Acce pted Manuscrl pt Carbohydrate

RESEARCH

A concise synthesis of rhamnan oligosaccharides with alternating a-(1-2)/
(1-3)-linkages and repeating a-(1-3)-linkages by iterative a-glycosylation using
disaccharide building blocks

Hidenori Tanaka, Yu Hamaya, Nagatoshi Nishiwaki, Hideharu Ishida

PII: S0008-6215(17)30749-8
DOI: 10.1016/j.carres.2017.11.005
Reference: CAR 7483

To appearin:  Carbohydrate Research

Received Date: 10 October 2017
Revised Date: 9 November 2017
Accepted Date: 10 November 2017

Please cite this article as: H. Tanaka, Y. Hamaya, N. Nishiwaki, H. Ishida, A concise synthesis of
rhamnan oligosaccharides with alternating a-(1-2)/(1-3)-linkages and repeating a-(1-3)-linkages
by iterative a-glycosylation using disaccharide building blocks, Carbohydrate Research (2017), doi:
10.1016/j.carres.2017.11.005.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.



https://doi.org/10.1016/j.carres.2017.11.005

Graphical abstract

Glycosylation
{sE §Fh ; SiMe; |
i 227 ~ w27 e
o o
Bnbe 2 = R ua“ée g
ni n
NAPO NAPO  Aoug
B L2 PMB
o .
ole7o OBz Deprotection
NAPO
Two-step conversion
Me O
BnO l
o
o7 OO0 Glycosylation

Me
BnO SPh

NAPQ Mo
oPMB o J&# /

8]
Me ) OBz u

BnO.

NAPO Lo \

NAP
Deprotection




Title
A concise synthesis of rhamnan oligosaccharides witernatinga-(1—2)/(1—3)-linkages and

repeatingu-(1—3)-linkages by iterative-glycosylation using disaccharide building blocks

Hidenori Tanak& ", Yu Hamayd, Nagatoshi Nishiwaki ¢, Hideharu Ishid4 ©

& Oceanography Section, Science Research Centehi Kirdversity, Monobe, Nankoku, Kochi
783-8502, Japan

® Department of Applied Bioorganic Chemistry, Faguttf Applied Biological Sciences, Gifu
University, 1-1 Yanagido, Gifu, Gifu 501-1193, Japa

¢ School of Environmental Science and EngineeringgH University of Technology, Tosayamada,
Kami, Kochi 782-8502, Japan

¢ Research Center for Material Science and Engimgerkochi University of Technology,
Tosayamada, Kami, Kochi 782-8502, Japan

¢ Center for Highly Advanced Integration of Nano drif# Sciences (G-CHAIN), Gifu University,

1-1 Yanagido, Gifu, Gifu 501-1193, Japan

Corresponding Author



E-mail address: htanaka@kochi-u.ac.jp (H. Tanaka)

Abstract

A concise synthetic route to rhamnan oligosacclearigith alternating-(1—2)/(1—3)-linkages and

repeatingo-(1—3)-linkages is reported. This synthesis was ackidwe iterativea-glycosylation

using disaccharide building blocks and through agtmal coupling between thioglycosides of

L-rhamnose. To investigate the detailed structutieipc relationship of rhamnan sulfate from

Monostroma nitidurmragainst herpes simplex virus type 2, the syntledsitigosaccharides, bearing

different orthogonal protecting groups (i.e., bendzobenzyl, 2-naphthylmethyl, and/or

p-methoxybenzyl) are expected to be suitable fovewsion into a range of rhamnan structures with

diverse sulfation patterns.
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1. Introduction

Sulfated polysaccharides from marine algae have ddely studied in recent years due to their



unique chemical structures and interesting bioklgactivities [1,2]. For example, fucoidan, which

has been isolated from brown seaweed, is a sultatedlicose-rich polysaccharide that exhibits

antitumor, anticoagulant, and anti-inflammatoryiaties [3,4]. Recently, Takahashi and Toshima et

al. demonstrated the structure-activity relatiopshof natural fucoidan and the corresponding

synthetic sulfated oligofucosides for the inductafrapoptosis in MCF-7 human breast cancer cells

[5,6, 7]. In addition, sulfated rhaman polysacadthesi (e.g., rhamnan sulfate, RS) from green

seaweed, which mainly composedoef-rhamnopyranosyl (Rha) residues, possess poteintraht

effects against enveloped viruses [8,9]. Lee etlatidated the fine structure of RS extracted from

Monostroma nitidumand found that it contained alternating—+2)/(1—3)-linked and repeating

(1—3)-linked a-L-Rha moieties as its backbone (types | and II, eetbyely, Figure 1) [10]. They

also evaluated its antiviral activity against herpenplex virus type 2 (HSV-2), and demonstrated it

potential for use as a novel anti-HSV-2 agent. Haxeit remains unclear which residues in this

structure are required to impart such anti-HSV-4dviag. Thus, with the future aim of investigating

the detailed structure-activity relationship of R&, planned an efficient and convergent synthdsis o

rhamnan oligosaccharides with diverse sulfatiortepas. For this purpose, we herein describe a

concise synthetic route to type | and Il rhamnagoslaccharides via iterativeglycosylation using

disaccharide building blocks.
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Figure 1. Chemical structure of rhamnan sulfate obtainethilonostroma nitidum

2. Resaults and Discussion

Retrosynthetically, rhamnan oligosaccharides afeiaftly assembled via iterative-selective

glycosylation using building blocks and2, each possessing a®benzoyl (Bz) group that permits

neighboring group participation [11B¢heme 1). Disaccharidel, which can be constructed by

orthogonal coupling [12] between thioglycosidgésand 4, is readily converted int@ via two

synthetic steps, and the required thioglycosidespaepared from key intermedidievia a number

of protecting group manipulations.
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Scheme 1. Retrosynthetic analysis of rhamnan oligosacclearid with alternating

a-(1—2)/(1—23)-linkages and repeating(1—3)-linkages.

As shown inScheme 2, our synthetic efforts began with the preparaidrkey intermediateb.

Ot



Accordingly, the acetylation of commercially availe L-Rha 6 followed by coupling with

thiophenol in the presence of a boron trifluoridétheeate catalyst gave p€racetylated

thioglycoside7 [13] with gooda-selectivity ¢:p = 4:1) in 87% yield on the multigram scale (ix.,

50 g). To facilitate analysis of the prepared coumuts, a-isomer of 7 was employed for the

following synthetic sequence. Thus, a benzyl (Brjug was introduced at the 4-position through

deacetylation of7a and regioselective formation of the ZX3acetonide. Following removal of this

acetonide group, the C3 hydroxyl moiety was alledatising 2-napthylmethyl bromide (NAPBTr) via

tin-acetal activation [14] to afford the key intexdiate5 in 53% yield from7a. With compoundb in

hand, alkylation at the 2-position withp-methoxybenzyl chloride (PMBCI) provided

monosaccharide don@r(92%), while treatment d with benzoyl chloride (BzCl) in pyridine and

subsequent deprotection of the NAP group usingliBloro-5,6-dicyanobenzoquinone (DDQ) [15]

yielded monosaccharide accepiqi78%).
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Scheme 2. Preparation of monosaccharidggl, and5. Reagents and conditions: (a),8¢ pyridine,
23°C, 17 h; (b) PhSH, BfELO/CH,Cl,, 23°C, 5 h, 87% :p = 4:1) over two steps; (c) NaOMe,
MeOH, 23°C, 1 h; (d) DMPp-TsOH-HO/MeCN, 23°C, 1 h; (e) NaH/DMF, then BnBr, 4C to
23 °C, 1 h; (f) 90% aqg. AcOH, 80C, 24 h; (g) BuSnO/toluene, 120C, 1 h; (h) NAPBt,
TBAl/toluene, 120°C, 16 h, 53% over six steps frofa; (i) NaH/DMF, then PMBCI, 4C to 23°C,
1 h, 92%; (j) BzCl, pyridine, € to 23°C, 1 h; (k) DDQ, MeOH/Ch{I,, 23°C, 12 h, 78% over two

steps. DMP = 2,2-Dimethoxypropane, TBAI = Tetralartynonium iodide

The synthesis of disaccharidésand 2 was then carried out as illustrated $Soheme 3. More
specifically, orthogonal coupling [12] of the armiibglycoside3 and the disarmed thioglycoside
was achieved in the presenceNsfodosuccinimide (NIS) and trifluoromethanesulfoaiid (TfOH)

to yield the desired coupling produttin 0 yield. The observed vicindt: 4, coupling
[16] ield the desired li duttin 50% vyield. The ob d vicindk li

7



constant and C1 chemical shift (i.e., 167 Hz an@d dm) of the non-reducing endRha unit inl
indicated that the: configuration was adopted at the anomeric cerdféflB]. The conversion df

into 2 was achieved by removal of the PMB group [19] smdsequent benzoylation.
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Scheme 3. Synthesis of disaccharide building block&nd 2. Reagents and conditions: (a) NIS,

TfOH/CH,Cl,, —~78°C to —60°C, 2 h, 50% ¢ only); (b) 90% ag. AcOH, 86C, 6 h, 68%:; (c) BzCl,

pyridine, 4°C to 23°C, 30 min, 94%.

With disaccharided and2 in hand, the type | and Il rhamnan oligosaccharidere prepared via

iterative a-glycosylation by neighboring group participatiointioe 20-Bz group. More specifically,

to prepare the oligosaccharide with alternatingl—2)/(1—3)-linkages (Scheme 4), the PMB

group was cleanly removed under mildly acidic ctinds after capping the reducing endlofvith

2-(trimethylsilyl)ethanol (SEOH) to ultimately fuem disaccharide accept8rin 73% yield over



two steps. The glycosylation &f with 1 using the NIS/TfOH system proceeded incaselective
manner to afford the desired coupling prodaich 76% yield. Subsequent PMB deprotectiorfof
gavel0, which was coupled with to produce hexasaccharidle with completen-selectivity but in

a rather poor yield (36%).
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Scheme 4. Synthesis of oligosaccharides with alternain(l—2)/(1—3)-linkages using iterative
glycosylation from disaccharide building blotk Reagents and conditions: (a) SEOH (1.5 equiv.),
NIS, TFOH/CH,Cl,, 4° C, 10 min, 70%¢ only); (b) 90% aq. AcOH, 86C, 48 h, 73%; (cl (1.2

equiv.), NIS, TFOH/CHClI,, 4 °C, 30 min, 76%d only); (d) 90% aqg. AcOH, 80C, 48 h, 73%; (e}l
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(2.0 equiv.), NIS, TfOH/CHKLCI,, 4°C, 30 min, 36%d only).

We also elongated the oligosaccharide chain throwgleatinga-(1—3)-linkages $cheme 5).
Initially, a two-step reaction sequence was folldweensisting of end capping of compouevith
SEOH and removal of the NAP group to obtain acaep®o Finally, a synthetic cycle involving
a-glycosylation with2 and NAP deprotection using DDQ was employed toesyatically construct
tetrasaccharid@3 and hexasaccharid® (via acceptod4) through high yielding coupling reactions

in 83% and 92%, respectively.
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Scheme 5. Synthesis of oligosaccharides with repeatingl—3)-linkages using iterative
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glycosylation from disaccharide building blo2k Reagents and conditions: (a) SEOH (1.5 equiv.),
NIS, TFOH/CHCl,, 4 °C, 10 min, 67%d only); (b) DDQ, MeOH/CHCI,, 23°C, 12 h, 72%); (c?
(1.2 equiv.), NIS, TfOH/CELCI,, 4°C, 30 min, 83%d only); (d) DDQ, MeOH/CHCI,, 23°C, 12 h,

70%; (e)2 (2.0 equiv.), NIS, TFOH/CECI,, 4°C, 30 min, 92%¢d only).

In summary, we successfully developed a conciséhstio route to rhamnan hexasaccharides with
alternatinga-(1—2)/(1—3)-linkages and repeating-(1—3)-linkages by iterativer-glycosylation
using disaccharide building blocks. It is particlylanoteworthy that one of these disaccharides was
successfully constructed via orthogonal couplingween armed and disarmed thioglycosides
originating fromL-rhamnose. The prepared oligosaccharides, beanagge of different orthogonal
protecting groups (i.e., benzoyl, benzyl, 2-naphttethyl, and/op-methoxybenzyl), are suitable for
conversion into several rhamnan structures witlerdie sulfation patterns. Studies into the detail
structure-activity relationship of rhamnan sulfaggainst herpes simplex virus type 2 are currently

underway in our laboratory.

3. Experimental
3.1. General

'H and ®C NMR spectra were recorded using JEOL ECA-500 &mdker Ascend™-400
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spectrometers, respectively. High resolution mpsstsometry (HRMS) was carried out on a Bruker

Daltonics micrOTOF electrospray ionization timeflight (ESI-TOF) mass spectrometer. The

specific optical rotations of the products wereed®ined using a Horiba SEPA-300 high sensitive

polarimeter. All reagents were purchased from To&p@mical Industry (Tokyo, Japan), Wako Pure

Chemical Industries (Osaka, Japan), or Sigma-Ald¢&t. Louis, MO). All reaction solvents were

pre-dried using 4A molecular sieves prior to useinTlayer chromatography was performed using

glass-backed Merck silica gel 60 TLC plates coandth the Fs4 fluorescent indicator. The

developed TLC plates were observed using UV ligBd(nm) and by staining withmanisaldehyde

solution. Purification was carried out using flasilumn chromatography (Kanto Chemical, Silica

Gel 60N, 40-5Qum) and gel filtration (Pharmacia, Sephadex LH-20)¢ NMR spectra of all new

compounds are available in the Supplementary Mdseri

3.2. Phenyl 4-O-benzyl-3-O-(2-naphthylmethyl)- bl -rhamnopyranosid€b)

To a suspension of phenyl 2,3,4®@acetyl-1-thioe-L-rhamnopyranosid8 (46.0 g, 120 mmol) in

methanol (120 mL) was added sodium methoxide (28%alution in methanol: 2.32 g, 12.0 mmol)

before stirring for 1 h at 23C under nitrogen atmosphere. The reaction mixtuae acidified with

Muromae (H" form) and filtered off. The resulting solution wesncentrateéh vacuoand exposed

to high vacuum. For acetonide formation, the degetetd crude product (120 mmol) was dissolved

12



in a mixed solution of acetonitrile/2,2-dimethoxgpane (120 mL/29.5 mL, 240 mmol) before

treatment with p-toluenesulfonic acid monohydré2e28 g, 12.0 mmol). After stirring for 1 h at

23 °C under nitrogen atmosphere, the reaction mixtuss guenched by triethylamine (33.5 mL,

240 mmol). The resulting solution was concentratedlacuoand exposed to high vacuum. For

benzyl ether protection, the 2(Bacetonide crude product (120 mmol) was dissolved i

N,N’-dimethylformamide (120 mL) before cooling t6@ using ice bath under nitrogen atmosphere.

After addition of sodium hydride (60% wt. in oil:1B g, 180 mmol) portionwise over 1 h, benzyl

bromide (17.1 mL, 144 mmol) was added and the i@aetas stirred for additional 1 h at 28.

The mixture was treated with triethylamine (16.7,mMP20 mmol) for quenching unreacted benzyl

bromide and poured into satd. aq. JH(120 mL) to precipitate a pale brown solid. Affitration,

the solid was washed with water (600 mL) and 50% ragthanol (600 mL). For acetonide

deprotection, the 2,@-acetonide-49-benzyl crude product (120 mmol) was dissolved 0#68ag.

acetic acid (240 mL) before heating to 8D using oil bath. After stirring for 24 h, the réaa

mixture was allowed to cool to 2& and concentrateid vacuo The resulting syrup was dissolved

in hot ethyl acetate (200 mL) and cooled t8Ctusing ice bath to precipitate a white solid. Afte

filtration, the solid was washed with a mixed smintof ethyl acetate/hexane (200 mL/400 mL) to

give the corresponding @-benzyl productSl (34.8 g, 84%) as a white solid. For regioselective

2-napthylmethyl ether protectioBl (3.46 g, 9.99 mmol) was dissolved in toluene (&0 before

13



addition of dibutyltin oxide (2.48 g, 9.96 mmol)ftér stirring for 1 h at 120C using oil bath under
nitrogen atmosphere, the reaction mixture was cbide 23 °C and evaporated until dry. The
resulting syrup was dissolved in toluene (100 méfpbe addition of 2-napthylmethyl bromide (3.32
g, 15.0 mmol) and tetrabutylammonium iodide (369 M§0 mmol). After stirring for 16 h at 8C
using oil bath under nitrogen atmosphere, the i@achixture was cooled to Z& and concentrated
in vacuo The crude product was purified by flash colummoatatography (silica gel, ethyl
acetate:hexane = 1:6 1:3) to give the title compourtsi(3.06 g, 63%) as a white foam.

[a]o —169.4° (¢ 3.5, CHGJ; "H NMR (400 MHz, CDC)) § 7.84-7.21 (m, 17H, Ph), 5.52 (s, 1H,
H-1), 4.93-4.65 (m, 4HGHPhx4), 4.27 (brs, 1H, H-2), 4.20 (m, 1H, H-5), 3(8d, 1H,J, 5= 3.2
Hz,Js4= 9.3 Hz, H-3), 3.55 (t, 1Hl 5 = 9.3 Hz, H-4), 2.76 (brs, 1H, OH), 1.31 (d, 3kls = 6.2 Hz,
H-6); *C NMR (100 MHz, CDGJ)) § 138.3, 135.0, 134.1, 133.2, 133.1, 131.4, 1298,4}, 128.4,
127.9,127.9,127.7,127.7,127.3, 126.8, 126.8,11225.8, 87.0, 80.1, 80.1, 75.4, 72.2, 70.19,68.

17.8; HRMS (ESI-TOF) m/z: found [M+N&p09.1751, GH340.S calcd for [M+Na] 509.1757.

3.3. Phenyl

4-0O-benzyl-2-0O-(4-methoxybenzyl)-3-O-(2-naphthytyli{l -thio-u-L-rhamnopyranosid€3)

To a solution of phenyl ©&-benzyl-30-(2-naphthylmethyl)-1-thia-L-rhamnopyranosidb (2.44 g,

5.01 mmol) inN,N’-dimethylformamide (10.0 mL) was added sodium hyelri60% wt. in oil: 302

14



mg, 7.55 mmol) portionwise over 20 min af@ using ice bath under nitrogen atmosphere before
addition of p-methoxybenzyl chloride (0.82 mL, 6.05 mmol). Aftglirring for 1 h at 23C, the
reaction mixture was quenched with triethylaming ¢hL, 10.0 mmol) and satd. agq. MH (50 mL).
The resulting solution was extracted with ethyltatee (50 mLx3) and washed with brine (50 mL).
The combined organic layer was dried ovepd@, and concentrateith vacuo The crude product
was purified by recrystallization with ethyl acetdéiexane to give the title compouBd(2.79 g,
92%) as a white solid.

[a]o —32.2° (¢ 1.3, CHG); 'H NMR (400 MHz, CDC})) § 7.82-6.77 (m, 21H, Ph), 5.46 (s, 1H, H-1),
5.00-4.55 (m, 6H,GHPhx6), 4.15 (m, 1H, H-5), 4.00 (brs, 1H, H-2), 3(@@ 1H, H-3), 3.70 (m,
4H, H-4 and OMe), 1.36 (d, 3Hg¢ = 6.2 Hz, H-6);"*C NMR (100 MHz, CDGJ) § 159.2, 138.5,
135.7, 134.6, 133.2, 132.9, 131.3, 129.8, 129.8,92128.3, 128.0, 127.9, 127.8, 127.6, 127.5,
127.1, 126.4, 126.0, 125.8, 125.8, 113.7, 85.%,810.9, 76.0, 75.3, 72.0, 71.7, 69.3, 55.1, 17.9;

HRMS (ESI-TOF) m/z: found [M+N&]629.2327, GgH350sS caled for [M+Na] 629.2332.

3.4. Phenyl 2-O-benzoyl-4-O-benzyl-1-thio-rhamnopyranosidéd)
To a solution of phenyl ©&-benzyl-30O-(2-naphthylmethyl)-1-thia-L-rhamnopyranosidb (1.90 g,
3.90 mmol) in pyridine (7.8 mL) was added benzdybdde (0.54 mL, 4.65 mmol) at*€ using ice

bath before stirring for 1 h at 2& under nitrogen atmosphere. After quenching wigthanol (0.40

15



mL, 0.99 mmol), the mixture was evaporated witlhuéale (10 mLx3) and purified by flash column
chromatography (silica gel, ethyl acetate:hexanel:8 — 1:6) to give the corresponding
2-O-benzylated compoun®? (2.20 g, 96%) as a yellow syrup.

S2 (1.01 g, 1.69 mmol) was dissolved in a mixed sofubf dichloromethane/methanol (6.8 mL/1.7
mL) before addition of 2,3-dichloro-5,6-dicyanobegaminone (461 mg, 2.03 mmol). After stirring
for 12 h at 23°C, the reaction mixture was diluted with ethyl atet(100 mL). The resulting
solution was washed with satd. aq. NaHGO00 mLx2) and brine (100 mL). The aqueous layers
were extracted with ethyl acetate (100 mLx2). Thmlgined organic layer was dried over,8@y
and concentrateth vacuo The crude product was purified by flash colummoatatography (silica
gel, ethyl acetate:hexane = £81:6) to give the title compourtl(604 mg, 78%) as a white foam.
[a]lo —118.2° (c 3.6, CHG); 'H NMR (400 MHz, CDC}) 58.04-7.22 (m, 10H, Ph), 5.61 (m, 1H,
H-2), 5.55 (s, 1H, H-1), 4.87 (d, 18 = 11.2 Hz, €HPh), 4.77 (d, 1H) = 11.2 Hz, €HPh), 4.30 (m,
1H, H-5), 4.21 (dd, 1H},5= 3.2 Hz,J54 = 9.4 Hz, H-3), 3.56 (t, 1H; 4 = Js5 = 9.4 Hz, H-4), 2.42
(brs, 1H, OH), 1.41 (d, 3Hls s = 6.2 Hz, H-6);*C NMR (100 MHz, CDG)) 5 166.1, 138.0, 133.8,
133.2, 131.6, 129.7, 129.5, 128.9, 128.4, 128.8,012127.8, 127.5, 85.8, 81.5, 75.0, 74.8, 70.9,
68.7, 17.9; HRMS (ESI-TOF) m/z: found [M+Na}73.1399, GH»0sS calcd for [M+Na]

473.1393.

16



3.5. Phenyl
4-0O-benzyl-2-0O-(4-methoxybenzyl)-3-O-(2-naphthyyleti-L-rhamnopyranosyl- (4 3)-2-O-benz
oyl-4-O-benzyl-1-thie-L-rhamnopyranosidé€l)

A mixture of donor3 (757 mg, 1.25 mmol) and acceptb(467 mg, 1.04 mmol) in dichloromethane
(2.1 mL) was premixed with molecular sieves 4A (460) for 30 min at 23C under nitrogen
atmosphere before cooling to —78 using dry ice/acetone. After addition Nfiodosuccinimide
(287 mg, 1.28 mmol) and trifluoromethanesulfonitdda@7 uL, 0.31 mmol), the reaction mixture
was stirred warming up to —6C over 2 h and quenched with trimethylamine (0.43 &09 mmol)

at —60°C before addition of a mixed solution of satd. dgHCOy/satd. aq. N£5,03 (20 mL/20 mL)

at 4°C using ice bath. After additional 10 min stirrinbe resulting mixture was filtered through a
pad of Celit€ with chloroform (40 mL). The organic layer was aggted from the aqueous layer and
washed with brine (40 mL). The aqueous layers veatteacted with chloroform (40 mLx2). The
combined organic layer was dried over,8@, and concentratemh vacuo The crude product was
purified by flash column chromatography (silica,gghyl acetate: hexane = 1:101:8) to give the
titte compoundl (482 mg, 50%) as a white foam.

[a]lo =73.7° (c 1.2, CHG); 'H NMR (400 MHz, CDC}) & 8.05-6.74 (m, 31H, Ph), 5.64 (brs, 1H,
H-2%, 5.56 (s, 1H, H-Y, 5.06 (s, 1H, H-3, 4.88-4.45 (m, 8HGHPhx8), 4.25 (m, 1H, H3, 4.16

(dd, 1H,J, 5= 3.0 Hz,J; 4 = 9.3 Hz, H-8), 3.81-3.69 (m, 6H, H2H-3, H-5° and OMe), 3.60-3.53

17



(m, 2H, H-4 and H-4), 1.29 (d, 3HJs 6= 6.2 Hz, H-6), 1.19 (d, 3HJs ¢ = 6.2 Hz, H-6); *C NMR
(100 MHz, CDC}) & 165.6, 159.1, 138.8, 138.0, 136.0, 133.8, 13333,2] 132.8, 131.8, 130.2,
129.9, 129.7, 129.3, 129.0, 128.4, 128.4, 128.7,912127.8, 127.7, 127.6, 127.6, 127.4, 127.4,
127.3, 126.1, 126.0, 125.7, 125.7, 113.7, 1001 = 167 Hz), 85.7, 80.3, 80.2, 79.4, 78.0, 75.3,
74.9,74.5, 74.4,72.2, 72.2, 69.1, 55.1, 17.8;IHRMS (ESI-TOF) m/z: found [M+N4]969.3630,

CsgHsg010S caled for [M+Na] 969.3643.

3.6. Phenyl
2-0O-benzoyl-4-0O-benzyl-3-0-(2-naphthylmetlal)-rhamnopyranosyl-(4>3)-2-O-benzoyl-4-O-be
nzyl-1-thioa-L-rhamnopyranosid€?)

Disaccharidél (200 mg, 213umol) was dissolved in 90% ag. acetic acid (4.2 arg the reaction
was allowed to warm to 8 using oil bath before stirring at the same termjpee for 6 h. The
resulting mixture was evaporated with toluene (5<@)Land purified with flash column
chromatography (silica gel, ethyl acetate:hexadeB=— 1:4) to give the corresponding de-PMB
productS3 (118 mg, 68%) as a white foam.

A solution ofS3 (195 mg, 23G@umol) in pyridine (1.2 mL) was cooled to 4 °C using bath before
addition of benzoyl chloride (82, 706 umol). After stirring for 30 min at 23C under nitrogen

atmosphere, the reaction mixture was quenchedmétnanol (9L, 2.37 mmol) and evaporated
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with toluene (2 mLx2). The resulting syrup was digsd in a mixed solution of ethyl acetate/water
(20 mL/20 mL). The organic layer was separated ftloenaqueous layer and washed with brine (20
mL). The aqueous layers were extracted with etbgtatte (20 mLx2). The combined organic layer
was dried over N&O, and concentrateid vacuo The crude product was purified by flash column
chromatography (silica gel, ethyl acetate:hexaie8=— 1:6) to give the title compouri(207 mg,
94%) as a white foam.

[a]lo —11.8° (c 3.0, CHG); 'H NMR (400 MHz, CDC}) & 8.08-7.16 (m, 32H, Ph), 5.69 (m, 1H,
H-2"), 5.67 (m, 1H, H-3, 5.57 (s, 1H, H-3, 5.24 (s, 1H, H-3), 4.86-4.53 (m, 6HGHPhx6), 4.26
(m, 2H, H-3 and H-58), 3.99 (dd, 1HJ, 5= 3.1 Hz,J54 = 9.4 Hz, H-8), 3.87 (m, 1H, H-9, 3.66 (t,
1H,J54=Js5= 9.4 Hz, H-#), 3.53 (t, 1HJ,5= 9.4 Hz, H-4), 1.34 (d, 3HJs = 6.2 Hz, H-6), 1.23

(d, 3H,J56 = 6.2 Hz, H-6); *C NMR (100 MHz, CDG)) § 165.7, 165.6, 138.5, 137.7, 135.5, 133.8,
133.3, 133.2, 132.8, 129.9, 129.8, 129.7, 129.@.512128.4, 128.2, 127.9, 127.9, 127.8, 127.7,
127.6, 127.5, 127.4, 126.4, 125.8, 125.7, 99.6/,8%0.4, 79.7, 78.0, 77.7, 75.5, 74.7, 74.3, 71.5,
69.7, 69.2, 68.9, 18.0, 17.9; HRMS (ESI-TOF) méurfd [M+Na] 953.3334, GHs4010S calcd for

[M+Na]* 953.3330.
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3.7. 2-Trimethylsilylethyl
4-0-benzyl-3-0O-(2-naphthylmethybt-rhamnopyranosyl-(%>3)-2-O-benzoyl-4-O-benzyH._-rha
mnopyranosid€g)

A mixture of disaccharidé (1.27 g, 1.34 mmol), 2-trimethylsilylethanol (0.8, 2.02 mmol), and
N-iodosuccinimide (369 mg, 1.64 mmol) in dichlorohwmate (6.7 mL) was premixed with molecular
sieves 4A (670 mg) for 30 min at 2@ under nitrogen atmosphere before cooling t€ 4ising ice
bath. After addition of trifluoromethanesulfonicidg¢36 uL, 199 mmol), the reaction mixture was
stirred for 10 min at the same temperature and apesh with a mixed solution of satd. ag.
NaHCOy/satd. aq. N#5,03 (20 mL/20 mL). After additional 10 min stirringhe resulting solution
was filtered through a pad of Cefitevith chloroform (40 mL). The organic layer was aeped
from the aqueous layer and washed with brine (4Q.mMbe aqueous layers were extracted with
chloroform (40 mLx2). The combined organic layerswaried over Ng5O; and concentrateih
vacuo The crude product was purified by flash columrroatatography (silica gel, ethyl
acetate:hexane = 1:6 1:4) to give the desired glycosi®é (897 mg, 70%) as a white foam.

4 (218 mg, 228umol) was dissolved in 90% ag. acetic acid (4.6 amhgd the reaction was allowed
to warm to 80°C using oil bath before stirring at the same temjpee for 48 h. The resulting
mixture was evaporated with toluene (5 mLx2) andfigd by flash column chromatography (silica

gel, ethyl acetate:hexane = £61:3) to give the title compour&l(140 mg, 73%) as a white foam.
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[a]o —14.1° (c 2.3, CHG); 'H NMR (400 MHz, CDC}) & 8.04-7.15 (m, 22H, Ph), 5.31 (brs, 1H,
H-2%, 5.05 (s, 1H, H-), 4.83 (s, 1H, H-3, 4.78-4.48 (m, 6H,GHPhx6), 4.19 (dd, 1H}, 3 = 3.3

Hz, Js4 = 9.4 Hz, H-3), 3.88 (brs, 1H, H-3, 3.80-3.70 (m, 4H, H3 H-5*, H-5" and CHCH,Si),
3.48 (m, 2H, H-2and CHCH,Si), 3.38 (t, 1HJs4 = Js5 = 9.4 Hz, H-4), 2.33 (brs, 1H, OH), 1.27
(d, 3H,J56 = 6.2 Hz, H-6), 1.13 (d, 3HJs6 = 6.2 Hz, H-6), 0.98-0.83 (m, 2H, -C}€HSix2), 0.00

(s, 3H, SiMg); °*C NMR (100 MHz, CDG)) 5 165.9, 138.6, 138.0, 135.4, 133.2, 133.1, 133.0,
130.1, 129.8, 128.5, 128.4, 128.2, 127.9, 127.8,712127.6, 127.4, 126.5, 126.1, 126.0, 125.7,
101.2, 96.7, 80.6, 79.8, 79.6, 77.8, 77.2, 75.36,743.2, 72.2, 69.2, 68.2, 67.6, 65.3, 18.0, 17.9,
17.7, -1.3; HRMS (ESI-TOF) m/z: found [M+NaB57.3682, GyHs¢0:0Si calcd for [M+Na]

857.3691.

3.8. 2-Trimethylsilylethyl
4-0O-benzyl-2-0O-(4-methoxybenzyl)-3-O-(2-naphthyyleti-L-rhamnopyranosyl- (4 3)-2-O-benz
oyl-4-O-benzyk-L-rhamnopyranosyl- (& 2)-4-0O-benzyl-3-O-(2-naphthylmethyht -rhamnopyran
0syl-(1—3)-2-0O-benzoyl-4-O-benzyH -rhamnopyranosid€9)

A solution of donorl (184 mg, 194imol), acceptoB (133 mg, 159mol), andN-iodosuccinimide
(53.1 mg, 23@mol) in dichloromethane (1.6 mL) was premixed wattivated molecular sieves 4A

(350 mg) for 30 min at 23C under nitrogen atmosphere before cooling t€ 41sing ice bath. After
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addition of trifluoromethanesulfonic acid (4u2, 47 umol), the reaction mixture was stirred at the
same temperature for 30 min and quenched with &dnsolution of satd. ag. NaHG®atd. aqg.
NaS,03 (10 mL/10 mL). After additional 10 min stirrinche resulting mixture was filtered through
a pad of Celit8 with chloroform (20 mL). The organic layer was aggted from the aqueous layer
and washed with brine (20 mL). The aqueous layerewxtracted with chloroform (20 mLx2). The
combined organic layer was dried over,8@, and concentratemh vacuo The crude product was
purified by gel filtration (sephadex LH-20, chlooof/methanol = 1/1) and flash column
chromatography (silica gel, ethyl acetate:hexaie8=— 1.6) to give the title compouri(202 mg,
76%) as a white foam.

[a]o —25.3° (¢ 1.5, CHG); 'H NMR (400 MHz, CDC}) & 8.04-6.68 (m, 48H, Ph), 5.55 (brs, 1H,
H-29, 5.30 (brs, 1H, H3, 5.09 (s, 2H, H-1and H-£), 5.00 (s, 1H, H-Y), 4.86-4.33 (m, 15H, H%1
and CHPhx14), 4.24 (dd, 1Hl5 = 3.2 Hz,J34 = 9.4 Hz, H-8), 4.13 (dd, 1HJ,3= 3.2 Hz,J3 4 =

9.3 Hz, H-3), 3.86-3.39 (m, 17H, H2H-2, H-3, H-3, H-4 H-£°, H-£, H-4°, H-5 H-5° H-5',
H-5, OMe and EHCH,Six2), 1.21 (d, 3HJs¢ = 6.2 Hz, H-6), 1.13 (m, 9H, H-§ H-6° and H-6),
0.99-0.84 (m, 2H, -CKCHSIx2), 0.00 (s, 3H, SiMg *C NMR (100 MHz, CDGJ) § 165.9, 165.4,
159.1, 138.9, 138.8, 138.2, 138.0, 136.2, 135.8,213133.2, 133.2, 133.0, 132.8, 132.8, 130.3,
130.2, 130.1, 129.8, 129.8, 128.4, 128.4, 128.8.012128.0, 127.9, 127.8, 127.8, 127.7, 127.6,

127.5, 127.3, 127.2, 126.2, 126.1, 125.9, 125.8,7,2125.5, 113.6, 101.0, 99.8, 96.6, 80.4, 80.3,
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80.1, 79.8, 79.7, 79.0, 78.5, 76.0, 75.4, 75.18,724.6, 74.5, 73.1, 72.8, 72.3, 72.2, 72.1, 688G,
67.6, 65.3, 55.1, 18.0, 17.9, 17.8, 17.7, -1.3; HRWESI-TOF) m/z: found [M+N&]1693.7251,

Ci01H110020Si calced for [M+Na] 1693.7252.

3.9. 2-Trimethylsilylethyl
4-0-benzyl-3-0O-(2-naphthylmethybt-rhamnopyranosyl-(%>3)-2-O-benzoyl-4-O-benzyH._-rha
mnopyranosyl-(42)-4-0O-benzyl-3-O-(2-naphthylmethylt-rhamnopyranosyl-(£3)-2-O-benzoy
I-4-O-benzyle-L-rhamnopyranosid€10)

Tetrasaccharid® (202 mg, 121umol) was dissolved in 90% ag. acetic acid (2.4 rmahil the
reaction was allowed to warm to 8C before stirring at the same temperature for 48te
resulting mixture was evaporated with toluene (5 x8)L and purified by flash column
chromatography (silica gel, ethyl acetate:hexaded= 1:3) to give the title compouri® (137 mg,
73%) as a white foam.

[a]p —18.3° (¢ 2.7, CHG); "H NMR (400 MHz, CDC}) § 8.05-7.12 (m, 44H, Ph), 5.54 (dd, 1H,
= 1.7 Hz,J,5 = 3.2 Hz, H-9), 5.29 (dd, 1HJ;, = 1.6 Hz,J,5 = 3.2 Hz, H-9), 5.09 (brs, 1H, H),
5.06 (d, 1HJ;, = 1.7 Hz, H-), 5.00 (d, 1HJ,, = 1.5 Hz, H-), 4.84 (d, 1HJ;, = 1.6 Hz, H-7),
4.82-4.26 (m, 12HGHPhx12), 4.24 (dd, 1Hl 3= 3.2 Hz,J; 4 = 9.4 Hz, H-8), 4.13 (dd, 1H,), 5=

3.2 Hz,J34 = 9.4 Hz, H-3), 3.90-3.63 (m, 9H, HR2 H-2, H-3, H-3, H-5% H-5" H-5°, H-5" and
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-CHCH,Si), 3.51-3.37 (m, 5H, H34H-4&, H-&°, H-4" and CHCH,Si), 2.33 (brs, 1H, OH), 1.21 (d,
3H,Js6= 6.2 Hz, H-6), 1.17 (d, 3H,J5 ¢ = 6.2 Hz, H-6), 1.10 (m, 6H, H-Band H-6), 0.99-0.84 (m,
2H, -CH,CHSIx2), 0.00 (s, 3H, SiMg *C NMR (100 MHz, CDCJ) § 165.9, 165.4, 138.8, 138.6,
138.0, 138.0, 135.9, 135.4, 133.2, 133.2, 133.8,113133.0, 132.8, 130.2, 130.1, 129.8, 129.8,
128.4, 128.4, 128.2, 128.1, 128.0, 128.0, 127.8,812127.7, 127.7, 127.6, 127.5, 127.4, 127.2,
126.5, 126.3, 126.1, 126.0, 125.9, 125.7, 125.5,512101.0, 100.9, 98.9, 96.6, 80.5, 80.2, 79.9,
79.8,79.7,79.0, 78.4, 77.2, 77.1, 76.4, 75.11,7B4.7, 74.6, 73.2, 72.7, 72.3, 72.1, 69.1, 68804,
68.3, 67.6, 65.3, 18.0, 18.0, 17.9, 17.7, 17.73;-HRMS (ESI-TOF) m/z: found [M+N4]

1573.6679, GsH100014Si calcd for [M+Na] 1573.6677.

3.10. 2-Trimethylsilylethyl
4-0-benzyl-2-0O-(4-methoxybenzyl)-3-O-(2-naphthyyleti-L-rhamnopyranosyl-($3)-2-O-benz
oyl-4-O-benzyk-L-rhamnopyranosyl- (& 2)-4-0O-benzyl-3-O-(2-naphthylmethyht -rhamnopyran
osyl-(1—3)-2-0O-benzoyl-4-O-benzyH -rhamnopyranosyl-(1>2)-4-O-benzyl-3-O-(2-naphthylmeth
y)-a-L-rhamnopyranosyl-(& 3)-2-0-benzoyl-4-O-benzyH -rhamnopyranosidé¢ll)

A mixture of donorl (170 mg, 179umol), acceptodO (137 mg, 88.3umol), andN-iodosuccinimide
(60.4 mg, 26&mol) and in dichloromethane (2.7 mL) was premixéthactivated molecular sieves

4A (270 mg) for 30 min at 23C under nitrogen atmosphere before cooling t€4ising ice bath.
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After addition of trifluoromethanesulfonic acid 74iL, 53.1umol), the reaction mixture was stirred
at the same temperature for 30 min and quenchédanmibixed solution of satd. aq. NaHg€atd.
ag. NaS,03 (10 mL/10 mL). After additional 10 min stirringhd resulting mixture was filtered
through a pad of Celifewith chloroform (20 mL). The organic layer was amgted from the
aqueous layer and washed with brine (20 mL). Theeags layers were extracted with chloroform
(20 mLx2). The combined organic layer was driedradeSO, and concentrateih vacuo The
crude product was purified by gel filtration (segba LH-20, chloroform/methanol = 1/1) and flash
column chromatography (silica gel, ethyl acetateaine = 1:4— 1:3) to give the title compourid
(76.7 mg, 36%) as a colorless syrup.

[a]lo —6.2° (¢ 3.0, CHG); '"H NMR (400 MHz, CDC)) & 8.05-6.67 (m, 70H, Ph), 5.57 (brs, 1H,
H-29), 5.53 (brs, 1H, H-3, 5.29 (brs, 1H, H3), 5.08 (m, 3H, H-1, H-1° H-1% and H-f), 4.99 (s, 1H,
H-1), 5.00 (d, 1HJ,, = 1.5 Hz, H-1), 4.84 (d, 1HJ,, = 1.6 Hz, H-§), 4.86-4.32 (m, 21H, H%1
and CHPhx20), 4.25 (dd, 1Hl, 5 = 3.0 Hz,J34 = 9.4 Hz, H-8), 4.20 (dd, 1HJ,3= 2.6 Hz,J3 4=
9.4 Hz, H-3), 4.13 (dd, 1HJ, 5= 2.9 Hz,J34 = 9.6 Hz, H-8), 3.87—3.39 (m, 23H, H2H-2", H-Z,
H-3°, H-3, H-3, H-#& H-&, H-&, H-4, H-&, H-4, H-5, H-5", H-5, H-5", H-5°, H-5, OMe and
-CHCH,Six2), 3.51-3.37 (m, 5H, H34H-4" H-4°, H-4" and CHCH;,Si), 2.33 (brs, 1H, OH), 1.21 (d,
3H, Jss = 6.2 Hz, H-§), 1.13 (m, 15H, H-§ H-6", H-6", H-6° and H-6), 0.99-0.84 (m, 2H,

-CH,CHSix2), 0.00 (s, 3H, SiMg *C NMR (100 MHz, CDGJ)) § 165.9, 165.4, 159.0, 138.9, 138.8,
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138.1, 137.9, 136.2, 135.9, 135.9, 133.2, 133.8,113133.0, 132.8, 130.3, 130.2, 130.1, 130.1,
129.8, 129.7, 129.2, 128.4, 128.3, 128.3, 128.8,112128.1, 128.0, 127.8, 127.8, 127.7, 127.7,
127.6, 127.6, 127.6, 127.5, 127.5, 127.3, 127.3,22126.2, 126.0, 125.9, 125.9, 125.8, 125.7,
125.5, 113.6, 101.0, 100.6, 99.7, 98.9, 98.7, D3, 80.2, 80.1, 80.1, 79.9, 79.8, 79.7, 79.10,79
78.5,77.2,76.9, 76.3, 75.9, 75.4, 75.1, 75.0{,724.6, 74.6, 74.5, 73.1, 72.8, 72.7, 72.3, 72221,
72.0, 69.0, 68.9, 68.9, 68.3, 68.3, 67.5, 65.31,588.0, 18.0, 18.0, 17.8, 17.8, 17.8, 17.7, -1.3;

HRMS (ESI-TOF) m/z: found [M+N&]2410.0227, €H1540,Si calcd for [M+Na] 2410.0237.

3.11. 2-Trimethylsilylethyl

2-0O-benzoyl-4-0O-benzyH -rhamnopyranosyl-(4>3)-2-O-benzoyl-4-O-benzyH -rhamnopyranosi
de(12)

A mixture of disaccharid2 (107 mg, 115umol), 2-trimethylsilylethanol (2L, 174 umol), and
N-iodosuccinimide (32.0 mg, 138nol) in dichloromethane (0.58 mL) was premixed with
molecular sieves 4A (120 mg) for 30 min at°Z3under nitrogen atmosphere before cooling 1€ 4
using ice bath. After addition of trifluoromethanbsnic acid (3.1uL, 35.0umol), the reaction
mixture was stirred for 10 min at the same tempeeaand quenched with a mixed solution of satd.
ag. NaHC@/satd. aqg. N#5,03 (10 mL/10 mL). After additional 10 min stirrinche resulting

solution was filtered through a pad of Célitgith chloroform (20 mL). The organic layer was

26



separated from the aqueous layer and washed vitith (20 mL). The aqueous layers were extracted
with chloroform (20 mLx2). The combined organicdayvas dried over N&0, and concentrateid
vacua The crude product was purified by flash columroatatography (silica gel, ethyl
acetate:hexane = 1:12 1:8) to give the desired glycosi®8 (72.3 mg, 67%) as a colorless syrup.
S5 (647 mg, 68umol) was dissolved in a mixed solution of dichloeihrane/methanol (2.8 mL/0.7
mL) before addition of 2,3-dichloro-5,6-dicyanobegminone (154 mg, 67@mol) After stirring for

12 h at 23C, the reaction mixture was evaporated until dry dissolved in ethyl acetate (40 mL).
The resulting solution was washed with satd. addGl&; (40 mLx2), and brine (40 mL). The
aqueous layers were extracted with ethyl acet&ten(4x2). The combined organic layer was dried
over NaSQ, and concentrated vacuo The resulting syrup was purified by flash column
chromatography (silica gel, ethyl acetate:hexaie8= 1:4) to give the title compouri® (396 mg,
72%) as a white foam.

[a]o +30.5° (c 3.0, CHG); '"H NMR (400 MHz, CDC}) & 8.07—7.18 (m, 20H, Ph), 5.38 (brs, 1H,
H-2"), 5.32 (brs, 1H, H3, 5.17 (s, 1H, H-Y), 4.91-4.60 (m, 5H, H¥and CHPhx4), 4.26 (dd, 1H,
Jo3= 3.2 Hz,J54= 9.4 Hz, H-8), 4.07 (m, 1H, H-3, 3.89-3.73 (m, 3H, H®%H-5" and CHCH,SI),
3.60 (t, 1H,J54 = Js5 = 9.4 Hz, H-8), 3.48 (m, 1H, EHCH,Si), 3.40 (t, 1HJs5 = 9.5 Hz, H-4),
2.08 (brs, 1H, OH), 1.31 (d, 385 = 6.2 Hz, H-6), 1.25 (d, 3HJs¢ = 6.2 Hz, H-6), 0.98-0.83 (m,

2H, -CH,CHSIx2), 0.00 (s, 3H, SiMg *C NMR (100 MHz, CDGCJ) § 166.0, 165.9, 138.2, 137.9,
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133.2,133.2, 129.9, 129.8, 129.8, 129.7, 128.8,41228.3, 128.3, 128.2, 127.8, 127.7, 127.7,,99.4
96.7, 81.2, 80.8, 77.2, 75.5, 73.9, 73.2, 73.18,688.2, 67.7, 65.2, 18.1, 17.9, 17.8, -1.3; HRMS

(ESI-TOF) m/z: found [M+N&]821.3325, GsHs401:Si calcd for [M+Na] 821.3328.

3.12. 2-Trimethylsilylethyl
2-0O-benzoyl-4-0O-benzyl-3-0-(2-naphthylmetll)-rhamnopyranosyl-(4>3)-2-O-benzoyl-4-O-be
nzyla-L-rhamnopyranosyl-(@3)-2-O-benzoyl-4-O-benzyH -rhamnopyranosyl- (@ 3)-2-O-benzo
yl-4-O-benzyla-L-rhamnopyranosidé€l3)

A mixture of donor2 (141 mg, 15Jumol), acceptod?2 (103 mg, 129umol), andN-iodosuccinimide
(43.1 mg, 192imol) in dichloromethane (1.3 mL) was premixed wattivated molecular sieves 4A
(560 mg) for 30 min at 23C under nitrogen atmosphere before cooling t€ 4ising ice bath. After
addition of trifluoromethanesulfonic acid (344, 38 umol), the reaction mixture was stirred at the
same temperature for 30 min and quenched with @dnolution of satd. aq. NaHG@satd. ag.
NaS,03 (10 mL/10 mL). After additional 10 min stirrinche resulting mixture was filtered through
a pad of Celit8 with chloroform (20 mL). The organic layer was aggted from the aqueous layer
and washed with brine (20 mL). The aqueous layerewxtracted with chloroform (20 mLx2). The
combined organic layer was dried over,8@, and concentratemh vacuo The crude product was

purified by flash column chromatography (silica,gethyl acetate:hexane = 1:6 1:4) to give the
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titte compoundl3 (174 mg, 83%) as a white foam.

[a]o +55.5° (¢ 2.8, CHG); *H NMR (400 MHz, CDC}) § 8.07—-7.12 (m, 47H, Ph), 5.56 (brs, 1H,
H-2%9, 5.49 (brs, 1H, H-3, 5.47 (brs, 1H, H3, 5.33 (brs, 1H, H3, 5.22 (s, 1H, H-Y, 5.06 (s, 1H,
H-1%), 5.00-4.43 (m, 12H, H21H-1* and CHPhx10), 4.28 (dd, 1H}, 5 = 2.0 Hz,Js4 = 9.3 Hz,
H-3%, 4.21 (dd, 1HJ,5 = 1.8 Hz,J54 = 9.2 Hz, H-8), 4.15 (dd, 1H),5 = 1.8 Hz,J;, = 9.2 Hz,
H-3%, 3.90 (dd, 1HJ, 3= 1.8 Hz,J; 4= 9.6 Hz, H-8), 3.86-3.72 (m, 5H, H%H-5, H-5°, H-5" and
-CHCH,Si), 3.63-3.39 (m, 5H, H2%H-4°, H-4, H-4" and CHCH,Si), 1.30 (d, 3HJs6 = 5.8 Hz,
H-6%, 1.13 (d, 3HJs6 = 5.8 Hz, H-6), 1.02—-0.83 (m, 8H, H%H-6° and -CHCHSix2), 0.00 (s, 3H,
SiMes); **C NMR (100 MHz, CDGJ)) § 166.0, 165.7, 165.4, 138.5, 138.5, 138.0, 1389,5, 133.2,
133.1, 133.1, 132.8, 130.0, 129.9, 129.9, 129.8,812129.7, 128.5, 128.4, 128.3, 128.2, 128.2,
128.1, 127.8, 127.7, 127.6, 127.5, 127.5, 127.3,312126.4, 125.8, 125.8, 125.6, 99.3, 99.0, 98.9,
96.5, 80.4, 80.0, 79.9, 79.7, 78.1, 77.8, 77.21,776.9, 75.6, 74.7, 74.5, 73.1, 72.9, 72.6, 7895,
68.6, 68.6, 68.5, 67.6, 65.3, 18.1, 17.8, 17.84;-HRMS (ESI-TOF) m/z: found [M+N4]

1641.6583, GsH1040,:Si calcd for [M+Na] 1641.6575.

3.13. 2-Trimethylsilylethyl
2-0O-benzoyl-4-0O-benzyH -rhamnopyranosyl-(4>3)-2-O-benzoyl-4-O-benzyH -rhamnopyranos

yl-(1—3)-2-0O-benzoyl-4-0O-benzyH -rhamnopyranosyl- (4 3)-2-O-benzoyl-4-O-benzyH.-rhamn
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opyranosidg14)

Tetrasaccharide 13 (174 mg, 107 mmol) was dissolved in a mixed sofuti of
dichloromethane/methanol (0.86 mL/0.21 mL) before ddition of
2,3-dichloro-5,6-dicyanobenzoquinone (25.2 mg, @drhol). After stirring for 12 h at 23C, the
reaction mixture was evaporated until dry and disxb in ethyl acetate (20 mL). The resulting
solution was washed with satd. ag. NaHGQ@0 mLx2), and brine (20 mL). The aqueous layers
were extracted with ethyl acetate (20 mLx2). Thelsimed organic layer was dried over, 88,
and concentrateith vacuo The resulting syrup was purified by flash coluaimomatography (silica
gel, ethyl acetate:hexane = 14 1:2) to give the title compount4 (110 mg, 70%) as a colorless
syrup.

[a]o +39.8° (c 1.8, CHG); 'H NMR (400 MHz, CDC}) & 8.07—7.17 (m, 40H, Ph), 5.49 (brs, 1H,
H-29, 5.41 (brs, 1H, H-3, 5.33 (brs, 1H, H-, 5.28 (brs, 1H, H3, 5.22 (s, 1H, H-Y, 5.04 (s, 1H,
H-1%), 5.01-4.54 (m, 10H, H21H-1" and CHPhx8), 4.28 (dd, 1H}, 3= 3.1 Hz,J; 4= 9.3 Hz, H-3),
4.21 (dd, 1HJ), 5= 2.9 Hz,J; 4 = 9.3 Hz, H-8), 4.14 (dd, 1HJ, 3= 2.9 Hz,J54 = 9.3 Hz, H-8), 4.01
(m, 1H, H-3), 3.86-3.72 (m, 5H, HBH-5, H-5°, H-5" and CHCH,Si), 3.63-3.45 (m, 4H, H4
H-4°, H-4 and CHCH,Si), 3.32 (t, 1HJs4 = Js5 = 9.4 Hz, H-4), 1.30 (d, 3HJs¢ = 6.2 Hz, H-§),
1.13 (d, 3H,Js6 = 6.1 Hz, H-6), 1.04-0.83 (m, 8H, H% H-6" and -CHCHSix2), 0.00 (s, 3H,

SiMes); **C NMR (100 MHz, CDGJ)) § 166.0, 165.8, 165.7, 165.4, 138.2, 137.9, 13383,1], 129.9,
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129.8, 129.7, 129.7, 128.4, 128.4, 128.3, 128.8,21228.1, 127.8, 127.7, 127.7, 127.5, 99.2, 99.0,
98.9, 96.5, 81.1, 80.4, 80.2, 79.8, 78.0, 77.45,765.6, 74.7, 74.6, 73.8, 73.1, 72.9, 72.7, 6887,
68.6, 68.1, 67.6, 65.2, 18.1, 17.8, -1.4; HRMS (ESF) m/z: found [M+Na&] 1501.5950,

CgsHg40,:Si caled for [M+Na] 1501.5949.

3.14. 2-Trimethylsilylethyl
2-0O-benzoyl-4-0O-benzyl-3-0O-(2-naphthylmetlal)-rhamnopyranosyl-(4>3)-2-O-benzoyl-4-O-be
nzyl-a-L-rhamnopyranosyl-(13)-2-0-benzoyl-4-0O-benzyH.-rhamnopyranosyl-(4>3)-2-O-benzo
yl-4-O-benzylk-L-rhamnopyranosyl-(& 3)-2-0O-benzoyl-4-O-benzyH -rhamnopyranosyl- (% 3)-2
-O-benzoyl-4-O-benzyl-L-rhamnopyranosid€lbs)

A mixture of donor2 (79.8 mg, 85.7umol), acceptor14 (62.8 mg, 42.4umol), and
N-iodosuccinimide (29.1 mg, 138nol) in dichloromethane (0.85 mL) was premixed véttivated
molecular sieves 4A (250 mg) for 30 min at®Z3under nitrogen atmosphere before cooling 1€ 4
using ice bath. After addition of trifluoromethanlenic acid (2.3uL, 26 umol), the reaction
mixture was stirred at the same temperature fanB0and quenched with a mixed solution of satd.
ag. NaHCGQ/satd. ag. Nz#&5,0; (10 mL/10 mL). After additional 10 min stirringhé resulting
mixture was filtered through a pad of Céliteith chloroform (20 mL). The organic layer was

separated from the aqueous layer and washed viith (20 mL). The aqueous layers were extracted
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with chloroform (20 mLx2). The combined organicdayvas dried over N8O, and concentrateid
vacua The crude product was purified by gel filtratiephadex LH-20, chloroform/methanol =
1/1) and flash column chromatography (silica giélykacetate:hexane = 1:4 1:3) to give the title
compoundl5 (89.7 mg, 92%) as a colorless syrup.

[a]po +61.3° (c 2.6, CHG); 'H NMR (400 MHz, CDC})  8.06-7.11 (m, 67H, Ph), 5.54 (brs, 1H,
H-2", 5.46 (brs, 1H, H3, 5.39 (m, 3H, H-2 H-Z and H-3), 5.32 (brs, 1H, H3, 5.21 (s, 1H,
H-1%), 5.03—4.42 (m, 19H, H2%1H-1°, H-1° H-1% H-1" and CHPhx14), 4.27 (dd, 1Hl 5 = 3.2 Hz,
Jas = 9.3 Hz, H-3), 4.19 (dd, 1HJ,5 = 3.0 Hz,J34 = 9.3 Hz, H-§), 4.13 (m, 3H, H-3 H-3 and
H-3%, 3.89 (dd, 1HJ,3 = 3.0 Hz,Js4 = 9.3 Hz, H-3, 3.84-3.70 (m, 7H, H%H-5, H-5°, H-5",
H-5°, H-5 and CHCH,Si), 3.62-3.38 (m, 7H, H4H-4°, H-&°, H-4", H-£4, H-4' and CHCH,Si),
1.30 (d, 3HJs6 = 6.1 Hz, H-), 1.11 (d, 3HJs6 = 6.0 Hz, H-§, 1.00-0.83 (m, 13H, H6 H-6",
H-6%, H-6° and -CHCHSIx2), 0.00 (s, 3H, SiMg *C NMR (100 MHz, CDCJ) 5 166.0, 165.7,
165.5, 165.4, 165.4, 138.5, 138.0, 137.9, 135.8,213133.1, 133.1, 132.8, 130.0, 129.9, 129.8,
129.8, 129.7, 128.5, 128.4, 128.4, 128.4, 128.8,3,2128.1, 128.1, 128.0, 128.0, 127.8, 127.7,
127.7, 127.6, 127.5, 127.5, 127.4, 127.3, 126.5,8,2125.8, 125.6, 99.3, 98.9, 98.9, 98.8, 96.5,
80.4, 80.0, 79.9, 79.8, 79.8, 79.7, 78.1, 77.&%,77(.2, 77.2, 76.9, 76.9, 75.6, 74.7, 74.7, TA3%A],
72.9,72.7,72.7,72.6, 71.4, 69.5, 68.6, 68.65,888.5, 68.5, 68.5, 67.6, 65.3, 18.1, 17.8, 17783,

-1.4; HRMS (ESI-TOF) m/z: found [M+N&]2321.9208, GdH1400:Si calcd for [M+Na]
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2321.9197.

Acknowledgments

This work was financially supported by the Sasak&e#ntific Research Grant from The Japan

Science Society, in part by the Ministry of Edueati Culture, Sports, Science, and Technology

(MEXT) of Japan for the Promotion Program for You8gientists and COE for Innovation of

Marine Science and Technology (IMT). The authoso ghank Hiroki Miyata and Mai Ikezawa

(Kochi University) for her technical assistance.

References and notes

1. Wijesekara, I.; Pangestuti, R.; Kim, S.®arbohydr. Polym2011, 84, 14-21.

2. Ngo, D.-H.; Kim, S.-K.nt. J. Biol. Macromolec2013, 62, 70-75.

3. Li, B.; Lu, F.; Wei, X.; Zhao, RMolecules2008, 13, 1671-1695.

4. Wu, L.; Sun, J.; Su, X.; Yu, Q.; Yu, Q.; Zhang(rbohydr. Polym2016, 154, 96—-111.

5. Arafuka, S.; Koshiba, N.; Takahashi D.; ToshimaCkKem. Commur2014, 50, 9831-9834.

6. Kasai, A.; Arafuka, S.; Koshiba, N.; Takahashi Doshima, K.Org. Biomol. Chem2015, 13,

10556-10568.

7. Kinnaert, C.; Daugaard, M.; Nami, F.; Clausen, MOHem. Re\2017, 117, 11337-11405.

33



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Lee, J.-B.; Hayashi, K.; Hayashi, T.; Sankawa,Mbageda, M.Planta Med.1999, 65, 439-441.

Harada, N.; Maeda, MBiosci. Biotechnol. Biochernt998, 62, 1647-1652.

Lee, J.-B.; Koizumi, S.; Hayashi, K.; HayashiCarbohydr. Polym2010, 81, 572-577.

Wulff. G.; Réhle, GAngew. Chem. Int. Ed. EndgB74, 13, 157-170.

Fraser-Reid, B.; Wu, Z.; Udodong, U. E.; Ottosdén)]. Org. Chem1990, 55, 6068—6070.

Cassidy, J. F.; Williams, J. Metrahedron Lett1986, 27, 4355-4358.

David S.; Hanessian, $etrahedronl985, 41, 643—663.

Xia, J.; Abbas, S. A.; Locke, R. D.; Piskorz, C.Aderfer, J. L., Matta, K. LTetrahedron Lett.

2000, 41, 169-173.

Konradsson, P.; Mootoo, D. R.; McDevitt, R. E.; $&aReid, B.J. Chem. Soc., Chem.

Communl1990, 270-272.

Bock, K.; Pedersen, Q. Chem. Soc., Perkin Trans1274, 293-297.

Pozsgay, V.; Jennings, H.J1.0rg. Chem1988, 53, 4042—-4052.

Although the reaction conversion was approximat8B26, the PMB deprotection was

terminated in 4 h. Prolonged reaction time led yadrblysis of the terminal thioglycosidic

linkage and removal of NAP group. We speculate thase side reactions were caused by the

PMB carbocation generated situ. Jung, M. E.; Koch, Pletrahedron Lett2011, 52, 6051—

6054.

34



Highlights

* Rhamnan hexasaccharides with novel alternating and repeating linkages were
prepared

» The hexasaccharides were synthesized by iterative glycosylation with
disaccharides

» Synthesis of disaccharides was achieved by orthogonal coupling with
thioglycosides



