diluted with diethyl ether
(100 mL) and water (50 mL). The organic layer was separated and the aqueous layer
was extracted with diethyl ether (2 x 50 mL). The combined organics were washed with
brine (100 mL), dried over MgSQO,, and filtered. The solvent was removed by rotary
evaporation and the residue purified by column chromatography eluting first with 5% ethyl
acetate in petrol and then 20% ethyl acetate in petrol. The titled compound 74 was
isolated as a clear oil (3.48 g, 89% from L-cysteine); [a]*°p +28.3 (¢ = 7.5, CHCls) [Lit.
[a]o® +28.5 (c, 7.5 in CHCI3)]?; 8y (400 MHz, CDCls) 1.42 (10H, s, SH, C(CHa)s), 2.94
(2H, atd, J 4.3 Hz, J 8.7 Hz, CH,SH), 3.76 (3H, s, CO,CHj3), 4.58 (1H, m, aH), 5.44 (1H,
d, J 5.8 Hz, NH); &¢ (100.7 MHz, CDCl;) 27.3 (t, CH,SH), 28.2 (q, C(CHs)3), 52.6 (q,
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OCHj), 54.8 (d, a.C), 80.2 (s, C(CHa)s), 155.1, 170.8 (2 x s, 2 x CO); m/z (ES’) 234 (M-H",
100%).

Synthesis of N-(tert-butoxycarbonyl)-L-cysteine (2,3,4,6-tetra-O-acetyl-1-dithio-p-D-

glucopyaranosyl disulfide) methyl ester 75

SH
OAc
AcO o 74
A0 $S0,Ph - R0 S~s
ACO DCM/MeOH OAC
EtsN, 66%
42
7S BocHN OMe
0]
Scheme S22.
N-(tert-butoxycarbonyl)-L-cysteine (2,3,4,6-tetra-O-acetyl-1-dithio-p-D-

glucopyaranosyl disulfide) methyl ester 75
OAc
A&?&%S\s
BocHNLH/OMe
0

2,3,4,6-Tetra-O-acetyl-p-D-glucopyranosyl phenylthiosulfonate 42 (200 mg, 0.397 mmol)
was dissolved in anhydrous DCM (8 mL) and stirred at room temperature under an
atmosphere of argon. A solution of N-(tert-butoxycarbonyl)-L-cysteine methyl ester 74
(93 mg, 0.397 mmol) and triethylamine (55 pL, 0.397 mmol) in a mixture of anhydrous
DCM (10 mL) and anhydrous methanol (2 mL) was slowly added via a syringe pump over
a 2 h period. After 1 h, t.l.c. (petrol:ethyl acetate, 1:1) indicated the formation of a product
(R 0.5) along with complete consumption of the starting material (R 0.4). The reaction
mixture was concentrated in vacuo and the resulting residue purified by flash column
chromatography (ethyl acetate:petrol, 1:2) to afford N-(tert-butoxycarbonyl)-L-cysteine
(2,3,4,6-tetra- O-acetyl-1-dithio-p-D-glucopyaranosyl disulfide) methyl ester 75 (155 mg,
66%) as a white amorphous solid; [a]p?® +105 (c, 1 in CHCIs); vmax (KBr disc) 3416 (br,
NH) 1750 (s, C=0) 1645 (s, C=0) cm™; &, (400 MHz, CDCls) 1.46 (9H, s, C(CHj)s), 2.01,
2.03, 2.04, 2.09 (12H, 4 x s, 4 x C(O)CHs), 3.06 (1H, dd, Jopn 13.8 Hz, Jor. 7.7 Hz,
CH,H’), 3.31 (1H, dd, Joun 13.9 Hz, Jow n 4.7 Hz, CH,H’), 3.77 (3H, s, OCHj3), 3.80 (1H,
m, H-5), 416 (1H, dd, Js¢ 2.1 Hz, Jse 12.4 Hz, H-6), 4.27 (1H, dd, Js¢ 4.6 Hz,
Jse 12.4 Hz, H-6°), 4.57 (1H, d, J;» 9.3 Hz, H-1), 4.68 (1H, m, aH), 5.14 (1H, at, J 9.7 Hz,
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H-4), 5.24-5.34 (2H, m, H-2, H-3); d¢c (100.7 MHz, CDCl;) 20.6, 20.7, 20.8 (3 X q,
4 x C(O)CHs), 28.3 (g, C(CHs)3), 42.6 (t, CH,H’), 52.6 (d, aC), 52.8 (g, OCHz), 61.9 {t,
C-6), 67.8 (d, C-4), 68.9 (d, C-2), 73.8 (d, C-3), 76.1 (d, C-5), 80.3 (s, C(CHs)3), 87.8 (d,
C-1), 169.2, 169.4, 170.2, 170.6 (4 x s, 4 x C(O)CHs;, CO,CH3); m/z (ES*) 615 (MNH,",
100%), 620 (MNa*, 95%); HRMS (ES*) Calcd. for Ca3HssNNaO3S, (MNa*) 620.1451.
Found: 6201451.

3 P(NMe,)s o]
MeOH

OAc OAc OAc
LWOMe ACHNI\WOMG BocHN——~OMe
(0]

BocHN 1)

Scheme S23. Crossover experiment.

N-Acetyl-L-cysteine (2,3,4,6-tetra-O-benzyl-1-dithio-B-D-glucopyaranosyl disulfide) methyl
ester 3 (12 mg, 17 umol) and N-(tert-butoxycarbonyl)-L-cysteine (2,3,4,6-tetra-O-acetyl-1-
dithio-p-D-glucopyaranosy! disulfide) methyl ester 75 (10 mg, 17 umol) was dissolved in
degassed anhydrous methanol (0.5 mL). Hexamethylphosphorus (7 uL, 37 umol) was
added via microsyringe, and the resulting solution stirred under an atmosphere of argon.
The reaction was analysed directly by ESI mass spectrometry and distinct peaks were
observed for 77 and 78.
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ESI (negative mode) after 1.5 h:

Sample: 1 Vial:4:53 ID:GB530 1.5h
File:CRL103652 Date:18-Oct-2007 Time:10:02:21
Description:

Printed: Thu Oct 18 10:05:44 2007

Sample Report (continued):

Peak ID Compound Time Mass Found
4 0.25

4:(Time: 0.25) Combine (4:8-2:4) [77.H]+ 2:TOF ¥
9.
100, (s06.6)
904
E| 871.0
80
704 ! -H1*
E 321.4 : [78 H] 872.0
50 Cs64.7)
E 929.1
*® 504 507.6 582.7
176.2 363.4 7 683.8
741.9 573.0
930.1
742.9
’ Lo 931.1
7
685.8 (744.9

; 903.0

: | Je32.1
_“.Mn ‘LL‘ “LLJ. hu.

m
' ! T T U
600.0 700.0 800.0 900.0 1000.0

ESI (negative mode) after 3 h:

Sample: 1 Vial:1:16 ID:GB530 3h
File:CRL103669 Date:18-Oct-2007 Time:11:08:17
Description:

Printed: Thu Oct 18 11:12:47 2007

Sample Report (continued):
Peak ID Compound Time Mass Found
4 0.25

+
4: (Time: 0.25) Combine (4:8-2:4) [77'H] 2:TOF M

100~ Cso6.6 D

904

[78-H]"

70 321.4

871.0

552.7
60

741.9 929.1
* 8% 176.2 507.6

582.7
40| 157.1 223.4 279.3 423.6 ( 683.8

742.9 873.0 |[230-1

787.0829.0
[

"100.0  200.0 300.0 400.0 500.0 €00.0 700.0 800.0 900.0 1000.0

NMR kinetics on desulfurization reaction

N-Acetyl-L-cysteine (2,3,4,6-tetra-O-benzyl-1-dithio-p-D-glucopyaranosyl disulfide) methyl
ester 3 (20 mg, 27 wmol) was dissolved in degassed deuterated methanol (0.5 mL) in a
precision NMR tube. Hexamethylphosphorus triamide (11 uL, 62 umol) was added via

microsyringe, and the resulting solution placed in a Bruker AV 11 500 spectrometer at 30
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°C equipped with a triple resonance (TBI) inverse probe. The '"H NMR spectra were
collected at 6 minute intervals which included 1 minute data acquisition. Integrated peak

intensities were analysed as a function of the reaction time course.

A
!
b |
| | | |
..‘l L , ) _ ,-'.t,'.‘.l W -Mav-_u [ — _
75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 1.5 Ppm
B H.__H
’ ACHNLTOMe
° |
|'| by H I | \l X | | |I
J W L A, S UL, Lt
75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15 ppm

Figure S5. "H-NMR before (A) and immediately (B) after addition of HMPT.

The spectroscopic data for the dehydroalanine intermediate (& 5.86 and 6.31 ppm) was

identical to that previously reported in the literature.?*

H
H
- I — —t=78 min
jl @
]
5} 5 i—
— =6 min
[ I I I T T 1
6.3 6.2 6.1 6.0 5.9 ppm

Figure S6. Formation and consumption of dehydroalanine during the desulfurization

reaction.
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1.2 'H desulphurisation
1
——6.31 ppm
——5.86 ppm
0.8 | PP
2
‘n 0.6 -
c
9
£
% 0.4 -
4
0.2 -
0 T . :
1000 2000 3000 4000 5000
-0.2
Time /s

Figure S7. Plot of '"H NMR signal intensities (relative to those in the first spectrum)

showing the kinetics of the consumption of dehydroalanine.
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Spectral Data for all new compounds

p-Nitrophenyl 2,3,4,6-tetra- O-benzyl-1-thio-a-D-glucopyranoside 2

OBn
BnOé&‘
BnO
Bn08\©\
NO,

ppm (1)

150 100 S0
ppm ()
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N-Acetyl-DL-cysteine-S-(2,3,4,6-tetra- O-benzyl-$-D-glucopyaranoside)

methylester 4

OBn
o
BnO S
OBn
AcHN OMe

0]
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N-Acetyl-DL-cysteine-S-(2,3,4-tri- O-benzyl-1-thio-a-L-fucopyranoside)

methylester 6

OMe
s (0]
Z ' O 2 OBn NHAc
BnoOBn
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) a1 1o 60 s1 n 3 20 18
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N-Acetyl-DL-cysteine-S-(2,3,4,6-tetra- O-acetyl-p-D-glucopyaranoside)

methylester 8

OAc
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N-Acetyl-DL-cysteinamide-S-(2,3,4,6-tetra- O-acetyl-f-D-glucopyaranoside) 10
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N-Acetyl-DL-cysteine-S-(2,3,4,6-tetra- O-acetyl-p-D-galactopyaranoside)

methylester 12
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N-Acetyl-DL-cysteine-S-(3,4,6-tetra-O-acetyl-2-acetamido-2-deoxy-p-D-

glucopyaranoside) methylester 14
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N-Acetyl-DL-cysteine-S-(f-D-glucopyranoside) methylester 16
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N-Acetyl-DL-cysteine-S-(2-acetamido-2-deoxy-B-D-glucopyranoside)

methylester 18
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N-Acetyl-DL-cysteine-S-(2,3,4,6-tetra- O-acetyl-f-D-glucopyaranoside)-O-teri-

butyl-L-serine-glycine ethylester 20

OAc
A
AcO 0
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N-Acetyl-DL-cysteine-S-(2,3,4,6-tetra- O-acetyl-p-D-galactopyaranoside)-glycine-

O-tert-butyl-L-serine-glycine ethylester 22

OAc
A
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N-Acetyl-L-cysteine (2,3,4,6-tetra-O-benzyl-1-dithio-p-D-glucopyaranosyl

disulfide) methylester 3

OBn
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2,3,4-Tri-O-benzyl-a-L-fucopyranosyl phenylthiosulfonate 38

SSO,Ph
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150 100 0
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N-Acetyl-L-cysteine (2,3,4-tri-O-benzyl-1-dithio-a-L-fucopyranosyl disulfide)

methylester 5
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N-Acetyl-L-cysteine

disulfide) methylester 7

Supporting Information S80
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N-Acetyl-L-cysteinamide (2,3,4,6-tetra-O-acetyl-1-dithio-$-D-glucopyaranosyl

disulfide) 9
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N-Acetyl-L-cysteine

disulfide) methylester 11

Supporting Information S82
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N-Acetyl-L-cysteine (3,4,6-tetra-O-acetyl-2-acetamido-2-deoxy-1-dithio-§ -D-

glucopyaranosyl disulfide) methylester 13
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N-Acetyl-L-cysteine (1-dithio-f-D-glucopyranosyl disulfide) methylester 15
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N-Acetyl-L-cysteine (2-acetamido-2-deoxy-1-dithio-f-D-glucopyranosyl

disulfide) methylester 17
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N-fluorenyl methoxycarbonyl-O-tert-butyl-L-serine-glycine ethyl ester 59

tBuO

H O
FmocHN”~ N~ 0Et

O

JA’“ LA J’“J\J 0
B AL SN S S S S B S B S B B S S S S R B S S S S S S R
e ‘e e e e .t Le e

— T
Le

L




Bernardes et al. Supporting Information S87

N-fluorenyl  methoxycarbonyl-S-trityl-L-cysteine-O-tert-butyl-L-serine-glycine
ethyl ester 60
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S-trityl-L-cysteine-O-tert-butyl-L-serine-glycine ethyl ester 61
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N-acetyl-S-trityl-L-cysteine-O-tert-butyl-L-serine-glycine ethyl ester 62

e e




Bernardes et al. Supporting Information S90

N-fluorenyl methoxycarbonyl-L-threonine-glycine ethyl ester 64
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N-fluorenyl methoxycarbonyl-glycine-O-tert-butyl-L-threonine-glycine
ester 65
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N-fluorenyl methoxycarbonyl-S-trityl-L-cysteine-glycine-O-tert-butyl-L-

threonine-glycine ethyl ester 67
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N-acetyl-S-trityl-L-cysteine-glycine-O-tert-butyl-L-threonine-glycine ethyl ester

69
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N-acetyl-L-cysteine-glycine-O-tert-butyl-L-threonine-glycine ethyl ester 63
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N-Acetyl-L-cysteine-(2,3,4,6-tetra-O-acetyl-1-dithio-g-D-glucopyaranosyl

disulfide)-O-tert-butyl-L-serine-glycine ethyl ester 19
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N-Acetyl-L-cysteine-(2,3,4,6-tetra-O-acetyl-1-dithio-g-D-galactopyaranosyl)-
glycine-O-tert-butyl-L-threonine-glycine ethyl ester 21

AcO _OAc

o)
ACO%S\S \P

OAc o O..

H H @
AcHN N\)J\N N A ogt
o) H o

- . Illlll Ul IL ’.I".l



Bernardes et al. Supporting Information S97

N-(tert-butoxycarbonyl)-L-cysteine (2,3,4,6-tetra- O-acetyl-1-dithio-p-D-

glucopyaranosyl disulfide) methyl ester 75
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