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1. Introduction

Ethers of lipids or archaeolipids naturally presemtthe membranes of Archaea are
characterized by the presence of ether linkagesdeet a glycerol and phytanyl aliphatic
chains® They include those made with synthetically deriigids that have the unique
structural characteristics of natural lipids, faample: (1) regularly branched phytanyl chains
linked through ether bonds 8n2,3 carbons of glycerol; (2) monopolar archaeadtfder)
lipids and/or bipolar tetraether lipids linked teot glycerol entities in an antiparallel manner
(caldarchaeol) or in a parallel manner (isochaldaot); (3) neutral, negatively charged or
zwitterionic unusual polar heads.

Glycolipid analogues with archaeal tetraether magles bearing monovalent or trivalent
lactose or mannose head groups at one or the twon@ ends were synthesiz&d.Such
glycolipids incorporated into liposomes allowed @pe interactions with cell membrane
receptors. Archaeal lipids exhibit adjuvant promsrtindependent on Toll-like receptors
activation which can be benefit to boost the immuesponsé>° Liposomes comprising
these lipids, also called archaeosomes, possesdriasic adjuvant effect and mannosylated
archaeal liposomes containing ovalbumin were ablewduce anti-ovalbumin CD8+ T cell
response in mic® The preparation of semi-synthetic compounds cormgrigther lipids
extracted from Archaea requires the establishmeatahaea cultures, methods of extraction
and isolation difficult to achieve at large scdteis therefore necessary to synthetize ether-
type compounds linked to a sugar group having them@tageous properties of lipids from
Archaea.

Liposomes are very effective carriers to transpooiecules of interest (drugs and nucleic
acids) within cells. For better efficacy, liposommsist be recognized by the target cells,
especially those used for vaccine proposals musetegnized and internalized by antigen-

presenting cells notably dendritic cells (DCs) &ivkr antiger. The targeting of DCs can be



achieved by decoration of liposomes with ligandst #re selectively recognized by surface
receptors of DCs and permit their endocytosis. [@&sress several sugar receptors called
membrane lectins and most of them are involvednitigan capture and presentation. The
Mannose receptor (MR) (CD206) recognizes mannasefizcose-terminated glycans, Man9-
, 3-sulfo-LewisA, tri-GIcNAc, and palmitoyl-phospidylinositol dimannoside (PIMs) and
induces clathrin-depend endocytosis. Other receptmuding the DC-specific intercellular
adhesion molecule-3-grabbing non-integrin (DC-SIGdEctin-1, dectin-2 and Langerin bind
also high-mannose- (Man9GIcNAc2-, Man4-, Mar8(Marl-6)Marnl-), fucose- ¢fucose-
1-4GIcNAc-, LactoN-fucopentaose Ill-) andN-acetylglucosamine (GIlcNAc2Man3-)-
terminated glycans as well as Lewis-type blood gamis (Leb or Lex trisaccharide;
glucans. Carbohydrate-based targeting of the above mentiaeeeptors is an obvious
manner to enhance specificity and uptake of lipasihFor this purpose, mono- or di-
saccharides are usually used. Indeed, the syntbesigh mannose structures and complex
oligosaccharides in general that exhibit high #ffinfor membrane lectins is difficult,
expensive and yields are weak. The binding affinftynonovalent carbohydrate ligands such
as mannose typically is weak €K10° M - 10* M). It can be increased by 1 or 2 orders of
magnitude by coupling several monosaccharide yo@tsprotein, polymer or liposome. The
multivalent decoration with monosaccharide unitsl@f affinity increases the apparent
affinity of the monosaccharide for its receptddatural oligosaccharides form antennary
structures that allow higher affinity than monodarades. When compared, mono-, di-, and
tetra-antennary mannosylated lipid derivatives adae that liposomes containing multi-
branched mannosylated lipids displayed higher bigdaffinity for MR compared to
monomannosylated analogu8sDi-antennary mannosylated lipids were as efficiastthe

tetra-antennary lipids suggesting that the di-amey structure was sufficient.
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Figure 1. Structure of the trimannosylated diether lipidiTan-Diether)1.

The present work relates for the first time to $lyathesis of an archaeal-type diether lipid
(TriMan-Diether) derived from (2S)-2-(phytanylox8}{hexadecyloxy)propanoic acid linked
via an oligo(ethylene glycol) spacer to a tri-amizof alphab-mannopyranoside. This lipid
was designed to bring a sufficient flexibility toet head-group orientation with the objective
of making the accessibility of mannose moietiesnopt The presence of both linear and
branched chains represents an appropriate comprobesveen membrane fluidity and
rigidity. A relatively short oligo(ethylene glycolypacer-arm was selected to join the
hydrophilic and the hydrophobic regions. This link&s considered to be sufficiently long to
authorize a high degree of carbohydrate ligand sxpgoat the liposome surface.

The trimannosylated ligand is based on a pentagigitiskeleton as an anchoring point for
the construction of the tri-antenna structure. Ti@saol was used for grafting three di-
propylene glycol spacers followed by the fixatidrttee mannosyl units at their terminal ends.
The length of the di-propylene glycol spacer isey parameter for ensuring an optimized
ligand-cell receptor binding since it will impadbet distance (d) between the mannose
residues. The preferred conformation of the treant structure for carbohydrate-cell
recognition was found to require generally a distatd) higher than 2 A this condition

being met in the case of TriMan-Diether lidid



2. Results and discussion

2.1. Synthesis of Trimannosyl diether lipid

The strategic plan for the synthesis of TriMan-B&tl shown in Figure 1 involved a suitable
synthesis of trimannosyl clust@rand its subsequent grafting onto amino PEGylatether
(H2N-PEGssg-Diether) 3 (Scheme 2). This convergent synthetic pathway V&midhgeous for
the preparation of various triglycosylated lipigsitallows to module easily the length of the
oligo(ethylene) spacer. Indeed the introductiontld tri-antenna moiety into the lipid
backbone was performed in the final steps of tmeh®sis.

The construction of trimannosyl clusterpossessing three di-propylene glycol spacers was
achieved in a seven-step procedure (Scheme 1) dmmmercially available pentaerythritol
allyl ether4 (technical grade, 70%) after a purification stgpsiica gel chromatography.
Quantitative benzylation of was performed in DMF using 1.5 equiv of benzyl bigenin
the presence of NaH (0.3 -equiv). Hydroboration tieas with 9-BBN (9-
borabicyclo[3.3.1]nonane) followed by the in sitangersion to the corresponding triol under
oxidative/basic conditions provided triél (83%). As expected, hydroboration of the allyl
groups in5 proceeded strictly regioselectively with the stelly demanding 9-BBN reagent.
Triallylation of 6 with allyl bromide gave compound in good vyield (78%). The same
hydroboration/oxidation reaction using the 9-BBMNIH, NaOH conditions converted totally
the triallylated derivativ€ into the corresponding tri@. Subsequent mannosylation&was
carried out using 2,3,4,6-tettxbenzoyla-mannosyl trichloroacetimidate as the glycosyl
donor in the presence of TMS triflate as the catalis reported in the literatutéthe use of
benzoylated trichloroacetimidate instead of theresponding acetylated mannosyl donor
completely avoided the orthoester formation. Thenmoaylation reaction was performed
using various amounts of glycosyl donor (5 to 2@iegn mol). The best results were

obtained when 10 equiv of mannosyl trichloroacedasie 9 was used (82% yield) that



corresponded to a little more than 3 equiv by hydrgroup of compoundO. The exclusive
formation of thea-mannosides resulted from neighboring group padioon of the C-2
benzoyl donor functionality. Hydrogenolysis of thgenzyloxy group furnished the
corresponding benzoylated trimannosyl alcohol. ¢ stage, we envisaged the oxidation of
primary alcohol into carboxylic aci® using a 2,2,6,6 tetramethylpiperiding-oxide
(TEMPO)-catalyzed oxidation reaction with NaOCI/N@g as the oxidizing agents. Fine

tuning of the pH during the reaction gave a quatitié formation of carboxylic acia
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Scheme 1Synthesis of the trimannosyl clusger

The preparation of ¥N-PEGsgDiether 3 was performed through a coupling reaction
between commercially available dissymmetricalNHPEGso-N3 chainll possessing an azido
group that can be easily transformed into a primanyine by reduction, and (2S)-2-
(phytanyloxy)-3-(hexadecyloxy)propanoic adid obtained using a synthetic route previously

reported (Scheme 2y.After experimentation, the uronium s&(benzotriazol-1-yl)1,1,3,3-



tetramethyluronium tetrafluoroborate (TBTU) wasntigeed as the best coupling reagent to
provide the corresponding PEGylated diethin a quite high yield (89%). Finally the last

step consisted in reducing the azide function bixsRRP THF/H,O to afford HN-PEGse-

Diether3in 80% vyield.
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Having the amine3 and carboxylic acid?2 in hand, the last crucial step involved the
introduction of the trimannosylated ligand onto tipgd backbone (Scheme 2). The coupling
reaction was accomplished by using the TBTU (1&\9gDIEA (2.5 equiv) system and the
reaction proceeded efficiently to afford the beratmd trimannosylated dieth@d in 62%
yield. Attempts based on other coupling conditisnsh adfN-hydrosuccinimide (NHS)IN-(3-
Dimethylamonipropyl)N’-ethylcarbodiimide hydrochloride (EDCI) decreasee yield to 30-
45%. The conventional deprotection of all hydrogybups by MeONa in MeOH/CigI,
(1/1) gave the totally unprotected TriMan-Diethierin 97% vyield. This trimannosylated
diether lipid was easily and fully characterized MR (*H and*3C) and high-resolution

mass spectrometry.

2.2. Binding of TriMan-liposomes on dendritic cells

Then we tested whether TriMan-Dieth&rcan trigger specific binding of liposomes on
dendritic cells via the mannose receptor. DC2.4scale mouse dendritic cells that express
the mannose recepttt TriMan-Diether (5%) was incorporated in cationijgosomes made
with three lipophosphoramidates with a polar heaataining an imidazolium, histamine and
fluorescein group in the percentage of 47.25%, 3%.2and 0.5%, respectively (see
experimental part). Those TriMan-liposomes exbiia size of 213 + 16 nm and a positive
charge of 58 £+ 5 mV.

When DC2.4 cells were incubated at 4°C with varioascentrations of TriMan-liposomes,
the fluorescence intensity of the cells (MFI) irased with the liposomes concentration
showing the binding of those liposomes on DC2.4sd@ligure 2). When the cells were pre-
incubated with mannose before incubation with TmMi@osomes in the presence of

mannose, the MFI decreased. The inhibition was ifOftte presence of 500 mM mannose in



the presence of 64 uM TriMan-liposomes indicatihgt tthe binding was mediated by the
mannose receptor. The inhibition level varied witle mannose concentration (Figure 2
insert). The high concentration of free mannosaiired for a significant inhibition was
indicative of a good affinity of the TriMan struceufor the mannose receptor.
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Figure 2. Binding of TriMan-liposomes onto DC2.4 cells and thir inhibition by
mannose Cells in suspension were incubated for 2 h at &g fluorescein-labelled
TriMan-liposomes %) in the absence orA() in the presence of mannose. The fluorescence
intensity was measured by flow cytometry. MFI ige thhean of the fluorescence intensity of
10,000 cells in arbitrary unitinsert: percentage of inhibition of the binding of 43 uM

fluorescein-labelled TriMan-liposomes as a funciwdthe mannose concentration.

3. Conclusion

We have developed a synthetic route for the préparaf a novel archaeal diether lipid
functionalized with a mannose triantennary clus{@riMan-Diether) designed as a
multivalent ligand for the interaction with dendritcells through their mannose-specific
receptors. The convergent synthetic pathways wasedon a peptidic-type coupling reaction
between a PEGylated diether amine and a trimanrabsgter possessing a carboxylic acid

function. When 5% of this TriMan-Diether is insetén liposomes it promotes a strong



binding onto mouse dendritic cells mediated via tm@annose receptor. This new
mannosylated lipid that would show both DC-targgtamd adjuvant properties thanks to the
TriMan structure and the Diether tail part respesyi can be benefit to boost the immune

response.

4. Experimental

4.1 General methods.

Commercially available chemicals were used withfomther purification (except alcohdl
which was purified by flash chromatography) andseots were carefully dried and distilled
prior to use. Unless otherwise noted, non-aqueeastions were carried out under a nitrogen
atmosphere. Analytical TLC was performed on Mer@k254 silica gel non-activated plates.
A solution of 5% HSQ, in EtOH was used to develop the plates. Merck6®&4Qum) silica
gel was used for flash chromatograpity.and**C NMR spectra were recorded at 400 and
100 MHz, respectively, on a Bruker Avance Ill. MBestra were recorded on a Waters
Micromass Q-TOF equipped with a Z-spray ion sowc®n a Shimadzu LCMS 2020 and

optical rotation were recorded on a Perkin—Elmelr Bdlarimeter.

4.2. Synthesis of TriMan-Diether (1).
4.2.1. Triallyl-benzyl-pentaerythritol (5).

To a suspension of NaH (2.6 g, 90 mmol) in anhysirbiviF (100 mL), alcohodt (7.70 g,

300 mmol) was added at 0°C and the reaction mixiuae stirred during 2h at the same
temperature. Benzyl bromide (7.7 g, 450 mmol) w@ded dropwise at 0°C and the reaction
mixture was stirred during 17h at room temperativeOH (6 mL) was added dropwise at

0°C, solvents were removed under reduced pressureha crude material was dissolved in

10



DCM and was washed twice with water and brine. @tvabined organic phases were dried
(MgSQy) and concentrated under reduced pressure. Thdueesvas purified by flash
chromatography on silica gel (Cyclohexane/EtOAd) 9o yield5 (10.45 g, quant.) as a
colourless oil*H NMR (CDCk, 400 MHz)$ (ppm) 3.50 (6H, s, GH,-O), 3.56 (2H, s, C-
CH,-0), 3.95 (6H, dt] = 5.3, 1.5 HzCH,-CH=CH,), 4.65 (2H, s, PIGH,), 5.12 (3H, dg,

= 10.4, 1.7 HzCH,=), 5.24 (3H, dg)) = 17.2, 1.7 HzCH,=), 5.87 (3H, mCH=), 7.24-7.35

(7H, m, Har). These analytical data are in totabament with previously published déta.
4.2.2. Tri(3-hydroxypropyl)-benzyl-pentaerythritol (6).

To a solution of5 (10 g, 28.8 mmol) in dry dioxane (50 mL) was adddd0O °C 9-
borabicylco[3.3.1]Jnonane (0.5 M in THF; 519 mL, ®2mol) and the reaction mixture was
stirred at room temperature for 24 h. An aqueoustiso of sodium hydroxide (577 mL, 3
M) and a solution of kD, (115 mL, 30%) were added at 0 °C and the resuhihdgure was
stirred at room temperature for further 12 h. Téaction mixture was extracted with EtOAc
and the combined organic phases were dried (Mp2@d concentrated under reduced
pressure. The residue was purified by flash chrography on silica gel
(EtOAc/Cyclohexane/MeOH: 10:5:1) to yie®l(9.57 g, 83%) as a colourless diH NMR
(CDCls, 400 MHz)$ (ppm) 1.75 (6H, pJ = 5.5, 5.3 Hz, CHCH,-CH,), 3.28 (3H, broad s,
OH), 3.42 (6H, s, GSH,-0), 3.44 (2H, s, G3H-0), 3.56 (6H, tJ = 5.5 Hz, OCH,-CH)),
3.70 (6H, t,J = 5.3 Hz, CH,-OH), 4.62 (2H, s, PiGH,), 7.24-7.35 (7H, m, Har). These

analytical data are in total agreement with presippublished data.
4.2.3. Tri(3-allyloxypropyl)-benzyl-pentaerythritol (7).

Triol 6 (7.8 g, 19.4 mmol) was dissolved in anhydrous D(#f60 mL) and this solution was
added at 0°C dropwise to a suspension of KH (3.97gmmol) in DMF (100 mL). The

reaction mixture was stirred during 10 min befdre slow addition of allyl bromide (8.35
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mL, 97 mmol) at the same temperature. The reachoture was stirred during 24h at room
temperature and water (100 mL) was added carefliig. product was extracted three times
with ELO and the combined organic phases were washed bniitle, dried (MgS@) and
concentrated under reduced pressure. The residsigwdéied by flash chromatography on
silica gel (Cyclohexana/EtOAc: 85:15) to yield8.63 g, 78%) as a colourless oil. Rf = 0.15
(Cyclohexane/EtOAC: 9:1)H NMR (CDCk, 400 MHz)& (ppm) 1.81 (6H, gJ = 6.4 Hz,
CH,-CH,-CHy), 3.40 (6H, s, GEHy), 3.44-3.50 (14H, mCH,-0), 3.95 (6H, dddj = 5.7, 1.5,
CH,-CH=), 4.48 (2H, s, Pi&H,), 5.15 (3H, dddJ = 10.3, 3.3, 1.5 HzCH,=CH), 5.26 (3H,
ddd,J = 17.3, 3.5, 1.5 HzCH,=CH), 5.90 (3H, ddtJ = 10.3, 6,8, 5.7 HzCH=CH,), 7.24-
7.35 (7H, m, Har)**C NMR (CDCE, 100 MHz)§ (ppm) 30.05, 45.48, 67.47, 68.22, 69.60,
69.68, 71.86, 73.26, 116.68, 127.22, 127.25, 12839.99, 139.02; MS (ESI) calculated for

C3oH4507 [M+Na]+ 543.33 found 543.35.
4.2.4. Tri(3-hydroxypropyloxypropyl)-benzyl-pentaerythritol (8).

To a solution of7 (7.9 g, 15.0 mmol) in dry dioxane (50 mL) was atidd O °C 9-
borabicylco[3.3.1]Jnonane (0.5 M in THF; 272 mL, 81mol) and the reaction mixture was
stirred at room temperature for 24 h. An agueougtiso of sodium hydroxide (500 mL, 3
M) and a solution of kD, (60 mL, 30%) were added at 0 °C and the resultiigure was
stirred at room temperature for further 12 h. Téaction mixture was extracted with EtOAc
and the combined organic phases were dried (Mp2@d concentrated under reduced
pressure. The residue was purified by flash chrography on silica gel
(EtOAc/Cyclohexane/MeOH: 10:5:1) to yieRl(8.51 g, 99%) as a colourless oil. Rf = 0.1
(EtOAc/Cyclohexane/MeOH: 10:5:1% NMR (CDCk, 400 MHz)s (ppm) 1.79 (12H, pJ =
5.7 Hz, CH-CH,-CH,), 2.62 (3H, broad s, OH), 3.42 (6H, s,GBb), 3.49-3.43 (14H, m,

CH,-0), 3.55 (6H, tJ = 5.7 Hz,CH,-0), 3.73 (6H, tJ = 5.4 Hz,CH,-OH), 4.64 (2H, s, Ph-

12



CH,), 7.24-7.35 (7H, m, Har)*C NMR (CDCI3, 400 MHz)5 (ppm) 29.96, 32.01, 45.47,

61.93, 68.09, 68.29, 69.52, 69.72, 70.10, 73.28,2& 127.28, 128.20, 138.96.
4.2.5. TriMan-CH,0OBn (10).

To a mixture of the mannosyl donn®i(10 g, 13.4 mmol) and tri@ (1.03 g, 1.79 mmol) in
dry dichloromethane (5 mL) was added a solutiotrinfethylsilyl trifluoromethane sulfonate
(640 pL, 0.179 mmol; 5% in DCM) and the reactioxtuie was stirred at room temperature
for 12 h. NaHCQ (2 g) was added and the reaction mixture was carated under reduced
pressure. The residue was purified by flash chrography on silica gel
(Cyclohexane/EtOAc: 6:4) to yieldO (3.44 g, 82%) as a yellowish solid. Rf = 0.3
(Cyclohexane/EtOAc: 6:4); m.p. = 61°@]f% = -32.4 (c 0.9 CHG); 'H NMR (CDCk, 400
MHz) & (ppm) 1.77-1.84 (6H, m] = 6.4 Hz, CH-CH»-CH,), 1.91-2.00 (6H, m, CHCH,-
CH,), 3.41-3.57 (26H, mCH,-0), 3.57-3.68 (3H, MCH,-0), 3.90-3.96 (3H, MCH,-0),
4.40-4.50 (3H, m, H5), 4.46-4.50 (5H, m, kb, H6b), 5.08 (3H, dJ = 2.0 Hz, H1), 5.70
(3H, dd,J = 3.2, 1.8 Hz, H2), 5.91 (3H, dd,= 10.1, 3.3 Hz, H3), 6.11 (3H, J,= 10.1 Hz,
H4), 7.24-8.11 (65H, m, Har)*C NMR (CDCE, 100 MHz)3 (ppm) 29.73, 30.04, 45.46,
62.84, 65.58, 66.94, 67.30, 68.22, 68.31, 68.77/16970.15, 70.53, 73.24, 97.62, 127.20,
127.23, 128.18, 128.28, 128.42, 128.55, 128.98,0029129.35, 129.72, 129.77, 129.83,

129.87, 133.02, 133.13, 133.40, 139.05, 165.39.456365.48, 166.13.

4.2.6. TriMan-COOH (2).

Debenzylation.A mixture of10 (3.44 g, 1.49 mmol) and palladium on activatedoar(340
mg, 10% wi/w) in CHCI,/MeOH (30 mL, 4:1) was stirred overnight at roormperature
under hydrogen atmosphere. The reaction mixturefitaed on Celite® and the filtrate was
concentrated under reduced pressure. The residsigwdéied by flash chromatography on

silica gel (Cyclohexane/EtOAc: 6:4) to yield therresponding alcohol (2.61 g, 79%) as a
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white solid. Rf = 0.4 (Cyclohexane/EtOAc/MeOH: @8:m.p. = 69°C; ¢]*°%5 = -33.6 (c 2.2
CHCL); *H NMR (CDCk, 400 MHz)$ (ppm) 1.81 (6H, pJ = 6.4 Hz, CH-CH,-CH,), 1.93
(6H, p,J = 6.4 Hz, CH-CH,-CH,), 3.04 (1H, tJ = 6.1 Hz, OH), 3.43 (6H, s, CH,), 3.47
(6H, t,J = 6.3 Hz,CH,-0), 3.50 (6H, tJ = 6.5 Hz,CH»-0O), 3.55 (6H, mCH,-0), 3.68 (5H,
m, CH,-0), 3.91 (3H, dt,J) = 9.7, 6.4 HzCH,-O), 4.39-4.43 (3H, m, H5), 4.47 (3H, dH=
12.0, 4.2 Hz, H6a), 4.68 (3H, ddl= 12.0, 2.4 Hz, H6b), 5.07 (3H, d,= 1.7 Hz, H1), 5.69
(3H, dd,J = 3.3, 1.7 Hz, H2), 5.91 (3H, dd,= 10.1, 3.3 Hz, H3), 6.11 (3H, J,= 10.1 Hz,
H4), 7.23-7.41 (20H, m, Har), 7.41-7.58 (20H, my)HZ.82-8.08 (20H, m, Har}’C NMR
(CDCI3, 100 MHz)$ (ppm) 29.69 (C8), 29.95 (C5), 44.81 (C3a), 62.86'), 65.56 (C9),
66.05, 66.94, 67.37, 68.11, 68.67, 68.78, 70.143[0/1.46, 97.61, 128.28, 128.42, 128.56,
128.99, 129.09, 129.35, 129.72, 129.78, 129.83,8729133.03, 133.14, 133.41, 165.39,
165.44, 165.49, 166.13; HRMS (ESI) calculated foud:,¢0s7 [M+Na]* 2241.78702, found
2241.7899; Elemental analysis calculated fqps126037 %C 67.42 %H 5.72, found %C

67.53, %H 5.62.

Oxidation. Previous alcohol (614 mg, 0.275 mmol) was dissblue EtOAc (10 mL).
Aqueous solutions of KBr (56 pL, 0.5 M, 0.028 mmaf)jd TEMPO (15 mg, 0.096 mmol)
were added, followed by the addition of NaOCI (hR, 0.84 mmol) at 0°C. After 3h at room
temperature, the reaction mixture was acidifiechVei¥o HCI until pH 3 before the addition of
NaQ,Cl (560 pL, 1.68 mmol). The reaction mixture wagatl overnight at room temperature
and then was extracted with EtOAc. The combinedmigyphases were dried (Mg9Gnd
concentrated under reduced pressure to give thmxgic acid2 (614 mg, 99%). Rf = 0.2
(Cyclohexane/EtOAc/MeOH: 6:3:1); m.p. = 73°@]{% = -27.7 (c 2.4 CHG); *H NMR
(CDCls, 400 MHz)$ (ppm) 1.83 (6H, pJ = 6.3 Hz, CH-CH»-CHy), 1.96 (6H, p,J = 6.2 Hz,
CH,-CH,-CHy), 3.51 (6H, tJ = 6.3 Hz,CH,-0), 3.53 (6H, tJ = 6.1 Hz,CH,-O), 3.56 (6H,

m, CH,-0), 3.64 (6H, s, G=H,), 3.66 (3H, td,J = 9.7, 6.4 HzCH,-0), 3.94 (3H, tdJ = 9.7,
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6.4 Hz,CH,-0), 4.47-4.41 (3H, m, H5), 4.49 (3H. dbi= 12.0. 4.2 Hz, H6b), 4.71 (3H, dd,
= 12.0, 2.4 Hz. H6a), 5.10 (3H, d,= 1.7 Hz, H1), 5.70 (3H, dd] = 3.3, 1.7 Hz, H2), 5.92
(3H, dd,J = 10.1, 3.3 Hz, H3), 6.13 (3H,d,= 10.0 Hz, H4), 7.24-7.59 (36H, m, Har), 7.82-
8.11 (24H, m, Har)**C NMR (CDCE, 100 MHz)8 (ppm) 29.60, 29.77, 52.86, 60.34, 62.79,
65.46, 66.85, 67.31, 67.87, 68.59, 68.73, 69.07,3((70.49, 97.55, 128.24, 128.38, 128.52,
128.92, 129.00, 129.27, 129.68, 129.73, 129.78,0P33133.12, 133.37, 133.39, 165.39,
165.42, 165.50, 166.15, 173.45; Elemental anabasulated for GsH124038 %C 67.20 %H

5.59, found %C 67.15, %H 5.70.
4.2.7. N;-PEG35o-diether (13)

DIEA (188 pL, 1.08 mmol) was added to a mixturel@f(508 mg, 0.831 mmol) and TBTU
(347 mg, 1.08 mmol) in dry Ci&l, (15 mL) under nitrogen atmosphere. After 20 min at
room temperature, a solution 0§-REGso-NH> (291 mg, 0.831 mmol) in dry G&l, (5 mL)
was added and the reaction mixture was stirred2br. An aqueous solution of HCI 1N was
added and the organic phase was washed with Watercombined organic phases were dried
(MgSQ,) and concentrated under reduced pressure. Flasimalography on silica gel
(DCM/MeOH: 98:2) yieldedl3 (700 mg, 89 %) as a yellow oil; Rf = 0.36 (DCM/MdO
95:5); 'H NMR (CDCk, 400 MHz)3 (ppm) 0.83-0.87 (m, 18H, 6 GH 1.04-1.78 (m, 52H,
24 CH, 4 CH), 3.37-3.40 (m, 2HCH,-N3 ), 3.41-3.50 (m, 4HCH»-N, CH,-O), 3.53-3.57
(m, 4H,CH,-0), 3.58-3.69 (m, 23HCH,-0), 3.75-3.78 (m, 1HCH,-0O), 3.88-3.90 (dd) =
2.51, 5.92 Hz, 1HCH-0), 7.02-7.05 (m, 1H, NH}**C NMR (CDCk, 100 MHz)5 (ppm)
14.10, 19.58, 19.65, 19.72, 22.60, 22.69, 22.663@424.47, 24.78, 26.03, 27.94, 29.84,
32.76, 32.78, 29.34, 29.46, 29.52, 29.63, 29.688%B137.26, 37.36, 37.39, 37.45, 37.50,
39.32, 38.67, 50.63, 69.72, 69.83, 70.3-70.7, 717488, 80.48, 170.57; MS (ESI) calculated

for Cs3H106N4Og [M+Na]+ 965.79, found 965.80.
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4.2.8. NFb-PEG35o-diether (3)

Triphenylphosphine (88 mg, 0.337 mmol) was addedigowise to a stirred solution df3
(212 mg, 0.224 mmol) in THFA®D (25 mL, 1:1). After 18 h at room temperature, sbbvent
was removed under reduced pressure. Flash chromaptogon silica gel (DCM/MeOH:
95:5) yielded amin& (164 mg, 80 %) as a yellowish oil; Rf = 0.54 (DOWYOH: 9:1);'H
NMR (CDCk, 400 MHz)$ (ppm) 0.82-0.88 (m, 18H, 6 GH 0.99-1.69 (m, 52H, 24 GH4
CH), 3.16-3.18 (m, 2HCH>-NH,), 3.39-3.49 (m, 4HCH,-NH, CH,-O), 3.54-3.57 (m, 4H,
CH,-0), 3.59-3.70 (m, 18HCH,-0), 3.72-3.75 (M, 3HCH»-0), 3.76-3.77 (M, 1HCH,-O),
3.87-3.90 (m, 3HCH,-O, CH-0), 7.04-7.06 (m, 1H, NHCO}?*C NMR (CDC}, 100 MHz)8
(ppm) 14.10, 19.58, 19.65, 19.72, 22.61, 22.716@224.34, 24.45, 24.76, 26.00, 27.95,
29.77, 29.85, 32.79, 29.32, 29.45, 29.54, 20.61662931.88, 37.23, 37.34, 37.37, 37.43,
39.31, 38.70, 40.45, 66.89, 69.72-70.53, 71.45/((180.47, 170.63; MS (ESI) calculated for

Cs3H108N209 [M"‘H]Jr 917.81, found 917.80.
4.2.9. Perbenzoyl-TriMan-PEGsg-diether (14).

DIEA (112 pL, 0.643 mmol) was added to a mixtur€@b75 mg, 0.257 mmol) and TBTU
(124 mg, 0.386 mmol) in dry GIEI, (70 mL) under nitrogen atmosphere. After 20 min at
room temperature, a solution of diether-BgfH, 3 (335 mg, 0.365 mmol) in dry CGElI,

(50 mL) was added and the reaction mixture wasestifor 12h. An aqueous solution of HCI
1IN was added (until pH 1) and the organic phase washed with water. The combined
organic phases were dried (MggOand concentrated under reduced pressure. Flash
chromatography on silica gel (Cyclohexane/EtOAc/Me@9:49:2) yieldedl4 (500 mg, 62

%) as a gum. Rf = 0.6 (DCM/MeOH: 9: NMR (CDCk, 400 MHz)& (ppm) 0.83-0.89

(m, 21H, CH), 1.00-1.59 (m, 68H, CHl, 1.79-1.86 (6H, qCH,-CH,-O), 1.93-1.99 (6H, q,

CH,-CH,-0), 3.40-3.68 (65H, MCH,-0), 3.75-3.78 (m, 1HCH-0), 3.88-3.95(4H, mMCH,-
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0), 4.40-4.44 (3H, m, H5), 4.48 (3H, dii= 4.1, 12.0 Hz, H6b), 4.69 (3H, dd,= 2.1, 12.1
Hz, H6a), 5.09 (3H, d] = 1.8 Hz, H1), 5.69 (3H, dd} = 1.6, 3.4 Hz, H2), 5.91 (3H, dd,=
3.2, 10.3 Hz, H3), 6.11 (3H,d,= 10.3 Hz, H4), 7.24-8.11 (60H, m, HatJC NMR (CDCE,
100 MHz)& (ppm) 14.12, 19.62 ,19.68, 19.75, 22.63, 22.69229.56, 29.65, 29.70, 29.74,
29.84, 29.91, 31.10, 31.43, 31.63, 31.92, 32.800%360.40, 62.85, 65.53, 66.91, 67.36,
67.92, 68.61, 68.78, 68.95, 70.15, 70.55, 80.53647128.30, 128.44, 128.57, 129.00,
129.10, 129.35, 129.73, 129.79, 129.84, 129.88,08533133.16, 133.43, 165.4, 165.50,

166.14, 170.69.
4.2.10. TriMan-PEGssg-diether (1).

Freshly prepared MeONa solution in MeOH (5.3M, 48L8 0.258 mmol) was added to a
solution of 14 (435 mg, 0.139 mmol) in Gi&l,/MeOH (100 mL, 1:1) and the reaction
mixture was stirred overnight. Amberlite IR-120 Was added and filtered off. The solvent
was removed under reduced pressure to furhi€65 mg, 97%)H NMR (MeOD/CDC};:
70:30, 400 MHz)3 (ppm) 0.84-0.89 (m, 21H, CH3), 1.04-1.56 (m, 68EH,), 1.79-1.84
(12H, m,CH,-CH,-0), 3.31-3.88 (88H, m, CHO, CH-0), 4.74 (3H, s, H1), 7.55 (2NH, s);
3C NMR (MeOD/CDCH4: 70:30, 100 MHzp (ppm) 13.66, 19.26, 19.30, 19.33, 19.37, 19.40,
19.44, 22.22, 22.31, 22.50, 24.24, 24.31, 24.6592527.83, 29.21, 29.32, 29.39; 29.48,
29.50, 29.53, 29.64, 29.68, 29.72, 31.27, 31.78623232.64, 32.67, 36.59, 36.65, 36.72,
37.13, 37.23, 37.25, 37.30, 37.36, 37.39, 38.67953839.25, 52.25, 61.45, 64.22, 67.06,
67.52, 67.69, 68.41, 69.43, 69.48, 69.53, 69.6109/070.11, 70.23, 70.33, 70.35, 70.37,
70.70, 71.11, 71.15, 71.33, 71.65, 72.56, 80.34290100.08, 171.49, 173.69; HRMS

calculated for GH18)N>O34 [M+Na]* 1906.24662, found 1906.2448.

4.3. Preparation and characterization of Liposomes.
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TriMan-Liposomes were prepared by mixing at 5.4 mmMthanol theD,0-dioleyl-N-[3N-(N-
methylimidazolium iodide)propylene] Phosphoramidatethe O,0-dioleyl-N-histamine
Phosphoramidate, the ({Dioleyloxyphosphoryl)amino} methyl)-triazdlyPEG-
fluoresceim;’ and TriMan-Diether in the percentage of 47.25%.,28%, 0.5% and 5%,
respectively. Ethanol solution was then evaporatetl formation of a film. The film was
hydrated for 12 h at 4°C in 1 mL of 10 mM HEPESfeufpH 7.4, vortexed and then the
suspension was sonicated for 15 min at 37 kHz uaimgoblock ultrasonic bath (Bioblock
Scientific, lllkirch, France). Liposomes were disdyl (Dialysis Tubing Cellulose membrane;
MWCO: 12.4 kDa; size: 33 x 21 mm, Sigma) at 4°Cadn and then overnight against 500
mL 10 mM HEPES buffer, pH 7.4. The lipid concentratwas determined with Nile Red.
The amount of imidazole in liposomes was determimethe Pauly colorimetric ass&/The
amount of TriMan-Diether incorporated in liposonvess determined using the colorimetric
resorcinol/sulfuric assay and a standard curve wnmnose was used to determine the
amount of TriMan-Diethet? The size and thé potential of liposomes were measured by

using SZ-100 Analyser (Horiba Scientific, les Uksance).

4.4. Cells and cell culture.

The murine DC line (DC2.4 cells) was kindly givey br P. Jeannin and Dr Yves Delneste
(INSERM UMR 892 Nantes-Angers, Frané®)DC2.4 and Hela cells (CCL2, ATCC,
Rockville MD, USA) were grown at 37°C in a humiéii atmosphere containing 5% £@0
DMEM (DC2.4) or in MEM (HelLa) supplemented with 10%tal calf serum (PAA
Laboratories, Les Mureaux, France), 100 Units/mL pahicillin and 100pug/ mL of

streptomycin (Fischer Bioblock, llikirch, France).
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4.5. Liposome Binding Assay.

DC2.4 cells were harvested with trypsin, washest fivith complete medium and then with
cold phosphate-buffered saline (PBS). Cells (2 Xia®.5 ml) in suspension were incubated
for 2h at 4°C with the fluorescent liposomes atititicated final concentration. For binding
inhibition, cells in suspension were pre-incubdi@d30 min at 20°C with various mannose
concentrations. Then, cells were put on ice andltieescent liposomes were added at the
indicated final concentration and incubated for ath°C still in the presence of mannose,
Then, the cells were washed with cold PBS and é¢fleassociated fluorescence intensity was
measured with a flow cytometer (BD LSR, Becton [nskn;iex = 488 nmjiem = 530/30
nm). The fluorescence intensity is expressed asntten value of the fluorescence intensity

(MFI) of 10,000 cells.
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Highlights :

e The synthesis of a trimannosyl archaeal diether-like lipid is described.
e The preparation of liposomes including the glycolipid is proposed.

¢ Binding of the glycoliposomes to dendritic cells is evaluated.





