CrossMark

4 click for updates

Organic &
Biomolecular
Chemistry

Accepted Manuscript

View Article Online

View Journal

This article can be cited before page numbers have been issued, to do this please use: R. Dureau, M.
Gicquel, I. Artur, J. P. Guegan, B. Carboni, V. Ferrieres, F. Berrée and L. Legentil, Org. Biomol. Chem.,

This is an Accepted Manuscript, which has been through the

Organic& “ Royal Society of Chemistry peer review process and has been
Biomolecular accepted for publication.
Chemistry

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes
to the text and/or graphics, which may alter content. The journal's
standard Terms & Conditions and the Ethical guidelines still
l(’msm apply. In no event shall the Royal Society of Chemistry be held

: responsible for any errors or omissions in this Accepted Manuscript
or any consequences arising from the use of any information it
contains.

[y RO~YAL SOCIETY
OF CHEMISTRY WWW.rsc.org/obc


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
http://dx.doi.org/10.1039/c5ob00296f
http://pubs.rsc.org/en/journals/journal/OB
http://crossmark.crossref.org/dialog/?doi=10.1039/C5OB00296F&domain=pdf&date_stamp=2015-03-17

Page 1 of\l]burnal Nam Organic & Biomolecular Chemistry Dynamic Article Links »

Published on 17 March 2015. Downloaded by Mahidol University on 21/03/2015 02:35:05.

1

1

2

2

3

3

4

4

&

0

5

0

@

S

5

0

[l

C|te th|S DOI 101039/COXX00000X View Article Online

DOI: 10.1039/C50B00296F

WWW.I’SC.Org/XXXXXX ARTICLE TYPE

Synthesis and evaluation of 1,2-ans alkyl galactofuranoside mimetics
as mycobacteriostatic agents.
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The simple octyp-D-galactofuranoside was previously described as @paoteriostatic agent against
Mycobacterium smegmatia non-pathogenic model bf. tuberculosisin order to decipher its
mechanism of action, STD NMR on whdle smegmatisells was implemented. It outlined the crucial
role of the alkyl chain and the possibility of mdation on the furanosyl entity. From there, 16 raghy!
furanosides were synthesized in order to optinizenhycobacteriostatic activity. They all presemst th
pending alkyl chain in a 1,2ansconfiguration relative to the sugar ring. Thremilées were studied,
that differ by the substituent on the primary positof the galactofuranose ring, the series opéreding
alkyl chain. Four of these neofuranosides showedr inhibition inferior to the parent octgtD-
galactofuranoside. Double alkyl chains at C-1 aoldpsubstituent on the primary position of the
furanoside significantly favored the activity. Hiyaa mixed biantennary alkyl/ar$+D-
galactofuranoside exhibited the best growth infghitoncentration at 90 pM.

Introduction of polysaccharides named arabinogalactdn@sThis structure

so incorporates  in  particular D-galactofuranose D(Galf),
thermodynamically less stable than its pyranosenteoparts and
exogenous in mammals. In the light of the crucié¢ played by
such galactofuranosyl-containing conjugates, madéscthat are
able to act on their biosynthesis, catabolism araigation will

§° certainly interfere with the proliferation, virulee and even
survival of the corresponding cell. Such molecwidbthus have
all the characteristic of a therapeutic agent daed¢owards G#

Tuberculosis is a medical, social, and economiasies of
immense magnitude that occurs over the world, liegcha

dramatic level of 9 million people infected and in8lion deaths
each yeat. This deadly infection is difficult to cure and dgiso

successfully requires long treatment periods withiltiple

antibiotics®> Recent first-line drugs against tuberculosis inelu
ethambutol and isoniazid in association with rifé&chp and

pyrazipamid. Such Directly Opserved Treatment, .Sk.uourse presenting cells with less toxicity toward othegamisms’
therapies (DOTS) present multiple shortcomings ligsistance

. : Different families of carbohydrate derivatives babeen
and side-effectd. Therefore novel therapeutic approaches, - . .
. ) . . e already screened against strains of mycobacteda.ekample,
particularly those aimed at exploring new horizofies the

- . . uridine diphosphate galactofuranoses modified at phimary
development of efficient anti-tuberculosis molesuyleare . — :
] . o position (C-6) of Gdl were able to inhibitM. tuberculosis
required. The use of poly- and monosaccharides lvattiericidal 8 . - S
bacteriostati fiviti . d . . growth?” However their poor availability and low stabilitgnited
or ZC erlct)s atlhlc. ac 'tV' |e|sd.|st .EO\tI.Va ays ga:mng fea urr; their therapeutic potential. Another family was dz®n alkylD-
regarding to . eir natural distrou |o.n, n .par A |n. crucial - . arabinofuranosides. Such alkyl furanosides are @bighibit the
cellular architecture of pathogenic microorganiéms=or

. . rowth of different strains of mycobacteri®l.(smegmatisM.
example, the cell wall ofMycobacterium tuberculosisthe 9 4 ( g o

bacteri ible for tub losi i it bovis M. tuberculosiy and even to destroy it at concentrations
acteria responsible for tuberculosis, containsraptex mixture around micromola¥’ A model proposed by Suchedk al.

* Ecole Nationale Supérieure de Chimie de RenneRSWMR 6226, 11 hypothesized a specific recognition of the alkganofuranoside

Allée de Beaulieu, CS 50837, 35708 Rennes Ced@arfce. E-mail : 7o motif by mycolyl transferasés. It is worth noting that such
laurent.legentil@ensc-rennes.fr transferase inhibition is the key mechanism linkétth the action
" Institut des Sciences Chimiques de Rennes, UM& 622 of ethambutol. Finally, a last class of moleculeswlesigned on
CNRS-Université de Rennesl, Avenue du Généralrces 74205, the alkyl galactofuranoside model. The most promgisiesults

35042 Rennes Cedex, France. E-mail : fabienne.b@muniv-rennesl.fr . . .
“Université européenne de Bretagne, France. described so far concerned a biantennary thiogdlaeinose

t Electronic Supplementary Information (ESI) avaiga STD NMR 75 developed by von Izteiet al*®In our laboratory, we conceived a
parameter, STD spectrum bf 18 and n-octanol withM. smegmatis'H simpler version, the octfl-D-galactofuranosidé (Fig. 1) that is
and**C NMR spectra. See DOI: 10.1039/b000000x/ able to inhibit the proliferation of M. smegmatis

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00-00 | 1


http://dx.doi.org/10.1039/c5ob00296f

Published on 17 March 2015. Downloaded by Mahidol University on 21/03/2015 02:35:05.

Journal Nam

Organic & Biomolecular Chemistry

Cite this: DOI: 10.1039/cOxx00000x

WWW. rsc.org/xxxxxx

Dynamic Article Links®=age 2 of 13

View Article Online
DOI: 10.1039/C50B00296F

ARTICLE TYPE

A B.
HO o OCgHy v
R? PO
HO 8 CO,H
1 OH R®  OH 9 CO,Me
HO/O OCgHi7 2 F 10H
o 3N, 11 CH;,
OH 4 NH, HO
R’ 5 NHAC HO 0OH
6 NHBz HO
OCgH47
7 NH(CO)Bu OH HO
12 13

Fig. 1 Targeted alkyl furanosides 2-17

the non pathogenic analogsMf tuberculosisat a concentration
of 0.86 mM. Furthermore a bactericidal effect wasserved

OCgH47

NHAc

C. HO o_ OR®
Ho.gﬂ_?
OH
HO
OC8H17 A OCBH17
et (20w
OCgH;7 OCgHy7
14 15
\ OCgH \ OCgH
R3=ﬁ\7<: 8H17 R3=M\7<: 8H17
OBn OH
16 17

However the exact biological target of our galaataholipid is
yet unknown. Consequently the STD NMR was here peed

swhen it was embedded into a polymeric matrix based 0 on the whole cell oM. smegmatisUsing this technique, we
compared the interaction profile of its octyl galactopyranoside

PBAT/sodium caseinafé: 2°
The mechanism of

whole cell.

action
galactofuranolipids remains unclear and it is opamance to
decipher structure-activity relationships. To do, see first
10 compared the affinity of both oct@-D-galactofuranosidd and
its octyl pyranoside counterpart with the microanigan’s surface
using Saturated Transfer Difference (STD) NMR teghai on
This preliminary experiment
importance of the nature and length of the lipidiohbut also
15 pointed out the weak interaction of the sugar witle cell

associated

membrane and so the possibility for modulation.

In this context, a wider range of glycofuranositesring an
alkyl chain at the anomeric position in a 1r@as configuration
was synthesized. To tune the lipophilic nature loé talkyl

20 furanoside scaffold, three modulations were intomdl (Fig. 1):
i) substitution of the hydroxyl group at primary gitton (A-
family); ii) modification of the osidic series (B+faly) and iii)
doubling of the octyl chain at the anomeric posit{&€-family).

confirmedhet

with

suchcounterparts 18 and n-octanol (Fig. 2 and supplementary
information). All compounds were used at a conaitn of 5
mM in D,O. This concentration was higher than growth

4s inhibition value of18 but lower that the CMC of each molecules
(6.1 mM for1 and 16 mM forl8) in order to avoid again any
surfactant effect. When incubated wi. smegmatiscell, a
strong STD effect was observed at the extremitythef octyl
chain ofl. The percentage of STD effect decreased when movin

so toward the furanose. There was also some deteatéible on the

furanoside ring. The same profile was found for thetyl

The resulting compounds were eventually evaluatzdnat their

pyranosidel8 and octanol. For the latter one, the STD effect wa
identical along the alkyl chain.
From these results, it first appeared that thgl alkain on the
ss sugar played a crucial role on the activity, thusraborating
previous
present a unique cell surface made of mycolic atidg are
grafted on the arabinogalactan. This highly hydodpb cell wall

results on such galactofuranolipids. Mymtéria

25 inhibition of M. smegmatigrowth. 10<: e
Results and discussion 1%~ HOo_ © S N
STD NMR experiment Ho_gw\ 8% 100%
) . . . . = 85% 8%
We first investigated the action mechanism of odByb- "% 00 \/OH 0% /j\
galactofuranosidel as mycobacteriostastic. Compoutdwas 9% HO A~ o~y
a0 described as a mycobacteriostatic agent at a ctatien of 0.86 1 \ /
mM. This value is far below its Critical Micellar Conteation HO\ OH 0% 72% 87% ctanol "
(CMC) that reaches 6.1 mif1.Consequently] is unable to form  14%— 0 \
some micelles in the considered inhibitory conaiin and we 0\/\\/\/\/\

can rule out a possible surfactant effect as actienhanism. It is
35 possible nowadays to map the part of the drug Bpaity

involved in the interaction with the targeted recephanks to

Saturated Transfer Difference (STD) NMR techniftie®

\/ OH \
14% 0o, 8%

100%
18

60 Fig. 2 Quantification of molecular interactions of 1, 18 and octanol
with M. smegmatis by STD NMR.
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allows the bacteria to reduce its sensitivity agaamtibiotics and

6-amido. They can be easily introduced thanks tectee

the recognition by the immune ceffslt can nevertheless interact nucleophilic attacks of the corresponding nuclefgshion

with other lipids through weak van der Walls intgians. We
can subsequently hypothesize that the alkyl chamongly
contributes to the interactions of the glycolipidthwthe cell
membrane.

On the other hand, such experiment did not allonctuding

3

on the importance of the furanoside ring as the 8alDes on the

polar ring were low and no difference occurred lesm
1

o

modification on the carbohydrate scaffold should deter the
interaction between the cell membrane and the ¢ipids.
Interestingly, previous screening on eukaryote fitga of the

pyranoside and furanosidé the nature of the sugar moiety did« 22 in a moderate yield.
not reduce the measured affinity, we can therefmuggest that

position 6 of the cyclic sulfate9 (Schemg, 1), CoIBOLIE WAS

synthesized from octylB-D-galactofuranoside according to
s literature  procedur® Ring-opening by tetrabutylammonium
fluoride (TBAF), followed by the hydrolysis of theesulting
sulfate, led to the intermedia0. In a similar way,21 was
prepared froml9 using sodium azide in dimethylformamide. Its
subsequent palladium-catalyzed hydrogenolysis dghgeamine
It can be purified by column
chromatography on silica gel or directly convertedN,O-diacyl
derivatives23, 24, and25 by action of acetyl chloride, benzoyl
chloride or valeroyl chloride, respectively, in peace of DMAP.
Finally, all the ester groups on compouris25 were cleaved

15 Leishmaniagenus concluded on the importance of the substitues under basic conditions to give desired prodets All resulting

on the galactofuranoside scaffold to measure somuavth

compounds were obtained as pure tighs anomers as

inhibition.?® In this context, and in an attempt to improve the confirmed by the value of the coupling constanteenH-1 and

biological activity of the parent furanolipid, weedded to
modulate the lipophilicity of the alkyl chain anket polarity of
20 the sugar head.

Synthesis

5-Membered ring hexofuranoses generally tend tméstse into
6-membered one, the most thermodynamically stadoie.flt is
thus critical to first lock the ring size and themdulate the
functional groups on the scaffold. To access toAHamily, we
started from the known octf-D-galactofuranosid@® 2’ whose
C-6 position could be tuned and whose anomeric gardiion

2

a

was already installed, thus avoiding complex peatiion process.

Four functional groups were envisioned at the arinposition
30 of the galactofuranose, the 6-fluoro, 6-azido, Gramand three

H-2 (3., < 2 Hz).
In order to investigate the importance of thgalactofuranose
so scaffold, other series presenting a common skeletitih Gaf
were also sought. The more hydrosoluble and pHisensctyl-
D-galactofuranoside uronic acid (OcttGalfA) 8 was obtained
according to reported furanosylation strategy otaool in
presence of calcium chloridé. The same procedure was
ssimplemented to access to the octyl (metpnd-
galactofuranosid)uronate 9 using (methylB-D-
galactopyranoside)urona2é? (Scheme 2). The resulting uronate
9 was obtained as a mixture of anomers with a sligttdess
towards theB-one. The targeted anomer was separated from th2
s0 a-isomer by purification on C18-grafted silica colunfs for the

BzO o OCBH17 BzO o OCgHy7 OCgHy7
?‘é L\T
OZS‘O OBz
19
BzO o_ OCsHi7 iy BzO OCgHy; BzO o_ QCsHi HO o QCsHir
.éﬂ_? .SQ » _gﬂ_?
ozs\ OH
(o]
HoN
2 4
\%) BzO o  OCgHyy i) HO o OCsHi
HO
OBz OH
RHN RHN
23 R=Ac 5R=Ac
24 R=Bz 6R=Bz
25 R=COBu 7R=COBu

Scheme 1 Synthesis of octyl galactofuranosides of A-family 2-7. Reaction conditions: i) a. TBAF, THF, r.t., 1 h, b. H,SO,, H,O, THF, r.t., 30
min., 80% over 2 steps; ii) MeONa, MeOH, r.t., 12 h, 43% for 2, 86% for 3, 40% for 4, 61% for 5, 64% for 6, 89% for 7; iii) a. NaN3, DMF, r.t.,

65 24 h, b. H,SO4, H,0, THF, r.t., 30 min., 87% over 2 steps; iv) Pd(OAc),, H,, THF, 3 days, 38%; v) a. Pd(OAc),, Hz, THF, 2 days, b. RCOCI,
DMAP, CH,Cl,, 2 h, 48% for 23, 41% for 24, 78% for 25 over 2 steps.
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OCgH17
HO co,me

. HO Q Cl + CgHyOH — ————= HO—<:
o} ;), Ho © OCgH47 V/\ OCgH47
HO > OH o OH 31 32
MeO 9 HO\7<:OH i) HO\7<:OC8H17
o B HO/O OCgH47 OH OCgHq7
N N s 33 34
AcO HO
R OH HO, OH i) HO, o)
27R=H 10R=H \7< — \7C <
28 R = CHj, 11 R = CH, OH o
33 35

AcO OAc . HO OH BnO OR
OTomwone M| °: iy _BO 0>< v) " \7<
OCgHy7 OH
OH 0
12 36

37R=H
ol
38R= C8H17
OCgH47

HO
ii) -0 Scheme 3 Synthesis of the acceptors 32, 34 and 38. Reaction
HO 35 conditions: i) CgHi7OH, Na, toluene, r.t., 24 h, 41%; ii) a. NaH,
NHAc DMF, 50 °C, 15 min. b. TBAI, CgH;,Br, DMF, 90 °C, 20 h, 52%; iii)
HO acetone, pTSA, MgSO,, r.t., 5 days, 74%,; iv) NaH, benzylbromide,
13 THF, 70 °C, 15 h, 95%; v) H,SO4, MeOH, 70 °C, 4 h, 81%; vi)
Scheme 2 Synthesis of furanolipids from B-family 9-13. Reaction NaH, TBAI, CgHi,Br, DMF, 50 °C, 48 h, 70%.

conditions: i) CgH170H, FeCls, CaCly, r.t., 24 h, 32% (a/B 2:3); ii) a. . o
CsH17OH, BF3.Et,0, CH,Cl,, RT, 8 h, b. MeONa, MeOH, rt., 12 h, 4 32, 34 and 38 were synthesized (Scheme 3). Glycerol derivative

5 12% for 10, 35% for 11, 44% for 12 over 2 steps; iii) a. CgHi7OH, 32 was first prepared by reaction of epichlorohydwith sodium
CuCl,,CICH,CHLCI, r.t., 8 h, b. MeONa, MeOH, r.t., 12 h, 30% over octanolate according to literature procedtirBialkylation of 2-
2 steps. (hydroxymethyl)-2-methyl-1,3-propanediB with bromooctane

L-arabinosel(-Ara), andL- andD-fucose (- andD-Fuc) series, a in presence of sqdium hydride and tetrabutylammuniadide
two-step strategy starting from the correspondieg@acetyl afforded the desired compour@4. On the other hand, the

1o furanose27-29, respectively, was used. Such activated furanosedrotection of two alcohol functions of the tri6B was easily
were easily obtained from the parent sugars as ridesc achieved by treatment with acetone in presengel 8fA leading

previously?® Glycosylation of octanol by27, 28 or 29, in to the acetal35. After benzylation with benzylbromide in the
presence of trifluoroboron etherate complex, gereragain the ~ Presence of sodium hydride, the ketal moiety watrdlyzed by
1,24rans anomers as the major isomers. They were purifsd f % treatment with sulfuric acid in methanol. Monoaltybn of diol
sto  remove the 1,2is anomer before subsequent 3/ Was then accomplished in good yield zusing conuiitio
transesterification to give0, 11 or 12, respectively identical to those employed for the synthesi84t _
We previously described the formation of the oxamol Next, glycosylation of alcohol82, 34 and 38 with 2,3,5,6-
derivative of 2-acetamido-2-deogygalactofuranose Df tetraO-acyl B-thiogalactofuranoside9® in presence of silver
GaffNHAc) 30 thanks to the acetylation of pexsilylated 5° triffate  and N-iodosuccinimide gave the corresponding

2 GalfNHAC in presence of acetic anhydride and a largeeex of ~ intérmediatesd0, 41 and 42, respectively (Scheme _9")'” the
p-toluenesulfonic  acid (pTSA)® Such oxazoline could biantennary galactofuranosiddd and 42 were obtained as a

nevertheless undergo nucleophilic attack by methamogive ~ Mixture of anomers, respectivelyp = 1:4 and 1:1940 was only
selectively the methyl p-D-GafNHAc in excellent yield. isolated as a purf-anomer. Acyl groups were then removed
Unfortunately no reaction occurred when using cmtams © under basic conditions to give final produd#%16. Due to the

2 nucleophile in presence of various Lewis acids B&.Et,O or ~ Presence of an asymmetric carbon on the alkyl cfesnwas
TMSOTY. Nevertheless, copper(ll) chloride, a weawis acid, ~ OPtained as a complex mixture. Finally, debenzyfawf 16 by
allowed obtaining octyl GBNHAc as a mixture of anome?s. hydro_genoly5|s gavm7_ as a_non-separable dlgsteromerlc mixture
The 1,2trans anomer was the major product of the reaction. PUt With 1,2transconfiguration at the anomeric carbon.
Transesterification of the ester finally gave thggeted octyp-D- ¢ Biological evaluation

30 GafNHAc 13 with 30% yield over two steps.

Four biantennary substituents were envisionedhat €-1

position of galactofuranose (C-family). For thatee acceptors

The resulting library of alkyl furanosides was treraluated for
their bacteriostatic properties against a mutateeins of M.

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00-00 | 4
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AcO AcO o HO o

SPh i) OR? ii) - OR3
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HO
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Act
OAc
39
OCgHy7 OCgHy7
(0] (0]
RO RO RO
OR OR OR

R RO

O
AcO
(0]

40 R =Ac 41 R=Ac 42 R =Ac
14R=H 15R=H 16 R=H
HO 6 o@foom17 HO O/>E\OCBH17
;< } oBn M) OH
HO HO
OH OH
HO HO
16 17

Scheme 4 Access to biantennary galactofuranosides 14-17 (C-family). Reaction conditions: i) a. 32, 34 or 38, MS, AgOTf, NIS, CH,Cl,, r.t.,
5-48 h, 71% for 40, 91% for 41 (a/p 1:4), 32% for 42 (a/p 1:19); ii) MeONa, MeOH, r.t., 12 h, 96% for 14, 99% for 15, 87% for 16; iii) H,,
Pd/C, EtOH, r.t., 2 days, 70%.

3

smegmatis(mc? 155), one of the non-pathogenic model of and 2 mM. Four neoglycolipids exhibited MIC valuesdw the
mycobacteria. The Minimum Inhibition ConcentratioMIC) one found for the parent octptD-Galf 1. First, octyl 6-amino-
responsible for 99% of bacteria growth inhibitiomswreported ss Gaff 4 and octyl p-D-GafA 8, with polar and pH sensitive
for each compound in Table 1. The determinatiorthef MIC substituent on the pending C-4 arm of the skeletxhibited
10 values was based on a resazurin modified assahichwhe deep  respectively MIC value of 0.3 and 0.16 mM (entriesart 8).
blue resazurin was oxidized into the fluorescemkpiesorufine  Secondly, biantennary derivativés and16 showed inhibition of
in the presence of living bactedaThe aim of this study was to M. smegmatigrowth at 0.5 and 0.09 mM, respectively (entries
confirm: i) the influence of the alkyl chain at tlomeric 0 15 and 16).
position (chain length, lineavs. split); to complete the study, It therefore appeared that the furanose form veasrdial for
s methyl and butyl galactofuranosidet3 and 44% were also  the activity as the pyranoside anatb8showed no bacteriostatic
evaluated, ii) the impact of various functions at6 Gsn the activity. In addition, no or low activity was measd with most
activity, iii) the impact of the cycle (furanosids. pyranoside);  compounds from B-family1(0-13). There was so a strong impact
octyl galactopyranosid&8 was thus included in the evaluatiorus of the considered series on the activity {Fukraf, ester from
and iv) the importance of the nature and configanabf the GaffA vs Galf). The lack of inhibitory activity of methyl and
carbohydrate (Galvs others,D vs. L). Ethambutol (Eth), a butyl Gaf, 43 and 44, confirmed also that a minimum chain
known antituberculosis molecule, was used as pesitntrol. length was compulsory to measure any inhibitione Toubling
The compiled results showed no inhibition for acta(entry of the alkyl chain had nevertheless a medium efféatanoside
21), 6-acetamido-GhI5 (entry 5), L-Fud 12 (entry 12), s 14, the O-glycoside analog of von lIztein's best inhibifor
GalfNHAc 13 (entry 13) and Gélpending with branched alcohol surprisingly showed poor activity. It might be ledk with lower
17 (entry 17) or with short chairk3 and44 (entries 19 and 20) as stability of O-glycosides when compared witB-glycosides
well as for octyl pyranosidé8 (entry 18). However, inhibitory However when the split chain was separated fromstigar by
values were measured when the microorganism washated one methyl, the inhibition increased. The bestvigtivas found
with the other alkyl glycosides that derived fronetyd D- ssfor 16 with an aromatic group on one of the pendant arstead
galactofuranosd (A-Family, entries 2-4, 6 and 7), that shared of the chain. In addition, structural modulatiorisCaé position
30 common structural characteristics witl{B-Family, entries 8-11)  greatly influenced the biological activity. Indeedmpounds5
or Gaf with biantennary alkyl chain at the anomeric gosit(C- (6-NHAc) showed no activity while decreasing MIC wes$ were
Family, entries 14-16). Their MIC were found to ltween 0.1  found for furanoside6 (6-NHBz), 3 (6-N3), 9 (methylD-GalfA),
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Table 1 Minimum Inhibition Concentration of tested alkyrbnosides

HO OR® HO oOH OH
& N
HO HO OCghHy7
R1 R2 o OCgHy7 SH
1-11; 13-17; 43-44 12 18
1 2 3 MIC
Entry R R R Pduct (mM)
1 CH.OH OH GHi7 1 0.8
2 CHF OH GHyz 2 15
3 CHN; OH GCgHy7 3 1.7
4 CHNH, OH GgHy7 4 0.3
5 CHNHAc OH CgHyz 5 >1.5
6 CHNHBz OH GgHy7 6 2.0
P __NH(COBu OH _  GHy ] AN 12
8 CQOH OH GHy7 8 0.16
9 COMe OH GHi7 9 1.6
10 H OH GHyy 10 17
12 - - - 12 >1.8
. A3 CHOH NHAc CoHy . 13__>15
14 CHOH OH CH(CH,0CgH17), 14 1
15 CHOH OH CH,CCHs(CH;0CsH17), 15 0.5
16 CHOH OH  CH,CCHy(CH;0CsH;7)(CH,0BN) 16 0.09
17 CHOH OH CH,CCHy(CH,0CgH17)(CH,OH) 17 >
18 - - - 18 > 2
19 CHOH OH CH 43 >26
20 CHOH OH CHg 44 >2.7T
21 - - - Octanol > 3.8
22 - - - Eth 0.02

#No measured inhibition in the concentration range.

2 (6-F), 7 (6-NHCOBu),4 (6-NH,) and8 (D-GafA). We can so
hypothesize that increasing

s carbohydrate side arm was detrimental to the agtivut that
polar substituents like hydroxyl, acid or aminereased the
potency of the molecule. The same trend was obdemen A-
family analogs were incubated in presence Lafishmania
donovanipromastigoté®

10 There is consequently a strong impact of bottitere of the
lipid chain at the anomeric centre and the suleiiton the
furanose C-4 side arm on the development of the baaeria.

the hydrophobicity ohe t

galactofuranose moiety or a biantennary alkyl chainthe
anomeric position. The non symmetrical biantenramsnpound
16 with octyl and benzyl group on the bis(hydroxyméxhinker
was found to inhibit the growth &fl. smegmatigt 90 pM. Even
3 if these values were at least four times highen tih@ one found
with ethambutol, such family of molecules showed topten
times better inhibition than the parent octyl fGand was
described as innocuous towards other microorganismeven
macrophages, thus increasing their associatedptatia indexe®
35 First attempt to better understand their mechamimiction was
achieved by STD NMR experiments that showed a staffigjty
between the alkyl chain and the cell wall of myatbda. There
should be first an anchorage of the alkyl chairthte cell wall
followed by the recognition of the furanose by sfiececeptors.
40 Studies to confirm this second step are under tigagfon.

Experimental section

All reactions were carried out in oven-dried glassav
Tetrahydrofuran and  toluene  were  distilled  from
sodium/benzophenone, dimethylformamide from ¢aMried

ssMeOH was purchased sealed on molecular sieves.
Dichloromethane used was stabilized on amylene.ic@lpt
rotations were measured at 20 °C on a Perkin-Elmg&t 3
polarimeter. NMR spectra were recorded at 300 or M6z for
'H and 75 or 100 MHz fol*C. Chemical shifts are given i

so units (ppm) and referenced to CRQCY.26 ppm) or CEOD (3,31
ppm). Coupling constantswere calculated in Hertz (Hz). High
Resolution Masses were measured by electrosprayawits/MS
ZabSpec TOF Micromass using-nitrobenzylic alcohol as a
matrix and accelerated caesium ions for ionizat{@entre

ss Regional des Mesures Physiques de [I'Ouest, Unigerdi
Rennes 1). Compounds?’ 19,28 21,28 262° 323! 37°2 and 39*
were prepared according to reported procedures.

Synthesis of the A-family

n-Octyl 2,3-di-O-benzoyl-6-deoxy-6-fluorop-D-
s0 galactofuranoside 20 To a solution ofl9’® (0.15 g, 0.27 mmol)
in acetone (6 mL) was added a 1M solution of TBAHI#F (0.6

The biantennary molecul&6 was found to be the best growth mL, 0.55 mmol) and the mixture was stirred at rdiemperature

inhibitor found so far in this family of O-alkyl

15 galactofuranosides. Previously, we showed that daofily of
galactofuranolipids was completely innocuous towadth soil
microorganism and human macrophatfe® It confirmed their
potential as alternative of DOTS.

Conclusion

20 TWO strategies were implemented in order to obégalibrary of
16 furanolipids bearing one or two alkyl chains,arl,2trans
configuration of the carbohydrate moiety. Afterubation with

M. smegmatis four of them revealed good inhibitory values

against the microorganism growth. The best molecuale all
25 derived from galactofuranose and bear either argwtaup on the

for 1 h. After concentration, the crude oil wasutBd with THF
(6 mL) before adding a solution of conc,3®0, (50 uL, 0.8
es mmol), and water (1QuL). The reaction mixture was stirred at
room temperature for 15 min then neutralized witksNE
concentrated under reduced pressure and portiombddeen
AcOEt (50 mL), and brine (25 mL). The organic layeas
washed with a saturated aqueous NakG@lution (3%x25 mL)
70 and the aqueous layers extracted with AcOEt (2x5. mlnally,
the combined organic layers were dried over MgSidered and
concentrated under reduced pressure. Purificaticheoresidue
by flash chromatography on silica gel (cyclohexAc@Et, 4:1)
afforded the desired product (0.104 g, 80%) as larless oil.
75 [0 p2°= +23.5 € 1.25 in CHC)). d, (400 MHz, CDC}) 8.09-8.03
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(4H, m, Ar-H), 7.62-7.57 (2H, m, Ar-H), 7.49-7.44H, m, Ar- mixture was stirred at room temperature under &ipegressure
H), 5.59 (1H, dddJ);44.4,3;, 1.2,43 0.8, 3-H), 5.50 (1H, dl, 0 Of H, for 3 days then concentrated under reduced presshe
1.2,2-H), 5.26 (1H, brs, 1-H), 4.72 (1H, ddBar47.2,5,6,9.6,  residue was redissolved with AcOE (100 mL),-tigashed With
Jsas 5.6 Hz, 6a-H), 4.55 (1H, dddgp ¢ 46.8, Jsp64 9.6, Job 5 5.2, saturated ag NaHGGsolution (3 x 50 mL) and brine (50 mL).
s 6b-H), 4.39-4.29 (2H, m, 4-H, 5-H), 3.73 (1H, 81,9.6,% 6.8, The combined organic layers were dried over MgSiltered
OCH,CH,), 3.53 (1H, dt2J 9.6,%1 6.4, OCGH,CH,), 2.65 (1H, d) and concentrated under reduced pressure. Puidficati the
8.4, OH), 1.68-1.59 (2H, m, OGHH,), 1.42-1.24 [10H, m, s residue by flash chromatography on silica gel {CHIMeOH,
(CHy):], 0.86 (3H, 1,21 7.2, CH). & (100 MHz, CDC)), 166.1, 4:1) afforded the desired product (0.36 g, 38% aslorless oil.
165.3 COPh), 133.6, 129.9, 129.8, 129.1, 128.6, 128.5 (CAr) [0]p>°= -32 € 1 in MeOH).d, (400 MHz, CDC}) 8.07-8.03 (4H,
10 105.7 (C-1), 83.6 (dJs 170, C-6), 82.3 (d)y 5, C-4), 81.3 (C- m, Ar-H), 7.59-7.53 (2H, m, Ar-H), 7.45-7.41 (4H,, rAr-H),
3), 77.9 (C-2), 69.2 (dIs £ 20, C-5), 67.7 (GH,CH,), 31.8,29.5, 5.57 (1H, ddJ;44.8,J3, 1.2, 3-H), 5.46 (1H, d}, 3 1.2, 2-H),
29.3, 29.2, 26.1, 22.6 [(Gh], 14.1 (CH). & (376 MHz, 75.21 (1H, s, 1-H), 4.22 (1H, dd;34.8,J45 3.2, 4-H), 4.11-4.08
CDCl) -229. HRMS (ESI): calcd for £HssFO/Na [M+Na]' (1H, m, 5-H), 3.71 (1H, dtJ 9.6,%J 6.8, OCGH,CH,), 3.49 (1H,
525.2264, found 525.2263. dt,239.6,%1 6.8, OCGH,CH,), 3.01 (2H, dJs 6.0, 6-H), 1.65-1.57
15 N-Octyl  6-deoxy-6-fluoroB-D-galactofuranoside 2. To a (2H, m, OCHCH,), 1.39-1.19 [10H, m, (C}J], 0.86 (3H, t,%J
solution compoun@0 (0.82 g, 1.63 mmol) in dry MeOH (10 mL) 6.8, CH). & (100 MHz, CDC}) 166.0, 165.4 (CO), 133.5, 129.9,
was added a 30% wt. solution of sodium methoxidd@®H (30 75 129.2, 128.5, 128.4, (CAr), 105.7 (C-1), 84.2 (C&D,6 (C-2),
pL, 0.16 mmol). The mixture was stirred at room penature  78.0 (C-3), 70.6 (C-5), 67.6 @,CH,), 45.0 (C-6), 31.8, 29.5,
until no starting material was detected by TLC. Mali#ation 29.4, 29.2, 26.1, 22.6 [(Gh], 14.1 (CH). HRMS (ESI): calcd
20 was then carefully performed by adding Amberlite I®0 (H'- for Co,gH3/NNaQ; [M+Na]* 522.2468, found 522.2470.
form). The resin was filtered off and the solveanoved under  n-Octyl 6-amino-6-deoxyf-D-galactofuranoside 4.
reduced pressure. The resulting crude product wasiqul by s Deprotection proceeded according to the generaleplare used
column chromatography on silica gel (&H,/MeOH 9:1) to give  for compound starting from compoungé?2 (0.34 g, 0.68 mmol)
the desired product (210 mg, 43%) as a yellow[a]p*°= -77.7 in dry MeOH (10 mL) with a 30% wt. solution of sodh
25 (€ 1.2 in MeOH).&, (400 MHz, CROD) 4.85 (1H, d, 1-H), 4.47 methoxide in MeOH (12.7iL, 0.07 mmol). Purification of the
(1H, ddd,Js; £46.8,J65,609.2,Jsa 5 4.8, 6a-H), 4.42 (1H, dddgy, residue by column chromatography on silica gel {CIiMeOH,
48.0,J52609-2, Jsb 5 6.8, 6b-H), 4.01 (1H, ddl 4 6.8, 3-H), 3.94- &5 9:1) afforded4 (78.9 mg, 40%) as a white foam]§*°= -0.5 ¢
3.90 (1H, m, 5-H), 3.93 (1H, dd;34.0,J,, 2.0, 2-H), 3.88 (1H, 1.3 in MeOH).d, (400 MHz, CROD) 4.82 (1H, dd}J 0.8,J;,
dd, J;56.8,J,53.2, 4-H), 3.68 (1H, dfJ 9.6,31 6.8, OCGH,CH,), 0.8, 1-H), 3.93-3.90 (2H, m, 2-H, 3-H), 3.80-3.7264( m, H-4),
03.41 (1H,dt, 2 9.6, 3 6.8, OCGH,CH,), 1.59-1.54 (2H, m, 3.67 (1H, dt2J 9.2,%) 6.4, OCH,CH,), 3.63 (1H, dddJs. 6.8,
OCH,CH,), 1.37-1.30 [10H, m, (Ch], 0.90 (3H, t3J 6.8, CH). Js6p 5.2, 35,4 4.0, 5-H), 3.40 (1H, dfJ 9.6, 6.4, OCGH,CH,),
& (100 MHz, CQROD) 109.5 (C-1), 85.2 (dJsr 168.5, C-6), 90 2.78 (1H, ddJsa6013.2,J5556.8, 6a-H), 2.74 (1H, ddsp,13.2,
84.4 (C-2), 83.2 (dJ,r 6.4, C-4), 78.4 (C-3), 70.2 (dsr 19.7, Jens 5.2, 6b-H), 1.60-1.53 (2H, m, OGEH,), 1.39-1.29 [10H,
C-5), 69.0 (@H,CH,), 33.0, 30.7, 30.5, 30.4, 27.3, 23.7 m, (CHy)s], 0.88 (3H, 1,%] 6.8, CH). & (100 MHz, CROD)
35 [(CH,)g], 14.5 (CH). & (376 MHz, CDC})) -230. HRMS (ESI):  109.4 (C-1), 85.4 (C-4), 83.7 (C-2), 79.0 (C-3),972C-5), 69.0
calced for G4H,-FNaQ, [M+Na]* 317.1740, found 317.1739. (OCH,CH,), 45.7 (C-6), 33.0, 30.8, 30.6, 30.5, 27.3, 23.2
n-Octyl 6-azido-6-deoxyp-D-galactofuranoside 3. s [(CHyg, 14.5 (CH). HRMS (ESI): calcd for €H,gNNaGs
Deprotection proceeded according to the generalgolare used  [M+Na]™ 314.1943, found 314.1943.
for compound starting from compoundl (0.15 g, 0.28 mmol) n-Octyl 6-acetamido-50-acetyl-2,3-di-O-benzoyl-6-deoxyp-
swin dry MeOH (10 mL) with a 30% wt. solution of sadi D-galactofuranoside 23.To a solution o1 (0.6 g, 1.14 mmol)
methoxide in MeOH (5 pL, 0.03 mmol). Purificatiorf the in dry THF (6 mL) was added Pd(OAc)25 mg, 0.11 mmol).
residue by column chromatography on silica gel {CIIMeOH, 100 The mixture was stirred at room temperature foragsdunder a
9:1) afforded the desired product (76.6 mg, 86%a a®lorless  positive pressure of tthen concentrated under reduced pressure
oil. [a]p?°= -48.7 € 0.8 in MeOH).d; (400 MHz, CQOD) 4.84 The residue was redissolved in pyridine (10 mLgntbDMAP (14
4 (1H, d, J;; 2.0, 1-H), 3.97 (1H, dd}; 4 6.4, 33, 4.0, 3-H), 3.93 mg, 0.11 mmol) and acetyl chloride (0.24 mL, 3.4&af) were
(1H, dd,J,3 4.0, 3,4 2.0, 2-H), 3.83 (1H, dd],5 3.2, 4-H), 3.88 added. The mixture was stirred at room temperdgreh and
(1H, ddd,J5 6, 7.6,J56,4.8,J5 4 3.2, 5-H), 3.68 (1H, d£J 9.6,%J 105 concentrated under reduced pressure. The residsiesdssolved
6.4, OCH,CH,), 3.41 (1H, ddJsaen 13.2, Jea5 7.6, 6a-H), 3.40  with AcOEt (50 mL), washed with saturated aqueowsi8O;
(1H, dt,%) 9.6, 6.4, OCGH,CH,), 3.31 (1H, ddJspea13.2,Jp5s  SOlution (3x25 mL) and brine (25 mL). The combinaganic
50 4.8, H-6b), 1.61-1.54 (2H, m, OGEH,), 1.39-1.29 [10H, m, layers were dried over MgSQfiltered and concentrated under
(CHy)s], 0.89 (3H, 1,31 6.8, CH). & (100 MHz, CQOD) 109.4 reduced pressure. Purification of the residue byshi
(C-1), 84.3 (C-4), 83.6 (C-2), 78.6 (C-3), 70.9 §-69.0 110 chromatography on silica gel (cyclohexane/AcOE3) &fforded
(OCH,CH,), 55.0 (C-6), 33.0, 30.8, 30.5, 27.3, 23.8 [(kH  the desired product (0.32 g, 48%) as a slightlyoyebil. [a]p*’=
14.5 (CH). HRMS (ESI): calcd for ©H,/NsNaQ; [M+Na]* -2.4 € 1in CHCE). &4 (400 MHz, CDC}) 8.07-8.03 (4 H, m, Ar-
55 340.1843, found 340.1843. H), 7.60-7.56 (2 H, m, Ar-H), 7.47-7.42 (4 H, m,-A), 6.09
n-Octyl 6-amino-2,3-di-O-benzoyl-6-deoxyp-D- (1H, t, Iy 5.6, NH), 5.44 (1H, dJ),3 1.2, 2-H), 5.39 (1H, dt,
galactofuranoside 22.To a solution o1 (1.0 g, 1.90 mmol) in 115 Js 6, 7.2,J4 5 3.6,J5 62 3.6, 5-H), 5.37 (1H, ddl3 4, 5.2,J3, 1.2, 3-
dry THF (20 mL) was added Pd(OAq$#3 mg, 0.19 mmol). The H), 5.25 (1H, s, 1-H), 4.38 (1H, dds3 5.2, 145 3.6, 4-H), 3.79
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(1H, dd, Jsa 6p14.8, Jsa 5 3.6, 6a-H), 3.74 (1H, d&) 9.6,%16.8,  (C-6), 31.8, 29.4, 29.2, 26.1, 22.6 [(94, 14.1 (CH). HRMS
OCH,CH,), 3.56 (1H, ddJspea 14.8,Jsp5 7.2, 6b-H), 3.51 (1H, e (ESI): calcd for GHisNNaQy, [M+Na]® 730.2992, found
dt, 21 9.6,% 6.8, OGH,CH,), 2.04 (3H, s, COCH, 1.95 (3H, s,  730.2990. DO 101039 0800000
COCHy), 1.67-1.59 (2H, m, OCj€H,), 1.38-1.25 [10H, m, n-Octyl 6-benzamido-6-deoxyB-D-galactofuranoside 6.

s (CHy)s], 0.86 (3H, t,3] 7.2, CH). & (100 MHz, CDC}) 170.9, Deprotection proceeded according to the generalepiure used
170.1, 165.7, 165.3 (CO), 133.5, 129.9, 129.8, 12928.9, for compouna starting from compoung4 (0.8 g, 1.13 mmol) in
128.5, 128.4 (CAr), 105.5 (C-1), 82.2 (C-4), 81.62C77.3 (C- e dry MeOH (10 mL) with a 30% wt. solution of sodiunethoxide
3), 70.9 (C-5) 67.7 (OH,CH,), 41.1 (C-6), 31.7, 29.4, 29.3, 29.2 in MeOH (21.2 pL, 0.11 mmol). Purification of thesidue by
[(CHY)g], 20.8 (CQCH3), 14.0 (CH). HRMS (ESI): caled for  column chromatography on silica gel (&H,/MeOH, 9:1)

10 CgoH4NNaQ, [M+Na]* 606.2673, found 606.2675. afforded the desired product (0.29 g, 64%) as atewfoam.
n-Octyl 6-acetamido-6-deoxyp-D-galactofuranoside 5. [a]p?%= -41 € 0.8 in MeOH).d; (400 MHz, CQOD) 7.84-7.81
Deprotection proceeded according to the generaleplare used 7 (2H, m, Ar-H), 7.52-7.48 (1H, m, Ar-H), 7.44-7.4QH, m, Ar-
for compound? starting from compoung@3 (0.32 g, 0.55 mmol)  H), 4.83 (1H, dJ;» 2.0, 1-H), 4.05 (1H, dd}; 4, 6.4,J;, 4.0, 3-
in dry MeOH (10 mL) with a 30% wt. solution of sadi H), 3.97-3.94 (2H, m, 2-H, 5-H), 3.91 (1H, d4,,6.4,J,53.2, 4-

1s methoxide in MeOH (10.3 uL, 0.05 mmol). Purificatiof the  H), 3.67 (1H, dt2 9.2,%) 6.4, OGH,CH,), 3.65 (1H, ddJs.ep
residue by column chromatography on silica gel {CIliMeOH, 13.6, Jsa5 4.8, 6a-H), 3.65 (1H, ddlspea 13.6,Jsp5 7.2, 6b-H),
9:1) afforded the desired product (0.11 g, 61%} aghite foam. 753.39 (1H, dt,2J 9.2, °J 6.4, OGH,CH,), 1.58-1.51 (2H, m,
[0]p?°= -59 € 1 in MeOH).d; (400 MHz, CROD) 4.83 (1H, d, OCH,CH,), 1.33-1.26 [10H, m, (C})s], 0.87 (3H, 3 6.8, CH).
J12 2.4, 1-H), 3.96 (1H, ddl; 4 6.4,3;, 4.0, 3-H), 3.91 (1H, dd, & (100 MHz, CQOD) 170.4 (CO), 135.5, 132.7, 129.5, 128.3

20J34.0,3,1 2.4, 2-H), 3.80 (1H, dd],36.4,J,5 4.0, 4-H), 3.75  (C¢Hs), 109.4 (C-1), 85.0 (C-4), 83.4 (C-2), 78.7 (C-B).0 (C-
(1H, ddd,Js 6 7.6, 5,62 4.8, Js 4 4.0, 5-H), 3.69 (1H, d£J 9.6,% 5), 68.9 (Q@CH,CH,), 44.7 (C-6), 33.0, 30.7, 30.5, 30.4, 27.2, 23.7
6.8, OH,CH,), 3.40 (1H, dt?J 9.6,%1 6.8, OGH,CH,), 3.40 (1H, s [(CH,)¢, 14.5 (CH). HRMS (ESI): calcd for GHssNNaG;
dd, Jea 60 14.0,Jp454.8, 6a-H), 3.23 (1H, ddlsp 4 14.0, 3655 7.6, [M+Na]* 418.2206, found 418.2206.
6b-H), 1.94 (3H, s, COC})j 1.60-1.53 (2H, m, OC}€H,), 1.37- n-Octyl 2,3-di-O-benzoyl-6-deoxy-6-valeramido-39-valeroyl-

25 1.29 [10H, m, (CH)g], 0.88 (3H, t,%] 6.8, CH). & (100 MHz, B-D-galactofuranoside 25.To a solution of21 (2.0 g, 3.80
CD;0D) 173.7 (CO), 109.4 (C-1), 84.9 (C-4), 83.5 (C-28.8 mmol) in dry THF (20 mL) was added Pd(OA¢B5 mg, 0.38
(C-3), 70.2 (C-5), 69.0 (CH,CH,), 44.1 (C-6), 33.1, 30.8, 30.6,ss mmol). The mixture was stirred at room temperafore2 days
30.5, 27.3, 23.8 [(Chg], 14.5 (CH). HRMS (ESI): calcd for  under a positive pressure of,Hhen concentrated under reduced
Ci6H3:NNaQ; [M+Na]*™ 356.2049, found 356.2048. pressure. The residue was redissolved in pyridd@eniL), then

30 N-Octyl 6-benzamido-2,3,5-triO-benzoyl-6-deoxyp-D- DMAP (46 mg, 0.38 mmol) and valeroyl chloride (1138, 11.4
galactofuranoside 24.To a solution o021 (0.96 g, 1.83 mmol) in  mmol) were added. The mixture was stirred at roempierature
dry THF (10 mL) was added Pd(OAd{0.4 mg, 0.18 mmol). « for 2 h and concentrated under reduced pressueerélidue was
The mixture was stirred at room temperature foragsdunder a  redissolved with AcOEt (100 mL), washed with sateda
positive pressure of tthen concentrated under reduced pressureaqueous NaHCPsolution (3x50 mL) and brine (50 mL). The

35 The residue was redissolved in pyridine (10 mLEnttbMAP combined organic layers were dried over MgSfitered and
(22.3 mg, 0.18 mmol) and benzoyl chloride (0.53 mML57 concentrated under reduced pressure. Purificaticheoresidue
mmol) were added. The mixture was stirred at roemperature o by flash chromatography on silica gel (cyclohexAc&Et, 7:3)
for 2 h and further concentrated under reducedspres The  afforded the desired product (1.99 g, 78%) as gh#i yellow
residue was redissolved with AcOEt (100 mL), washeth oil. [0]p?°= -6.0 € 1 in CHCL). d; (400 MHz, CDC}) 8.08-8.04

40 Saturated aqueous NaHg®olution (3x50 mL) and brine (50 (4H, m, Ar-H), 7.61-7.57 (2H, m, H-Ar), 7.48-7.48H, m, Ar-
mL). The combined organic layers were dried overSklg H), 6.02 (1H, tJdwne 5.2, NH), 5.44 (1H, dJ,3 1.2, 2-H), 5.25
filtered and concentrated under reduced pressundfidation of 100 (1H, s, 1-H), 5.41-5.38 (2H, m, 3-H, 5-H), 4.38 (1d4l,J,3 5.2,
the residue by flash chromatography on silica gelJ;53.6, 4-H), 3.80 (1H, dddlss 6,14.0,J5,53.6, 6a-H), 3.74 (1H,
(cyclohexane/AcOEt, 4:1) afforded the desired podbd0.52 g, dt,239.6,%1 6.8, OCH octyl), 3.57 (1H, dddJsp 6214.0,J6p5 7.2,

15 41%) as a colorless oila],?°= -3.0 € 1.2 in CHC}). J, (400  6b-H), 3.51 (1H, dt2 9.6,%] 6.4, OCH octyl), 2.29 (2H, dt2J
MHz, CDCkL) 8.07-8.05 (4H, m, Ar-H), 7.96-7.94 (2H, m, Ar-H), 7.6,%) 3.6, CH valeroy), 2.15 (2H, t3J 7.6, CH amidd, 1.66-
7.76-7.74 (2H, m, Ar-H), 7.60-7.35 (10H, m, Ar-Hj,27-7.23 105 1.51 (8H, m, OCKICH, octyl, CH, valeroyl CH, valeroyl CH,
(2H, m, Ar-H), 7.05 (1H, tJyne 5.2, NH), 5.86 (1H,dt)s¢, 7.2, amide, 1.34-1.20 [12H, m, Cyamide (CH,)s octyl, 0.88 (3H, t,
J5.623.6,J5.43.6, 5-H), 5.55 (1H, dd}; 4 5.2,J3, 0.8, 3-H), 5.48 31 7.2, CH), 0.86 (3H, t2J 6.8, CH), 0.82 (3H, t3] 7.2, CH).

so (1H, d,3,3 0.8, 2-H), 5.36 (1H, s, 1-H), 4.58 (1H, dij35.2,J;5 & (100 MHz, CDCY) 173.8, 173.2, 165.7, 165.4 (CO), 133.5,
3.6, 4-H), 4.14 (1H, ddlesen14.8,J5453.6, 6a-H), 3.95 (1H, dd, 129.9, 129.8, 129.1, 129.0, 128.5, 128.4 (CAr), 3@&-1), 82.3
Jopsa 14.8, Jeps 7.2, 6b-H), 3.79 (1H, dt2) 9.6, °J 6.8, 10(C-4), 81.7 (C-2), 77.3 (C-3), 70.6 (C-5), 67.7 (OQdty), 41.1
OCH,CH,), 3.56 (1H, dt2) 9.6,%] 6.0, OGH,CH,), 1.70-1.62  (C-6), 36.5 (CH valeroy), 33.9 (CH amidé, 31.8, 29.5, 29.4,
(2H, m, OCHCHy), 1.42-1.25 [10H, m, (Ch)], 0.87 (3H, t,% 29.3, 27.7, 26.9, 26.1, 22.6, 22.3, 22.1 [(JsHoctyl (CH,),

55 6.4, CHy). & (100 MHz, CDC}) 167.4, 166.8, 165.9, 165.5 (CO), valeroyl (CH,), amidd, 14.1, 13.7, 13.6 (CH. HRMS (ESI):
134.2, 133.5, 133.4, 133.3, 131.4, 130.0, 129.9.812129.2, calcd for GgHs3NNaQ, [M+Na]® 690.3618, found 690.3613.
129.0, 128.9, 128.5, 128.4, 128.3, 126.9 (CAr), 4@&-1), 82.8 1sn-Octyl 6-deoxy-6-pentanamidop-D-galactofuranoside 7.
(C-4), 82.1 (C-2), 77.8 (C-3), 71.6 (C-5) 67.7Q,CH,), 42.2 Deprotection proceeded according to the generaleplure used

8 | Journal Name, [year], [vol], oo—oo0 This journal is © The Royal Society of Chemistry [year]
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for compouna starting from compoungs (0.4 g, 0.60 mmol) in
dry MeOH (10 mL) with a 30% wt. solution of sodiunethoxide
in MeOH (11.2 pL, 0.06 mmol). Purification of thesidue by
column chromatography on silica gel (g&3H,/MeOH, 9:1)

afforded the desired product (0.19 g, 89%) as atewfoam.
[0]p?°= -59 € 0.9 in MeOH).4, (400 MHz, CQOD) 4.82 (1H, d,
J122.0, 1-H), 3.96 (1H, ddl;, 6.4,J;, 4.0, 3-H), 3.91 (1H, dd,
J,34.0,31, 2.0, 2-H), 3.79 (1H, ddl,5 6.4, J,5 3.2, 4-H), 3.76
(1H, ddd,Js 6 7.6, 5,62 4.4, 35 4 3.2, 5-H), 3.69 (1H, d&1 9.6,%)

6.8, OGH,CH,), 3.41 (1H, ddJsaep 14.0, Ja5 4.4, 6a-H), 3.40
(1H, dt,%19.6,3J 6.8, OGH,CH,), 3.24 (1H, ddJsye.14.0, Jep 5

7.6, 6b-H), 2.19 (2H, m, CHamidg, 1.61-1.53 (4H, m, CH
amide OCH,CH,), 1.39-1.29 [12H, m, (CHs, CH, amidd, 0.92

(3H, t, %) 7.2, CH), 0.88 (3H, t,3] 7.2, CH). & (100 MHz,

CD;0D) 176.7 (CO), 109.4 (C-1), 84.9 (C-4), 83.6 (C-28,8

(C-3), 70.3 (C-5), 69.0 (CH.CH,), 43.9 (C-6), 36.9 (CH
amide, 33.1, 30.8, 30.6, 30.5, 29.2, 27.3, 23.8, 23@H)s,

(CH,), amidq, 14.5, 14.1 (CH. HRMS (ESI): calcd for
C1sHa7NNaO; [M+Na]* 398.2519, found 398.2518.

Synthesis of the B-family

n-Octyl B-D-(methyl-galactofuranosid) uronate 9.Compound®
was obtained starting fro®6 according to known procedufé.
To a suspension of urondté (15 g, 72 mmol) in anhydrous THF
(150 mL) was added successively, at 0 °C and uniggrous

mL) with a 30% wt. solution of sodium methoxide eOH

60 (16.9 pL, 0.09 mmol). Purification of the residue by flash
chromatography on silica gel (AcOEt/%l_qg%éﬁéjgé‘@?géé
the desired product (30.1 mg, 12%) as a colorlds$ody== -

(c 1.1,in MeOH).4, (400 MHz, CROD) 4.80 (1H, dJ;, 1.6, 1-
H), 3.90 (1H, ddJ,3 3.6,J,1 1.6, 2-H), 3.87 (1H, dddl,; 6.4,

65 Jy 5p5.2,J452 3.2, 4-H), 3.78 (1H, dd}; 4, 6.4, 33, 3.6, 3-H), 3.70
(1H, dd,Js. 5, 12.0, Jsa 4 3.2, 5a-H), 3.66 (1H, d&) 9.6,%) 6.8,
OCH,CH,), 3.58 (1H, ddJsp5,12.0,J5,4 5.2, 5b-H), 3.36 (1H,
dt,29.6,% 6.8, OGH,CH,), 1.58-1.51 (2H, m, OC}€H,), 1.34-
1.26 [10H, m, (CH)s], 0.86 (3H, t,3] 6.8, CH). & (100 MHz,

70 CD;OD) 109.4 (C-1), 85.2 (C-4), 83.7 (C-2), 78.7 (C-88.9
(OCH,CH,), 63.0 (C-5), 33.1, 30.8, 30.6, 30.5, 27.3, 23.8
[(CH,¢, 145 (CH). HRMS (ESI): calcd for GH,gNaQ;
[M+Na]" 285.1678, found 285.1677.
n-Octyl B-D-fucofuranoside 11.To a solution 0f28%° (0.2 g,

750.66 mmol) in dry CHCI, (10 mL) was added octan-1-ol (0.16
mL, 0.99 mmol) and BFEO (0.21 mL, 1.65 mmol) dropwise.
The mixture was stirred for 8 h at room temperattiren diluted
with CH,Cl, (100 mL), washed with saturated aqueous NaklCO
solution (3x50 mL) and brine (50 mL). The combingdanic

s0 layers were dried over MgSQfiltered and concentrated under
reduced pressure. Subsequent deprotection procestedding
to the general procedure used for compoRmd dry MeOH (10
mL) with a 30% wt. solution of sodium methoxide eOH

stirring, CaC} (9,24 g, 83,2 mmol), 1-octanol (19,7 ml,125 (12.4 pL, 0.07 mmol). Purification of the residue by flash
mmol) and, by portion, Fe€{40,5 g, 249,7 mmol). The resultingss chromatography on silica gel (AcOEt/cyclohexand,) Efforded

mixture was allowed to stir at r.t. for 24 h. Thelvent was
evaporated under reduced pressure and the restitiidye was
partitioned between ethyl acetate and 5% aqueoligicso of
HCI. The resulting organic phase was washed withasteous
solution of HCI (10 times). The combined aqueoussphavere
further extracted with ethyl acetate (3 times). Tiesulting
combined organic phase were finally washed withewatnd

the desired product (64 mg, 35%) as a colorles$Spi:ctroscopic

data of the resulting compound were in accordanib the

literature®”

n-Octyl L-fucofuranoside 12.To a solution 029 (0.15 g, 0.45
90 mmol) in dry CHCI, (10 mL) was added octan-1-ol (0.11 mL,

0.67 mmol) and BEEtLO (0.14 mL, 1.12 mmol) dropwise. The

mixture was stirred for 8 h at room temperaturenttiluted with

brine, dried over MgSg and concentrated. The resulting mixture CH,Cl, (100 mL), washed with saturated aqueous NaklCO

was purified by column chromatography with £HyY/MeOH

solution (3x50 mL) and brine (50 mL). The combinadanic

(99 :1) as eluent to giv@ as a mixture of anomers (7.44 g, 32%xs layers were dried over MgSQfiltered and concentrated under

a/f 2:3). The separation was achieved by
chromatography on C-18 grafted silica usingdHCH;CN (7:3 to
1:1) as eluent to givep (4g, 17%). §]p>°= -68 € 0.3 in MeOH).
& (400 MHz, CROD) 4.83 (1H, dJ;, 2.3, 1-H), 4.30 (1H, d,

column reduced pressure. Subsequent deprotection proceadedding

to the general procedure used for compoRmd dry MeOH (10
mL) with a 30% wt. solution of sodium methoxideNteOH (8.4
pL, 0.04 mmol). Purification of the residue by flash

Js54 2.4, 5-H), 4.18 (1H, ddls3 7.1, J45 2.4, 4-H), 4.10 (1H, dd, 10 chromatography on silica gel (AcOEt/cyclohexan8) Zfforded

Js47.1,3, 4.5, 3-H), 3.93 (1H, ddk; 2.3, 3,5 4.5, 2-H), 3.77
(3H, s, COCH), 3.63 (1H, td2J 9.7,%J 6.7, OCH), 3.41 (1H, td,
2 9.7,%1 6.5, OCH), 1.61-1.52 (2H, m, OC}CH,), 1.40-1.25
[10H, m, (CH)g], 0.90 (3H, t,°J 6.8, CHCH3). & (100 MHz,

the desired product (54 mg, 44%) in anomeric mextiarp 8:1)
as a colorless oiln-Octyl a-L-fucofuranoside 12a): Jy (400
MHz, CD;0OD) 4.79 (1H, dJ;, 1.6, 1-H), 3.88 (1H, ddl, 3 3.6,
Jo1 1.6, 2-H), 3.79 (1H, ddl;4 6.4, 3-H), 3.76 (1H, td)s 6.4,

CD;0D) 174.2 (CO), 109.4 (C-1), 84.7 (C-4), 83.4 (C-2],7 105Js54 4.8, 5-H), 3.66 (1H, dfJ 9.6,J 6.8, OCGH,CH,), 3.63 (1H,

(C-3), 70.7 (C-5), 69.2 (OCH 52.7 (CGTHs), 33.0, 30.8, 30.5,
30.4, 27.3, 23.7 [(CHq], 14.4 (CHCHs). HRMS (ESI): calcd for
CisHogNaO, [M+Na]*™ 343.1733, found 343.1736.

n-Octyl a-L-arabinofuranoside 10.To a solution 027 (0.3 g,

dd, J;36.4,0,54.8, 4-H), 3.37 (1H, dfJ 9.6,) 6.4, OGH,CH,),
1.57-1.50 (2H, m, OCHCH,), 1.34-1.26 [10H, m, (Chs], 1.19
(3H, d,Js 5 6.4, H-6), 0.85 (3H, £J 6.8, CHCH3). & (100 MHz,
CD;0D) 109.2 (C-1), 88.1 (C-4), 83.9 (C-2), 79.4 (G-88.8

0.94 mmol) in dry CHCI, (15 mL) was added octan-1-ol (0.22, (OCH,CH,), 68.4 (C-5), 33.1, 30.8, 30.6, 30.5, 27.3, 23.2

mL, 1.41 mmol) and BFELO (0.3 mL, 2.35 mmol) dropwise.
The mixture was stirred for 5 h at room temperattiren diluted

[(CH2)¢l, 19.8 (C-6), 14.5 (CKCHa). n-Octyl B-L-fucofuranoside
(12B): & (400 MHz, CROD) 4.77 (1H, dJ;, 4.0, 1-H), 3.89-

with CH,Cl, (100 mL), washed with saturated aqueous NakiCO 3.87 (1H, m, 2-H), 3.85-3.83 (1H, m, 3-H), 3.813.@H, m,

solution (3x50 mL) and brine (50 mL). The combinadanic

OCH,CH,), 3.67-3.61 (1H, m, 5-H), 3.43-3.35 (2H, m, 4-H,

layers were dried over MgS0filtered and concentrated undefis OCH,CH,) 1.57-1.50 (2H, m, OC}CH,), 1.34-1.26 [10H, m,

reduced pressure. Subsequent deprotection procestedding
to the general procedure used for componich dry MeOH (10

(CHy)g], 1.12 (3H, dJs5 6.4, 6-H), 0.85 (3H, £ 6.8, CHCHS).

This journal is © The Royal Society of Chemistry [year]
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27.3, 23.8 [(CH)g], 18.9 (C-6), 14.5 (CKCH3). HRMS (ESI):
calcd for GH,g0sNa [M+Na] 299.1834, found 299.1832.

n-Octyl 2-acetamido-2-deoxyB-D-galactofuranoside 13.To a
solution of30?° (135 mg, 0.35 mmol) in dry 1,2-dichloroethdfie
mL) was added octan-1-ol (0.22 mL, 1.39 mmol) an€ig(@79
mg, 2.08 mmol). The mixture was refluxed for 8 heTsolution
was then allowed to cool to room temperature thigorously
stirred with saturated aqueous NaHCS€blution (1 mL). The
resulting biphasic solution was filtered on a pa€elite and the
resulting cake extensively washed with ethyl aeetafhe
subsequent filtrate was washed with water and bilihe organic

6s CCHy, CH,CHi). & (75 MHz,

9:1) to give the title compound as a colofles8H0.Y, 525%)

4 (300 MHz, CDC})) 3.57 (2H, d,%) 5.8, (H,OH), 3.44-3.36
(8H, m, CCH, OCH,), 3.18 (1H, t31 5.8, OH), 1.55 (4H, p3J
6.8, OCHCH,), 1.44-1.24 [20H, m, (C})s], 0.90-0.86 (9H, m,
CDCY) 75.4, 71.7, 69.6
(CCH,,0CH,), 40.4 CCH,), 31.8 (OCHCHy,), 29.5, 29.35, 29.2,
26.1, 22.6 [(CH)s], 17.5 (GCH3), 14.0 (CHCH3). HRMS (ESI):
calcd for GH,403Na [M+Na] 367.3188, found 367.3187.
3-(Benzyloxy)-2-methyl-2-[(octyloxy)methyl]propan-tol  38.

70 To a solution of37 (1 g, 4.8 mmol)in dry DMF (50 mL) was

added NaH 60% in oil (0.58 g, 14.4 mmol). The migtwas

phase was dried over MggChiltered and concentrated under stirred at 50 °C for 15 minutes. A solution of TB@®.18 g, 0.48

reduced pressure. The residue was purified by
chromatography on silica gel (AcOEt/cyclohexanemnfr9:1 to
3:2) to afford first n-octyl 2-acetamido-2-deoxy-3,5,6-(0-
acetylp-D-galactofuranoside (48 mg, 30%) then
correspondingr-anomer (44 mg, 28%) both as colorless dils.
anomer:d, (400 MHz, CDC}) 5.99 (1H, dJwn, 2 7.5, NH), 5.36
(IH, dt,Js 6y 7.1, 354 4.4, 3562 4.4, 5-H), 4.92 (1H, d};, 1.2,1-
H), 4.73 (1H, ddJ); 4 4.9,33, 2.3, 3-H), 4.37 (1H, dddl ny 7.5,
1 1.2,3,3 2.3, 2-H), 4.35 (1H, ddJsa 60 11.8, Jpa 5 4.4, 6a-H),
4.23 (1H, dd,Jsp 62 11.8,J56n 7.1, 6b-H), 4.17 (1H, ddl,3 4.9,
Ju54.4, 4-H), 3.61 (1H, d&) 9.5,%1 6.8, OCH), 3.42 (1H, dt?)
9.5,%) 6.4, OCH), 2.14 (3H, s, COCH, 2.08 (3H, s, COCH),
2.06 (3H, s, COCEH), 2.00 (3H, s, COC}h), 1.61-1.52 (2H, m,
OCH,CH,), 1.38-1.20 [10H, m, (CHs], 0.87 (3H, t,%J 6.9,
CH,CH,3). & (101 MHz, CDC}) 170.8 , 170.7, 170.2, 169.6
(CO), 106.8 (C-1), 80.0 (C-4), 78.2 (C-3), 70.2 (c-68.0
(OCH,), 62.8 (C-6), 60.3 (C-2), 32.0, 29.6, 29.5, 2%4,2
[(CHy)g], 23.4 (CCQCH,3), 22.8 (OCHCH,), 21.1, 20.9 (CGHy),
14.2 (CHCHy).

flashmmol) and 1-bromooctane (2.76 g, 14.4 mmol.) in BMF (5

mL) was then slowly added. The reaction mixture wtised at

75 50 °C for 2 days. The solvent was evaporated andegidue was
the dissolved in AcOEt (50 mL). The organic layer waasstved with

water (3x20 mL), dried over MgSQand concentrated under
vacuo. The residue was purified by
(cyclohexane/AcOEt 8:2) to give compouBd (800 mg, 70%) as

g0 @ colorless oil.dy (300 MHz, CDC}) 7.41-7.28 (5H, m, Ar-H),

4.53 (2H, d3J 1.9, OCHPh), 3.59 (2H, i?J 5.8, CHOH), 3.49-
3.37 (6H, m, CCRLD, OCH), 3.05 (1H, t3J 5.9, OH), 1.54 (2H,
p,%) 6.7, OCHCH,), 1.33-1.24 [10H, m, (Chk], 0.91-0.86 (6H,
m, CHy). & (75 MHz, CDC}) 138.4, 128.1, 127.3, 127.2 (CAr),

675.4, 74.2, 73.3, 71.6, 68.9 (OQH 40.5 CCHy), 31.7

(OCH,CH,), 29.4, 29.2, 29.1, 26.0, 22.5 [(Q¥], 17.4 (CCH5),
13.9 (CHCH3). HRMS (ESI): calcd for gHs,0sNa [M+Na]’
345.2406, found 345.2409.

90 General Procedure for the synthesis of pe®-acetylated

galactofuranosides 40-42

Deprotection of the3-anomer (19 mg, 0.04 mmol) proceeded To a solution 0f39** (100 mg, 0.23 mmol) in dry DCM (10 mL)

according to the general procedure used for congh@uin dry
MeOH (1 mL) with a 30% wt. solution of sodium metide in
MeOH (1 pL, 4 umol). Evaporation of the solvent gathe
desired product3 (14 mg, 100%) as a light brown solid] =
+78 (€ 0.85 in MeOH).4; (400 MHz, CRROD+CDCE) 4.86 (1H,
d, Ji2 1.5, 1-H), 4.12 (1H, dd}, 53 3.1, J,1 1.5, 2-H), 4.00 (1H,
dd, J34 5.5, 33, 3.1, 3-H), 3.96 (1H, ddJ,3 5.5, J45 2.6, 4-H),

were added successively alcol88, 34 or 38 (0.31 mmol) and
molecular sieves (500 mg). The solution, placethendark, was

o5 stirred at room temperature for 1 h and then cotdedO °C.N-

iodosuccinimide (61 mg, 0.27 mmol) and AgOTf (1§,M.07
mmol) were successively added to the solution &edréaction
mixture was then stirred at -40 °C. After 1.5 h thixture was
warmed to room temperature and was kept undeingtioetween

3.76 (1H, td,Js6 6.1, J54 2.6, 5-H), 3.68-3.61 (3H, m, 6-H,105 h and 48 h. The reaction was then quenched hi@udf EEN

OCH,), 3.39 (1H, td2J 9.6, 6.7, OCH), 1.94 (3H, s, COC}),
1.55 (2H, p3J 6.7, OCHCH,), 1.33-1.21 [10H, m, (Ch)s], 0.85
(3H, t, %1 6.9, CHCH3). & (101 MHz, CROD+CDC}k) 172.2
(CO), 107.2 (C-1), 84.6 (C-4), 77.6 (C-3), 71.6 (;-68.4

(2 mL), filtered through celite and concentratedemvacuo. The
residue was purified by chromatography (cyclohekac®Et
8:2) to give the corresponding compounds.
1,3-Bis(octyloxy)propanyl-2,3,5,6-tetra©-acetyl$-D-

(OCH,), 64.3 (C-6), 63.3 (C-2), 32.4, 30.0, 29.9, 2286, 23.1 105 galactofuranoside 40.After 5 h at room temperature and work-

[(CHy)¢l, 22.7 (CQCH3), 14.3 (CHCH,). HRMS (ESI): calcd for
CiHa:NNaQ; [M+Na]* 356.2049, found 356.2045.

Synthesis of the C-family

up, the title compound was obtained as a colomds€l04 mg,
71%) @ only). & (400 MHz, CDC}) 5.40 (1H, tdJsen 7.5,J5 6
3.9, 5-H), 5.30 (1H, s, 1-H), 5.09 (1H,3,5 2.0, 2-H), 4.97 (1H,
dd, J; 4 6.2, J3, 2.0, 3-H), 4.37-4.32 (2H, m, 4-H, 6a-H), 4.21

2-Methyl-3-(octyloxy)-2-[(octyloxy)methyl]propan-1-0l 34.To 110 (1H, dd,Jgp6a 11.9, Jgp5 7.5, 6b-H), 3.96 [1H, t] 9.9,%J 5.5,

a solution of33 (1 g, 4.8 mmoljn dry DMF (50 mL) was added
NaH 60% in oil (0.76 g, 19 mmol). The mixture waisred at 50
°C for 15 minutes. A solution of TBAI (0.18 g, 0.48mol) and
1-bromo-octane (4.6 g, 24 mmol) in dry DMF (5 mLasathen
added slowly. The reaction mixture was stirred@f®@ for 20 h.
The solvent was evaporated and the residue waslvbssin
AcOEt (50 mL). The organic layer was washed withen3x20

CH(CH,0OCgH17),], 3.56-3.39 (8H, m, CHB,, OCH), 2.13 (3H,
s, COCH), 2.09 (3H, s, COCH), 2.07 (3H, s, COCB), 2.05 (3H,
s, COCH), 1.55-1.51 (4H, m, OC}CH,), 1.31-1.27 [20H, m,
(CH,)s], 0.88 (6H, ,%] 7.2, CH). & (100 MHz, CDCJ) 170.5,

1s170.1, 170.0, 169.5 (CO), 104.8 (C-1), 81.5 (C-B,67(C-4),

76.6 (C-3), 74.6 QHCH,), 71.7, 71.7, 70.8, 70.7 (G,
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OCH,), 69.2 (C-5), 62.9 (C-6), 31.8 (OGEH,), 29.7, 29.6, 29.4,
29.3, 26.1, 22.6 [(CH, 20.8, 20.7, 20.6 (CCHj), 14.1
(CH,CH3). HRMS (ESI) calcd for @HsgNaO, [M+Na]™

669.3826, found 669.3831.

s 1,3-Bis(octyloxy)propanyl B-D-galactofuranoside 14.

3-(Benzyloxy)-2-methyl-2-[(octyloxy)methyl]propanyt2,3,5,6-
e0 tetra-O-acetyl-D-galactofuranoside 42. After 48 h at room
temperature and work-up, the title compoung WARIGBH 4%a
colorless oil (71 mg, 32%)up 5:95). Selected data for the
anomer:&; (400 MHz, CDC}) 5.85 (1H, d,J;, 3.7, 1-H).p

Deprotection of compound0 (104 mg, 0.16 mmol) proceeded anomer:d; (400 MHz, CDC}) 7.35-7.27 (5H, m, Ar-H)5.38

according to the general procedure used for comgp@uin dry
MeOH (3 mL) with a 30% wt. solution of sodium metide in
MeOH (30 pL, 0.016 mmol). The desired product whtaimed
10 as a colorless oil (92 mg, 969 6nly). [a]p?° = -51.85 ¢ 0.54
in MeOH). J; (400 MHz, CDC}) 5.27 (1H, s, 1-H), 4.16 (1H,
brs, 4-H), 4.10 (1H, tJ 9.9,%) 5.5, (H(CH,OCgH12),), 4.12-
4.02 (2H, m, 3-H, 2-H), 3.96 (1H, ddd; s, 6.1,J56,4.1,J354 1.8,
5-H), 3.84 (1H, ddJeaep11.4,5054.1, 6a-H), 3.75 (dd, 1Hisp 62
1511.4, Jsp5 6.1, 6b-H), 3.46-3.38 (8H, m, GA), 3.18 (4H, brs,
OH), 1.59-1.52 (4H, m, OC)&H,), 1.31-1.23 [20H, m, (CHs],
0.88 (6H, 121 6.9, CH). & NMR (100 MHz, CDC}) 5 106.0 (C-
1), 87.2 (C-4), 79.0 (C-2), 78.6 (C-3), 72.0 (CHL.& 71.6
(OCH,), 71.1 (C-5), 70.7, 69.8 (OGH 64.2 (C-6), 31.8
20 (OCH,CH,), 29.5, 29.4, 29.3, 26.0, 22.6 [(QH, 14.1 (CH).
HRMS (ESI) calcd for gHsiOgNa [M+NaJ: 501.3403, found:
501.3402.
2-Methyl-3-(octyloxy)-2-[(octyloxy)methyl]propanyl-2,3,5,6-
tetra-O-acetyl-D-galactofuranoside 41. After 5 h at room
25 temperature and work-up, the title compound wasiobtl as a
colorless oil (140 mg, 91%)B 1:4). Selected data for the
anomer:&; (400 MHz, CDC}) 5.12 (1H, d,J;, 4.6, 1-H).p
anomer:d; (400 MHz, CDC)) 5.39 (1H, td,Js ¢p 7.2, J54 4.0,
J56a4.0, 5-H), 5.05 (1H, dJ; 3 2.2, 2-H), 4.97 (1H, brs, 1-H),
30 496 (1H, dd,\]3’4 54, ngz 22, 3'H), 433 (1H, ddr]Ga,Bb 118,
Jsa54.0, 6a-H), 4.24-4.19 (2H, m, 6b-H, 4-H), 3.54 (11 9.2,
OCH,), 3.37-3.22 (9H, m, OC}), 2.13 (3H, s, COC}), 2.10
(3H, s, COCH), 2.07 (3H, s, COCH, 2.05 (3H, s, COCH,
1.54-1.49 (4H, m, OC}CH,), 1.32-1.25 [20H, m, (Chs], 0.92
s (3H, s, CH), 0.88 (6H, %] 7.0, CH). & (100 MHz, CDCJ)
170.5, 170.1, 169.9, 169.6 (CO), 105.5 (C-1), 8Te), 79.8
(C-4), 76.6 (C-3), 73.2, 73.1, 71.6, 69.9 (OH69.3 (C-5), 62.8
(C-6), 40.5 CCHg), 31.85 (OCHCH,), 29.6, 29.4, 29.3, 26.2,
22.7 [(CHys], 20.8, 20.7, 20.6 (CCHj3), 17.4 (CCH3), 14.1
a0 (CH,CH3). HRMS (ESI) calcd for @Hg:0:.Na [M+NaJ*:
697.4139, found 697.4143.
2-Methyl-3-(octyloxy)-2-[(octyloxy)methyl]propanyl-D-
galactofuranoside 15 Deprotection of compoundl (140 mg,
0.2 mmol) proceeded according to the general prureedsed for

4s compound2 in dry MeOH (4 mL) with a 30% wt. solution of

sodium methoxide in MeOH (40 pL, 0.02 mmol). Thesickd
product was obtained as a yellow oil (100 mg, 99&4} 1:4).
Selected data for the anomer:d; (400 MHz, CDC}) 5.90 (1H,
d,J;» 4.2, 1-H).p anomer:g, (400 MHz, CDC}) 6 4.93 (1H, s,
so 1-H), 4.05-3.97 (3H, m, 4-H, 3-H, 2-H), 3.92 (1H, &H), 3.81-
3.60 (4H, m, OCH 6-H), 3.37-3.21 (8H, m, OCH 2.29 (4H,
brs, OH), 1.56-1.49 (4H, m, OGEH,), 1.30-1.25 [20H, m,
(CH,)s], 0.88 (3H, s, CE), 0.87 (6H, t3) 7, CH,CH5). & (100
MHz, CDCk) & 107.9 (C-1), 88.1 (C-4), 78.7 (C-£-3), 73.5,
55 71.9, 71.8, 71.6 (OCHi 71.0 (C-5), 70.8 (OCH), 64.4 (C-6),

es (1H, td,J5 65 7.2,J54 4.1, J5624.1, 5-H), 5.04 (1H, dJ, 3 1.8, 2-
H), 4.98 (1H, brs, 1-H), 4.96 (1H, ddg 4 5.8, J3, 1.8, 3-H),
4.48 (2H, brs, CkPh), 4.29 (1H, ddJg6211.8, Jsa54.1, 6a-H),
4.22-4.17 (2H, m, 6b-H, 4-H), 3.59 (1H, d&] 9.2, “J 3.9,
OCH,), 3.37-3.27 (7H, m, OC}), 2.12 (3H, s, COC}), 2.09

2 (3H, s, COCH), 2.06 (3H, s, COCH, 2.02 (3H, d,*J 2,
COCH;), 1.53-1.50 (2H, m, OC}H,), 1.31-1.25 [10H, m,
(CHy)s], 0.97 (3H, d2J 1.4, CCH), 0.87 (3H, t3J 7.0, CHCHy).
& (100 MHz, CDC)) 170.5, 170.1, 169.9, 169.6 (CO), 138.9,
128.3, 127.4, 127.2 (CAr), 105.5 (C-1), 81.0 (C-®9,9 (C-4),

75 76.6 (C-3), 73.3, 73.1, 72.8, 71.6, 69.85 (Q¥;189.3 (C-5), 62.8

(C-6), 40.6 CCHg), 31.9 (OCHCHy), 29.6, 29.5, 29.3, 26.2, 22.6

[(CHY)s], 20.8, 20.7 (C@Hs), 17.5 (CCH3), 14.1 (CHCHy).

HRMS (ESI) calcd for gHs,0:.Na [M+Na]": 675.3356, found

675.3358.

3-(Benzyloxy)-2-methyl-2-[(octyloxy)methyl]propanytD-

galactofuranoside 16.Deprotection of compound2 (71 mg,

0.11 mmol) proceeded according to the general groecused

for compound in dry MeOH (2 mL) with a 30% wt. solution of

sodium methoxide in MeOH (20 pL, 0.011 mmol). Thesiced

ss product was obtained as a yellow oil (84 mg, 8784} € 5:95).
Selected data for the anomer:dy (400 MHz, CDCY}) 5.94 (1H,
d,J;» 3.9, 1-H). p anomer:g, (400 MHz, CDCY) 7.36-7.27 (5H,
m, Ar-H), 4.93 (1H, s, 1-H), 4.47 (2H, brs, gth), 4.02 (1H,
brs, 4-H), 3.99-3.95 (2H, m, 3-H, 2-H), 3.89 (1His b-H), 3.78-

90 3.63 (3H, m, OCH| 6a-H), 3.36-3.24 (7H, m, OGH6b-H), 1.54-
1.47 (2H, m, OCKCH,), 1.32-1.28 [10H, m, (Ch], 0.91 (3H,
d, 4 3.4, CQH,), 0.88 (3H, t,3] 7, CHCHs). & (100 MHz,
CDCly) 138.4, 128.3, 127.5, 127.45 (CAr), 108.0 (C-1)28T-
4), 78.8, 78.6 (C-2, C-3), 73.4, 73.3, 71.9, 7TD&H,), 70.9 (C-

95 5), 70.6 (OCH), 64.3 (C-6), 40.2 GCHj3), 31.8 (OCHCH,),
295, 29.4, 29.3, 26.1, 22.7 Ky, 17.9 (CCH3), 14.1
(CH,CH3). HRMS (ESI) calcd for GgHa.OgNa [M+NaJ*:
507.2934, found: 507.2931.
3-Hydroxy-2-methyl-2-[(octyloxy)methyl]propanyl-g-D-

100 galactofuranoside 17.To a solution ofLl6 (19 mg, 0.04 mmol) in
ethanol(1 mL) was added palladium on activated charcod¥q{1
Pd contents, 5 mg). The mixture was stirred fora®sdunder
latm of H. Then, the solution was filtered on a pad of Celite
the resulting cake extensively washed with ethanbhe

105 Subsequent filtrate was concentrated under redpiessure. The
residue was purified by flash chromatography on8Cgtafted
silica gel (HO/CH,CN, 4:6) to afford17 as a mixture of
diastereomers (10 mg, 70%) as a colorlesspodr(ly). &; (400
MHz, CD;0OD) 4.83-4.81 (1H, m, 1-H), 4.00 (1H, d#,,6.0,J;3,

110 3.4, 3-H), 3.98-3.89 (2H, m, 3-H, 2-H), 3.77-3.@3H( m, 5-H),
3.67-3.57 (3H, m, 6-H, CHO#4), 3.48-3.44 (2H, m, B,0OH),
3.46-3.36 [2H, m, B,(CH,)sCH3], 3.35-3.25 (3H, m, 8,00ct,
CHOCH,), 1.59-1.50 [2H, m, 85(CH,)sCHg], 1.38-1.27 [10H,

8

S

40.2 CCH;), 31.8 (OCHCH,), 29.6, 29.5, 29.4, 29.3, 26.1, 22.7 m, (CH,)sCHs], 0.93-0.88 [6H, m, (Ch)sCH3, CCHs]. & (100

[(CHy)s], 17.8 (QCH3), 14.1 (CHCH3). HRMS (ESl)calcd for
C,7Hs40gNa [M+NaJ": 529.3716, found: 529.3712.

1s MHz, CD;OD) 109.6 (C-1), 84.7, 84.5 (C-4), 83.1, 83.0 (C-2)
78.9 (C-3), 75.0, 74.70H,00ct), 72.7 CHx(CH,)sCHz), 72.5
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(C-5), 71.4 (CH@H,), 66.7, 66.4 (CHOH), 64.5 (C-6), 41.9, =5 7.
41.8 (CCHs), 33.0, 30.7, 30.6, 30.4, 27.4, 23.7 [({4H 17.6
(CCH3), 14.4 (CHCH3). HRMS (ESI) calcd for @H3gOgNa 8.
[M+Na]*: 417.2464, found 417.24609.

Microtiter test based evaluation of Minimum Inhibitory
Concentration (MIC) against Mycobacterium smegmatis 60

&)

Preparation of M. smegmatis cultures. A single colony of strain

mc*155 of M. smegmatisvas grown in 25 mL Luria Bertani (LB)

broth containing kanamycin (50g/mL) for 24 h at 37 °C (180
10 rpm). A 1% inoculum from this culture was transégtinto fresh
5 mL LB medium containing kanamycin (50g/mL) and
incubated overnight (37 °C, 180 rpm), giving. thesicsEd M.
smegmatisuspension.
Preparation of different concentrations  of
glycofuranosides. Different amounts of octyl glycofuranosides
were dissolved in LB broth containing kanamycine [(g0mL) in 7

1

a

order to obtain a total volume of 1.1 mL with thalldwing 13.

concentrations in furanosides: 0, 0.05, 0.1, 0.3 &nd 0.4

mg/mL. Each tube was then supplemented withull®f the M. 14.

smegmaticulture. In parallel, an equal number of tubeshuuit
inoculums was prepared to serve as blanks. All sesnpere
finally incubated for 3 days at 37 °C and 180 rpm. 15
Determination of MIC. A 30 pL aliquot from a 0.1% (w/v)

20

o

solution of resazurine prepared in sterile wates added to each 14

s sample. After developing for 1 h at 37 °C and 18, rgach
sample (1 mL) was centrifuged (10000 rpm, 4 °C, 18)nThe %
supernatant (20QlL) was then pipetted and added to identified
wells of a 96-well microplate, containing sterilater (0.2 mL).
The plate had a set of controls: a column with @abtsspectrum

30 antibiotic as positive control (ethambutol in skmution), a
column with all solutions with the exception of thest
compound, and a column with all solutions with &xeeption of
M. smegmatisThe absorbance of each well at 600 nm was then
measured in 96-wells-microtiter plate reader. THE Mf sample

85

ss without bacterial inoculum was then calculated ase t
concentration where 99% of the bacteria growtifshiited. 21.
90
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