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Abstract:

Herein, we report on a highly efficient synthesfsaocrystalline protected Lewis
trisaccharide that was converted to LéWwifollowing global deprotection. The
trisaccharide was prepared in a highly converggnthesis (7 steps, longest linear
sequence) and in a 38% overall yield using a gjyatieat involved the regioselective
glycosylation of a GIcNAc acceptor with a galactésmglycoside donor, followed
by fucosylation of the remaining free GIcNAc hydybxas key steps. The core
trisaccharide also has the potential to be congtaxdeother members of the Type-2
Lewis family of antigens due to the orthogonal matef the protecting groups

employed.

Keywords
Lewis®, Carbohydrate, Synthesis, Glycosylation.

Graphical Abstract

Ph

(0]
(0]

o OTBDPS A\ ‘ o OH
BzO 0 0 > ' HO o 0
oBz © on ©
o AcHN OBn , p—— o AcHN "OH
OBn OH
OBn OH

BnO { HO
=
Lewis

(3 steps, 97% yield)

Crystalline X

(7 steps, 38% yield)



1. Introduction

The Lewis antigens (Le) are a related set of glyaararacterised by the presence of
al-4 oral- 3 fucosylated GICNACc residues, termed the Type-d Bype-2 Lewis
antigens, respectivefyThe Type-1 antigens, also known as the Lewis bigamlip
antigens €.g.Le™ and L&, Figure 1), are found on erythrocytes, in blocaspia, and

in various tissues, while Type-2 Lewis antigens,g] Le* and L€, and their
sialylated forms] are serological characters widgiktributed in human and animal
organism¢<. Lewis glycans have important roles in biology, dandeed, the Lewis
blood group antigens owe their name to the Lewmsilfawho suffered from a red
blood cell incompatibilityy Members of both subsets of Lewis antigens have bee
implicated in favourable and unfavourable seled@pendent leukocyte and cell
adhesion processesvith, for example, Sialyl L& and Sialyl L& (SL€) being
upregulated during cancer metastési&’ while SLE also has an essential role in
human fertilisatiorf. Targeting the dendritic cell (DC) C-type lectinCEBIGN, which
binds Lewis antigens.€. Le*, Le", Le® and Lé"), has been shown to increase antigen
cross-presentation and enhance vaccine efficacy cmcer and intracellular
pathogen$:*%*1213accordingly, there has been much interest in timgethis lectin
using antigen-conjugated antibodies or antigentaated Lewis glycans(g. Le®),
whereby the latter approach is thought to be adggmtus due to reduced side-effects
and the ease of synthedfs.
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Figure 1. Representative Lewis antigens

Although various synthetic strategies can be egedafor the synthesis of Type-2
Lewis glycans, the incorporation of an orthogonaltptected trisaccharide Lewis

intermediate has particular merit, as this wouldvalaccess to a variety of Type-2
Lewis antigens, including sialylated and sulfatedivchtives. There are three general

retrosynthetic approaches that can be used focdhstruction of Lewis derivatives



(I, Scheme 1). First, the target trisaccharide can doastructed through
galactosylation of an-L-Fuc-(1- 3)-D-GICNAc acceptor, which in turn is accessible
via reductive ring opening of benzylidene proteaieder!| (Route A)'° Dimerl| is
conveniently constructed by G-fucosylation of a benzylidene protected GICNAc
acceptor. A number of elegant syntheses of Léwiave been achieved in this
manner, including the synthesis by Stahéal. using anN-acetylglucosamine building
block*® and the one-pot synthesis by Boons and co-worksirsy more advanced
building blocks!’” The lability of the fucose residue during the 2edupling,
however, can be troublesortfe’??*°and this has instigated the need for more complex
fucose building blocks that contain electron-withding  protecting
groups™>171821.2223 [ternatively, L& (1) can be constructed from the 2+1 coupling
of a fucose donor with 8-D-Gal-(1-4)-D-GIcNAc acceptor |, which is derived
from a protected GIcNAc precursor (Route’Bpgain, some remarkable syntheses of
the Type-2 Lewis glycans have been achieved usirgy approach, including the
synthesis of St by Seeberger and co-workérsThe most efficient route to f'e
however, involves a regioselective coupling at theosition of a glucosamine

precursor (Route C), as elegantly shown by Royandorkers?® and later adapted
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Scheme 1. Retrosynthetic approaches that haveuseehfor the synthesis of fe



by others”?%293% Accordingly, we envisioned using this third regitEstive

glycosylation approach to develop a highly effitiesynthesis suitable for the
preparation of L& as well as other Type-2 Lewis glycans. To thid,eme sought to

avoid the use of a glucosamine N-protecting grayzh as Troc or Phth, as this
would require a late stage N-deprotection and #etéiy step. For the fucose donor,
we opted for a perbenzylated thioglycoside, asstimthesis of a donor with electron-
withdrawing groups would require a more complexldng block synthesis and

additional late-stage deprotection steps.

2. Resultsand discussion

To begin the synthesis of fewe selected three building blocks that could vy

be readily synthesised, but moreover, would prowdeorthogonally protected fe
core that could be used for the construction of file family of Type-2 Lewis
antigens. The three building blocks, all of whi@nde synthesised in 2-5 steps, are
depicted in Scheme 2. The simplest of these togpeewas the GIcNAc acceptor,
which was synthesised on a multi gram scale in steps from GIcNAc X). Here,
Fisher glycosylation of lactoll with benzyl alcohol gave the crystalline benzyl
glucoside 2,3 which was then selectively protected at the 6ifmsiusing tert-
butyldiphenylsilyl (TBDPS) chloride to yield protecd GICNAc acceptoB in 70%
over the two step& We observed the TBDPS-protection was sluggishoamr

temperature and that warming the reaction to 40ntCeased the solubility of the

TBDPSCI,
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Scheme 2. Synthesis of key building blocks



sugar and reaction yields significantly. Next, daactose donor was prepared via a
5-step synthesis that commenced with the peradietylaf D-galactose4), followed

by installation of the anomeric thiophenol and d@dgation to give crystalline
thiogalactoside5 in 80% vyield over the three stePs.nstallation of the 4,6-
benzylidine acetal protecting grotipfollowed by benzoylation of the remaining free
hydroxyls then gave the required crystalline dofgf equipped with a ®-acyl
protecting group to allow for neighbouring grouprtmapation and B-selective
glycosylation. Finally, the fucose acceptor wa® gisepared in five-steps-Fucose
(7) was per-acetylated, converted to the anomericmia® with subsequent
conversion to the thioglycoside, and deacetylatedive triol 8. Perbenzylation then

afforded the crystalline target dorm 56% overall yield®

With the target building blocks in hand, the assignolt the L€ trisaccharide began
with the regioselective glycosylation of GIcCNAc aptor3 and the galactose doner
(Scheme 2). It was observed that the slow adddiaie donor (1.2 equivalents) to a
mixture of the acceptor and activator at -50 °Qultesl in a high yielding (74%)
regioselective glycosylation, however, when thectiea was performed at higher
temperatures (or allowed to warm to 0 °C) small ami® of the over-glycosylated
trimer were formed. Given that the acceptor is ioleté in fewer steps compared to
the donor, the reaction was repeated using a sigtess of acceptor (1.1 equivalents
of GIcNAc) at -50 °C for 1 hour, which, followingupfication by silica gel flash
column chromatography, gave disacchardfein 78%. NMR analysis was used to

confirm that the resulting glycoside was fhpyranoside, whereb§H NMR analysis

o
Bzog&/sph t ?\ESB
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Scheme 3. Assembly of the’L.eore11



revealed &, > = 8.2 Hz, indicative of thB-anomer, while the regioselectivity of the
glycosylation was confirmed using 2D NMR analysiswhich HMBC correlations
between both H-1""/C-44nd H-4"/C-1"were observed.

With the disaccharide acceptor in hand, the glyled®n between disaccharid®
and fucose dond was explored. Activation of the thioethyl dor®using Ogawa’s
conditions® resulted in the smooth formation of the desireducosylated
trisaccharidell in excellent yield (92%) and excellentselectivity ¢Jcy = 170
HZz*). Much to our delight, trisaccharid#l could be purified via silica gel
chromatography and/or readily crystallised from maeol (Figure 2§® which
allowed for rapid purification. The obtained crystaucture also confirmed the regio-
and stereo-selectivity of both glycosylation reagsi. While one other crystalline Le
intermediate has been reported (though no crystattare was obtainedy, the
synthetic route employed was more complex and dideadily allow for the further
derivatisation of the L& scaffold into other Type-ll Lewis glycans. Moreoyeur
yield over the two glycosylation reactions (72%)cismparable to other reported
strategies. While there are several notable syathesf protected L

§3:293040yith for example an 80% yield over the two couglsteps?

trisaccharide
these strategies employ N-protected glucosaminepéass, thereby requiring more
complex building block syntheses and late stagetional group interconversions.
Comparing our route to the synthesis by Roy andvorkers who pioneered the
regioselective glycosylation of afl-acetylglucosamine acceptSr,we obtained

similar glycosylation yields, however, our crystad derivative contains orthogonally
protected 6°- and 6 "-positions, thereby allowiog the synthesis of 6-sulfo- or 6°-
sulfo-Le* derivatives®* In addition, deacetylation dfl gives the 2°",3""-diol which in
turn can be useén routetowards dimeric L&* 3"-sulfo-L&,** as well as Sl

derivatives** Taken as a whole, our short synthetic sequenogékt linear sequence
of 7 steps) and high overall yield (38%) for thentbyesis of orthogonally protected
Le® 11 provides a highly efficient and versatile route the synthesis of Type-2

Lewis glycans.



Figure 2. Crystal structure of trisaccharide®®

To complete the synthesis ofl,arisaccharidel1 was globally deprotected (Scheme
4). Accordingly, the benzoyl and TBDPS groups wdiest removed using
NaOMe/MeOH and HF.pyridine, respectively, to givelt12. The conditions of
Zang and co-workers were then employed for the atddei removal of both the
benzyl ether and benzylidene protecting grotipdere, it should be noted that the
solvent mixture THF:HO:AcOH (4:2:1, v/vlv) was essential in obtainingane
guantitative yields of the target trisaccharidehwiit concomitant de-fucosylation.
With an overall yield of 37% (longest linear seqeemf 10-steps), our synthesis of
Le” is the highest yielding to date and should faatiétin the preparation of complex

glycoconjugates via the use of a variety of ligatitrategie&®
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Scheme 4. Global deprotection and total synthddie’d

3. Conclusion

In conclusion, the synthesis of the*Lieisaccharide was completed in excellent yield
and in few linear steps. To achieve this, highficefnt syntheses of the core building
blocks were accomplished (2-5 steps, 54-70% yield)d a regioselective
glycosylation between the glucosamine acceptorgaiactose donor was performed
in 78% vyield. Ana-selective fucosylation then gave the resultingaitcharide as
crystalline material in excellent (92%) yield, wiglobal deprotection affording £én

near quantitative yield. It is envisioned that thighly efficient route will find further



application, not only for the targeting ofLéo receptors such as DC-SIGN, but also

for the synthesis of other members of the Typenr2ilfaof Lewis antigens.

4. Experimental

General procedure. Unless otherwise stated all reactions were perfdrmeder
argon. Prior to use, THF (Pancreac) was distillexinf sodium and benzophenone,
pyridine was distilled and dried over 4A molecuieves (4A MS), CbLCl, (Fisher)
was distilled from ROs, DMF was distilled from BaO, and ;B was distilled.
NaOMe was freshly prepared from sodium [Aldrich]datMeOH. N-Acetyl
glucosamine (Fluka), BnOH (Ajax Chemicals), condCIHPanreac), TBDPS-CI
(Aldrich), DMAP (Pierce),N-iodosuccinimide (Aldrich), TfOH (Aldrich), TPABr
(Aldrich), CuBr (Chempur), HF.Pyridine (Aldrich), Ca(OAc)(Sigma), AcOH
(Sigma-Aldrich), Pd/C (Aldrich), EN (Sigma), Dowex H (Sigma-Aldrich 50WX8),
4A molecular sieves (ROTH), Toluene (Panreac),OEt(Pancreac), EtOAc
(Pancreac), petroleum ether (Pure Science), MeQire(8cience), CHGIPancreac),
EtOH (absolute, Pure Science), NaH{Q®ure Science), N&0O3; (Merck) and NaCl
(Pancreac) were used as received. Galactose @dhdrand fucose dond®® were
prepared according to literature procedures. Allvesds were removed by
evaporation under reduced pressure. Reactions mvergtored by TLC-analysis on
Macherey-Nagel silica gel coated plastic shee®0(@nm, with fluorescent indicator
UV 254 with detection by UV-absorption (short wave U\254 nm; long wave UV —
366 nm), by dipping in 10% 4%$0, in EtOH followed by charring at ~150 °C, by
dipping in b in silica, or by dipping into a solution of ninhyal in EtOH followed by
charring at ~150 °C. Column chromatography wasgoerd on Pure Science silica
gel (40 — 63 micron). AccuBOND Il ODS:g(Agilent) was used for reverse phase
chromatography. Infrared spectra were recorded has films using a Bruker
Tensor 27 FTIR spectrometer equipped with an Ategal Total Reflectance (ATR)
sampling accessory and are reported in wave numfoend). Nuclear magnetic
resonance spectra were recorded at 20 °C.@, @D;OD, CDCk, or pyridine-d
using either a Varian INOVA operating at 500 MHz\@rian VNMRS operating at
600 MHz. Chemical shifts are given in pp®) felative to solvent residues. NMR

peak assignments were made using COSY, HSQC andGHRIBexperiments.



OH Benzyl 2-acetamido-2-deoxy-a-D-glucopyranoside (2). To a

Hﬂo o solution of N-acetylglucosamine (6.40 g, 28.9 mmol) in benzyl

AcHNAB,  alcohol (50 mL, 480 mmol), conc. ag. HCI (3.0 mlasvadded and
the reaction mixture was stirred at 90 °C for Jhe crude mixture was cooled down
to rt, poured into RO (500 mL) and left to crystallize at -4 °C for 18 The
crystalline product was filtered and washed withrgdeum ether. Purification by
silica gel column chromatography (@E,:MeOH, 95:5— 88:12, v/v) gave benzyl
glycoside2 (6.67 gram, 21.4 mmol, 74%) as a white foan=R.25 (CHCIl,:MeOH,
90:10, v/v); Mp 182 — 184 °Gip'"® = +222 (c = 0.1, MeOH); IR (film) 3298, 3092,
2938, 2901, 2844, 1648, 1552, 1497, 1455, 1379),18230, 1156, 1093, 1047, 778,
732, 695 crit; *H NMR (500 MHz, CROD) 8 7.40 — 7.25 (m, 5H, Clbn), 4.85 (d,
1H, Ji = 3.6 Hz, H-1"), 4.74 (d, 1Hj;4.1p= 12.0 Hz, H-1a), 4.49 (d, 1H;51,= 12.0
Hz, H-1b), 3.89 (dd, 1H};- » = 3.6 Hz,J» 3= 10.8 Hz H-2"), 3.83 (dd, 1Hp ga =
1.6 Hz,Jsa 6= 11.4 Hz, H-6a"), 3.73 — 3.64 (m, 3H, H-6b", H-B-4"), 3.36 (dd,
1H,Jy 5= J5 6p'= 9.6 Hz, H-5"), 1.95 (s, 3H, GHAc); *C NMR (125 MHz, CROD)
0 173.6 (C=0 Ac), 139.0 (G&m), 129.4 (Coaron), 129.3 (CAurom), 128.8 (Cparom,
97.5(C-1"), 74.1 (C-4"), 72.7 (C-3"), 72.5 (C-5).1 (C-1), 62.7 (C-67), 55.4 (C-2),
22.5 (CH Ac); HRMS(ESI)m/zcalcd. for [GsH2oNOg]™: 312.1442, obsd.: 312.1446.

OTBDPS Benzyl 2-acetamido-6-O-tert-butyldiphenylsilyl-2-deoxy-a-D-
Hagé% glucopyranoside (3). To a solution of benzyl glycosid2 (837
AcHNSg . mg, 8.74 mmol) in pyridine (10 mL), TBDPS-CI (2.78., 33.9
mmol) and DMAP (200 mg, 1.64 mmol) were added drel reaction mixture was
stirred at 40 °C for 18 h. The crude mixture wasoemtratedn vacuoand purified by
silica gel column chromatography (@El,:MeOH, 100:0— 95:5, v/v) to give dioBB
(1.39 gram, 94%) as a white solid; =R0.50 (CHCIl;:MeOH, 95:5, v/v);ap'’® =
+58.4 (c = 0.5, CHGJ; IR (film) 3324, 3071, 2930, 2857, 1739, 16554451472,
1456, 1428, 1376, 1217, 1112, 1048, 1025, 823, 738, 701 cnt; *H NMR (500
MHz, CDCk) & 7.73 — 7.68 (m, 4H, Ckbn), 7.46 — 7.27 (m, 11H, G, 5.84 (d,
1H, J nw = 8.5 Hz, NH), 4.88 (d, 1Hl;' » = 3.0 Hz, H-1"), 4.72 (d, 1H41p=11.8
Hz, H-1a), 4.44 (d, 1H);41p=11.8 Hz, H-1b), 4.14 — 4.06 (m, 1H, H-2), 3-:938.85
(m, 2H, H-6a", H-6b"), 3.77 — 3.68 (m, 2H, H-3"5A); 3.63 (dd, 1HJ)3 4 = Jy5 =
9.1 Hz, H-4"), 3.24 (bs, 1H, OH), 2.86 (bs, 1H, QBP0 (s, 3H, ChlAc), 1.07 (s,



9H, CH; tBu); **C NMR (125 MHz, CDGJ) 5 172.0 (C=0), 137.1, 135.81, 135.78,
133.3, 133.2, 130.0, 128.8, 128.3, 128.2, 127.24¢96.5 (C-1"), 74.5 (C-3"), 72.9
(C-5"), 71.5 (C-4"), 69.4 (C-1), 64.3 (C-6"), 53@B-2"), 27.0 (CH tBu), 23.4 (CH
Ac), 19.4 (CqtBu); HRMS(ESI)m/z calcd. for [GiH4oNOeSi]": 550.2619, obsd.:
550.2620.

Benzyl 2-acetamido-4-O-(2,3-di-O-benzoyl-4,6-O-

Ph
0 benzylidene-p-D-galactopyranosyl)-2-deoxy-6-O-
O . . .
é o OTBDPS tert-butyldiphenylsilyl-a-D-glucopyranoside (10).
BzO ﬂo 2 Glycosyl accepto83 (680 mg, 1.24 mmol) was co-
OBz AcHN

OBn  evaporated with toluene (3 x 3 mL) and dissolved in
dry CH,Cl, (5 mL). In a separate flask, glycosyl doo¢798 mg, 1.40 mmolj 3
was co-evaporated with toluene (3 x 3 mL) and d¥ssbin dry CHCI, (10 mL).
Activated molsieves (4A) were added to both theadand the acceptor solutions,
and both solutions were stirred at rt for 30 mihiodosuccinamide (631 mg, 2.81
mmol) was added to the mixture with accef@@nd the reaction mixture was cooled
to -50 °C. Freshly distilled TfOH (124 pL) was addat -50 °C and the reaction
mixture was stirred for 15 min before adding théuson of donor6. The crude
reaction mixture was stirred for 1 h at -50 °C aviien TLC analysis showed full
conversion of the glycosyl donor, the reaction mmgtwas quenched by the addition
of NaHCGQ; (830 mg). The crude reaction mixture was diluteth\@H,Cl, (50 mL),
washed with sat. ag. M&0O; (30 mL) and the water layer was extracted with,Cl
(3 x 10 mL). The combined organic layers were dngth MgSQ, filtered and
concentratedin vacuo Purification by silica gel flash column chromataghy
(PE:EtOAc 75:25— 0:100, v/v) gave disaccharid® (909 mg, 73%) as a white
foam. R = 0.56 (EtOAc)op "= +91.1 (c = 1, CHG); IR (film) 3422, 3382, 3069,
2931, 2889, 2857, 1722, 1668, 1602, 1531, 1452814369, 1315, 1273, 1219,
1177, 1112, 1070, 1040, 1027, 821, 773, 741, 708 ¢t NMR (300 MHz, CDC}))
0 7.97 (d, 2HJo.m = 7.3 Hz, CHe Bz), 7.76 — 7.66 (m, 6H, Cidn), 7.55 — 7.30 (m,
16H, CHyon), 7.28 — 7.14 (m, 8H, Cln), 5.88 (dd, 1HJ;~ 2-= 8.2 Hz,J,~ 3= 10.6
Hz, H-27), 5.64 (d, 1HJ> nu= 8.8 Hz, NH) 5.52 (s, 1H, CHPh), 5.31 (dd, 1k, 4
= 3.0 Hz,J,~ 3~ = 10.7 Hz, H-37), 4.98 (d, 1H};~ »-= 8.2 Hz, H-1""), 4.88 (d, 1H,
Jir2=3.2 Hz, H-1"), 4.58 (d, 1Hl3" 4= Js 5-= 3.0 Hz, H-4""), 4.50 (d, 1H}41p=

10



12.0 Hz, H-1a), 4.45 (d, 1Hea 6= 12.0 Hz, H-6a"), 4.34 (d, 1H4 1= 12.0 Hz, H-
1b), 4.20 — 4.00 (m, 3H, H-2", H-6b", H-4"), 3.8 (1H,J> 3= Js 4= 9.8 Hz, H-3"),
3.75 (d, 1H,Jsa~ 6p-= 11.6 Hz, H-6a""), 3.64 (bs, 1H, H-57), 3.57 {#, Jsa" 6~ =
11.6 Hz, H-6b""), 3.45 (d, 1H4 5= 9.9 Hz, H-57), 1.99 (s, 3H, GiAc), 1.08 (s, 9H,
CHs tBu); °C NMR (125 MHz, DO) 8 170.3 (C=0 Ac), 166.2 (C=0 3-Bz), 165.1
(C=0 20-Bz), 137. 6, 137.3, 136.1, 135.7, 134.0, 133.6,3,3833.0, 130.1, 130.0,
129.8, 129.2, 129.1, 128.6, 128.5, 128.3, 128.8,012127.8, 126.4 (Gn), 100.93
(CPh), 100.91 (C-1"), 96.8 (C-1"), 79.0 (C-4"),58C-4""), 72.7 (C-37), 70.7 (C-
57, 70.2 (C-3°), 69. 8 (C-1), 69.3 (C-2"), 68®-§"), 67.0 (C-5"), 61.7 (C-6""), 53.4
(C-27), 27.1 (CH tBu), 23.6 (CH Ac), 19.7 (CqtBu); HRMS(ESI)m/z calcd. for
[CsgHs2NO13Si]*: 1008.3985, obsd.: 1008.4009.

Ph Benzyl 2-acetamido-4-O-(2,3-di-O-benzoyl-4,6-O-
OO benzylidene-p-D-galactopyranosyl)-
o E 0 5 O(T)BDPS 3-0-(2,3,4-tri-O-benzyl-a-L-fucopyr anoside)-2-
OBz OéﬁACHN deoxy-6-O-tert-butyldiphenylsilyl-a-D-
p&iogn OBn  glucopyranoside (11). A mixture of glycosyl acceptor
Bno BN 10 (0.90 g, 0.89 mmol) and glycosyl dord(512 mg,
1.07 mmol}® were co-evaporated with dry DMF (3 x 3 mL) andsdived in dry
DMF (5 mL) and dry CHCI, (10 mL). Activated molsieves (4A) were added amal t
reaction mixture was stirred at rt for 30 min. TRAB70 mg, 2.14 mmol) and CuBr
(480 mg, 2.14 mmol) were added and the reactioriumexwas stirred ar rt for 15 h.
When TLC analysis showed full conversion of thecglyl acceptor, the crude
reaction mixture was quenched by the addition of ag. NaS,0Oz (30 mL). The
water layer was extracted with @El, (3 x 10 mL), and the combined organic layers
were washed with brine, dried with MgaQiltered and concentratad vacuo The
residue was purified by silica gel flash columnarhatography (PE:EtOAc, 94
2:1, viv) and/or crystallized from hot methanol @2@L) to afford trisaccharidél
(1.05 g, 0.74 mmol, 92%) as white crystals=F0.23 (PE:EtOAc, 2:1, vivip*** =
+110 (c = 0.5, CHG); IR (film) 3088, 3064, 3032, 3007, 2932, 28945281735,
1671, 1497, 1453, 1428, 1367, 1315, 1273, 12500,12319, 1165, 1143, 1098,
1061, 1046, 1027, 1002, 772, 708, 699'¢chtd NMR (500 MHz, CDCJ) & 8.05 (d,
2H, Jom = 7.7 Hz, CHe Bz), 7.87 — 7.81 (m, 4H, CGin), 7.64 — 7.07 (m, 39H,

11



CHaron), 5.88 (dd, 1HJ>~ 3-= 9.0 Hz, C-27), 5.60 (s, 1H, CHPh), 5.49 (d, I

= 9.9 Hz, NH), 5.28 — 5.20 (m, 3H, H-1"", H-1""";3), 4.95 (q, 1HJs~ ¢~ = 6.7
Hz, H-57), 4.84 — 4.77 (m, 2H, H-1", G 2"""-0-Bn), 4.73 (d, 1HJa = 11.7 Hz,
CHz-a 3""O-Bn), 4.68 (d, 1HJ.,= 11.7 Hz, CH-b 3""-O-Bn), 4.58 — 4.48 (m, 4H,
H-4"", CH-b 37"-0O-Bn, H-2", H-6a"), 4.41 — 4.31 (m, 3H, H-1a, H-H4"), 4.20 (d,
1H, Jap= 11.4 Hz, CH-a 4""0-Bn), 4.12 (d, 1HJsx 6= 12.1 Hz, H-6b"), 4.06 —
4.01 (m, 1H, H-3""), 3.99 (dd, 1Hy 3= Jz 4 = 9.7 Hz, H-3"), 3.96 — 3.89 (m, 2H,
H-2"", H-6a""), 3.54 — 3.47 (m, 3H, H-6b"", H-5CH,-b 4""-O-Bn), 3.29 (d, 1H,
Jy 5= 9.8 Hz, C-5%), 3.25 (bs, 1H, H-4"""), 1.81 (s,,3EH; Ac), 1.33 (d, 3HJ5 ¢

= 6.2 Hz C-6"""), 1.14 (s, 9H, GHBu); **C NMR (125 MHz, CDGCJ) 5 169.7 (C=0
Ac), 166.0 (C=0O 39Bz), 164.8 (C=0O Bz), 139.9, 139.8, 138.6, 137.8, 137.1,
136.2, 135.6, 134.0, 133.6, 133.2, 132.4, 130.8,113130.0, 129.7, 129.2, 129.1,
129.0, 128.7, 128.64, 128.55, 128.52, 128.48, 528.28.35, 128.3, 128.23, 128.20,
128.1, 128.0, 127.9, 127.7, 127.6, 127.5, 127.3,112126.9, 125.9 (fom), 99.9 (C-
1), 99.8 (CHPh), 97.9 (C-1"""), 96.8 (C-1"), 79@4 "), 78.8 (C-3"""), 75.3 (C-
2"”), 75.0 (CH 4 ""-O-Bn), 73.9 (C-4"), 73.6 (C-47), 72.9 (C-3”, €&"""-O-Bn),
72.7 (C-3"), 72.0 (CH3"""-0-Bn), 71.3 (C-5"), 70.1 (CH1-O-Bn), 69.2 (C-27"), 69.1
(C-67), 66.6 (C-5", C-5""), 61.3 (C-6"), 54.1-%), 27.1 (CH tBu), 23.7 (CH Ac),
19.7 (CqtBu), 16.4 (C-6""); HRMS(ESIm/z calcd. for [GsHgNO:7SiNa]':
1446.5792, obsd.: 1446.5797.

t Benzyl 2-acetamido-4-O-(4,6-O-benzylidene-B-D-
& oH galactopyranosyl)-3-O-(2,3,4-tri-O-benzyl-a-L-
HOA— 06%%‘ fucopyranosyl)-2-deoxy-a-D-glucopyranoside (12). To a
B;@?Oiom """ solution of trisaccharidd1 (201 mg, 141 pmol) in methanol
(3.0 mL) and CHECI; (3.0 mL), 1M methanolic NaOMe (2.0
mL) was added and the reaction mixture was stiatetifor 4 h. The reaction mixture
was quenched by the addition of DoweX &hd the reaction mixture was filtered,
washed with MeOH and concentratedvacuo The crude product was used in the
next step without further purification; R 0.57 (PE:EtOAc, 50:50, v/v); HRMS(ESI)
m/z calcd. for [GiHgiNOsSiNa]: 1238.5268, obsd.: 1238.5276.; The crude
trisaccharide was dissolved in pyridine (5 mL), pifidine (0.5 mL) was added at O

°C and the reaction mixture was stirred ar rt f8rHL After TLC analysis showed
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complete conversion, the mixture was diluted with,Cl, (25 mL) and washed with
1M aqg. Ca(OAcq) (50 mL). The ageaous layer was extracted with@{(2 x 25 mL)
and the combined organic extracts were washed fuithe, dried with MgSQ
filtered and concentratad vacuo The residue was co-evaporated with toluene (3 x 5
mL) in order to remove traces of pyridine, and fiedi by silica gel flash column
chromatography (EtOAc:MeOH, 100:8 95:5, v/v) to afford trioll2 (137 mg, 140
pumol, 99%) as a white foam; R 0.45 (EtOAc:MeOH, 8:1, vivipp?*®=-24.2 (c =
0.5, CHC¥); IR (film) 3428, 3334, 3063, 3031, 2974, 29290@92872, 1658, 1543,
1497, 1454, 1397, 1363, 1338, 1246, 1213, 11656,11893, 1047, 966, 909, 858,
734, 697 crit.'H NMR (500 MHz, CDCJ) 8 7.48 — 7.42 (m, 2H, Ckbn), 7.31 - 7.14
(m, 22H, CHyon), 7.11 (t, 1HJ= 7.6 Hz, CHon), 7.00 (t, 2H,J = 7.6 Hz, CHiom),
6.79 (d, 1HJyn 2 = 7.2 Hz, NH), 5.47 (s, 1H, CHPh), 5.38 (d, D, »- = 3.2 Hz, H-
1), 4.98 (d, 1HJ;~ o= 3.4 Hz, H-1"""), 4.80 (d, 1Hl » = 7.6 Hz, H-1"), 4.70 —
4.62 (m, 3H, Chia 2-0-Bn, CHa 3-O-Bn, CHa 4-0-Bn), 4.60 (d, 1HJ, = 10.4 Hz,
CHyb 2-0-Bn), 4.55 (d, 1H,J;41p= 12.0 Hz, CHa-1-0-Bn), 4.52 (d, 1HJ,p= 11.7
Hz, CHb 3-O-Bn), 4.35 (d, 1HJ;a1p= 12.0 Hz, CHb-1-0-Bn), 4.31 — 4.20 (m, 2H,
H-6a"", H-5""), 4.16 (ddJ» 3= 9.1 Hz,J3 4 = 10.2 Hz, H-3"), 4.10 — 4.03 (m, 2H, H-
4°, H-47"), 4.00 (bdJsa 6= 12.2 Hz, H-6a"), 3.98 — 3.90 (m, 3H, H-2", H-H
6b”"), 3.84 (dd, 1HJs 4 = 2.5 Hz,J,~ 3~ = 10.0 Hz, H-3"""), 3.74 — 3.64 (m, 3H,
H-2", H-5", H-6b"), 3.59 — 3.51 (m, 2H, H-4""", 59, 3.51 — 3.44 (m, 2H, H-3",
OH), 2.85 (bs, 1H, OH), 1.70 (bs, 2H, 2 x OH), 1(453H, CH Ac), 1.04 (d, 3H,
Js g~ = 6.6 Hz, H-6"7);**C NMR (125 MHz, CDGJ) 5 170.3 (C=0, Ac), 138.9,
137.8, 137.5, 137.5 (GH), 129.2, 128.8, 128.6, 128.51, 128.50, 128.33,288
128.10, 128.06, 128.0, 127.7, 127.3, 126.5 {64 102.3 (C-17), 101.1 (CHPh),
98.6 (C-17), 96.3 (C-1"), 79.4 (C-37"), 77.7 4C-), 77.5 (C-2°"), 76. 7 (C-3),
75.6 (C-4), 75.3 (C-4”), 75.1 (GHI-OBn), 74.7 (CH 2-OBn), 73.2 (C-27), 72.8
(C-57), 72.2 (CH 3-0OBn), 71.1 (C-57), 69.9 (GHL), 69.5 (C-6""), 67.5 (C-57),
67.0 (C-37), 61.0 (C-67), 54.1 (C-2), 22.8 (€Ac), 17.1 (C-6""); HRMS(ESIin/z
calcd. for [GsHesNO1g]": 978.4270, obsd.: 978.4274.

OH 2-Acetamido-2-deoxy-3-O-(a-L-fucopyranosyl)-4-
"0 é o OH O-(B-p-galactopyr anosyl))-D-glucopyr anoside
HO O&&WOH (L€Y). To trisaccharidel2 (137 mg, 140 pmol) in

OH NHAC
QZ/ oH
OH

HO
13



distilled THF (4 mL), HO (2 mL), AcOH (1.0 mL) and Pd/C (100 mg) were atide
and hydrogen gas was bubbled though the reactiaturaiat rt for 3 h. The crude
mixture was diluted with water (20 mL), filtered esvpaper (Whatman 42) and
lyophilised. Purification by size exclusion chrowgtaphy (BioGel P-2, 1200 x 10
mm) gave L& (725 mg 137 pmol, 98%) as a white foam;=R0.12
(n-butanol:AcOH:HO, 4:1:1, v/viv); IR (film) 3313, 2971, 2938, 1641555, 1427,
1378, 1162, 1118, 1071, 1034, 1021, 968, 811:ciH NMR (300 MHz, BO) a-
anomer:5 5.11 — 5.08 (m, 2H, H-1", H-1), 4.84 (q, 18, - = 6.7 Hz, H-57"), 4.46
(d, 1H,J1' » = 7.8 Hz, H-17), 4.15 (dd, 1HJ1 .= 3.5 Hz,J, 3 = 10.4 Hz, H-2), 4.03
—3.92 (m, 4H, H-3, H-4, H-5, H-6a), 3.92 — 3.8, @8Hl, H-6b, H-3"", H-4"), 3.79 (d,
1H,J 3 4= Jgv 5 = 3.0 Hz, H-4"), 3.77 — 3.62 (m, 4H, H-6"a, H-6Hb2"", H-3"),
3.62 — 3.57 (m, 1H, H-5"), 3.53 —3.46 (m, 1H, Bi-2.03 (s, 3H, CHAc), 1.19 —
1.15 (m, 3H, H-6"")p-anomer:4 5.11 — 5.08 (m, 1H, H-17), 4.84 (q, 18; - = 6.7
Hz, H-57), 4.72 (d, 1H}1 .= 8.1 Hz, H-1p), 4.45 (d, 1H,J; - = 7.8 Hz, H-1), 4.03
—3.92 (m, 2H, H-4, H-6a), 3.92 — 3.81 (m, 5H, H-BB3"", H-4", H-2, H-3), 3.79 (d,
1H,J 3 4= Jgv 5 = 3.0 Hz, H-4"), 3.77 — 3.62 (m, 4H, H-6"a, H-6H2"", H-3"),
3.62 — 3.57 (m, 2H, H-5, H-5"), 3.53 — 3.46 (m, H42"), 2.03 (s, 6H, CklAc), 1.19
—1.15 (m, 6H, H-6");"*C NMR (125 MHz, RO) & 174.4 (C=0p), 174.2 (C=0p),
101.76 (C-1B), 101.74 (C-1w), 98.6 (C-17B), 98.5 (C-1"a), 94.7 (C-1B), 91.0
(C-1a), 75.4 (C-5B), 74.91 (C-3B), 74.85 (C-5a + ), 73.2 (C-4a+p), 72.8 (C-3u),
72.4 (C-3"at+p), 71.8 (C-4""at+p), 71.3 (C-5a), 71.0 (C-2a+p), 69.20 (C-3"w),
69.15 (C-3"B), 68.3 (C-4’a+p), 67.6 (C-2"'a+p), 66.6 (C-5"a+p), 61.5 (C-6"a+p),
59.7 (C-6B), 59.6 (C-6a), 56.9 (C-28), 54.0 (C-2u), 22.2 (CH Ac B), 21.9 (CH Ac
), 15.2 (C-6""a+p); HRMS(ESI) m/z calcd. for [GoHzsNO1s]": 530.2079, obsd.:
530.2093.
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Highlights
A crystalline orthogonally protected LewisX trisaccharide was synthesised

Sequential regioselective glycosylation of a GIcNAc acceptor with galactose and fucose donors
provided the trisaccharide

The efficient total synthesis of Lewis* was completed
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