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Abstract: An a(1,2)-linked oligomannoside derivative having aef@2 hydroxyl group and a C-3 pivaloyl
group was synthesized from a thiophenyl mannoseatefe 1 using a one-pot self-condensation and
applying an-stereoselective procedure. The mannosylation sx@ly generated-mannoside linkages. The
observedi-directing effect was rationalized by the remotdipgoation of the pivaloyl group in C-3 position.
The polymerization degree was controlled by themmi@r amount providing the mannobiose derivativa as
major product. Applying this method eliminated magmthetic steps. Thg1,2)-linked oligomannoside
derivatives, which are key intermediates for thetlsgsis of oligomannose typeglycans for glycoproteins,

were easily prepared.

Keywords: One-pot glycosylationi(1-2) oligomannoside; stereocontrolled synthesigoohannose type

N-glycan



1. Introduction

a(1,2)-linked oligomannoside structures are presargurfaces of pathogenic microorganisms suchrases,
bacteria, fungi, and protozoan parasites. They ataynportant role in the pathogenesis of seveattiqggens
and communication with the immune system [1-3]tHenr these structures are major components of
oligomannose typbl-glycans [Figure 1A] which play critical roles ihe glycoprotein quality control of the
endoplasmic reticulum (ER) [4]. To study the fuantbf oligomannose typd-glycans and related proteins at
molecular level, we synthesized these glycans usiegonvergent synthesis [5] and applying thedown
chemoenzymatic approach [6]. Many studies repditecttempt to synthesize these glycans [7], howeve
these approaches were insufficient because marlgetimsteps are required to prepare the oligonsidao
blocks. Recently, the fast and easy synthesig b2)-linked oligomannoside, which includes mannsbio
and mannotriose as major components of oligomantyped-glycans, was achieved by chain-growth
polymannosylation using a C-2 acetylated thiopheloylor [8] or 1,2-orthoester [9], followed by the
self-condensation of a thiophenyl donor havingea €-2 hydroxyl group [10]. Two or more glycosydati
steps are sequentially carried out without reqgideprotection processes and purification stepsjredting
the extensive synthetic effort to obtain the taajgfosaccharides [11]. In this study, the steretadled
synthesis ofi(1-2)-linked oligomannoside derivatives using a ppoemethod is described to easily access

ER-reratedN-glycans.

2. Results and discussion
2.1. Stereoselective construction of oligomannoside using a one-pot synthesis method

The synthesis afi(1-2)-linked oligomannoside derivatives was carpetiusing a one-pot synthesis
method as depicted in Figure 1B. It started withgheparation of mannose derivatiyavhich has a
thiophenyl group at the anomeric position and a frgdroxyl group at the C-2 position of the samdeme.
It was hypothesized that this compound will achitheeself-condensation reactions and easily proagid
high a-stereoselectivity because of 1) an epoxide-likermediate which is formed by the nucleophilic eitta

of the C-2 hydroxyl group on the oxocarbenium catibthe anomeric position, and 2) the remote



participation of the pivaloyl group in C-3 positifit2, 13].

Themannose derivativié was synthesized according to literature [13] usirame-pot glycosylation
reaction withN-iodosuccinimide (NIS)/trifluoromethanesulfonic @¢TfOH) as promotor [14]. When
compoundl was added slowly to the mixture of 1 equiv. of MI®I 0.3 equiv. of TfOH in C}&l, at —=78 °C,
oligomannoside derivativedlan,—Mang) and debenzylidenated products were detected byIAOF MS
analysis. Then, the order of reagent addition wasged to reduce the damage to the protecting group
Adding 0.3 equiv. of TfOH to the mixture of compalth (37 mM) and 1 equiv. of NIS at —78 °C, the reattio
smoothly proceeded to provide the oligomannosidvakeves. The debenzylidenated products were not
detected by MALDI TOF MS. To analyze the structoféhe coupling products, the reaction mixture was
separated by molecular weight using gel permeatwomatography (GPC) and each collected fractiosn wa
analyzed withH NMR spectroscopy. The profiles of the GPC chrageams andH NMR spectra are shown
in Figure 2. These data clearly indicated thafratitions contained a single isomer. The stereoddtgnof
the glycosidic linkages was confirmed by ey, coupling constants obtained from non-decouplin@B8S
and2D NMR spectra (see Supporting Information). Threseilts verified that the newly formed glycosidic
linkages were ofi-configuration. The product yields were calculafean the weight ratio of the starting
materiall and the provided compounds. The one-pot mannasylptoceeded with high-stereoselectivity
and the disaccharide derivativean, (28%), trisaccharide derivatian; (23%), tetrasaccharide derivative
Man, (7.4%), pentasaccharide derivatMans (5.2%), hexasaccharide derivatMans (2.2%),
heptasaccharide derivatiian; (0.1%), and octasaccharide derivatiWans (trace) were obtained with only
one purification step.

Next, we tested the effect of NIS addition. The ofsg with 0.5 equiv. of NIS clearly favored the
formation of the disaccharide to generstan, in 48% yield, although some starting matetiatmained.
Furthermore, we examined the addition of NIS toatnthe trisaccharide derivative, however, the réeki
result was not achieved. Further, the one-pot i@acf 1 was carried out on gram-scale (72 mM) using 1.0
equiv. of NIS and 0.3 equiv. of TfOH. The reacteasily provided disaccharide derivatiMean, (316 mg),

trisaccharide derivativil ans; (278 mg), and other oligomannoside derivativeréfore, the synthesis of key



intermediates for the construction of the oligom@smtypeN-glycans was successfully accomplished by this
method. To investigate the influence of the actikatontrolling the degree of polymerization, méthy
trifluoromethanesulfonate (MeOTf) and dimethyl(mgdthio)sulfonium trifluoromethanesulfonate (DMTST)
were tested. With both activators, small amourdligiomannoseide derivatives were obtained. Althgugh
methylation of the C-2 hydroxyl group was detedigdALDI TOF MS and NMR analysis. We did not

examine this further.

2.2. Mechanistic analysis of the stereoselectivity

The mannosylation reaction is easily stereocomddtly the anomeric effect and the participation of
the adjacent group at the C-2 position. Howeverréaction with highly reactive hydroxyl groupseit
results inB-mannoside as a minor product. Here, the reactamaompletely stereoselective. It is suggested
that this stereoselectivity is regulated by botiginleoring groups, the C-2 hydroxyl and the remotg C
pivaloyl group. To confirm this hypothesis, we prepared mannoswatare 2 [15] which has a benzyl group
at the C-3 position. This compound can eliminageitiiluence of the remote carbonyl group at the C-3
position. The one-pot glycosylation wiZhwas conducted (Figure 3). The resultant mixtupasged by
molecular weight using GPC. The resulting fractiorse analyzed b{H NMR. Their spectra provided a
complex mixture of stereo isomers (Figure 3D), edivg that the C-3 benzylated derivative exhibitza
stereoselectivity. It was considered from this Itethat the hydroxyl group at the C-2 position does affect
the stereoselectivity. Thus, the higistereoselectivity of the one-pot glycosylationhwitwould be controlled
by the remote participation of the pivaloyl groughe C-3 position instead of the epoxy intermeliat

neighboring C-2 hydroxyl group.

3. Conclusions
The stereoselective synthesisogl,2)-linked oligomannoside derivatives was sudtdlgsachieved using a
one-pot method. The observedlirecting effect on mannose derivativ@vould becaused by the remote

participation of the pivaloyl group in C-3 positiocFhea(1,2)-linked mannobioside and mannotrioside



derivatives, which correspond to key intermediddeshe synthesis of oligomannose tygglycans, were
easily prepared. Using these oligosaccharide deres the systematic synthesis of oligomannose typ
N-glycans is planned to analyze the biosyntheticgse of asparagine-linked glycan related enzymas an

cytosolic free oligosaccharide functions.

4. Experimental section

4.1. General methods

All reactions were carried out under an argon aphese. Dry CHCI, was purchased from Kanto Kagaku Co.,
Ltd, Japan. Molecular sieves (4A) were activateti7&-200 °C for 2—3 h under vacuo prior to appiicat
Analytical thin layer chromatography was developad silica gel 60 F plate (Merck). HPLC was perfed
on a Recycling Preparative HPLC system (LaboACEZ060) equipped with a UV detector (Japan
Analytical Industry Co., Ltd., Tokyo, Japan). The germeation column for HPLC (JAIGEL-HR) was a
product of Japan Analytical Industry Co., Ltd. @etmeation chromatography for the preparative ssake
performed on a SX-1 (Bio-Rad) column (100 rpm 800 mm). NMR spectra were recorded with a JEOL
ECS-400 and an ECA-600 spectrometidrNMR spectra were referenced to TMS at 0.00 pp&INMR
spectra were referenced to the central peak of €&8C17.0 ppm. Assignments were made by standard pfg
COSY, pfg TOCSY and pfg HSQC spectra. MALDI-TOF MS&s recorded in the high-resolution mode with

positive ion mode on an AXIMA-Performance (Shimadgyoto, Japan).

4.2 General procedures

4.2.1. One-pot mannosylation using 1

The thiophenyl mannosidie(50.0 mg, 0.112 mmol) and-iodosuccinimide (1.0 eq, 25 mg, 0.112 mmol) in 3
mL of CH,CI, were stirred at —78 °C in the presence of MS 4#er, trifluoromethane sulfonic acid (3 uL,

34 pmol) was added. The reaction mixture was stiate-78 °C for 4 hours. The reaction was added to
triethylamine. The mixture was then diluted witfOBc and filtered using Celite. The filtrate was Wwed

with saturated aqueous (sat. agq)34@s;, sat. ag NaHCg) sat. ag NaCl, and dried over MgS®@he organic



layer was filtered and concentrai@d/acuo. The resultant residue was purified by HPLC attddion a gel
filtration column (JAIGEL-2HR and 2.5 HR) to obtaimannobiosélan, (13.9 mg, 28%), mannotriod¢ans
(11.3mg, 23%), mannotetraoskan, (3.7 mg, 7.4%), mannopentaddeans (2.6 mg, 5.2%), mannohexose

Mang (1.1 mg, 2.2%), mannoheptaddan- (0.1 mg, 0.1%) and mannooctaddang (trace), respectively.

Phenyl
4,6-0-benzylidene-32-pivaloyl-a-D-mannopyranosyl-(12)-4,6-0O-benzylidene-339-pivaloyl-1-thio-u-D-ma
nnopyranosideM an,)

Rf= 0.36 (Toluene/AcOEt =6/1, v/v{H-NMR (600 MHz, CDCJ): § 7.46-7.27 (m, 15H; aromatic
H), 5.46, 5.56 (2s, 2H; P, 5.33 (bs, 1H; HY, 5.43 (dd, 1HJ, 3 = 3.0 Hz,J;, = 9.6 Hz; H-3), 5.36 (dd,
1H, J,5 = 3.0 Hz,J34 = 10.2 Hz; H-3, 4.97 (d, 1HJ,, = 1.2 Hz; H-1), 4.42 (dd, 1H),,= 1.2 Hz,J, on =
3.0 Hz; H-2), 4.37 (td, 1HJ45 = Js 2= 10.2 Hz,Js56 = 5.4 Hz; H-%), 4.24 (m, 2H, H-2, H-6), 4.19 (t, 1H,
Jas=Jdss = 10.2 Hz; H-4, 4.10(m, 2H; H-4, H-6"), 4.01 (td, 1H),5 = Js6a= 9.6 HZ,Js 6 = 4.8 Hz; H-8),
3.90 (t, 1H,Js .= 10.2 Hz; H-68, 3.78 (t, 1HJs 6.= 10.2 Hz; H-8), 2.11 (bs, 1H; @), 1.26, 1.23 ppm (2s,
18H; COC(®5),). ; **C NMR (150 MHz, CDGJ): § 177.63, 177.49 (2GC0), 137.33-125.85 (aromat(c),
102.82 (C-1), 104.41, 101.37 (2C, ®i), 88.32 (C-1), 79.24 (C-9, 76.24 (C-4, 76.10 (C-4), 70.31 (C-8),
70.17 (C-3, 70.17 (C-2), 68.47 (2C; C-6 C-6'), 65.57 (C-§, 64.42 (C-8), 39.23, 39.08 (2C; CO(CH)s),
27.25, 27.17 (2C; COQHs)s) ppm.; Jeu(l)= 173 Hz,Jen(I)= 177 Hz,; MALDI-TOF MS:m'z calcd for

CyHs0012Na™: 801.292 [M+Na]; found: 801.289.

Phenyl
4,6-O-benzylidene-32-pivaloyl-o-D-mannopyranosyl-(32)-4,6-O-benzylidene-33-pivaloyl-oa-D-mannopy
ranosyl-(1-2)-4,6-0-benzylidene-33-pivaloyl-1-thio-u-D-mannopyranosidév ans)

Rf= 0.49 (Toluene/AcOEt =6/1, v/v}H-NMR (600 MHz, CDCY)): 6 7.48-7.27 (m, 20H; aromatic
H), 5.64, 5.61, 5.58 (3s, 3H; PR, 5.57 (d, 1H;; , = 1.2 Hz; H-1), 5.40 (m, 2H; H-3 H-3"), 5.23 (dd, 1H,

J,3=3.6 Hz,J;,= 10.8 Hz; H-§ 4.92 (d, 1H)),, = 1.2 Hz; H-1), 4.88 (d, 1H)),, = 1.8 Hz; H-1"), 4.43 (dd,



1H, J;, = 1.2 Hz,J, 04 = 3.0 Hz; H-2), 4.39 (td, 1HJ,5 = 4.8 HZ,J5.62 = Js6e = 9.6 Hz; H-%), 4.23 (m, 3H;
H-6', H-2", H-6"), 4.14 (m, 4H; H-4 H-2', H-4", H-4"), 3.98 (m, 3H; H-5, H-6", H-5"), 3.90 (t, 1HJ56.=
10.2 Hz; H-6), 3.81 (m, 2H; H-B, H-6"), 2.13 (d, 1HJ, 01 = 3.6 Hz; ®4), 1.27, 1.24, 1.23 (3s, COCR),)
ppm.;*C NMR (150 MHz, CDCJ): § 177.90, 177.81, 177.50 (3C0), 137.35-125.61 (aromatig), 102.92,
102.85 (2C; C4, c-1"), 101.39, 101.22 (3C; i), 88.62 (C-1), 81.16 (C-9, 77.90, 76.17, 76.00 (4C;
H-4', H-2', H-4', H-4"), 70.28, 70.00, 69.84 (3C; C-x-3', C-3"), 68.49, 68.38, 68.22 (3C; C-&-6',
C-6"), 65.47 (C-H, 64.58, 64.53 (2C; C'5 C-5"), 39.25, 39.13, 39.10 (3C; @CH,),), 27.25, 27.23,
27.17 (3C, COQTHs)s) ppm. New(l) = 173 Hz,Xcy(Il) = 175 Hz,Jen(Ill) = 173 Hz; MALDI-TOF MS:mz

calcd for GoH7,0:6Na": 1135.434 [M+Nal; found: 1135.444.

Phenyl
4,6-O-benzylidene-33-pivaloyl-o-D-mannopyranosyl-(32)-4,6-O-benzylidene-33-pivaloyl-oa-D-mannopy
ranosyl-(1-2)-4,6-0-benzylidene-339-pivaloyl-a-D-mannopyranosyl-(%2)-
4,6-0-benzylidene-32-pivaloyl-1-thio-w-D-mannopyranosidéM ang)

Rf= 0.49 (Toluene/AcOEt =6/1, v/v{H-NMR (600 MHz, CDCJ): § 7.48-7.28 (m, 25H; aromatic
H), 5.64, 5.63, 5.62, 5.61 (4s, 4H; AC5.51 (d, 1HJ;, = 1.2 Hz; H-1), 5.41 (dd, 1HJ, 3= 3.0 Hz,J5 4 =
9.6 Hz; H-3), 5.36 (dd, 1H, 3= 3.0 Hz, 4,=10.2 Hz; H-3), 5.26 (dd, 1H;3 = 3.6 Hz,J; , = 10.8 Hz; H-3),
5.24 (dd, 1HJ,5 = 3.0 Hz,Js4 = 10.8 Hz; H-3), 4.91 (d, 1H,, = 1.8 Hz; H-1), 4.85 (d, 1H,, = 1.2 Hz;
H-1), 4.79 (d, 1H),,=1.8 Hz; H-1"), 4.39 (td, 1HJs 6e = 4.8 HZ,J5 62 = Jsa ce= 9.6 Hz; H-%), 4.36 (dd, 1H,
Joon =3.6 Hz,J;, =1.2 Hz; H-2), 4.12 (m, 10H), 3.91 (m, 8H) 1.23 (s, 9H; COE:), 1.24 (s, 18H;
COC()s), 1.73 (s, 9H; COC(85)s) ppm.;**C NMR (150 MHz, CDGJ): & 178.33, 178.04, 177.90, 177.59
(4C; CO), 137.34-125.86 (aromati), 103.18, 103.03 (3C, Ct1""), 101.36, 101.26, 101.19 (4C, GH),
88.75 (C-1), 81.56 (C-) 79.80, 77.99, 76.23, 75.90, 75.78, 70.31, 6969178, 69.67, 68.48, 68.24, 68.14,
68.04, 65.41 (C'5, 64.66, 64.55, 64.38, 39.26, 39.21, 39.15, 394W, COC(CH,)s), 27.26, 27.24, 27.18,
26.93 (4C, COGTHa)s) ppm.; Jen(l) = 172 Hz,XJcy(ll, I, IV) = 176 Hz, 176 Hz, 176 Hz; MALDI-TOF

MS: m/z calcd for GgHgsOxuNa'™: 1469.575 [M+Nal; found: 149.934.



Phenyl
4,6-0-benzylidene-32-pivaloyl-a-D-mannopyranosyl-(12)-4,6-O-benzylidene-39-pivaloyl-a-D-mannopy
ranosyl-(1-2)-4,6-0-benzylidene-33-pivaloyl-a-D-mannopyranosyl-(32)-
4,6-0-benzylidene-32-pivaloyl-a-D-mannopyranosyl-(12)-
4,6-0-benzylidene-32-pivaloyl-1-thio-w-D-mannopyranosidéM ans)

Rf= 0.49 (Toluene/AcOEt =6/1, v/v{H-NMR (600 MHz, CDCJ): § 7.49-7.27 (m, 30H; aromatic
H), 5.64, 5.63, 5.63, 5.62 (4s, 4H; A#)C5.49 (d, 1HJ;, = 1.2 Hz; H-1), 5.41 (dd, 1HJ), 3= 3.0 Hz,J34 =
9.6 Hz; H-3), 5.33 (dd, 1H, 3= 3.6 Hz,J; 4= 10.8 Hz; H-3), 5.28 (dd, 1H; 3= 3.6 Hz,J; , = 10.8 Hz; H-3),
5.21 (m, 3H, H-3), 4.85 (d, 1H;,= 1.2 Hz; H-1), 4.83 (d, 1H, = 1.2 Hz; H-1), 4.82 (bs, 1H; H-1), 4.78 (d,
1H, J., = 0.6 Hz; H-1), 4.39 (m, 2H; H-21, H)% 4.01 (m, 23H), 1.27, 1.25, 1.20, 1.19 (5s, 468C(CH3)s)
ppm.; °C NMR (150 MHz, CDGJ): § 178.48, 178.45, 178.08, 177.97, 177.65(80), 137.34-125.86
(aromaticC), 103.28, 103.21 (4C, c:1"'v'V) 101.38, 101.23, 101.16, 101.11 (5CCPl, 88.81 (C-1lI),
81.62 (C-2I), 80.18, 79.65, 78.16, 77.15, 76.1887575.83, 75.73, 75.60, 70.30, 69.91, 69.85,6%8.48,
68.18, 68.08, 67.96, 67.75, 65.40, 64.62, 64.5516464.31, 39.27, 39.23, 39.15, 39.08 (5C,GQCH,),),
27.26, 27.23, 27.17, 26.92 (15C, CQEK)s) ppm.; Jen(l) = 172 Hz,23eu(Il, 111, IV, V) = 179 Hz, 179 Hz,

179 Hz, 179 Hz; MALDI-TOF MSm/z calcd for GgH116030Na": 1803.716 [M+Nal; found: 1803.570.

Phenyl
4,6-O-benzylidene-33-pivaloyl-a-D-mannopyranosyl-(32)-4,6-O-benzylidene-32-pivaloyl-oa-D-mannopy
ranosyl-(1-2)-4,6-0-benzylidene-33-pivaloyl-a-D-mannopyranosyl-(42)-4,6-O-benzylidene-32-pivaloy
[-a-D-mannopyranosyl-(#2)-
4,6-0-benzylidene-32-pivaloyl-a-D-mannopyranosyl-(12)-4,6-0O-benzylidene-339-pivaloyl-1-thio-u-D-ma
nnopyranosidéM ang)

Rf= 0.49 (Toluene/AcOEt =6/1, v/v{H-NMR (600 MHz, CDCJ): § 7.49-7.28 (m, 35H; aromatic

H), 5.64, 5.63, 5.62, 5.61, 5.59, 5.58 (6s, 6H; MNG.48 (d, 1H;);, = 1.2 Hz; H-1), 5.41 (dd, 1HJ,5 = 3.0



Hz, J;, = 10.2 Hz; H-3), 5.32 (dd, 1H;3 = 3.6 Hz,J;, = 10.8 Hz; H-3), 5.22 (m, 4H; H-3), 4.82, 4.8176!.
(bs, 5H; H-1""YYV) "4 39 (m, 2H; H-2 H-5), 4.04 (m, 28H), 1.28, 1.25, 1.25, 1.21, 1.2091(@s, 54H;
COC(H3)3) ppm.; *C NMR (150 MHz, CDGCJ): & 178.51, 178.08, 178.03, 177.65, 177.65 (€0),
137.33-125.85 (aromati€), 103.29, 103.25 (5C, cti"v¥¥'), 101.37, 101.19, 101.07, (6C, GH), 88.80
(C-1P, 81.71 (C-9, 80.14, 79.96, 79.63, 78.12, 76.18, 75.83, 75/6%3, 70.30, 69.91, 69.87, 69.83, 69.62,
69.53, 69.50, 68.47, 68.17, 68.03, 67.92, 67.68%%4.55, 64.40, 64.33, 69.30, 39.27, 39.22,389.07,
(6C, CAC(CHy)s), 27.26, 27.22, 27.17, 26.889 (18C, COAHE)3) ppm.; Jen(l) = 173 Hz,Xen(Il, 1, IV, V) =

176 Hz, 176 Hz, 176 Hz, 176 Hz., 176 Hz; MALDI-TOFS: m/z calcd for GyHisd0sNa": 2137.858

[M+Na]"; found: 2137.489.

Phenyl
4,6-O-benzylidene-32-pivaloyl-o-D-mannopyranosyl-(32)-4,6-O-benzylidene-33-pivaloyl-a-D-mannopy
ranosyl-(1-2)-4,6-0-benzylidene-33-pivaloyl-a-D-mannopyranosyl-(42)-4,6-O-benzylidene-32-pivaloy
[-a-D-mannopyranosyl-(2)-4,6-0O-benzylidene-30-pivaloyl-a-D-mannopyranosyl-(42)-
4,6-0-benzylidene-32-pivaloyl-a-D-mannopyranosyl-(12)-
4,6-0-benzylidene-32-pivaloyl-1-thio-w-D-mannopyranosideM an-)

Rf= 0.49 (Toluene/AcOEt =6/1, v/v{H-NMR (600 MHz, CDCJ): § 7.49-7.23 (m, 40H; aromatic
H), 5.60 (m, 7H; Ph8), 5.48 (s,1H; H-1, 5.41 (dd, 1HJ,5= 3.6 Hz,J; = 10.8 Hz; H-3), 5.25 (m, 6H; H-3),
4.80 (m, 6H; H-1™""), 4.39 (m, 2H), 4.04 (m, 33H), 1.23 (7s, 63H; COB{);) ppm.; MALDI-TOF MS:m/z

calcd for GaHi6004Na": 2472.000 [M+Nal; found: 2471.963.

Phenyl
4,6-0-benzylidene-32-pivaloyl-a-D-mannopyranosyl-(12)-4,6-0O-benzylidene-339-pivaloyl-a-D-mannopy
ranosyl-(1-2)-4,6-0-benzylidene-33-pivaloyl-a-D-mannopyranosyl-(32)-4,6-O-benzylidene-32-pivaloy

I-a-D-mannopyranosyl-(12)-4,6-0-benzylidene-32-pivaloyl-o-D-mannopyranosyl-(3-2)-4,6-0O-benzylide



ne-3:0-pivaloyl-a-D-mannopyranosyl-(42)- 4,6 0-benzylidene-32-pivaloyl-a-D-mannopyranosyl-(2)-
4,6-0-benzylidene-32-pivaloyl-1-thio-a-D-mannopyranosideM ang)

Rf= 0.49 (Toluene/AcOEt =6/1, v/v{H-NMR (600 MHz, CDCJ): § 7.49-7.23 (m, 45H; aromatic
H), 5.60 (m, 8H; Ph8), 5.50 (s,1H; H-1, 5.41 (dd, 1HJ, 5 = 3.6 Hz,J; 4= 10.2 Hz; H-3), 5.26 (m, 7H; H-3),
4.87 (m, 7H; H-11I-IVII1), 4.39 (m, 2H), 4.04 (m8H), 1.23 (8s, 72H; COC(&)s) ppm.; MALDI-TOF MS:

m/z calcd for GsgHig6OsgNa’™: 2806.141 [M+Nal; found: 2806.439.

4.2.2. Synthesis of mannobiose

The thiophenyl mannoside(50 mg, 0.112 mmol) and NIS (0.5 eq, 13 mg, 0.0®6ol) in 3 mL of CHCI,
were stirred at —78 °C in the presence of MS 44riThfOH (3 pL, 34 pumol) was added. The reaction
mixture was stirred at —78 °C for 5 hours and ltgitmine was added. The reaction mixture was dillutith
EtOAc and filtered using Celite. The filtrate waasked with sat. aq M&0s;, sat. ag NaHC¢) sat. aq NacCl,
and dried over MgS£©The organic layer was filtered and concentrategcuo. The organic solvent was
evaporated under vacuum. The resultant residugurifged by HPLC and fitted on a gel filtration cohn

(JAIGEL-HR) to provide mannobiogéan, (23.9 mg) in 48% yield.

4.2.3. Large-scale synthesis of mannobiose and mannotriose

The thiophenyl mannoside(1.0 g, 2.24 mmol) and NIS (1 eq, 500 mg, 2.24 ind30 mL of CHCI, were
stirred at —78 °C in the presence of MS 4A. TfOH (B, 680 umol) was slowly added. The reaction omixt
was further stirred at —78 °C for 4 hours. The tieaamixture was added triethylamine and stirred28 °C
for 1 day. The reaction mixture was diluted witlDBtr and filtered using Celite. The filtrate was Wweg with
sat. aqg Ng5,0s, sat. ag NaHCg@) sat. ag NaCl, and dried over MgS®@he organic layer was filtered and
concentratedn vacuo. The resultant residue was applied to gel filtnatthromatography (SX1, toluene) to
obtain mannobiosklan, (316 mg, 32%) and mannotriose (278 mg, 28%) matraatasév an, (45 mg,
4.5%), mannopentaodsans (40 mg, 4.0%), mannohexobkans (17 mg, 1.7%), mannoheptadden; (5.2

mg, 0.5%) and mannooctadgiang (5.1 mg, 0.5%), respectively.



4.2.4. One-pot mannosylation using 2

The thiophenyl mannoside(101 mg, 0.224 mmol) and NIS (50 mg, 0.244 mmok mL of CHCI, were
stirred at —78 °C in the presence of MS 4A. The@HT(6 pL, 0.067 mmol) was added. The reaction was
stirred at =78 °C for 49 h. The reaction mixturesvadded to triethylamine. The mixture was diluteéthw
EtOAc and filtered using Celite. The filtrate waasked with sat. aq M&0s;, sat. ag NaHC¢) sat. ag NacCl,
and dried over MgS©The organic layer was filtered and concentratagcuo. The resultant residue was
purified by HPLC and fitted on a gel filtration cohn (JAIGEL-2HR and 2.5 HR) obtainiisgBnM an,,
3-BnMan;, and3-BnM an,. Each fraction was purified by silica-gel coluntir@matography receiving
mannobiose derivativiel anel-2Man (2.0 mg, 1.1%), mannobiose derivatManpl-2Man (12 mg, 6.6%),
mannotriose derivativel anpl-2M anal-2Man (5.8 mg, 2.3%), mannotriose derivative

Manpl-2Mangl-2Man (5.5 mg, 2.2%), anian-NS (39 mg, 40%), respectively.

Phenyl
3-0O-benzyl-4,60-benzylidene-D-mannopyranyl-(1-2)-8-benzyl-4,60-benzylidene-1-thia-D-mannopyr
anoside M anp1-2M an)

Rf= 0.29 (Toluene/AcOEt =5/1, v/viH-NMR (600 MHz, CDC}): § 7.52-7.24 (25H; aromatid),
5.55 (s, 1H; PhB), 5.49 (d, 1HJ,, = 1.2 Hz; H-1), 5.47 (s, 1H; PhB), 4.80 (m, 4H; Ph&,), 4.73 (d, 1H;
Ji, = 0.6 Hz; H-1), 4.62 (bd, 1H)J,, = 2.4 Hz; H-), 4.27 (m, 3H; H-5 H-4", H-6"), 4.19 (m, 2H; H-4
H-6"), 4.15 (bd, 1HJ;, = 3.0 Hz; H-3), 3.98 (dd, 1HJ, 5= 3.0 Hz,J;4 = 9.6 Hz; H-3, 3.77 (m, 2H; H-§
H-6"), 3.68 (dd, 1HJ,3=3.6 Hz,J3, = 9.0 Hz; H-8), 3.39 (td, 1HJs6e= 4.8 Hz, 45 = L 6. = 9.6 Hz; H-8),
3.16 (bs, 1H; ®) ppm.;**C NMR (150 MHz, CDG)): $138.17-126.12 (aromati€), 101.62 (PEH), 101.43
(PhCH), 97.62 (C-1), 86.69 (C-1), 78.75 (C-4, 78.63 (C-4), 76.24 (C-8), 74.63 (C-3, 74.54 (C-D), 72.64
(PhCH,), 72.52 (PRH,), 69.65 (C-8), 68.74(C-8), 68.47 (C-§, 66.96 (C-8), 65.36 (C-§ ppm.;
MALDI-TOF MS: m/z calcd for GgHisO:10SNa: 813.270 [M+Na]; found: 813.264. NMR data are in

accordance with those published previously [16].



Phenyl
3-0O-benzyl-4,60-benzylidenex-D-mannopyranyl-(1-2)-3-benzyl-4,60-benzylidene-1-thia-D-mannopyr
anosidgM ana1-2Man)

Rf= 0.50 (Toluene/AcOEt =5/1, viv{H-NMR (600 MHz, CDCJ) & 7.53-7.22 (m, 15H), 5.63 (s,
2H; PhH), 5.60 (s, 2H; H-1 H-1"), 4.88 (m, 2H; PhB,), 4.76-4.69 (m, 2H; Phd,), 4.22 (m, 8H), 4.00 (m,
2H), 3.85 (m, 3H) ppm.X*C-NMR (150 MHz, CDCJ) & 138.1-126.1 (aromati€), 101.72 (PEH, PHCH,
c-1"), 10157 (C-Y), 87.85, 79.08, 78.73, 77.33, 77.11, 76.90, 75730, 71.50, 68.62, 64.64 ppm. ;

MALDI-TOF MS: myz calcd for GgH460:0SNa’: 813.270 [M+Nal]; found: 813.453.

Phenyl
3-O-benzyl-4,60-benzylideng3-D-mannopyranyl-(1-2)-8-benzyl-4,60-benzylidenex-D-mannopyranyl-(
1-2)-3-0O-benzyl-4,60-benzylidene-1-thia-D-mannopyranosidéM anf1-2M ana1-2M an)

Rf= 0.41 (Toluene/AcOEt =6/1, v/v}H-NMR (600 MHz, CDC)): 6 7.51-7.04 (m, 30H; aromatic
H), 5.64 (s, 1H; PhB), 5.62 (bs,1H; H-), 5.60 (s, 1H; PhB), 5.51 (bs, 1H; H-}, 5.28 (s, 1H; PhB), 4.76
(m, 5H, Ph®,), 4.59 (d, 1HJ;, = 0.6 Hz; H-1'), 4.48 (m, 2H; H-2 PhCH,), 4.41 (dd, 1HJsa 6= 5.4 Hz,
Js6=10.2 Hz; H-8), 4.29 (m, 8H; H-4 H-5, H-2', H-4", H-5", H-2", H-4", H-6"), 3.99 (dd, 1HJsa6c= 4.8
Hz, Js6a = 10.8 Hz; H-§, 3.88 (m, 4H, H-3 H-6, H-3", H-6"), 3.78 (t, 1H,J56a = Jsase = 10.2 Hz; H-8),
3.69 (dd, 1H;, 3= 2.4 Hz,J; 4= 9.6 Hz; H-3'), 3.34 (td, 1HJ5 6= 4.8 Hz,J; 5 =J5 6= 9.6 Hz; H-8"), 2.36 (s,
1H; OH) ppm.;*C NMR (150 MHz, CDG)): § 138.89-125.94 (aromati€), 101.78, 101.64, 100.59 (¢)1
100.22, 99.26 (C4), 86.88 (C-1), 79.26, 78.68, 78.62, 77.52, 75.94, 74.37, 78BLH,), 72.99 (PEH,),
72.34, 71.04 (P@H,), 70.40, 68.77 (C-6), 68.41 (C-6), 67.77 (£}567.66 (C-6), 65.65, 63.66 pprdgx(l) =
168 Hz,"Jcy(Il) = 168 Hz, "Jey(lll) = 168 Hz; MALDI-TOF MS: mVz calcd for GeHeeO1sSNa': 1153.402

[M+Na]*; found: 1153.411.



Phenyl
3-O-benzyl-4,60-benzylidene3-D-mannopyranyl-(1-2)-38-benzyl-4,60-benzylideng-D-mannopyranyl-(
1-2)-3-O-benzyl-4,60-benzylidene-1-thia-D-mannopyranosidéM anp1-2M anp1-2M an)

Rf= 0.29 (Toluene/AcOEt = 5/1, v/\/ﬁH-NMR (600 MHz, CDCY)): 6 7.50-7.14 (m, 30H; aromatic
H), 5.59, 5.58, 5.53 (3s, 3H; PH(, 5.49 (d, 1H;),, = 1.2 Hz; H-1), 5.08 (s, 1H; HY), 4.68 (m, 7H; Ph8,,
H-1"") 4.54 (dd, 1HJ,,= 1.2 Hz,J, o= 3.6 Hz; H-)), 4.88 (d, 1H),, = 1.8 Hz; H-1'), 4.43 (dd, 1H),, =
1.2 Hz,J, 0= 3.0 Hz; H-9), 4.28 (m, 8H; H-5 H-6, H-2', H-4", H-6", H-2", H-4", H-6"), 3.96 (M, 4H;
H-3', H-4, H-6', H-6"), 3.75 (t, 1HJ34 = J45= 9.6 Hz; H-4, 3.66 (dd, 1HJ, 5= 3.0 Hz,J;, = 9.6 Hz;
H-3"), 3.53 (dd, 1HJ, 3= 3.0 Hz,J; , = 9.0 Hz; H-3), 3.40 (td, 1HJ5 6e= 4.8 Hz,J; 5 =J5 2= 9.6 Hz; H-8'),
3.34 (td, 1HJs 6= 4.8 Hz,J; 5 =J5 6.= 9.6 Hz; H-8) 2.35 (s, 1H; ®) ppm.;*C NMR (150 MHz, CDGCJ): §
138.23-126.12 (aromati€), 101.94, 101.62, 101.50, 100.95 (6;28.40 (C-1), 85.76 (C-1), 78.86, 78.37,
78.12, 77.55, 76.21, 75.06, 74.08, 74.00, 72.3€(R) 71.81 (PRH,), 71.71 (PH,), 69.00, 68.83, 67.80
(C-5"), 67.38 (C-8), 65.28 ppm}Jc(l) = 168 Hz,"Jcx(ll) = 163 Hz,"Jen(Il) = 156 Hz ; MALDI-TOF MS:

m/z calcd for GeHesO1sSNa: 1153.402 [M+Nal; found: 1153.417.

3-0O-benzyl-4,60-benzylidene-IN-succinimidob-mannopyranoseM an-NS)

'H-NMR (400 MHz, CDC}) & 7.51-7.29 (m, 30H), 6.74 (s, 1H), 6.59 (s, 1HB15(d,J = 8.0 Hz,
3H), 5.32 (d,J = 3.0 Hz, 2H), 5.28 (d] = 3.0 Hz, 1H), 4.93 (m, 2H), 4.83 (m, 2H), 4.31, @h), 4.24 (d,
1H),4.09 (m, 3H), 3.81 (m, 5H), 3.34 (m, 2H), 2(82 11H), 1.59 (s, 5H) ppm.; MALDI-TOF M$wz calcd

for CoH2s0/NNa'": 462.152 [M+Nal; found: 462.064.
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Figure 1. A: Structure of high-mannose type sugar chBirSynthetic scheme of oligomannosie derivatives
and putative mechanism for the stereo-selectiveogiylation viag) C-2 hydroxyl group assisted

epoxide-like intermediate, ob) remote participation from the C-3 position of fiiealoyl group.
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Figure 2. A: One-pot reaction with mannose derivativiRegents and conditions; NIS, TfOH, (CH, -78

OC), B: MALDI TOF MS spectra of the reaction mixtui@, HPLC chromatogram of the reaction mixture
(conditions; column; JAIGEL2HR-2.5HR, flow rate; tfl./min, solvent; chloroform, detection; UV 254 nm)

D: NMR spectra (CDG).
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chloroform, detection; UV 254 nmi}: NMR spectra (CDG).



Highlights

e a(1,2)-linked oligomannoside derivatives were synthesized using a one-pot method
e The mannosylation exclusively generated a-mannoside linkages
¢ a(1,2)-linked mannobiose and mannotriose derivatives were also easily prepared

* The a-directing effect was caused by the remote pivaloyl group in C-3 position
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