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A series of arabino N-glycosyl sulfamides, forced to adopt the furanose form by removal of the 5-
hydroxyl group, were synthesised as putative isosteric mimics of decaprenolphosphoarabinose, the
donor processed by arabinosyltransferases during mycobacterial cell wall assembly. Compounds

showed moderate anti-mycobacterial activity, which was maximal for a C,, sulfamide side chain.
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Introduction

Glycosyltransferases use activated sugar phosphate donor
substrates for the construction of myriad oligosaccharide
structures that have widespread importance throughout
Biology. Selective inhibition' of these enzymes could have
many potential therapeutic benefits, particularly in relation to
halting the assembly of oligosaccharide structures that are
essential for pathogen viability and/or infectivity.

Significant effort has therefore been expended in the search for
inhibitors of glycosyltransferases, including investigations of
the inhibitory properties of modified donor substrates.>?
However the instability of glycosyl phosphates, together with
their unfavourable pharmacokinetic properties, makes them
unattractive as potential drug candidates. Therefore the
synthesis of isosteric mimics of glycosyl phosphates has
attracted attention as a potentially more fruitful avenue for
investigation.*

Decaprenolphosphoarabinose 1 (DPA, Scheme 1) is the donor
substrate used by arabinosyl transferases® during the stepwise
assembly of mycobacterial arabinomanan and arabinogalactan,
both of which are key components of the mycobacterial cell
wall. Metabolically stable analogues of DPA may therefore
inhibit mycobacterial arabinosyltransferases, and
arabinan biosynthesis, and so compromise mycobacterial
viability.*’

As part of a program® into the synthesis of mimics of DPA as
novel anti-mycobacterial agents, suitable isosteric replacement
for the labile glycosyl phosphate was sought. Building on
previous reports of the biological activity of configurationally
stable S-glycosyl sulfonamides’ and sulfenamides,'®"
attempted the synthesis of a variety of glycosyl sulfonamides,
sulfamates and sulfamides of arabinofuranose;'?
envisaged that decoration with suitable hydrophobic chains
would produce mimics of DPA that may display useful anti-
mycobacterial activity. However it was discovered that upon

in turn

we

it was
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de-protection these materials all unexpectedly underwent both
mutarotation and furanose to pyranose interconversion. The
pyranose materials were found to predominate at equilibrium in
aqueous solution.'> Subsequent assays'® of these materials
against mycobacterial strains revealed only low to modest anti-
bacterial activity; a result that was perhaps unsurprising given
the existence of the materials in predominantly the pyranose,
rather that the desired furanose form.

However crystallographic studies'? that had revealed the
unexpected adoption of the pyranose form revealed the
tetrahedral nature of the sulfamide group, and further intrigued
our interest in the potential use of sulfamide as an isosteric
mimic of phosphate. It was therefore thought worthwhile
continuing in a search for biologically active mimics of DPA
using the sulfamide group to replace phosphate. However in
order to curtail the unexpected furanose to pyranose
isomerisation, removal of the 5-hydroxyl group of arabinose
was required. Herein we report the synthesis and anti-
mycobacterial activity of a series of arabinofuranose glycosyl
sulfamides that lack the hydroxyl group at position-5, and are
therefore unable to adopt a pyranose form.

Results and Discussion

Synthesis of glycosyl sulfamides

Previously we reported'* on the synthesis of a variety of
arabinose derivatives that were modified at position-5 as
putative chain terminators of mycobacterial arabinomannan and
arabinogalactan biosynthesis. Since that chemistry was well
established, advanced intermediates that had first been
synthesised during that work were now employed in this study
as precursors to the targeted glycosyl sulfamides. Therefore
following our previous procedures, selective access to the 5-
hydroxyl group of D-arabinose 2 was achieved by a sequence
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Scheme 1. Synthesis of arabinofuranosyl glycosyl sulfamides. Reagents and conditions: (i) BF;.0Et,, RNHSO,NH,, DCM, rt, 16 h; 4a, 75 %; 4b,
57 %; 4¢, 56 %; Ta, 53 %; 7b, 61%; Tc, 52 %; (ii) Na/MeOH, rt, 16 h; 5a, 82 %; 5b, 81 %; 5S¢, 62 %; 8a, 75 %; 8b, 72 %; 8¢, 78 %.

involving trityl protection of the primary hydroxyl group,
acetylation and  trityl  group Subsequent
functionalization of position-5, allowed access to 5-methoxy
ether 3a, the 5-deoxy compound 3b, and the 5-azide 3c as
previously reported.'

Studies performed on the pyranose glycosyl sulfamides had
revealed that a Cy alkyl chain appeared to be optimal for
biological activity of glycosyl sulfamides.® Therefore glycosyl
acetates 3a-c were treated with n-decyl sulfamide and BF;.OEt,
at room temperature in dry DCM which lead to formation of the
corresponding glycosyl sulfamides 4a-c in each case as an
seperarable 1:1 mixture of anomers. De-protection by Zemplen
de-acetylation then yielded the corresponding diols 5a-c.

The 5-fluoride 6 was also accessed from D-arabinose 2 using
the sequence previously described.'* In this case three different
glycosyl sulfamides of differing alkyl chain lengths were
accessed in order to study any effect of chain length on
biological activity. Thus fluoride 6 was treated with n-octyl, n-
decyl and n-dodecylsulfamide and BF;.OEt, in dry DCM at
room temperature to give the corresponding glycosyl
sulfamides 7a-c, again as 1:1 mixtures of anomers. De-
acetylation then yielded diols 8a-c¢ (Scheme 1).

removal.

Biological Activity

Glycosyl sulfamides were tested'® for biological activity
against M. smegmatis using an Alamar Blue microplate assay.'®
Additionally both isoniazid (INH, MIC 4 pg/mL) and n-
decylsulfamide 9 were also assayed as controls (Table 1). The
three n-decyl glycosylsulfamides 5a-c displayed significant
anti-mycobacterial, with all three giving MIC values of 31
png/mL. On the other hand n-decylsulfamide
(NH,SO,NHC¢H,;) 9 had a high MIC value (500 pg/mL),
indicating that whilst the sulfamide alone did possess some
very modest anti-mycobacterial activity, that this was enhanced

This journal is © The Royal Society of Chemistry 2013

by more than two orders of magnitude by conjugation to
arabinofuranose derivative. Interestingly comparison of the
activities of 5a-c with the previously reported pyranose n-decyl
glycosylsulfamide possessing an unmodified hydroxyl at
position-5 (MIC 62 ng/mL)" revealed that compounds 5a-c,
which are fixed in the furanose form, were at least twice as
potent.

Table 1 Anti-mycobacterial activity of glycosyl sulfamides.

Compound MIC (pg/mL)? MIC (uM)*
Isoniazid (INH) 4 29
Ethambutol (EB) 0.5 1.8
NH,SO,NHCH>, 9 500 2117
5a 31 81
5b 31 88
5¢ 31 79
8a 250 731
8b 31 84
8c 1000 2511

* MIC = minimum inhibitory concentration; the lowest concentration of the
compound which inhibited the growth of M. smegmatis >90% in the Alamar
Blue assay. Isoniazid (INH, MIC 4 pg/mL), ethambutol (EB, MIC 0.5
ug/mL), and decylsulfamide 9 were used as controls.

Previously systematic variation of the influence of alkyl chain
length had revealed the C;, chain to be optimal for anti-
mycobacterial activity in the cases of glycosyl sulfamides.
Investigation of the 5-fluoro arabinofuranose 8a-c derivatives
again showed this to be the case; sulfamide 8a, with a Cg alkyl
chain, had an MIC of 250 pg/mL, and was an order of
magnitude less active than the C;q derivative 8b (MIC 31
pg/mL). This result correlated with studies on a series of
glycosyl sulfones,* for which maximal activity was observed
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for a sulfone with a side chain containing 12 carbon atoms, i.e.
a material with a total chain length of 13 atoms from the
anomeric centre, as is the case for 8b. Interestingly anti-
mycobacterial activity was very significantly reduced by
increasing the alkyl chain by two further C atoms, as
demonstrated by the low activity of the C;, derivative 8c
observed in this study (MIC 1000 pg/mL).

Inhibitor concentration (pg/mL)

Compou,,XmOO 500 250

125 62 31 15 75 3.75 0
/,-\X BN vfn,‘ | ; z

-3, Z S

5a
5b
5¢c
8a
8b

8c

Fig. 1 Alamar Blue assay of compounds 5a-c and 8a-c plus controls.

In closing it must be borne in mind that although sulfamides
5a-c and 8a-c were designed as mimics of DPA, their mode of
action, as putative inhibitors of  mycobacterial
arabinosyltransferases, is as yet un-demonstrated; confirmatory
inhibition assays are be required. However the observations that
the activity of n-decylsulfamide 9 was approximately 20-fold
lower than the corresponding glycosylsulfamides Sa-c¢ and 8b,
and that the furanose sulfamides reported in this work are all
more active than analogous pyranose materials, do point to the
importance of the carbohydrate portion of these materials.'’
However the most active compounds reported in this study are
still an order of magnitude less active than isoniazid, and
further augmentation of biological activity is required before
compounds such as these could be considered as promising lead
candidates for the development of new anti-mycobacterial

agents.

Conclusions

A series of glycosyl sulfamides of arabinofuranose were
synthesised by modification of the 5-position to remove the
group the
thermodynamically preferred pyranose form. Compounds were

hydroxyl required for isomerisation to
tested for anti-mycobacetrial and showed moderate levels of
activity (MIC 31 pg/mL) in Alamar Blue assays against M.

smegmatis.

This journal is © The Royal Society of Chemistry 2012
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COMMUNICATION

Experimental

General methods

All reactions were carried out in oven-dried, nitrogen-purged
glassware under an atmosphere of nitrogen. Melting points

were recorded on an Electrothermal melting point apparatus
and are uncorrected. Optical rotations were measured on a
Perkin-Elmer Polarimeter 341 with a path length of 1 dm.
Concentrations are given in g / 100 mL. Infrared spectra were
recorded on a Perkin-Elmer Spectrum One. Proton and carbon
nuclear magnetic resonance (dy, d¢) spectra were recorded on
Agilent Technologies 400 MR (400 MHz) or Varian
VNMRS500 (500 MHz) spectrometers. All chemical shifts are
quoted on the &-scale in ppm using residual solvent as an
internal standard. High-resolution mass spectra were recorded
with a Bruker maXis 3G UHR-TOF mass spectrometer. Thin
Layer Chromatography (t.l.c.) was carried out on Merck silica
gel 60F,s, aluminium-backed plates. Visualisation of the
plates was achieved using a UV lamp (A = 254 or 365 nm),
and/or 5% w/v ammonium molybdate in 2 M sulfuric acid.
Flash column chromatography was carried out using Sorbsil
C60 40/60 silica. Unless preparative details are provided, all
reagents were commercially available or made following
literature procedures. “Petrol” refers to the fraction of light
petroleum ether boiling in the range of 40-60 °C.

General Procedure A: The glycosyl acetate (2a-c or 5, 1
equiv.) and the sulfamide (1 equiv.) were stirred at room
temperature in dry DCM (15 mL) under nitrogen. BF;.OEt, (2
equiv.) was added dropwise, and the mixture was then stirred at
room temperature for 16 h. The reaction was then quenched by
the dropwise addition of excess triethylamine (~0.3 mL), and
the resulting mixture was filtered through Celite®, eluting with
ethyl acetate, and concentrated in vacuo to give a residue which
was purified by flash chromatography.

General Procedure B: The di-acetate (4a-c or 6a-c) was
dissolved in dry methanol (~5 mL) and the mixture stirred at
room temperature. Sodium metal (0.1 equiv.) was added, and
the mixture was then stirred for 1 h. Dowex® 50WX8 (H") ion
exchange resin was then added until the pH was neutral. The
reaction mixture was then filtered and concentrated in vacuo to
give a residue which was purified by flash chromatography.

N-(Decyl)-N’-(2,3-di-O-acetyl-5-O-methyl-a,B-D-

arabinofuranosyl)sulfamide 4a. General Procedure A, using
glycosyl acetate 3a (100 mg, 0.3 mmol) and n-decylsulfamide
(81 mg, 0.3 mmol), and purification by flash chromatography
(petrol: ethyl acetate, 2:1, Ry 0.2), afforded glycosylsulfamide
4a (120 mg, 75 %, a:f, 1:1) as a colourless o0il; v, (neat)
3256 (N-H), 1756 (s, C=0), 1362 (s, S=0), 1167 (s, S=0) cm’;
oy (400 MHz, CDCl3) a anomer: 0.87 (3H, t, J 6.7 Hz, CH;),
1.21-1.36 (14H, m, 7 x CH,), 1.50-1.58 (2H, m, NHCH,CH,),
2.10, 2.11 (6H, 2 x s, 2 x OAc), 2.99-3.08 (2H, m, CH,NH),
3.40 (3H, s, OCH3;), 3.55-3.59 (2H, m, H-5, H-5"), 4.21 (1H, aq,
J 4.3 Hz, H-4), 5.09-5.15 (2H, m, H-2, H-3), 5.31 (1H, d, Jyu

J. Name., 2012, 00, 1-3 | 3



Organic & Biomolecular Chemistry

9.1 Hz, H-1), 5.37 (1H, d, Jyu1 9.0 Hz, NH); B anomer: 0.87
(3H, t, J 6.7 Hz, CH3), 1.21-1.36 (14H, m, 7 x CH,), 1.50-1.58
(2H, m, NHCH,CH,), 2.09, 2.12 (6H, 2 x s, 2 x OAc), 2.99-
3.08 (2H, m, CH,NH), 3.46 (3H, s, OCHs), 3.55-3.59 (1H, m,
H-5), 3.64 (1H, dd, J55 10.6 Hz, J, s 3.1Hz, H-5), 3.93-3.97
(1H, m, H-4), 5.20-5.27 (2H, m, H-2, H-3), 5.45 (1H, dd, Jyu,
10.8 Hz, J,, 5.3 Hz, H-1), 5.78 (1H, d, Jyu,; 10.6 Hz NH); 5¢
(100.5 MHz, CDCl;) 14.1 (q, CH3), 20.7, 20.7, 20.7, 20.8 (4 x
g, 2 x OAc-a, 2 x OAc-B), 22.6, 26.7, 29.2, 29.3, 29.5, 29.5,
29.5, 319 (8 x t, 8 x CH,), 43.2, 43.5 (2 x t, NHCH,a,
NHCH,f), 59.4 (q, OCHs3), 72.1, 72.1 (t, C-5a, C-5B), 75.8 (d,
C-2pB), 75.8 (d, C-3B), 76.8 (d, C-3a), 79.9 (d, C-2a), 80.9 (d,
C-4p), 82.1 (d, C-4a), 83.1 (d, C-1B), 88.1 (d, C-la), 169.5,
169.7, 169.8, 170.3 (4 x s, 2 x OAc-a, 2 x OAc-f); HRMS
(ESI) calculated for C,yH39N,OgS: 467.2422. Found 467.2432
(MH").

N-(DecyD)-N’-(2,3-di-O-acetyl-5-deoxy-a,p-D-
arabinofuranosyl)sulfamide 4b. General Procedure A, using
glycosyl acetate 3b (190 mg, 0.7 mmol) and n-decylsulfamide
(172 mg, 0.7 mmol), and purification by flash chromatography
(petrol: ethyl acetate, 1:1, Ry 0.6), afforded glycosylsulfamide
4b (180 mg, 57 %, a:B, 1:1) as a pale yellow waxy solid; v
(neat) 3294 (N-H), 1743 (s, C=0), 1372 (s, S=0), 1162 (s,
S=0) em™'; 8y (400 MHz, CDCl3) o anomer: 0.86 (3H, t, J 6.7
Hz, CH;), 1.24-1.40 (17H, m, 7 x CH,, CH3), 1.50-1.57 (2H, m,
NHCH,CH,), 2.11, 2.15 (6H, 2 x s, 2 x OAc), 2.99-3.08 (2H,
m, CH,NH), 4.16-4.24 (1H, m, H-4), 4.81-4.85 (1H, m, H-3),
5.08 (1H, s, H-2), 5.26 (1H, d, Jyu, 8.6 Hz, H-1), 5.59 (1H, d,
Jnn1 9.0Hz, NH); B anomer: 0.86 (3H, t,J 6.7 Hz, CH3), 1.24-
1.40 (17H, m, 7 x CH,, CH3), 1.50-1.57 (2H, m, NHCH,CH,),
2.08, 2.10 (6H, 2 x s, 2 x OAc), 2.99-3.08 (2H, m, CH,NH),
3.81-3.88 (1H, m, H-4), 4.71-4.74 (1H, m, H-3), 5.15-5.19 (1H,
m, H-2), 5.33 (1H, dd, Jyu, 10.8 Hz, J;, 4.1 Hz, H-1), 5.51
(1H, d, Jyu,; 11.0 Hz NH); 3¢ (100.5 MHz, CDCl;) 14.1 (q,
CH;), 18.9, 19.2 (2 x q, C-5a, C-5pB), 20.7, 20.7, 20.8, 20.8 (4 x
q, 2 x OAc-a, 2 x OAc-B), 22.6, 26.7, 29.2, 29.3, 29.3, 294,
29.5, 31.8 (8 x t, 8 x CH,), 43.4, 43.4 (2 x t, NHCH,o,
NHCH,f), 75.9 (d, C-2B), 77.8 (d, C-4B), 79.6 (d, C-4a), 80.3
(d, C-38), 80.5 (d, C-2a), 80.6 (d, C-3a), 83.4 (d, C-1pB), 88.0
(d, C-1a), 169.2, 169.7, 169.8, 169.8 (4 x s, 2 x OAc-a, 2 x
OAc-B); HRMS (ESI) calculated for C;9H37;N,O,S: 437.2316.
Found 437.2302 (MH").

N-(DecyD)-N’-(2,3-di-O-acetyl-5-azido-a,B-D-

arabinofuranosyl)sulfamide 4¢. General Procedure A, using
glycosyl acetate 3¢ (90 mg, 0.3 mmol) and n-decylsulfamide
(70 mg, 0.3 mmol), and purification by flash chromatography
(petrol: ethyl acetate, 1:1, R¢ 0.6), afforded glycosyl sulfamide
4c (80 mg, 56 %, a:B, 1:1) as a pale yellow waxy solid; Vyax
(neat) 3273 (N-H), 2098 (N3), 1743 (s, C=0), 1370 (s, S=0),
1165 (s, S=0) cm™'; 8, (400 MHz, CDCl;) o anomer: 0.87 (3H,
t, J 6.3 Hz, CH;), 1.22-1.36 (14H, m, 7 x CH,), 1.50-1.61 (2H,
m, NHCH,CH,), 2.11, 2.19 (6H, 2 x s, 2 x OAc), 3.01-3.14
(2H, m, CH,NH), 3.37-3.48 (1H, m, H-5), 3.53-3.63 (1H, m, H-
5’), 4.21-4.26 (1H, m, H-4), 4.36-4.49 (1H, m, NHCH,), 5.03-

4| J. Name., 2012, 00, 1-3

5.06 (1H, m, H-3), 5.16 (1H, d, J 1.6 Hz, H-2), 5.35 (1H, d,
Jnn1 9.4 Hz, H-1), 5.49-5.56 (1H, m, NH); 3 anomer: 0.87 (3H,
t,J 6.3 Hz, CHs), 1.22-1.36 (14H, m, 7 x CH,), 1.50-1.61 (2H,
m, NHCH,CH,), 2.13, 2.13 (6H, 2 x s, 2 x OAc), 3.01-3.14
(2H, m, CH,NH), 3.37-3.48 (1H, m, H-5), 3.53-3.63 (1H, m, H-
5%), 3.91-3.95 (1H, m, H-4), 4.36-4.49 (1H, m, NHCH,), 4.91-
4.94 (1H, m, H-3), 5.18-5.21 (1H, m, H-2), 5.42 (1H, dd, Jyu,
10.6 Hz, J,, 3.5 Hz, H-1), 5.49-5.56 (1H, m, NH); &¢ (100.5
MHz, CDCly) 14.1 (q, CH3), 20.6, 20.7 (2 x q, 2 x OAc), 22.6,
26.7, 29.2, 29.3, 29.4, 29.5, 29.5, 31.9 (8 x t, 8 x CH,), 43.5,
43.6 (2 x t, NHCH,a, NHCH,p), 51.7, 51.7 (t, C-5a, C-5pB),
75.6 (d, C-2B), 76.5, 77.1 (2 x d, C-3a, C-3B), 79.7 (d, C-20),
81.3 (d, C-4p), 82.6 (d, C-4a), 83.8 (d, C-1B), 88.1 (d, C-1a),
169.7, 169.9 (2 x s, 2 x OAc); HRMS (ESI) calculated for
C19H;35NsNaO,S: 500.2149. Found 500.2157 (MNa").

N-(Decyl)-N’-(5-O-methyl-a,B-D-
arabinofuranosyl)sulfamide Sa. General Procedure B, using
glycosyl sulfamide 4a (60 mg, 0.1 mmol) and purification by
flash chromatography (petrol: ethyl acetate, 1:1, Ry 0.1),
afforded diol 5a (40 mg, 82 %, a:f, 1:1) as a white solid; m.p.
91-93 °C (MeOH/DCM); vyax (neat) 3280 (N-H), 1347 (s,
S=0), 1141 (s, S=0) cm™'; 3, (400 MHz, CD;CN) o anomer:
0.91 (3H, t, J 6.7 Hz, CH3), 1.25-1.39 (14H, m, 7 x CH,), 1.49-
1.56 (2H, m, NHCH,CH,), 2.93-3.01 (2H, m, CH,NH), 3.37
(3H, s, OCHs), 3.47-3.54 (2H, m, H-5, H-5"), 3.87-3.92 (2H, m,
H-2), 3.93-3.98 (1H, m, H-3), 4.04 (1H, aq, J 4.2 Hz, H-4),
4.92 (1H, d, Jyu, 10.4 Hz, H-1), 5.00-5.08 (1H, m, NHCH,),
5.98 (1H, d, Jyu,; 10.2 Hz, NH); B anomer: 0.91 (3H, t, J 6.7
Hz, CH;), 1.25-1.39 (14H, m, 7 x CH,), 1.49-1.56 (2H, m,
NHCH,CH,), 2.93-3.01 (2H, m, CH,NH), 3.38 (3H, s, OCH,),
3.47-3.54 (2H, m, H-5, H-5"), 3.80 (1H, aq, J 3.5 Hz, H-4),
3.82-3.86 (2H, m, H-2), 3.93-3.98 (1H, m, H-3), 5.00-5.08 (1H,
m, NHCH,), 5.12 (1H, dd, Jyu; 10.2 Hz, J,,3.9 Hz, H-1), 5.76
(1H, d, Jyu,; 10.6 Hz, NH); 8¢ (100.5 MHz, CD;CN) 13.4 (q,
CH;), 22.4, 26.5, 29.0, 29.0, 29.0, 29.1, 29.3, 31.6 (8§ x t, 8 x
CH,), 43.0, 43.0 (2 x t, NHCH,0, NHCH,f), 58.5, 58.6 (2 x q,
OCH;a, OCH3B), 72.5, 72.8 (t, C-5a, C-5B), 76.1 (d, C-2pB),
76.6 (d, C-38, C-3a), 79.9 (d, C-2a), 82.8 (d, C-4P), 84.4 (d, C-
4a), 85.3 (d, C-1PB), 89.9 (d, C-1a); HRMS (ESI) calculated for
C6H35N,04S: 383.2210. Found 383.2214 (MH").

N-(Decyl)-N’-(5-deoxy-a,B-D-arabinofuranosyl)sulfamide

5b. General Procedure B, using glycosyl sulfamide 4b (80 mg,
0.2 mmol) and purification by flash chromatography (petrol:
ethyl acetate, 1:1, R 0.1), afforded diol 5b (52 mg, 81 %, a:p,
2:1) as a white solid; m.p. 100-102 °C (MeOH/DCM); Vyax
(neat) 3287 (N-H), 1318 (s, S=0), 1149 (s, S=0) cm'; &;; (400
MHz, CD;0D) a anomer: 0.89 (3H, t, J 7.0 Hz, CH;), 1.24-
1.38 (17H, m, 7 x CH,, CH3), 1.49-1.57 (2H, m, NHCH,CH,),
2.94-3.02 (2H, m, CH,NH), 3.66-3.70 (1H, m, H-3), 3.87-3.95
(2H, m, H-2, H-4), 491 (1H, d, J,, 4.3 Hz, H-1); B anomer:
0.89 (3H, t, J 7.0 Hz, CH3), 1.24-1.38 (17H, m, 7 x CH,, CHs),
1.49-1.57 (2H, m, NHCH,CH,), 2.94-3.02 (2H, m, CH,NH),
3.57 (1H, at, J 6.7 Hz, H-3), 3.66-3.70 (1H, m, H-4), 3.87-3.95
(1H, m, H-2), 5.11 (1H, d, J;, 4.7 Hz, H-1); 8¢ (100.5 MHz,
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CD;0D) 13.1 (q, CH3), 17.6, 18.4 (2 x q, C-5a, C-58), 22.3,
26.5, 29.0, 29.0, 29.1, 29.3, 31.7 (7 x t, 8 x CH,), 42.6, 42.7 (2
x t, NHCH,0, NHCH,p), 76.5 (d, C-2pB), 77.8 (d, C-4p), 78.5 (d,
C-40), 80.8 (d, C-3p), 81.0 (d, C-2u), 81.1 (d, C-3a), 84.4 (d,
C-18), 88.4 (d, C-la); HRMS (ESI) calculated for
C,5H33N,058S: 353.2105. Found 353.2112 (MH").

N-(Decyl)-NV’-(5-azido-a,p-D-arabinofuranosyl)sulfamide
6d. General Procedure B, using glycosyl sulfamide 4¢ (80 mg,
0.2 mmol) and purification by flash chromatography (petrol:
ethyl acetate, 1:1, Ry 0.1), afforded diol 5¢ (42 mg, 62 %, a:p,
1:1) as a white solid; m.p. 99-101 °C (MeOH/DCM); Vpax
(neat) 3293 (N-H), 2103 (N3), 1340 (s, S=0), 1141 (s, S=0)
em’l; 8y (400 MHz, CD;CN) a anomer: 0.90 (3H, t, J 6.7 Hz,
CH3), 1.25-1.39 (14H, m, 7 x CH,), 1.48-1.57 (2H, m,
NHCH,CH,), 2.95-3.03 (2H, m, CH,NH), 3.34-3.50 (2H, m, H-
5, H-5%), 3.83-3.90 (1H, m, H-3), 3.92-3.98 (1H, m, H-2), 4.01
(1H, aq, J 3.9 Hz, H-4), 4.93 (1H, dd, Jyu, 10.2 Hz, J;, 3.9 Hz,
H-1), 4.99-5.12 (1H, m, NHCH,), 6.07 (1H, d, Jyu, 10.2 Hz,
NH); B anomer: 0.90 (3H, t, J 6.7 Hz, CH3), 1.25-1.39 (14H, m,
7 x CH,), 1.48-1.57 (2H, m, NHCH,CH,), 2.95-3.03 (2H, m,
CH,NH), 3.34-3.50 (2H, m, H-5, H-5"), 3.72-3.80 (1H, m, H-
4), 3.83-3.90 (1H, m, H-3), 3.92-3.98 (1H, m, H-2), 5.17 (1H,
dd, Jyu,1 10.0 Hz, J; , 4.1 Hz, H-1), 4.99-5.12 (1H, m, NHCH,),
5.83 (1H, d, Jyu,;1 10.2 Hz, NH); d¢ (100.5 MHz, CD;CN) 13.4
(g, CHy), 22.4, 26.5, 29.0, 29.0, 29.1, 29.3, 31.7 (7 x t, 8 x
CH,), 43.0 (t, NHCH,a, NHCH,f), 52.2, 52.7 (t, C-5a, C-5pB),
75.9 (d, C-2B), 76.3, 77.1 (2 x d, C-3a, C-3B), 79.9 (d, C-20),
81.9 (d, C-4p), 82.1 (d, C-40), 85.2 (d, C-1B), 89.1 (d, C-1a);
HRMS (ESI) calculated for C;sH3;NsNaOsS: 416.1938. Found
416.1944 (MNa").

N-(Octyl)-NV’-(2,3-di-O-acetyl-5-fluoro-a,p-D-

arabinofuranosyl)sulfamide 7a. General Procedure A, using
glycosyl acetate 6 (60 mg, 0.2 mmol) and n-octylsulfamide (44
mg, 0.2 mmol), and purification by flash chromatography
(petrol: ethyl acetate, 2:1, R¢ 0.35), afforded glycosyl sulfamide
4c (48 mg, 53 %, a:B, 1:1) as a pale yellow waxy solid; Vyax
(neat) 3279 (N-H), 1735 (s, C=0), 1369 (s, S=0), 1152 (s,
S=0) cm™;3y; (400 MHz, CDCl3) o anomer: 0.87 (3H, t, J 6.7
Hz, CHj), 1.20-1.36 (10H, m, 5 x CH,), 1.51-1.58 (2H, m,
NHCH,CH,), 2.14, 2.15 (6H, 2 x s, 2 x OAc), 3.01-3.13 (2H,
m, CH,NH), 4.22-4.31 (1H, m, H-4), 4.51-4.56 (1H, m, H-5),
4.63-4.67 (1H, m, H-5), 5.13 (1H, at, J 2.8 Hz, H-3), 5.16 (1H,
at, J 2.3 Hz, H-2), 5.33 (1H, dd, Jyu, 9.6 Hz, J,,2.2 Hz, H-1),
5.37 (1H, d, Jyu,1 11.0 Hz NH);  anomer: 0.87 (3H, t, J 6.7 Hz,
CH;), 1.20-1.36 (10H, m, 5 x CH,), 1.51-1.58 (2H, m,
NHCH,CH,), 2.11, 2.13 (6H, 2 x s, 2 x OAc), 3.01-3.13 (2H,
m, CH,NH), 3.90-4.01 (1H, m, H-4), 4.51-4.56 (1H, m, H-5),
4.63-4.67 (1H, m, H-5), 5.05 (1H, dd, J;4 3.5 Hz, J,; 2.3 Hz,
H-3), 5.22 (1H, dd, J,, 4.1 Hz, J,5 2.2 Hz, H-2), 5.48 (1H, dd,
Jnn1 6.7 Hz J,, 4.7 Hz, H-1), 5.45-5.46 (1H, m, NH); 6. (100.5
MHz, CDCl;) 14.0 (q, CH3), 20.6, 20.7, 20.7, 20.7 (4 x q, 2 x
OAca, 2 x OAcp), 22.6, 26.7, 29.1, 29.4, 294, 31.7 (6 x t, 6 x
CH,), 43.4, 43.6 (2 x t, NHCH,0, NHCH,p), 75.2 (d, C-2B),
75.4 (d, Ji.r 6.1 Hz, C-3B), 75.9 (d, Jc3.56.1 Hz, C-3a), 79.6 (d,
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C-2a), 81.5 (d, Jcar 18.3 Hz, C-4p), 81.7 (d, Jcgr 19.8 Hz, C-
4a), 82.1 (d, Jesp 174.0 Hz, C-58), 82.1 (d, Jesr 174.0 Hz, C-
S5a), 83.7 (d, C-1B), 88.1 (d, C-1a), 169.3, 169.8, 169.9, 170.0
(4 xs,2x OAca, 2 x OAcP); o (376.6 MHz, CDCl;) -229.14
(td, Jr 1 geminat 40.1 HZ, Jg 1 vicina 23.8 Hz, F-B), -229.34 (td, Jru
geminal 42.0 HZ, Jg 1 vicina 23.8 Hz, F-a); HRMS (ESI) calculated
for C;7H3,FN,0,S: 427.1909. Found 427.1900 (MH").

N-(Decyl)-N’-(2,3-di-O-acetyl-5-fluoro-a,p-D-
arabinofuranosyl)sulfamide 7b. General Procedure A, using
glycosyl acetate 6 (75 mg, 0.3 mmol) and n-decylsulfamide (63
mg, 0.3 mmol), and purification by flash chromatography
(petrol: ethyl acetate, 2:1, Ry 0.4), afforded glycosylsulfamide
7b (74 mg, 61 %, a:B, 1:1) as a pale yellow waxy solid; Vyax
(neat) 3279 (N-H), 1735 (s, C=0), 1369 (s, S=0), 1152 (s,
S=0) cm™'; 3y (400 MHz, CD;CN) o anomer: 0.78 (3H, t, J 6.3
Hz, CH;), 1.13-1.30 (14H, m, 7 x CH,), 1.41-1.52 (2H, m,
NHCH,CH,), 2.00, 2.00 (6H, 2 x s, 2 x OAc), 2.87-2.96 (2H,
m, CH,NH), 4.20-4.32 (1H, m, H-4), 4.40-4.49 (1H, m, H-5),
4.51-4.61 (1H, m, H-5"), 5.04 (1H, at, J 3.9 Hz, H-3), 5.14 (1H,
dd, Jyu1 9.0 Hz, J,, 3.1 Hz, H-1), 5.21-5.24 (1H, m, H-2), 5.69-
5.82 (1H, m, CH,NH), 6.93 (1H, d, Jxu; 9.0 Hz, NH); B
anomer: 0.78 (3H, t, J 6.3 Hz, CH3), 1.13-1.30 (14H, m, 7 x
CH,), 1.41-1.52 (2H, m, NHCH,CH,), 1.95, 1.98 (6H, 2 x 5,2 x
OAc), 2.87-2.96 (2H, m, CH,NH), 3.88-3.99 (1H, m, H-4),
4.40-4.49 (1H, m, H-5), 4.51-4.61 (1H, m, H-5"), 4.97 (1H, at, J
3.1 Hz, H-3), 5.16-5.19 (1H, m, H-2), 5.33 (1H, dd, Jyu, 10.8
Hz J,, 4.5 Hz, H-1), 5.69-5.82 (1H, m, CH,NH), 6.72 (1H, d,
Jang 11.0 Hz, NH); 8¢ (100.5 MHz, CD5;CN) 13.3 (q, CHj),
19.7,19.7, 19.7 (3 x q, 2 x OAca, 2 x OAcp), 22.3, 26.5, 28.3,
28.5, 28.6, 28.8, 29.0, 31.6 (8 x t, 8 x CH,), 42.8,42.8 2 x t,
NHCH,0, NHCH,p), 74.6 (d, C-2f), 75.0 (d, J3r 7.6 Hz, C-
3B), 75.2 (d, Jez.r 6.9 Hz, C-3a), 79.2 (d, Jcar 19.8 Hz, C-4B),
79.5 (d, C-2a), 80.1 (d, Jcar 19.8 Hz, C-401), 82.3 (d, Jesp 171.7
Hz, C-58), 82.3 (d, Jcsr 171.7 Hz, C-5a), 84.0 (d, C-1PB), 87.6
(d, C-1a), 168.9, 169.1, 169.3, 169.6 (4 x s, 2 x OAca, 2 x
OAcB); 65 (376.6 MHz, CDCl3) -229.18 (td, Jr n gemina 46.7 Hz,
JF,H vicinal 23.8 Hz, F-B), -229.52 (td, JF,H geminal 47.7 Hz, JF,H vicinal
26.7 Hz, F-a); HRMS (ESI) calculated for C;oH;5FN,NaO;S:
477.2041. Found 477.2063 (MNa").

N-(Dodecyl)-N’-(2,3-di-O-acetyl-5-fluoro-a,B-D-

arabinofuranosyl)sulfamide 7c. General Procedure A, using
glycosyl acetate 6 (70 mg, 0.3 mmol) and n-dodecylsulfamide
(66 mg, 0.3 mmol), and purification by flash chromatography
(petrol: ethyl acetate, 2:1, Ry 0.4), afforded glycosyl sulfamide
7¢ (62 mg, 52 %, a:B, 1:1) as a pale yellow waxy solid; ; Vpyax
(neat) 3282 (N-H), 1755 (s, C=0), 1368 (s, S=0), 1151 (s,
S=0) em™'; 3y (400 MHz, CDCl;) o anomer: 0.87 (3H, t, J 6.8
Hz, CH;), 1.22-1.36 (18H, m, 9 x CH,), 1.51-1.60 (2H, m,
NHCH,CH,), 2.14, 2.15 (6H, 2 x s, 2 x OAc), 3.03-3.15 (2H,
m, CH,NH), 4.22-4.31 (1H, m, H-4), 4.48-4.56 (1H, m, H-5),
4.61-4.68 (1H, m, H-5), 5.13 (1H, at, J 2.7 Hz, H-3), 5.14-5.17
(1H, m, H-2), 5.33 (1H, s, H-1); B anomer: 0.87 (3H, t, J 6.8
Hz, CH;), 1.22-1.36 (18H, m, 9 x CH,), 1.51-1.60 (2H, m,
NHCH,CH,), 2.12 (6H, 1 x s, 2 x OAc), 3.03-3.15 (2H, m,
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CH,NH), 3.90-4.01 (1H, m, H-4), 4.48-4.56 (1H, m, H-5),
4.61-4.68 (1H, m, H-5), 5.06 (1H, dd, J,5 2.3 Hz, J54 3.5 Hz,
H-3), 5.22 (1H, dd, J,, 4.3 Hz, J,; 2.0 Hz, H-2), 5.28 (1H, d,
Jnm1 11.0 Hz, NH), 5.48 (1H, dd, Jyu, 11.0 Hz, J,, 4.7 Hz, H-
1); 8¢ (100.5 MHz, CDCl;) 14.1 (g, CH3), 20.7,20.8, (2x q, 2 x
OAcao, 2 x OAcp), 22.6, 26.6, 29.2, 29.3, 29.4, 29.5, 29.5, 29.6,
29.6, 31.9 (10 x t, 10 x CH,), 43.5, 43.7 (2 x t, NHCH,a,
NHCH,B), 75.3 (d, C-2B), 75.4 (d, J.5.F 6.9 Hz, C-3pB), 76.0 (d,
Jesg 6.1 Hz, C-30), 79.5 (d, C-20), 80.6 (d, Jcsr 18.3 Hz, C-
4B), 81.9 (d, Jesr 19.8 Hz, C-4a), 82.1 (d, Jeosy 172.4 Hz, C-
5B), 82.1 (d, Jes.r 175.5 Hz, C-50), 83.7 (d, C-1pB), 88.2 (d, C-
la), 169.2, 169.7, 169.8, 169.9 (4 x s, 2 x OAca, 2 x OAcP); of
(376.6 MHz, CDCls) -229.15 (td, Jru geminat 47-7 HZ, Jeu vicinal
23.8 Hz, F-B), -229.6 (td, Jru geminal 48.6 HZ, Jr 1 vicina 27.7 Hz,
F-a); HRMS (ESI) calculated for C, H4FN,0O,S: 483.2535.
Found 483.2523 (MH").

N-(Octyl)-N’-(5-fluoro-a,p-D-arabinofuranosyl)sulfamide
8a. General Procedure B, using glycosyl sulfamide 7a (40 mg,
0.1 mmol) and purification by flash chromatography (petrol:
ethyl acetate, 1:1, R; 0.1), afforded diol 8a (24 mg, 75 %, a:p,
1:1) as a white solid; m.p. 123-125 °C (MeOH/DCM); Vax
(neat) 3290 (N-H), 1347 (s, S=0), 1142 (s, S=0) cm'; 5 (400
MHz, CD;CN) a anomer: 0.91 (3H, t, J 7.4 Hz, CH3), 1.25-1.38
(10H, m, 5 x CH,), 1.48-1.57 (2H, m, NHCH,CH,), 2.93-3.02
(2H, m, CH,NH), 3.91 (1H, at, J 4.3 Hz, H-3), 3.96 (1H, at, J
4.3 Hz, H-2), 4.03-4.11 (1H, m, H-4), 4.38-4.48 (1H, m, H-5),
4.51-4.60 (1H, m, H-5"), 491 (1H, d, J,, 3.9 Hz, H-1), 5.07
(1H, br s, NH); B anomer: 0.91 (3H, t, J 7.4 Hz, CH;), 1.25-
1.38 (10H, m, 5 x CH,), 1.48-1.57 (2H, m, NHCH,CH,), 2.93-
3.02 (2H, m, CH,NH), 3.81-3.89 (1H, m, H-4), 3.91 (1H, at, J
4.3 Hz, H-3), 4.00-4.02 (1H, m, H-2), 4.38-4.48 (1H, m, H-5),
4.51-4.60 (1H, m, H-5"), 5.19 (1H, d, J,, 4.3 Hz, H-1), 5.07
(1H, br s, NH); ¢ (100.5 MHz, CD;CN) 13.4 (q, CHj3), 22.4,
26.5, 28.9, 28.9, 29.0, 31.6 (6 x t, 6 x CH,), 43.0 (t, NHCH,a,
NHCH,B), 74.7, 75.5 (2 x d, Jc35 6.9 Hz, C-3B, C-30), 75.7 (d,
C-28), 79.9 (d, C-2w), 81.5 (d, Jcq.r 19.8 Hz, C-48), 81.6 (d, Jca.
r 19.1 Hz, C-40), 83.0 (d, Jcsr 200.7 Hz, C-58), 83.3 (d, Jesr
137.3 Hz, C-5a), 85.0 (d, C-1PB), 89.1 (d, C-1a); o (376.6 MHz,
CDCl;) -226.26 (td, Jr 1 geminat 49.6 HZ, Jr 4 vicina 19.1 Hz, F-B), -
228.46 (td, Jru geminat 48.6 Hz, Jr 1 vicina 21.0 Hz, F-a); HRMS
(ESI) calculated for C3H,3FN,05S: 343.1697. Found 343.1700
(MH").

N-(Decyl)-NV’-(5-fluoro-a,p-D-arabinofuranosyl)sulfamide

8b. General Procedure B, using glycosyl sulfamide 7b (60 mg,
0.1 mmol) and purification by flash chromatography (petrol:
ethyl acetate, 1:1, Ry 0.1), afforded diol 8b (35 mg, 72 %, a:p,
3:1) as a white solid; m.p. 98-100 °C (MeOH/DCM); Vpax
(neat) 3293 (N-H), 1329 (s, S=0), 1143 (s, S=0) cm’'; 5 (400
MHz, CD;0OD) o anomer: 0.89 (3H, t, J 6.8 Hz, CH;), 1.24-
1.40 (14H, m, 7 x CH,), 1.49-1.56 (2H, m, NHCH,CH,), 2.94-
3.04 (2H, m, CH,NH), 3.93 (1H, at, J 2.7 Hz, H-3), 3.97 (1H,
at, J 3.5 Hz, H-2), 3.99-4.06 (1H, m, H-4), 4.37-4.47 (1H, m,
H-5), 4.49-4.58 (1H, m, H-5"), 4.93 (1H, d, J,,4.7 Hz, H-1); B
anomer: 0.89 (3H, t, J 6.8 Hz, CH3), 1.24-1.40 (14H, m, 7 x
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CH,), 1.49-1.56 (2H, m, NHCH,CH,), 2.94-3.04 (2H, m,
CH,NH), 3.82-3.89 (1H, m, H-4), 3.91 (1H, at, J 4.3 Hz, H-3),
3.98-4.00 (1H, m, H-2), 4.37-4.47 (1H, m, H-5), 4.49-4.58 (1H,
m, H-5%), 524 (1H, d, J,, 43 Hz, H-1); 8¢ (100.5 MHz,
CD;0D) 13.0 (q, CH3), 22.3, 26.5, 29.0, 29.0, 29.1, 29.3, 31.7
(7 x t, 8 x CH,), 42.6 (t, NHCH,0, NHCH,B), 74.3, 75.6 (2 x d,
Jesr 6.9 Hz, C-3B, C-3a), 75.7 (d, C-2P), 80.1 (d, C-20), 80.9
(d, Joar 19.1 Hz, C-4P), 81.7 (d, Jeay 19.8 Hz, C-40), 82.0 (d,
Jesr 170.9 Hz, C-5P), 82.7 (d, Jes.p 170.1 Hz, C-5a), 85.2 (d, C-
1B), 88.6 (d, C-1a); 8y (376.6 MHz, CD;0D) -227.20 (td, Jy
geminal 47.7 Hz, JF,H vicinal 19.1 Hz, F-B), -230.70 (td, JF,H geminal
47.7 Hz, Jey vicina 23.8 Hz, F-a); HRMS (ESI) calculated for
C,sH;,FN,05S: 371.2010. Found 371.2022 (MH™).

N-(dodecyl)-N’-(5-fluoro-a,B-D-arabinofuranosyl)sulfamide
8c. General Procedure B, using glycosyl sulfamide 7¢ (50 mg,
0.1 mmol) and purification by flash chromatography (petrol:
ethyl acetate, 1:1, R; 0.1), afforded diol 8c (32 mg, 78 %, a:p,
1:1) as a white solid; m.p. 129-131 °C (MeOH/DCM); v«
(neat) 3293 (N-H), 1326 (s, S=0), 1142 (s, S=0) cm'; &, (400
MHz, CD;CN) a anomer: 0.90 (3H, t, J 6.8 Hz, CH3), 1.26-1.38
(18H, m, 9 x CH,), 1.48-1.57 (2H, m, NHCH,CH,), 2.91-3.04
(2H, m, CH,NH), 3.91 (1H, at, J 4.7 Hz, H-3), 3.96 (1H, at, J
4.3 Hz, H-2), 4.03-4.11 (1H, m, H-4), 4.38-4.48 (1H, m, H-5),
4.50-4.60 (1H, m, H-5%), 491 (1H, d, J,, 3.9 Hz, H-1), 5.06
(1H, br s, NH); B anomer: 0.90 (3H, t, J 6.8 Hz, CH;), 1.26-
1.38 (18H, m, 9 x CH,), 1.48-1.57 (2H, m, NHCH,CH,), 2.91-
3.04 (2H, m, CH,NH), 3.80-3.89 (1H, m, H-4), 3.91 (1H, at, J
4.3 Hz, H-3), 3.99-4.02 (1H, m, H-2), 4.38-4.48 (1H, m, H-5),
4.50-4.60 (1H, m, H-5%), 5.19 (1H, d, J,, 4.3 Hz, H-1), 5.06
(1H, br s, NH); ¢ (100.5 MHz, CD;CN) 13.4 (q, CHy), 22.4,
26.5, 28.4,29.0, 29.1, 29.3, 29.3, 29.4, 29.4, 31.6 (10 x t, 10 x
CH,), 43.0 (t, NHCH,a, NHCH,f), 74.7, 75.5 2 x d, Jc37 6.9
Hz, C-38, C-3a), 75.7 (d, C-2P), 80.0 (d, C-2a), 81.5 (d, Jcar
19.1 Hz, C-4B), 81.6 (d, Jcar 19.1 Hz, C-4a), 83.0 (d, Jesr
168.6 Hz, C-5PB), 83.3 (d, Jcs.r 168.6 Hz, C-5a), 85.0 (d, C-1P),
89.1 (d, C-1a); 6f (376.6 MHz, CDCl;) -226.24 (td, Jru geminal
49.6 Hz, Jr 1 vicinal 19.1 Hz, F-B), -228.44 (td, Jr y gemina 48.7 Hz,
JEH  vieina 22.9 Hz, F-a); HRMS (ESI) calculated for
C7H36FN,05S: 399.2323. Found 399.2331 (MH").

Alamar Blue Assay

The anti-mycobacterial activity of glycosyl sulfamides and
controls were performed using M. smegmatis. Test compounds
and isoniazid were prepared in DMSO at 40 mg/mL, and
subsequent 2 fold serial dilutions were performed in 100 pl of
LB/T media in 96 well microplates, producing compound
concentrations across the plate of 1000, 500, 250, 125, 62, 31,
15, 7.5, and 3.75 pg/mL. Approximately 4.5 x 10° cfu/mL of
M. smegmatis was added to each well to give a total volume of
200 pl. Control wells contained only bacteria with 2.5 %
DMSO in LB/T media. The plates were incubated at 37 °C for
18 hours. After this time, 10 pl of Alamar Blue dye was added
to all wells, and the plate was then incubated for another 5
hours. The wells were then observed for a colour change (blue
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to pink), and the MIC value was determined by visual
observation.

Acknowledgements
We gratefully acknowledge the University of Canterbury
(Postgraduate Scholarship to KS) and the Biomolecular
Interaction Centre for funding. We also thank Dr Moritz Lassé
for technical assistance.

Notes and references

¢ Department of Chemistry, University of Canterbury, Private
Bag 4800, Christchurch 8140, New Zealand. Fax: +64 3364
2110; Tel: +64 3364 3097; E-mail:
antony.fairbanks@canterbury.ac.nz

b Biomolecular Interaction Centre, University of Canterbury,
Private Bag 4800, Christchurch 8140, New Zealand.

Electronic Supplementary Information (ESI) available: associated
spectra for all compounds. See DOI: 10.1039/c000000x/

1 a) P. Compain and O. R. Martin, Bioorg. Med. Chem. 2001,
9, 3077-3092; b) K—-H. Jung and R. R. Schmidt, in
Glycosyltransferase  Inhibitors; C. —H. Wong, Ed.
Carbohydrate-Based Drug Discovery. Wiley-VCH Verlag
GmbH & Co: KGaA, 2003; pp 609-659.

2 For some recent work on the attempted inhibition of
mycobacterial furanosyl transferases see: a) L. Legentil, J.-L.
Audic, R. Daniellou, C. Nugier-Chauvin, and V. Ferriéres,
Carbohydr. Res. 2011, 346, 1541-1545; b) J. Frigell, J. A.
Pearcey, T. L. Lowary, and I. Cumpstey, 1. Eur. J. Org.
Chem. 2011, 1367-1375; c) A. E. Trunkfield, S. S. Gurcha, G.
S. Besra and T. D. H. Bugg, Bioorg. Med. Chem. 2010, 18,
2651-2663; d) R. Dureau, F. Robert-Gangneux, J.-P.
Gangneux, C. Nugier-Chauvin, L. Legentil, R. Daniellou, and
V. Ferriéres, Carbohydr. Res. 2010, 345, 1299-1305; ¢) A. K.
Pathak, V. Pathak, W. J. Suling, J. R. Riordan, S. S. Gurcha,
G. S. Besra, and R. C. Reynolds, Bioorg. Med. Chem. 2009,
17, 872-881; f) M. Chaumontet, V. Pons, K. Marotte and J.
Prandi, Tetrahedron Lett. 2006, 47, 1113-1116; g) S. Cren, S.
S. Gurcha, A. J. Blake, G. S. Besra and N. R. Thomas, Org.
Biomol. Chem. 2004, 2, 2418-2420.[]

3 a)L.V.Lee, M. L. Mitchell, S. -J. Huang, V. V. Fokin, K. B.
Sharpless and C. —H. Wong, J. Am. Chem. Soc. 2003, 125,
9588-9589; (b) L. Ballell, R. J. Young and R. A. Field, Org.
Biomol. Chem. 2005, 3, 1109-1115; (c¢) J. —B. Behr, T.
Gourlain, A. Helimi and G. Guillerm, Bioorg. Med. Chem.
Lett. 2003, 13, 1713-1716.

4 For some recent syntheses of stable analogues of glycosyl
phosphates see: a) C. A. Centrone and T. L. Lowary, Bioorg.
Med. Chem., 2004, 12, 5495-5503; b) C. A. Centrone and T.
L. Lowary, J. Org. Chem., 2002, 67, 8862-8870; c) T.
Kannan, S. Vinodhkumar, B. Vargheseb and D. Loganathan,
Bioorg. Med. Chem. Lett., 2001, 11, 2433-2435; d) F. Casero,
L. Cipolla, L. Lay, F. Nicotra, L. Panza and G. Russo, J. Org.
Chem., 1996, 61, 3428-3432.

This journal is © The Royal Society of Chemistry 2012

5

10

11

12

13

14

15

16

17.

Organic & Biomolecular Chemistry

L. J. Alderwick, G. S. Lloyd, H. Ghadbane, J. W. May, A.
Bhatt, L. Eggeling, K. Fuetterer and G. S. Besra, Plos
Pathog., 2011, 7, ¢1001299.

T. L. Lowary, Mini Rev. Med. Chem., 2003, 3, 689-702.

See for example: (a) A. K. Pathak, V. Pathak, M.
Kulshrestha, D. Kinnaird, W. J. Suling, S. S. Gurcha, G. S.
Besra and R. C. Reynolds, Tetrahedron 2003, 59, 10239-
10248; (b) K. Marotte, T. Ayad, Y. Genisson, G. S. Besra, M.
Baltas and J. Prandi, Eur. J. Org. Chem. 2003, 2557-2565; (¢c)
A. K. Pathak, V. Pathak, J. A. Maddry, W. J. Suling, S. S.
Gurcha, G. S. Besra and R. C. Reynolds, Bioorg. Med. Chem.
2001, 9, 3145-3151; (d) M. Joe and T. L. Lowary,
Carbohydr. Res. 2006, 341, 2723-30; (e) O. M. Cociorva, S.
S. Gurcha, G. S. Besra and T. L. Lowary, Bioorg. Med.
Chem. 2005, 13, 1369-1379; (f) O. M. Cociorva and T. L.
Lowary, Carbohydr. Res. 2004, 339, 853-865; (g) M. Bosco,
P. Bisseret, P. Constant and J. Eustache, Tetrahedron Lett.
2007, 48, 153-157.

a) B. Ayers, H. Long, E. Sim, I. A. Smellie, B. L. Wilkinson
and A. J. Fairbanks, Carbohydr. Res. 2009, 344, 739-746; b)
B. L. Wilkinson, H. Long, E. Sim and A. J. Fairbanks,
Bioorg. Med. Chem. Lett., 2008, 18, 6265-6267.

P. A. Colinas, Curr. Org. Chem., 2012, 16, 1670-1679.

D. J. Owen, C. B. Davis, R. D. Hartnell, P. D. Madge, R. J.
Thomson, A. K. J. Chong, R. L. Coppel and M. von Itzstein,
Bioorg. Med. Chem. Lett., 2007, 17, 2274-2277.

a) S. Knapp, E. Darout and B. Amorelli, J. Org. Chem., 2006,
71, 1380-1389; b) K. Czifrak and L. Somsak, Carbohydr.
Res., 2009, 344, 269-277; c¢) M. Lopez, N. Drillaud, L.
Bornaghi and S. -A. Poulsen, J. Org. Chem., 2009, 74, 2811-
2816; d) M. Lopez, B. Paul, A. Hofmann, J. Morizzi, Q. K.
Wu, S. A. Charman, A. Innocenti, D. Vullo, C. T. Supuran
and S. -A. Poulsen, J. Med. Chem., 2009, 52, 6421-6432.

K. Suthagar, M. I. J. Polson and A. J. Fairbanks, Org. Biomol.
Chem., 2015, 13, 6573 - 6579.

K. Suthagar, A. J. A. Watson, B. L. Wilkinson and A. J.
Fairbanks, Eur. J. Med. Chem., 2015, 102, 153-166.

I. A. Smellie, S. Bhakta, E. Sim and A. J. Fairbanks, Org.
Biomol. Chem., 2007, 5, 2257-2266.

All compounds were tested as mixtures of anomers as
significant mutarotation of glycosyl sulfamides has been
found to occur in aqueous solution during the length of time
over which the biological assays were to be run. For
mutarotation studies see references 12 and 13.

L. A. Collins and S. G. Franzblau, Antimicrob. Agents
Chemother., 1997, 41, 1004-1009.

For some recent investigations into the anti-mycobacterial
activity of a series of alkyl galactofuranosides see: R. Dureau,
M. Gicquel, I. Artur, J.-P.; Guégan, B. Carboni, V. Ferriéres,
F. Berrée, and L. Legentil, Org. Biomol. Chem. 2015, 13,
4940-4952.

J. Name., 2012, 00, 1-3 | 7



