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ABSTRACT

Infectious disease associated-oligosaccharides are impaoatget imolecules for
synthesis to enable studies of their functions in infection mesmanboth in humans
and animals. Unlike solid-phase automated chemical synthesesgjohuwatieotides
and oligopeptides that serve to provide these molecules for systestraitture-
function relationships, automated chemical synthesis of olighadades has been
restricted due to the need to manage stereochemistry of each linkagerendreater
complexity of the monomeric carbohydrate building blocks. A new isolythase
automation platform that relies on fluorous solid-phase extrack&FE) to purify
intermediates potentially offers easier access to contgticaligosaccharides with
several features such as simpler monitoring of reactions, 2®3yequivalents of
building block usage per glycosylation cycle, labor savings, and easiessato
previously constructed compounds. In addition, the fluorous allyl-tag asgdhplify
purification in the automation platform also allows not only diracbrporation into
microarrays but also ready modification of the tag for familejugation to polymeric
vehicles. Herein are reported the development of methods for thosnaitidn

platform for the first construction of HIV- andLeishmania-associated
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Vi

oligosaccharides. Automated methods to make phosphate-linked sugaedl @s w
conventional glycosidic linkages are demonstrated. Severghmania-associated
oligosaccharides—including capping structures, phosphate-linked capping ssuctur
and phosphoglycan repeats—were synthesized as probes for carbohydrateagiroa
to screen sera of infect animals. The further development iofeetf conjugation
chemistry allowed the multivalent modification of latex bead$ @egradable micro-
/nanopatrticles with these bioactive oligosaccharides to probe caltabdryelated

structure/function relationships in the stimulation of cellular immune response
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CHAPTER 1
General introduction and review of fluorous-based arbohydrate
microarrays
Portions of this chapter have been published as a special repattiie Medicinal
Chemistry (2009), 1, 889-896. (Copyright 2009 Future Science)
1. Dissertation organization
This dissertation consists of seven chapters. The firstathigpa review published

in Future Medicinal Chemistry in 2009. Chapter 1 includes not only recent progress in
microarray fabrication methods in order to perform fluorous-basedoanrays on
both covalent and non-covalent immobilized slides but also applicatidisoodus-
based microarrays in the screening of protein, antibody and enagtvities.
Chapter 2 describes the first automated solution-phase syndigdi¥/-associated
linear «-1,2-linked pentamannose. Unlike solid phase-based automation platforms,
the solution phase-based automation method allows the construction of
oligosaccharides with easy reaction monitoring through conventional techriqcie
as thin layer chromatography (TLC) and high performance liquidnodiiagraphy

(HPLC), fewer equivalents of building blocks per coupling cyclce (1.2 ~
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equivalents), and less laborious work. Chapter 3 discusses the smad@yathesis of
Leishmania-associated carbohydrates and fluorous-based microarray for antibody
screening. Six different fluorous-taggédishmania-associated carbohydrates were
synthesized either through automated synthesizer or iteratitbesys for antibody
screening of serum using a fluorous-based microarray. Chaptercdssbs the
synthesis of phosphate-linkddaishmania-associated carbohydrates by using an H-
phosphonate strategy in order to investigate the role of phosphatecknkag
lipophosphoglycans (LPG). Importantly, the first automated synthesis
phosphoglycan repeats lof donovani was achieved in a solution-based platform with
the development of general protocols for this type of phosphate-linkkdhyarate.
Chapter 5 includes the synthesis of multivalémishmania-associated capping
carbohydrates for the collaborative evaluation of carbohydratetste-dependent
immune responses. Chapter 6 describes protocols for the modificattmyradable
polymeric particles with carbohydrates for the collaborativestigation of dendritic
cell (DC) activation against carbohydrates-modified polymeadicles. Chapter 7
provides conclusions for this dissertation as well as futuretainscfor carbohydrate

research.
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2. Flurous—based small-molecule microarrays for protein, ambody and enzyme
screening.

Carbohydrates are one of the most abundant biomolecules on the sirflae cell
membrane and thereby are crucial for the interactions of wehsone another and
with pathogens such as viruses, bacteria, and fungi. Although severabrignsich
as generating energy, mediating signal transduction between diftegamisms, and
providing recognition makers and structural components have long been apgreciat
roles for carbohydrates, their regulation mechanisms arenaticlear. Furthermore,
the structural complexity of carbohydrates, which are derivedh fthe incredible
diversity of regiochemistries and stereochemistries possilileeba furanose and
pyranose rings, adds to the difficulty in studying carbohydvatding partners such
as proteins, enzymes and antibodieGiven the limitations in accessing large
quantities of pure structurally well-defined carbohydrates, caxbake microarrays
are increasingly used as a versatile tool for unveiling the pedsibtling associates

for carbohydrates since the first glycan array was reported in“1985.

2.1 Overview of fluorous-based microarrays.
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Small molecules are an important tool for the elucidationbmiogical
recognition processésCurrently, the best way to design molecules that have
biological activities for soluble proteins without structural infotiorais to screen an
assortment of possible structures. With increasing demand for usefsilfor small
molecule screening, small molecule microarrays have becomeasiegly important.
Microarray techniques allow quick assessments of possible bindirigersa for
biomolecules including nucleic acids, proteins and carbohydratessmvdah amounts
of sample and therefore lower costs than multiwell plate typssreening methods.
Small molecule microarrays are particularly valuable foratong and probing
multivalent displays of molecules such as saccharides thaicnthe multivalent
displays of cell-surface bound compounds.

For example, carbohydrate microarrays have clearly played a ke falglitating
access to information about carbohydrate-protein interactiohtier a general
discussion of immobilization techniques used for small moleculeroarray
fabrication using carbohydrates as an example, a more detailegssiist of
microarrays based on noncovalent fluorocarbon interactions will be sarviey

highlight the unique potential of fluorine in this context
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2.2 Immobilization strategies for microarray fabrication

Representative Covalent Immobilization Strategies

Representative Noncovalent Immobilization Strategies

a)
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Figure 1. Representative covalent and noncovalent immobilizatiorgésitfor

small molecules for microarray fabrication: a) Immobilizatadrthiol-functionalized

molecules to maleimide-modified slides, b) Immobilization of reevfunctionalized

molecules tdN-hydroxysuccinimide ester-modified slides, ¢) Immobilizatiormzntie-

functionalized molecules to alkyne-modified slides by Huisgerioagdition, d)

Immobilization through photochemical activation of natural products tedsyirin-

coated slides, e)lmmobilization of lipid-containing moleculesniivocellulose, f)

Immobilization of amine-functionalized molecules to noncovalently fremti
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polystyrene wells containing lipid-linked isocyanates, g) Immmdiion of DNA-
tagged compounds to complementary strands on surface; h) Imratdiizof
fluorocarbon-tagged molecules to fluoroalkyl-modified slides.

Immobilization techniques for microarray formation can be divided two
main categories that describe the method of attachment of tleeuted to the slide
surface: covalent immobilization and noncovalent immobilization ofrtbkecules to
the slide surface. (Figure 1) A basic overview of these methadg oarbohydrate
immobilization as an example follows. Among covalent immobilizatiahn&ues,
forming a stable bond between maleimide-functionalized skhaeisthiol-containing
moleculed ® " is common, as well as reactions of amine-functionalizececntes
with N-hydroxysuccinimde (NHS)-activated glass slfd&sApplications of Cu(l)-
mediated 1,3-dipolar Huisgen cycloadditions between azide-containingutedend
alkynylated glass slides ' *? have also been utilized to covalently attach
carbohydrates or small molecules to slide surfaces for snogeeWhen products
contain hydroxyl or carboxylate moieties, photoinduced cross-linkingeda
immobilization techniquéd have been introduced to array small molecules on

diazirin-coated glass slidé$.Conditions (pH, time, temperature, etc.) have to be
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optimized to maximize reaction yields of the covalent-bond forming. side
subsequent challenge is quantification of those yields to know therntoatan of the
molecules that will be screened. Each of these methods, of coawgeres the
introduction of the necessary functional group into both the moletules screened
and the slides themselves. In certain cases in which the mwigicules have unique
reactive functional handles, at least unmodified molecules casdzkwith specially-
modified slides. For example, in addition to the photocrosslinking giratentioned
above, the direct immobilization of unmodified reducing sugars recenslybban
shown using hydrazide- and aminoxy-derivatized glass siid&sgure 2) Fifty-eight
unmodified glycans including mono-, oligo- and polysaccharides weredinectly
arrayed on the specially derivatized slides and then testduhfiting of the sugars to
lectins, antibodies, and bacterial cells. Although undesired products as acyclic
adducts from hydrazide-derivatized slides and acyclic addudts mixture of
alpha/beta anomers from aminoxy-derivatized slides can be pregerach
microarray spot to complicate data interpretation, this one-stepobilization

technique can be used to probe carbohydrate-protein binding, carbohydiiadeha
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binding and quantification of carbohydrate-protein binding without prior nuadifin

of the carbohydrates.
=L,

hydrazide surface
4-steps m‘

T !
— Haty on L

[e]
S
H g
é
aminooxy surface

Figure 2. One-step direct immobilization of unmodified reducing sugars to

hydrazide- and aminoxy-modified slide surfaces.

Although covalent immobilization techniques have provided powerful tools f
investigating the binding properties of molecules in microarray dsymoncovalent
immobilization techniques are also being investigated (Figure 1kofrrast to
covalent immobilization techniques, non-covalent techniques should render
compounds on the slide surface more flexible, thus allowing them to move foabptim

binding with a protein, antibody, or enzyme target. Moreover, non-covalent
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immobilization techniques have the potential advantage of allowingettyeling and
reuse of slides.

Several strategies have emerged for such noncovalent schemesate cr
carbohydrate microarrays. An intriguing noncovalent strategy invaitashment of
a nucleic acid strand to a compound and then immobilization bEédmapound onto a
specific location of a slide where a complementary nucleit sicand is locatetf
The authors found their DNA-directed strategy to have a lowertaetdonit than a
noncovalent strategy for detecting immobilized glycoconjugates. Oldeovaleat
immobilization strategies include the attachment of neoglycoligd&Ls) on
nitrocellulosé’ and noncovalent arrays using long hydrocarbon cHaiike latter
method requires amine-functionalized carbohydfitésr an isocyanate-mediated
capture strategy to attach the long hydrocarbon chaibsifortunately, the use of
such large hydrocarbon tags to noncovalently anchor compounds to thsusfaize

can be problematic, for example when detergents are required in bioassay buffers.

2.3 Noncovalent fluorous-based microarrays
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protein

e

fluorous-tagged (CgF17)-ligands measure protein-ligand interactions by fluorescence
on fluorous-coated slide scanning of labeled proteins/antibodies

Figure 3. Application of fluorous-based microarrays for protein screening

More recently, noncovalent immobilization based on fluorophobic ratieer
hydrophobic effects has been tested in the context of micrommagtion. Selective
immobilization of a polyfluorocarbon (C8F17) chain attached to a cgdrate to a
fluorinated surfac®?****has been shown to be surprisingly robust enough for the
screening of carbohydrate-protein binding screening (Figure 3). Prithiig work,
such noncovalent fluorous interactions had been used to facilitaprutifieation of
fluorous-tagged compounds from compounds that do not contain any fluorous content
using fluorous solid-phase extraction (FSPE)Vashing of fluorous-modified silica
gel with aqueous/organic solvent mixtures allows retention of dlsstagged
molecules, whereas non-fluorous compounds are eluted from thearcol@rganic
solvents such as MeOH or THF then can elute fluorous-containing congddfti
this method, a compound with only a small fraction of fluorocarbon ob(gach as a

single C6F13-containing tag) can be reliably purified. Although thiginggand
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purification strategy has been used for the production of a randaoattive
molecule®’, the fluorous tag normally has to be removed from compounds in order t
use traditional screening methods. The first demonstration thatubreds tag can

be directly incorporated into a microarray platform opens new aveauksk about

the production and screening of compounds and other uses for fluoroustags i
biological application$® %’ To date, fluorous-based small molecule microarrays have

shown utility for protein, antibody and enzyme screening.

2.4 Fluorous-based microarrays for protein and antibody screeng
Noncovalent fluorous-based microarrays possess unique features:fdgesur

blocking steps after immobilization are rendered unnecessary amd2}kignal to
noise ratios and low-nonspecific binding can be achieved with fexshing steps
than required with more reactive slide surfaces. In addition, ubeoitarbon tag itself
does not complicate proton NMR spectra. The initial concept wadopedein the
context of carbohydrate microarray fabrication. Namely, fluorogged
monosaccharides were noncovalently immobilized by fluorous-fluoroasaaiions

on a glass slide surface specially modified with C8F17 cffaifite immobilized
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monosaccharides were screened with the common fluorescéirp@@nate(FITC)-
labeled lectin concanavalin A (FITC-ConA) that is known to bind fihadinked
mannose, glucose and-acetylglucosamine. Indeed, specific binding of ConA to
immobilized mannose andN-acetylglucosamine was observed by fluorescence
imaging. More surprisingly, the use of detergents in the buffer usestifeening of
the sugars to a different lectin did not completely destroydmeovalent interactions.
Noncovalent fluorous-based arrays can clearly withstand detengentelerated by
noncovalent hydrocarbon-based arrays. In further experiments, fluorsed-ba
carbohydrate microarrays proved not only binding of ConA with two new
carbohydrate ligands—both diastereomersglgterol-D-manno-heptoses—but also
facilitated the quantitative assessment of these carbohydrate-progeatiions

Spring’s group® has reported another application of fluorous-based microarrays
for screening and probed the chain length requirement of the fluocagusBly
comparison of C8F17-tagged biotin with C6F13-tagged biotin, the longer G8§17
was considered more reliable for the attachment of biotin tdubeofis-coated glass
slide. Enhanced biotin-avidin interactions on the fluorous-coated skde achieved

using a polyethylene glycol spacer between the biotin and theodisidag (C8F17).
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This work demonstrated that not only very hydrophilic carbohydratedd be
screened successfully in this new fluorous-based format, but also lipopdilic
molecules such as biotin could be reliably immobilized. In additioficiexit
protocols for recycling slides by washing with organic solvents asanethanol and

dichloromethane were presented.

A A
VIR I [Pl e
| £ ¢ ° gé/ s I B V

detect antibody-ligand interactions after incubation
of fluorescently-labeled secondary antibodies

fluorous-tagged (CgF17)-ligands
on fluorous-coated slide

Figure 4. Application of fluorous-based microarrays for antibody screening.

Microarrays are also showing promise as possible diagnostis tootheir
detection of specific antibodies, for example against Globo-H astige human
cancer sera or againstSalmonella O-antigens in sera froralmonella infected
patient$®. Recently, fluorous-tagged carbohydrate antigens associatethfeittious
diseases were synthesized using automated synthesis (eeg. [i&erum samples
from infected animals were incubated with the noncovalently ibilmed sugars and

then binding was visualized using fluorescently labeled secondabpdiets (Figure

www.manaraa.com
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4)* The fluorous-based platform proved robust for the diagnosis of animals
containing antibodies against the disease agent. These initiainegptr show that

fluorous-based microarrays can be used to diagnose animal exposure to pathogens.

2.5 Fluorous-based microarrays for enzyme screening

Fluorus-based microarrays have also shown their use in screeniegzZyme
inhibitors and for enzyme activity. Small molecule microarrayge designed with
compound to target a specific class of enzymes called histonetglaaes (HDACS).
31 To screen for inhibitors of this enzyme that catalyzes thiotysis of N-acetyl
groups on lysine residues, fluorous-tagged compounds were printed on the fluorous-
coated glass surface and screened with HDAC2, HDAC3/NCoR3 pejutidplex
and HDACS. Incubation of the arrays with alexa-647-labeled antiadihodies
subsequently permitted visualization of HDAC binding by fluorescaneging. This
approach, which takes advantage of detecting native HDACs from whlblgsates,

could serve as the basis for the discovery of a range of new HDAC inhibitors.
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More recently, fluorous-tagged metabolites were applied to Nanosguctur
Initiator Mass Spectrometry (NIMS) for "on-chip” enzymagissays? (Figure 5)
The use of fluorous-phase immobilization for the attachment of emayistrates to
fluorous-coated surfaces not only allowed high signal-to-noise r&fifdé) (in the
analysis of the enzymatic reactions, but also allowed confmnaétflexibility to the
substrates that likely enhance enzymatic activities. Spdbificammobilized
fluorous—tagged lactose on the NIMS surface was used for direeictdrézation of
beta-1,4-galactosidase activity from a thermophilic microlmatmunity lysate. With

the advances being made in mass spectrometry-based enzymatis based on

www.manaraa.com



16

fhuorous-phase immobilization and NIMS, the construction of printed nrergsa
can also be imagined for the direct screening of enzymatwitgcind inhibitors of

that activity.

2.6 Linking fluorous-based arrays to automated synthesis

Donor (5 ~ 20 eq)

0GC )
U e B
1981} ohS elcicHNIOR®
Iﬂurtion-phase Aulomalioanlalform Ij ?\G) v | Solid-phase Automation Platform Ij O?
; BRSSO
2 7 h
B

HPLC HPLC

CCC

Figure 6. Solution-phase automation platform vs Solid-phase automatiariplatf

All microarray formats are limited by the number of compoutiddg can be
readily produced for inclusion in the particular array fornfat.date, no fluorous-
based microarray has incorporated hundreds or thousands of compounds. However,

recent developments in the automation of multistep synthetiesawding fluorous-
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phase rather than solid-phase protocols promises to rapidly expaadaitability of
compounds already containing fluorous-tags required for their incoigroranto
fluorous-based microarrays (Figure °8* Although noncovalent fluorous
interactions have been shown to be clearly robust enough to @emtrge of
microarrays, the robustness of these interactions for repetibbetics-based
separations of a wide range of compounds is not obvious. However, these noncovalent
interactions have proven reliable enough to separate intermeidiatkgosaccharide
synthesis on an automation platform with the same programmedcg@koafter
investigations of parameter ranges. This new automation platfored leasfluorous
solid-phase extractions has been used to synthesize not onlydimggeaccharides,
but also branched oligosaccharides. More recently, mono- and di-flu@gyesd
glucosamines have been examined for sequential separation using°FSREoON
conditions could be found to obtain the desired di-tagged compound sdparathe
mono-tagged starting materials, thereby opening more possgofiir the automation
of synthetic schemes that include less than optimal couplingltses~urther

applications of FSPE-based automation are now in progress foouiséuction of a
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range of oligosaccharides to probe the scope and range of this new rogthodde

compounds already tagged for incorporation into fluorous-based screening protocols.
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CHAPTER 2
Automated synthesis of HIV-associated lineaa-1,2-linked
pentamannose
Eun-Ho Song and Nicola L. Pohl
Introduction
Facile synthesis of oligosaccharide has been an issue both incosgattiesis and
biomedical research due to difficulties in the construction of pticated
oligosaccharides. With this demand, carbohydrate chemistry aothaiidn method
have quickly consolidated their position as practical and versaighod for the

construction of oligosaccharide.

BnO

OAc
BnO -Q
BnO
BnO

Figure 1. a—(1-2) linked pentamannose
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Oligomannose has been considered as an important target molecute dse
unique structure and function as a GPI anchors in natureaddition, polya-
mannose has been well known as ligand for concanavalin A (CanoAg of
important cell wall component$ and HIV-associated carbohydrates on gp120

Although the synthesis of oligomannose in an automation platforng usilid
phase has previously been reported by Seeberger’s °grotup efficiency of
automation on the solid phase was not reliable due to seversbne such as
consuming too much reagents (5 ~ 10 equiv of glycosyl donor pee)cgad
difficulties of monitoring reaction. Recently, iterative syntkesf a—(1-2) linked
tetramannose has been reported to probe the utilization of fluorouspkakd
extraction (FSPE) protocol in oligosaccharides syntHeStsincrease the efficiency
of automated platform, FSPE technique has been employed in automatfompla
and newly developed solution-phase automation plaffemables using only 1.5 ~ 2
equivalents of donor building blocks, monitoring the completion of @adiy TLC
as well as easy purification through FSPE for facile syrdhesio—(1-2) linked

pentamannose (Figure 1).
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Herein, we present the utilization of solution-phase automataifopm as a useful

tool for the construction of HIV-associated linear oligomannose.

Results and discussion

EGchosyI _l H
:DonorBnO 1
5 OAc 5
i BnO Q 3. FSPE E
BnO ;B 1 80% MeOH :
OH ' 0 Ve '
o ' O\H/CCI3 wash/MeOH X
BnO ! 1. Couplin wash 1 BnO on
BnO | - COUplIng NH 0 :
ol? | 0 ! BnO Q
: 0 BnO
: 3

. Automated Synthesis . ,
: 2. Deprotection |
I ’ p | CeF1” 0

- /\/\o/\) SRR IO /\Oj
817 '
=

Glycosyl Acceptor

BnO
. 3.5 automation cycles a0 Oéc
BnO | ] }
o 11 1 BhO
Q . yo--o. e gﬁ .
BnO . : , |
B”O A ' )
/
3 O CsF17/\/\O

-
CsF17/\/\O Donor

1.5 equiv. AARAARAR  Glycosylation

1 Deacetylation

0IITTIT  Fluorous Solid Phase
Extraction (FSPE)

Figure 2. Automated synthesis of(1-2) linked pentamannose

Fluorous-tagged mannose accepitbhas been prepared to improve the efficiency of
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purification through FSP& Only 1.5 equivalent of trichloroacetimid&tel which
can be activated under acidic condition (TMSOTf) has also been usedlgsosyl
donor. The reaction has been done 3.5 cycles (4 x glycosylation, 3 xytkame and
4 x FSPE) for 24 h 56 min 39 sec without any labor since autdrpédorm was
ready to run the synthesizer for making liner pentamannosgur@PR) Strikingly,
not only 2 equiv of glycosyl donor per one cycle was consumed for thpleton of
glycosylation, but the purity of crude produgt(18 mg) shown in HPLC traces
(supporting information) after 7 steps (24 h 56 min 39 sec)algmsremarkable even
without further purification. Simple prep TLC gave us highly pure prodl&tnig,
73 % per step) to have reasonabie, *C-NMR and mass spectroscopy data. We
evaluated the efficacy of solution-phase approach with a diregbarsson of yield
based on the glycosyl donor. While 27 % vyield per glycosylation/depmiecycle
was produced in the solution-phase automation platform, only gpBr%ycle yield
was produced in the traditional solid-phase approach. Over mangscyumge

differences in building block loss will be produced.

Conclusion
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First solution-phase automated synthesis of HIV-associatedr lipentamannose
was achieved in the new solution-phase automation platform. Inyartiluorous-
tagged oligosacchrides from solution-phase automation platform cartdr@orated
into microarrays for screening antibody and protein in termsagfndistic tool. These
successful results suggest that the automation of oligosaccleandbe performed
with small amount of reagents (2 equiv of glycosyl donor per Lyldss laborious
work, and high purity of products. From these achievements, other coiaglica

oligosaccharide can be introduced to the same automated platform.

Experimental section
General methods
Solvents were reagent grade and in most cases dried prior to lisethéy

commercially available reagents were used as received wilemsvise noted. The

organic extracts were dried over anhydrous MgSTetrahydrofuran (THF) was
distilled from lithium aluminum hydride (LiAlk) prior to use. Methylene chloride
(CH,CL,), and triethylamine (EN) were distilled from calcium hydride. Diethyl ether

(Et,0) was distilled from sodium-benzophenone ketyl.
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'H and*°C spectra NMR were obtained at 400 MHz and 100 MH¥aian VXR-
400 NMR or on Bruker DRX-400 NMR. Mass spectra (MS) were dembron an
Applied Biosytems DE-Pro MALDI mass analyzer or an Applied sBiems
QSTAR® XL Hybrid LC/MS/MS System. Chemical shifts aeported in parts per
million downfield relative to tetramethylsilan@ (0.00) and coupling constants are
reported in Hertz (Hz). The following abbreviations are used fomthl@plicities: s =

singlet; d = doublet; t = triplet; g = quartet; m = multiplet; and br = broad.

BnO

OAc
BnO Q
BnO OAC TBnO
BnO 2 HO >—=""0""cgFy, O
BnO \/\L
O.__CCly

CgF17

o

Synthesis of 3-(Perfluorooctyl)propanyloxybutenyl-2-O-ac8i#l6-O-benzylu-
D-mannopyranoside?)’
To a solution of 2-0O-acetyl-3,4B-benzylyl-a-D-mannopyranosyl
tricholoroacetimidate 1 (0.3 g, 0.47 mmol) and 3-

(perfluorooctyl)propanyloxybutenyl alcolol (0.13 g, 0.24 mmol) in dry
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dichloroethane (5 mL) was added TMSOTf (8.5 pL, 0.05 mmol) af@5The
reaction mixture was stirred at room temperature for 30 min. réaetion was
guenched with triethylamine (0.5 mL) and concentrated under reducestingreshe
crude product was purified by solid phase extraction using fluoro ttakimn.
Nonfluorous compounds were eluted with 5 mL 80 % MeOH/water andesieed
product was eluted by 5 mL 100 % MeOH. The solvent was removed ratiered

pressure to obtain the desired produ@®.20 g, 84 %).

BnO BnO

OAC OH
BnO & O
BnO BTB%O
O\/\L O\/\L
O

CgF17 CgF17

@)

Synthesis of 3-(Perfluorooctyl)propanyloxybutenyl-3,4,6-O-benzylx@-oxy-o.-D-
mannopyranosides)’

To a solution of 3-(perfluorooctyl)propanyloxybutenyl-2-O-acetyl-3@-6enzyl-
o-D-mannopyranoside 2 (0.2 g, 0.2 mmol) in  methanol was added Na (45 mg).
The reaction mixture was stirred at 25 for 1 h and concentrated under reduced

pressure. The crude produgtwas purified to obtain the desired product (0.19 g,
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100 %) by silica column chromatography.

ASW Pentamannose method run

After FSPE, the methanol elution collected in the vial wasovea from the
instrument and concentrated. Solvent was removed under reduced gptesshtain
the crude product (18 mg, 13 %) as colorless olil. In order to obtain mdeqds (15
mg, 11 %) for'H NMR, * C NMR and mass spectrum, further purification was
performed using prep TLC.

Rt (ethyl acetate/haxane): 0.75 (25/75)
'H NMR (CDCl 3, 400 MHz): 8 (ppm) 7.35-7.11 (m, 75 H), 5.61-5.58 (m, 2H), 5.55-
5.54 (m, 1H), 5.24 (d] = 1.6, 1H), 5.23 (d) = 1.2, 1H), 5.15 (dJ = 0.8, 1H), 5.03 (d,
J=0.8, 1H), 4.98 (d) = 1.6 , 1H), 4.88-4.71 (m, 5H), 4.68-4.33 (m, 23 H), 4.22-4.06
(m, 6H), 3.98-3.42 (m, 29 H), 3.33 {t= 6.4, 2H), 2.13-2.04 (m, 2H), 2.12 (s, 3H),
1.82-1.74 (m, 2H).
13 C NMR (CDCl;, 100 MHz): § (ppm) 170.3 (C=0), 138.8-138.2 (mg-Bryl),
128.6-127.5 (m, CH-Aryl), [101.6, 101.0, 99.7, 99.5, 98.7 k], 79.9, 78.8,

78.5, 77.5, 76.5,75.8, 75.5, 75.3, 715.2, 75.1, 74.9, 74.5, 73.5, /3.4, 73.0, 72.8, 72.4,
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72.2,72.1,72.0, 71.9, 71.8, 69.9, 69.7, 68.9, 68.8, 66.7, 66.6, 62.9, 28.5, 28.2, 28.0,
21.4,21.1.
HRMS-ESI (m/z): [M+Na]'Calcd for GsHisF1706Na, 2775.8423; Found,

2775.1026.

- 3.5 cycles (24 h 56 min) completed for the synthesis of pentamannose.

Step Task Reagent/ Operation Operation
Time

1 | Glycosylation| 2 equivalent donor (100mol) in 0.5 mL 30 min
Toluene,

1 equivalent F-tagged acceptor (@®ol) in 1

2 | TLC sample mL Toluene; 0.1 equivalent TMSOTT, rt
3 Quenching 30 ul of crude reaction mixture withdrawn
4 Evaporation 0.5 ml TEA 45 min
5 40°C
Deacetylation 2h
6 | TLC sample 3 equivalent of NaOMe solution
Quenching 30 ul of crude reaction mixture withdrawn

7 Evaporation 0.3 ml 0.5 M Acetic acid solution in MeOH | 45 min
8 FSPE 50°C
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preparation
9 Sample 0.4 ml DMF
10 loading 0.7 ml crude sample transferred to cartridge
11 4.7 ml 80% methanol wash
12 Wash 1.5 ml methanol wash (repeated 3 times)
13 Wash 4.7 ml collected sample transferred to clean yia5 min
14 Transfer 50°C
15 | Evaporation 2 ml toluene added 45 min
Transfer 50°C
Evaporation
- HPLC traces of pentamannose run
Man 30 um inject14.DATA - 325 Ch1
100 Pentamer
90 /\
80 ‘
70 \
60
Tetramer
50 \ /\
40 f l \ {\ i
30
| |
10
oé;uk HJ/J LA_/—’N —
-100 05 1 156 2 25 3 35 4 45 65 55 6 65 7 75 8 85 9 95 1[0

Min
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CHAPTER 3
Automated synthesis ot eishmania-associated carbohydrates and
fluorous-based carbohydrate microarrays
A paper to be submitted €hemical Communications
Eun-Ho Song and Nicola L. Ponhl

Introduction

The increasing demand for oligosaccharides in the field of biomedszarch led
to the development of synthetic methods for the complicated otigoaade
synthesis in the field of organic chemistry. Although several appesasuch as one-
pot solution-phase synthesis and solid-phase based automated syrithesibeen
developed for facile synthesis of oligosaccharfdesstructurally complicated
oligosaccharides are still not readily available in the matketto difficulties in the
formation of a stereocenter upon connection with other sugars whilerczstbDNA

sequences and peptides are commercialized in the market.
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Scheme 1Fluorous phase-based automation platform and its applications.

We have recently developed the first automation platform to cautyiterative

synthesis based on fluorous-solid-phase extraction (FSPE) protatbér than solid-

phase-based purification (Scheme 1). This new automation platftawsahe use of

5 to 10-fold lower building block amounts than the solid-phase apprqduiiealso

enables easy monitoring of reaction by TLC. More importantly, dusitagged

products from fluorous phase-based automation platform are not ordgtlylir

applicable in microarrays, but also capable of conjugation to ligands or othersarri

Leishmaniasis has been known as a parasitic disease causéechgn with over

15 species okeishmania. Leishmaniasis is mostly endemic throughout Africa, India,

southern Europe, and Central and South America with an estimatedld million
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individuals and 2 million new cases each year. In order to prevestinaniasis,
WHO have designated it as a category | (emerging and uncontrolleds€isn spite
of the significant effort made in the development of leishm@niasccine, no vaccine
against leishmaniasis is being made to support the prevention of disease.
Cell-surface glycoconjugates are not only significant in the wairvof the
Leishmania parasitg it also can be used as target in order to unveil the role of
carbohydrates on the mechanism of infection. Lipophosphoglycan (IsH@®pwn as
one of the major glycoconjygates ireishmania.’ As shown in Figure 1, structure
analysis of LPG has shown that it has three domains, a glptesghatidylinositol
(GPI) anchor, a repeating phosphorylated saccharide region, an@jesaotharide
cap structuré:?®
But, the identification of structure-function relationship of theaodllular domain
in LPG is still a challenge for both chemists and biologistshigh earlier reports
for the synthesis ofLeishmania capping structures have been featured in the
construction of desired capping structures with different synthetiats¥*?
synthesized capping structures have never been prepared for mygodfealy

successes in microarrays for antibody binding were dedicated ¢t dgtecific
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antibodies against Globo-H antigens in cancer patients™*sareSalmonella O-
antigen inSalmonella infected patients’ sefa However, because of limitations in
availability of defined carbohydrate antigens and reliable toolsntifgimg
interactions between carbohydrate antigens associated infectiseasels and
antibody in serum from infected animals or human has been difficult.

In this context, facile synthesis of oligosaccharides should bemptisbed as
prerequisite in order to economically achieve the rapid developrhilubmus-based
microarray technique which enables detection of variogishmania speciesin a
short time,

Herein, we report the first solution-phase automated syntlusiseishmania
tetrasaccharide and iterative synthesisLefshmania capping structures for the
fluorous-based microarray dafishmania capping structures as a possible diagnostic

tool for the detection of antibodies in serum.

Results and discussion
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BnO OBn BnO 0Ac HO BnO

&/ e

o LI O

O BnO

BnO Bm A Bn&

6 O._CCly 7 8 O -CCls

NH NH

Figure 1. Fluorous alcohol and building blocks for the automated fluorous-phase

synthesis of_eishmania tetrasaccharide.

The automated synthesis béishmania tetrasaccharide was designed to use just
two building blocks: a known activated mannose building Bfoekd a building

block obtained from lactose (Figure 1).

BnO OBn BnO BnO OBn BnO OBn BnO OR
2
o)
Bno BnO  BnO BnO 0\/\ BnO BnO
! )< 3R=H
OMe (C)(
4R=Ac
\ ()
BnO OBn BnO OAc BnO OBn BnO oAc
0
BnOA—210"Bno BnOA—215>"Bno O A
6 OYC% 5

NH

Scheme 2.Synthesis of key disaccharide building block. (a) (i), 8EHCH,OH,

TfOH, (ii) Na, MeOH (87 %); (b) () DMP DCM, (ii) NaBk CH,Cl,/MeOH (92 %);
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(c) Ac,0, DMAP, TEA, CHCl, (91 %); (d) [Ir] cat., H, THF (94 %); (e) (i) HgO,

HgCl,, O=(CH)./H,0 (10/1), (i) TCA, DBU, CHCI, (89 %).

The key intermediate hexa-benzyl orthoesterl'’ was prepared by orthester
formation and follwed by benzylation from lactose in in good dyieDne-step
allylation under mild conditions using allyl alcohol and TfOH producechip&-O-
unprotected saccharidealong with 20-acetylated saccharide. Further deprotection
by NaOMe gave the desired@unprotected saccharidein high yield (87% over 2
steps). Conversion di-glucoside2 to a-mannoside3 was achieved by a two-step
oxidation-reduction process. Initial attempts to obtain 2-uBbs@a Swern oxidation
were unsatisfactory. Known oxidation conditidising A¢cO/DMSO gave desired
product in ~ 70 % vyield, but it required long reaction time (48 h) and prdduce
acetylated side product (5 ~ 10 %). However upon changing the oxidation cosditi
to Dess-Martin periodate, the reaction went smoothly &C3for 3 h in quantitative
yield. Further reduction with NaBHo invert the stereochemistry of the C2 position
gave the desired disacchari@en high yield (92 % over 2 steps). Acetylation Df

was performed under DMAP condition in 91 % yield. The allyl gréwyas removed
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by isomerization to propenyl ethér with an iridium catalyst and subsequent
hydrolysi€® under non-acidic conditions using HgO/HgCThe desired activated
glycosyl donoi6 was then prepared as needed with trichloroacetonitrile/DBU.

The important features of this approach include a suitable prajegtoup strategy,
the transformation of glucose (Glc) to mannose (Man), and a fluomigsphase
extraction (FSPE) technique for automation platform as aniegifigourification
method.

Fluorous-tags has been prepared to improve the efficiency of purification through
FSPE. Trichloroacetimidate® and 8 that can be activated under acidic condition
(TMSOTTf) have also been used as a glycosyl donor. The reactidmekasdone 2.5
cycles for 17 h 31 min without any labor since automated platfeasiready to run
the synthesizer for makingeshimania tetrasaccharide. (Scheme 3) Strikingly, not
only 2 eq of glycosyl donor per one cycle was consumed for the coompleti
glycosylation, but the purity of crude produtt (30 mg) shown in HPLC traces
(supporting information) after 5 steps (17 h 31 min) was also reblar&aen without
further purification. Simple prep TLC gave us highly pure product (817h % per

step) to have reasonablé-, **C-NMR and mass spectroscopy data.
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Scheme 3Automated fluorous-phase synthesid efshmania tetrasaccharide.

These successful results demonstrated that thenatititn of oligosaccharide can
be performed with small amount of reagents, lebsraand high purity of product.

From these achievements, other oligosaccharidebeamtroduced to the same

automated platform.
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Scheme 4Fluorous-tagged branched Tri- and Tetrasaccharide for microarray.

Fully deprotected Fluorous-tagged branched trisacchafidkand tetrasaccharide
11-1 were prepared after deacetylation, followed by simultaneoushdglaéion and

reduction of alkene with Pd/CH

Iterative synthesis ofLeishmania capping structures

Leishmania species such ds major, L. donovani andL. mexicana have lineara-
1,2-linked mannose oligomer and lactose capping structfirdgerative synthesis of
linear a-1,2-linked mannose oligomers has been done in order to complete $ibrarie
for Leishmania capping structures. Each glycosylation was performed with 1.1
equivalent of donor rather than 1.5 equivalent of ddrinrtoluene at 25C for 5 min.

Facile purification of crude product by FSPE enabled easy preparati desired
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lineara-1,2-linked dimannos&3 and trimannosé4 in high yield.

BnO OAc

BnO -Q
BnO

8 (1.1 eqiv.) O\n/CCI3
NH

1. Couping
BnO (TMSOTF, Toluene) B9 onc
BnO o) 2. Purification <Bn0 Q >
FSPE
BnO n ( ) Bno n+1

Scheme 5lterative synthesis of linear mannose oligomer.

Deacetylation, followed by simultaneous debenzylation and reductd alkene

with Pd/C/H, gave desired fully deprotected fluorous—tagged2-linked di- and tri-

mannose in high yield (Scheme 6).
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BnO OAC og
BnO = 1. Na, MeOH HO -
BnO . - Na, Ve HO .

(0] 2. Pd/C, H,, MeOH /\J
93 % for 13-1 and 92 % for 14-1
C.F /\/\O/\) ( )C8F17/\/\O
817
_ =2(13-1)
=2(13) n=
=3(14) n=3(14-1)

Scheme 6Fluorous—tagged-1,2-linked di- and tri-mannose.

Although iterative synthesis of linearl,2-linked dimannos&3 and trimannosé&4
has previously been reported in good yfldhese oligomers have never been

produced for the application in fluorous-based microarrays.

HO OH HO OH OH
CgFN/\/\O CSFN/\/\O
15 16

Figure 3. Fluorous-tagged galactose and lactose for microarray.

Fully deprotected fluorous-tagged galactdde and lactosel6 as L. donovani

capping structures were also prepared as reported in the litéfature.

Conclusion
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In conclusion, we have shown that fully deprotedteidhmania capping structures
for L. donovani andL. major were efficiently syntheisized either through fluorous-
based automation platform or iterative synthesis using FSPE. Canvessip-
glucoside toa-mannoside as a key step for the synthesis of disaccharide building
block was achieved by Dess-Martin oxidation, followed by rednctidh NaBH, in
high yield. Most importantly, automated fluorous-phase synthesikeishmania
tetrasaccharide enabled facile synthesis of target oligosa&tehan order to be
incorporated into fluorous-based microarray with high purity, less dagsnand less
laborious work. This fluorous-based automated platform might be a powesfubr
the construction of carbohydrate library for the study of stradwmction

relationships.

Experimental section
General methods
Solvents were reagent grade and in most cases dried prior to lisethéy

commercially available reagents were used as received wilemsvise noted. The

organic extracts were dried over anhydrous MgSTetrahydrofuran (THF) was

distilled from lithium aluminum hydride (LiAlk) prior to use. Methylene chloride
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(CH,CL,), and triethylamine (EN) were distilled from calcium hydride. Diethyl ether
(Et,0) was distilled from sodium-benzophenone ketyl.

'H and**C NMR spectra were obtained at 400 MHz and 100 MHyaianVXR-
400 NMR or on Bruker DRX-400 NMR. Mass spectra (MS) were dembron an
Applied Biosytems DE-Pro MALDI mass analyzer or an Applied sBiems
QSTAR® XL Hybrid LC/MS/MS System. Chemical shifts asported in parts per
million downfield relative to tetramethylsilang (0.00) and coupling constants are
reported in Hertz (Hz). The following abbreviations are used fomthlaplicities: s =

singlet; d = doublet; t = triplet; g = quartet; m = multiplet; and br = broad.

Synthesis of disaccharide building block

HO OH OH AcO OAc OAC
&/Om A o °
HO o HO OH AcO AcO OAc
OH OAC AcO

Synthesis of 2,3,4,6-Tetrad-acetyl$-D-galactopyranosyl-(1-4)-1,2,3,6-tetreo®-
acetyl-D-glucopyranoside*

To a solution of lactose (1 g, 2.8 mmol) in acetic anhydride (10 wds added
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catalytic amount of iodine (14 mg, 0.1 mmol) at°®5 The reaction mixture was
stirred at room temperature for 1 h. The dark brown reactiorumixtas poured into
a separatory funnel containing dichloromethane, aqueous sodium thiesdfution
and crushed ice. The colorless solution from a separatory funmselvashed with
H,O (2 x 50 mL) and sat.NaHG@2 x 50 mL). It was dried with N&O, and then

concentrated under reduced vacuum to obtain the desired pretluicquantitative

yield.
AcO OAc OAc AcO OAc OAc
(0]
0O 0] (0]
Acomgcmom ACO&/X)
OAc €O
AcO OAc (@] o

Synthesis of 2,3,4,6,-Tetr@-acetyl$-D-galactopyranosyl-(1-4)-3,6-diO-acetyl-
1,2-O-(1-methoxyethylidiene)$-D-glucopyranoside™®

To a solution of 2,3,4,6-tet@-acetyl$-D-galactopyranosyl-(1-4)-1,2,3,6-tet@x-
acetyl-D-glucopyranoside (1.5 g, 2.2 mmol) in dichloromethane (5 wdsg added
33 % HBr (5 mL, 28.6 mmol) in acetic acid for 10 min. The tieacmixture was

stirred at 25°C for 1 h and then checked TLC to check the completion of reaction.
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After completion of reaction, the mixture was washed with colé&mtree times and
then followed by washed with saturated sodium bicarbonate sotttiea times. The
neutralized solution was dried with sodium sulfate and concentrated rediered
pressure. The crude product was used for next step without further aitoificTo a
solution of hepta-acetyl lactosyl bromide in dichloromethane wdedatriethylamine
(0.62 mL, 4.4 mmol), BANBr (0.71 mg, 2.2 mmol) and methanol (0.077 mL, 2.64
mmol). The reaction mixture was stirred at°@for 16 h and then washed with®

(1 x 50 mL). The solution was dried with )0, and then concentrated under
reduced vacuum. The crude produce was purified to obtain the desired tob@ict

g, 83 % over 2 steps) by silica column chromatography.
AcO OAc OAc BnO OBn OBn

%O N B O%O/ﬁ\
AcO n BnO
oac A o OBn 5

Synthesis of 2,3,4,6,-Tetr&@-benzylf-D-galactopyranosyl-(1-4)-3,6-di©-benzyl-
1,2-O-(1-methoxyethylidiene)$-D-glucopyranoside 1*°

To a solution of 2,3,4,6,-teti@-acetyl$-D-galactopyranosyl-(1-4)-3,4-dd-acetyl-
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1,2-0O-(1-methoxyethylidienep-D-glucopyranoside (1dL.5 mmol)in MeOH (5 mL)

was added catalytic amount of Na (3.5 mg, 0.15 mmol) . The reactdarenwas
stirred at 25C for 6 h and then concentrated under reduced vacuum to yield the crude
deacetylated product as yellow foam. To a solution of deacetyatetiict in DMF

(10 mL) was added 60 % NaH (0.47 g, 11.5 mmol), followed by addition ofybenz
bromide (2.06 mL, 11.5 mmol) and tetrabuylammonium iodide (0.57 g, 1.5 nainol)

0 °C. The reaction mixture was warmed up to ®5and stirred for 12 h. The
reaction mixture was diluted with dichloromethane (20 mL) and thashed with

H,O (2 x 50 mL). The organic layer was dried with,81@, and concentrated under
reduced vacuum. The crude product was purified by flash siliclmo

chromatography to afford the desired proddgt(1.28 g, 89 % over 2 steps).

BnO OBn BnO OBn

OBn OBn
(0]
BnO BnO fe)
OBn o OBn BnO S ~ X
o
OMe

Synthesis of Allyl O-(2,3,4,6,-tetraO-benzyl$-D-galactopyranosyl)-(1-4)2-O-

hydroxy-3,6-di-O-benzyl{f-D-glucopyranoside2.
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A solution of 2,3,4,6,-Tetr@®-benzyl$-D-galactopyranosyl-(1-4)-3,6-d)-
benzyl-1,20-(1-methoxyethylidienep-D-glucopyranoside 1) (1 g, 1.1 mmol) and
ally alcohol (0.45 mL, 6.6 mmol) in dichloromethane (10 mL) was comled40°C
and TfOH (6 pL, 0.07 mmol) was added dropwise over 10 min. The reaaixbmre
was stirred at — 48C for 30 min and allowed to Z& for 1 h followed by, addition of
triethylamine to neutralize a solution. The crude product was nestaiafter
concentration of solvent under reduced vacuum. To a crude product in Me®H
added Na (5 mg, 0.22 mmol). The reaction mixture was stirréd & for 1 h and
then concentrated under reduced vacuum. The crude product was purifiedhy f
silica column chromatography to afford the desired prod?)c(0(86 g, 87 % over 2
steps).

Rt (ethyl acetate/haxane) 0.50 (25/75)

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.36-7.18 (m, 30H, aromatics), 6.09-5.99 (m,
1H, CH,CH=CH,), 5.33 (dd, 1HJ = 17.1, 1.2 Hz, CH=C}), 5.22 (dd, 1H,) = 10.3,
1.2 Hz, CH=CH), 5.08 (d, 1H,J = 11.1 Hz), 4.97 (d, 1Hl = 11.5 Hz), 4.82 (dd, 2H,
J=20.4,11.1 Hz), 4.71 (dd, 2H= 22.8, 6.8 Hz), 4.70 (d, 1H,= 5.3 Hz), 4.56 (dd,

2H, J = 11.5, 4.4 Hz), 4.43 — 4.43 (d, Jshmeric J = 7.6 Hz), 4.40 (m, 3H), 4.34 (d,
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THanomeris J = 7.2 Hz), 4.48 (d, 1H] = 11.8 Hz), 4.15 (dd, 1H] = 12.7, 6.4 Hz),
3.96 (d, 1H,J = 9 Hz), 3.92 (d, 1H] = 2.7 Hz), 3.81 — 3.70 (m, 3H), 3.57 — 3.46 (m,
3H), 3.41 — 3.34 (m, 4H), 2.39 (br, 1H, QH

13 C NMR (CDCl;, 100 MHz): § (ppm) [139.2, 139.1, 138.9, 138.7, 138.5, 138.2
(Cq-Aryl)], 134.1 (CHCH=CH,), 128.6 — 127.5 (m, CH-Aryl), 118.0 (CH#p),
103.0 (CHunomerds 101.7 (CHuomerd, 83.0, 82.7, 80.1, 76.5, 75.6, 75.5, 74.9, 74.8,
73.7,73.7, 73.3, 73.2, 72.8, 70.3, 68.4.

HRMS-ESI (m/z): [M+Na] Calcd for G/Hg,NaO;;, 945.4190; Found, 945.5140.

BnO OBn OBn BnO OBn

o o BnO oH
BnO y Ao BnO O&
n n o
OB ENON—"> ~ X oBn BnO X

Synthesis of Allyl O-(2,3,4,6-tetraO-benzyl$-D-galactopyranosyl)-(1-4)2-O-
hydroxy-3,6-di-O-benzylfi-D-mannopyranoside3.

To a solution of allylO-(2,3,4,6-tetra@-benzylf-D-galactopyranosyl)-(1-4)-3,6-di-
O-benzyl$-D-glucopyranoside?) (0.1 g, 0.11 mmol) in dichloromethane (5 mL) was
added dess-martin periodinane (92 mg, 0.22 mmol). The reaction mixtusdimed

at 35°C for 4 h and then diluted with dichloromethane (10 mL). The dilutedisolut
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was washed with sat. NaHGQ@ x 10 mL), BO (1 x 10 mL), and brine (1 x 10 mL).
The organic layer was dried with p&0O, and then concentrated under reduced
vacuum. The crude residue was dissolved in dichloromethane/M&Qi gnd
cooled to C. NaBH, (50 mg, 1.35 mmol) was added and then the reaction mixture
was allowed to 25C over 1 h. The mixture was diluted with dichloromethane (10
mL) and washed with #0 (1 x 10 mL), 1 % aqueous citric acid (1 x 10 mL) and
brine (1 x 10 mL). The solvent was evaporated under reduced vacuum anditlried
Na,SQO,. The crude product was purified by flash silica column chromatography
afford the desired producs)((92 m g, 92 % over 2 steps).

Rt (ethyl acetate/haxane): 0.45 (25/75)

'H NMR (CDCl;, 400 MHz): & (ppm) 7.36-7.21 (m, 30H), 5.97-5.87 (m, 1H,
CH,CH=CH,), 5.29 (dd, 1H)J = 16.5, 1.6 Hz, CH=C}J, 5.20 (dd, 1HJ = 10.4, 1.6
Hz, CH=CH), 4.97 (d, 1HJ = 11.5 Hz), 4.81 (d, 1H] = 2 Hz), 4.78 (d, 1H] = 2.8
Hz), 4.75 (d, 1H,) = 10.8 Hz), 4.72-4.66(m, 4H), 4.60 (d, 1H= 11.5 Hz), 4.50 (d,
1Hanomeris J = 1.2 Hz), 4.47 (d, 1H] = 10.8 Hz), 4.45 (d, Lomeric J = 7.9 Hz), 4.41-
4.37 (m, 3H), 4.30 (d, 1H = 11.6 Hz), 4.12-4.07 (m, 3H), 3.92 (d, 1Hs 2.8 Hz),

3.84 (dd, 1H,) = 10.8, 2.8 Hz), 3.76-3.72 (m, 2H), 3.63(t, 1H; 8.68 Hz), 3.56 (dd,
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1H,J = 8.4, 3.6 Hz), 3.51-3.39 (m, 4H), 2.39 (br, 1H, OH).

13 C NMR (CDCl,, 100 MHz): § (ppm) [139.1, 138.9, 138.7, 138.7, 138.6, 138.1
(Cq-Aryl)], 134.1 (CHCH=CH,), 128.6 — 127.6 (m, CH-Aryl), 118.0 (CH#p),
103.4 (CHnomerids 98.7 (CHnomer), 82.8, 80.1, 79.5, 75.5, 75.4, 73.7, 73.6, 73.3, 73.2,
72.8,72.6, 70.0, 69.2, 68.9, 68.6,

HRMS-ESI (m/z): [M+Na]"Calcd for G/Hg,NaO;;, 945.4190; Found, 945.5131.

BnO OBn _— BnO OBn BnO

OH (0] OAc
S (W < W S L
: OBn BnO O\/\ OBn BnO OW

Synthesis of Allyl O-(2,3,4,6-tetraO-benzylf-D-galactopyranosyl)-(1-4)-20-
acetyl-3,6-di-O-benzyl$-D-mannopyranoside4.

To a allylO-(2,3,4,6-tetra®-benzyl$-D-galactopyranosyl)-(1-4)-3,6-d-benzyl$-
D-mannopyranoside3] (80 mg, 0.09 mmol) in dichloromethane (5 mL) was added
DMAP (6 mg, 0.05 mmol), triethylamine (0.02 mL, 0.18 mmol) and aeetitydride
(0.01 mL, 0.011 mmol). The reaction mixture was stirred at%or 1 h and then
concentrated under reduced vacuum. The crude residue was dried 8@, dnd

purified by flash silica column chromatography to afford therddsproduct 4) (76
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mg, 91 %)

Rt (ethyl acetate/haxane): 0.70 (25/75)

'H NMR (CDClj;, 400 MHz): & (ppm) 7.30-7.18 (m, 30H), 5.92-5.82 (m, 1H,
CH,CH=CH,), 5.58 (dd, 1H,) = 2.8, <1 Hz, CHCKDAC)CH), 5.27 (dd, 1HJ = 17.2,
1.6 Hz, CH=CH), 5.18 (dd, 1HJ = 10, 1.2 Hz, CH=C}}, 4.80 (d, 1H,J = 10.8 Hz),
4.73-4.61 (m, 4H), 4.58 (d, 1H,= 8 Hz), 4.54 (d, 1H) = 3.6 Hz), 4.53 (d, 1lomeric

J = <1 Hz), 4.51 (d, 1khomeric J = 12 Hz), 4.42-4.32 (m, 3H), 4.24 (d, 1H= 11.6
Hz), 4.10 (dd, 1H) = 13.2, 6.4 Hz), 4.98 (t, 1H,= 9.2 Hz), 3.85 (dd, 2H] = 11.2, 2
Hz), 3.79-3.68 (m, 2H), 3.60-5.53 (m, 2H), 3.49-3.45 (m, 1H), 3.41-3.39 (m, 2H),
3.33 (t, 1H,J = 6.8 Hz), 2.03 (s, 3H, OC(O)GH

13 C NMR (CDCl;, 100 MHz): § (ppm) 170.8 (C=0), [139.0, 138.9, 138.7, 138.6,
138.5, 138.2 (GAryl)], 133.8 (CHCH=CH,), 128.6 — 127.4 (m, CH-Aryl), 117.8
(CH=CH,), 115.5, 103.0 (Ckomerd, 97.7 (CHnomerd, 82.9, 80.1, 78.5, 75.8, 75.3,
74.8,74.6,73.7,73.6, 73.4,72.7, 71.8, 70.0, 69.3, 68.9, 68.6, 23)2(CH

HRMS-ESI (m/z): [M+Na]"Calcd for GgHgsNaO,,, 987.4295; Found, 987.3006.

BnO OBn BnO Bn® OBn BnO

o) OAc o OAc
BnO o - ——~  BnO o X o
oBn BnO O™ oBn BnO NN
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Synthesis of VinylO-(2,3,4,6-tetraO-benzyl$-D-galactopyranosyl)-(1-4)-20-
acetyl-3,6-di-O-benzyl$-D-mannopyranosideb.

To a solution of allylO-(2,3,4,6-tetra®@-benzyl$-D-galactopyranosyl)-(1-4)-8-
acetyl-3,6-diO-benzyl$-D-mannopyranosided] (80 mg, 0.08 mmol) in THF (3 mL)
was added catalytic amount of (1,5-
Cyclooctadiene)bis(methyldiphenylphosphine)iridium(l) hexafluorophospl2atag,
0.002 mmol). The stirred solution was degassed, placed undamdNdegassed. The
reaction mixture was placed undes tor 5 min and degassed once more to prevent
further reduction. The mixture was stirred at°5for 30 min under Nand then
concentrated under reduced vacuum. The crude residue was purifiEstogilica
column chromatography to afford the desired prodoic(A5 mg, 94 %).

Rt (ethyl acetate/haxane) 0.72 (25/75)

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.31-7.19 (m, 30H), 6.23 (d, 18z 12.3 Hz,
OCH=CH), 5.60 (dd, 1HJ = 2.6, <1 Hz, CHCKDAC)CH), 5.15-5.07 (m, 1H,
CH=CHCH), 4.96 (d, 1H,) = 11.4 Hz), 4.82 (d, 1H] = 10.9 Hz), 4.74-4.62 (m, 5H),
4.71 (d, 1Hnomeric J = <1 Hz), 4.59-4.55 (m, 2H), 4.51 (d, Jbheric J = 17.4 Hz),

4.49-4.35 (m, 3H), 4.25 (d, 1H,= 11.7 Hz), 4.00 (t, 1H] = 9.1 Hz), 3.89 (d, 2H] =
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10.5 Hz), 3.78-3.70 (m, 2H), 3.64 (dd, 1H= 8.6, 3.2 Hz), 3.56-3.53 (m, 2H), 3.44-
3.40 (m, 1H), 3.35 (t, 1H] = 6.3 Hz), 2.04 (s, 3H, OC(O)GH 1.54 (d, 3H,) = 6.54
Hz, CHCH).

3 ¢ NMR (CDCls, 100 MHz): § (ppm) 170.7 (C=0), 143.4(Q€CH), [139.0,
138.8, 138.7, 138.5, 138.2 @ryl)], 128.6 — 127.4 (m, CH-Aryl), 104.9
(CH=CHCHs) 103.0 (CHnomerds 97-8 (CHnomerd, 82.9, 80.0, 78.2, 76.1, 75.4, 74.8,
74.5,73.7, 73.4, 72.8, 71.9, 69.2, 68.9, 68.1, , 21.2(C4.6 (CHGH,).

HRMS-ESI (m/z): [M+Na]"Calcd for GgHgsNaO,,, 987.4295; Found, 987.3076

BnO OBn BnO BnO OBn BnO

o) OAc o) OAcC
-0 -0
OBn BnO AN OBn BnO

O.__CCly

Synthesis of 2,3,4,6,-Tetr&@-benzylf-D-galactopyranosyl-(1-4)-20-acetyl-3,6-

di-O-benzyl-a-D-mannopyranosy! trichloroacetimidate 6.

To a vinyl O-(2,3,4,6,-tetra®-benzyl$-D-galactopyranosyl)-(1-4)-B-acetyl-3,6-

di-O-benzyl$-D-mannopyranosider] (75 mg, 0.08 mmol)and mercury oxide (24

mg, 0.1 mmol) in 3 mL of acetone/8 (10 mL /ImL) was added a solution of
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mercuric chloride (23 mg, 0.09 mmol) in 2 mL of acetop€@HK10 mL/1mL) for 1
min. The reaction mixture was stirred at5for 3 h. The crude residue was filtered
through celite and diluted with dichloromethane (5 mL). The orgamyerl was
washed with sat. KI (1 x 5 mL),4 (1 x 5 mL) and brine (1 x 5 mL). The solvent
was concentrated under reduced vacuum and dried wiBQWdo a crude residue in
dichloromethane (5 mL) was added,C®; (25 mg, 0.08 mmol) and followed by
addition of trichloroacetonitrile (0.016 mL, 0.16 mmol) & The reaction mixture
was stirred at C for 30 min and then concentrated under reduced vacuum and
purified by flash silica column chromatography to afford therddsproduct §) (74
mg, 89 % over 2 steps).

Rt (ethyl acetate/haxane): 0.80 (25/75)

'H NMR (CDCl 3, 400 MHz): 8 (ppm) 8.66 (s, 1H, NHC), 7.32-7.17 (m, 30H), 6.24
(d, 1Hunomeris J = 1.8 Hz), 5.43 (dd, 1H] = 3.1, 2.8 Hz, CHCHDAC)CH), 4.97 (d, 1H,
J=11.6 Hz), 4.81 (d, 1H] = 10.8 Hz), 4.76 (d, 1H] = 12 Hz), 4.69-4.65 (m, 3H),
4.57 (d, 1H,J = 11.2 Hz), 4.44 (d, 1H = 7.6 Hz), 4.40 (d, 1H] = 11.6 Hz), 4.38 (d,
1H,J = 11.2 Hz), 4.28-4.22 (m, 2H), 3.95 (dd, 2H 8.9, 3.2 Hz), 3.87 (dd, 1H,=

8.9, 7.8 Hz), 3.63-3.54 (m. 2H), 3.46-3.36 (m, 3H), 1.98 (s, 3H, OAC).
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13 C NMR (CDCls, 100 MHz): & (ppm) 170.4 (E0), 160.1 (&NH), [139.1, 138.9,
138.7, 138.6, 138.5, 138.4 {@ryl)], 128.7 — 127.6 (m, CH-Aryl), 103.2 (Gkbmerd,
95.4 (CHiomerd, 82.8, 80.0, 75.5, 75.4, 74.9, 74.6, 74.0, 73.9, 73.7, 73.4, 72.9, 72.8,

69.1, 68.5, 68.2, 21.1 (GH

ASW Leshmania-tetrasaccharide method run
After FSPE, the methanol elution collected in the vial wasokeu from the
instrument and concentrated. Solvent was removed under reduced ptesshtain
the crude product (30 mg) as colorless oil. In order to obtain padaigr6) (21 mg,
16 %) for'H NMR, ** C NMR and mass spectrum, further purification was performed

using prep TLC.

Synthesis of 3-(perfluorooctyl)propanyloxybutenyl-3,6-di©-benzyl-4-O-
[2,3,4,6,-tetraO-benzylf-D-galactopyranosyl]-2:0-[2-O-(2-O-acetyl-3,4,6-tri-O-
benzyl-a-D-mannopyranosyl)-3,4,6-tri-O-benzyl-a-D-mannopyranosyl]-a-D-
mannopyranosidell.

Rt (ethyl acetate/haxane)0.75 (20/80)
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'H NMR (CDCl 3, 400 MHz): § (ppm) 7.33-7.11 (m, 30H), 5.62 (br, 2H), 5.47 (s, 1H),
5.08 (s, 1H), 4.92 (d, 2H = 15.6 Hz), 4.82-4.77 (m, 3H), 4.70-4.59 (m, 6H), 4.55-
4.44 (m, 10H), 4.41-4.36 (m, 3H), 4.26 (d, 1+ 12 Hz), 4.21-4,18 (d, 1H,= 12.4

Hz), 4.15 (m, 1H), 4.05-3.98 (m, 2H), 3.92-3.82 (m, 10H), 3.78-3.69 (m, 8H), 5.57 {(t,
2H,J =10 Hz), 3.41 (t, 2H] = 9.2 Hz), 3.32-3.29 (m, 3H), 2.15-2.04 (m, 2H), 2.08 (s,
3H), 1.80-1.73 (m, 2H).

3 C NMR (CDCl3, 100 MHz): § (ppm) 170.2 (E0), [139.4, 139.2, 139.0, 138.9,
138.8, 138.7, 138.6, 138.6, 138.6, 138.2, 138 2A@l)], 128.5 — 127.2 (m, CH-
Aryl), [103.1, 101.2, 99.6, 98.2 95.4 (Gloheri], 83.0, 80.3, 79.7, 78.2, 75.4, 75.3,
75.2, 75.0, 74.8, 74.5, 73.5, 73.4, 73.2, 72.7, 72.4, 72.3, 72.1, 72.0, 71.9, 69.7, 69.0,
98.8, 68.5, 66.7, 63.0, 28.4, 28.3, 28.0, 21.3jCH

HRMS-MALDI (m/z): [M+Na]'Calcd for GusHqi,F17NaO,; 2341.8394; Found,

2341.3591.

- 25 cycles (17h 31 min 39) completed for the synthesisL@thmania-

tetrasaccharide.

Step| Task Reagent/ Operation Operation
Time
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10

11

12

13

14

15

Glycosylation

TLC sample
Quenching
Evaporation
Deacetylation
TLC sample
Quenching
Evaporation
FSPE
preparation
Sample loading
Wash

Wash
Transfer
Evaporation

Transfer

Evaporation

2 equivalent donor (10@mol) in 0.5 mL
Toluene,
1 equivalent F-tagged acceptor (@@ol) in 1 mL
Toluene; 0.1 equivalent TMSOTT, rt
30 pl of crude reaction mixture withdrawn
0.5mlI TEA
40°C

3 equivalent of NaOMe solution
30 pl of crude reaction mixture withdrawn
0.3 ml 0.5 M Acetic acid solution in MeOH

50°C

0.4 ml DMF
0.7 ml crude sample transferred to cartridge
4.7 ml 80% methanol wash
1.5 ml methanol wash (repeated 3 times)
4.7 ml collected sample transferred to clean vi
50°C
2 ml toluene added

50°C

30 min

45 min

2h

45 min

al

45 min

45 min

HPLC trace for crude product.
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RUN_7 DATA - 325 Ch*

0.3

0.25

Trimer

0.2

Ny
4 5
BnO OAG HO OH
BnO -Q HO -Q
BnO HO
BnO o HO o)
BnO -0 HO -Q
BnO HO
BnO OBn HO OH
BnO HO
o) 0 o) 0
o) -0 o) -0
BnO HO
oBn BnO — oH HO
o) o)
C8F17 C8':17

3-(perfluorooctyl)propanyloxybutanyl-4-O-[ B-D-galactopyranosyl]-2-0-[2-O-(2-
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O-a-D-mannopyranosyl)-a-D-mannopyranosyl]-e-D-mannopyranosidell1-1.

To a 3-(perfluorooctyl)propanyloxybutenyl-3,6-@thenzyl-40-[2,3,4,6,-tetrad-
benzyl$-D-galactopyranosyl]-2-[2-O-(2-O-acetyl-3,4,6-triO-benzyla-D
mannopyranosyl)-3,4,6-t@-benzyle-D-mannopyranosylp-D-mannopyranoside
(1) (50 mg, 0.02 mmol)n MeOH (3 mL) was added Na (1 mg, 0.07 mmol) and
stirred at 25°C for 30 min. The reaction mixture was neutralized with Dowex-ion-
exchange resin and filtered through Celite pad. purified by solidepbsisaction
using fluoro flash column. The solvent was removed under reducedingrésbtain
deacetylated product. To a sluotion of deacetylated product in M&oitl)(was
added 10 % Pd/C (50 mg). The reaction mixture was stirred @& 2&der hydrogen
atmosphere for 12 h. The desiretil{l) was obtained through Celite filteration
followed by evaporation of solvent under reduced pressure in good gielang,

96 %).

'H NMR (CD;OD, 400 MHz): & (ppm) [5.33 (s, 1H), 5.01 (s, 1H), 4.96 (s, 1H), 4.35
(d, 1H,J = 8 HZz) CHpomerid], 4.01-3.1 (m, 30H), 2.31-2.18 (m, 2H), 1.89-1.78 (m,
2H), 1.84-1.53 (m, 4H).

13C NMR (CD50OD, 100 MHz): 8 (ppm) [103.9, 102.9, 101.0, 98.7 (Ghherd], 79.2,
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78.0, 77.6, 73.8, 73.8, 73.6, 71.8, 71.2, 70.7, 70.6, 70.5, 69.9, 69.1, 68.9, 68.0, 67.6,
67.3,62.1, 62.0, 61.3, 61.0, 26.4, 26.1.
HRMS-MALDI (m/z): [M+Na]'Calcd for GgHssFi;NaO,, 1221.2811; Found,

1220.1206.

Iterative synthesis ofLeishmania-capping structures

BnO OBn BnO BnO OBn BnO

0 -Q -
0o X
I, \/\L
O
CgF17

Synthesis of 3-(perfluorooctyl)propanyloxybutenyl-[2,3,4,6-tetre@-benzyl$-D-
galactopyranosyl-]-a-D-mannopyranoside6-1.

To a solution of 2,3,4,6-tetr@-benzyl$-D-galactopyranosyl-(1-4)-B-acetyl-3,6-
di-O-benzyla-D-mannopyranosyl trichloroacetimidaté) (0.1 g, 0.09 mmol) and 3-
(perfluorooctyl)propanyloxybutenyl alcohdl)((62 mg, 0.11 mmol) in dry toluene (3

mL) was added TMSOTf (2 pL, 0.01 mmol) at A5. The reaction mixture was

stirred at room temperature for 10 min. The reaction was quemdtiettiethylamine
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(0.01 mL) and concentrated under reduced pressure. The crude pradugtirified

by solid phase extraction using fluoro flash column. Nonfluorous compoueds w
eluted with 5 mL 80 % MeOH/water and the desired product waddbyt® mL 100 %
MeOH. The solvent was removed under reduced pressure to obtaitesired
product 6-1) (0.13 g, 92 %).

Rt (ethyl acetate/haxane)0.75 (20/80)

'H NMR (CDCI 3, 400 MHz): & (ppm) 7.30-7.17 (m, 30H), 5.75-5.65 (m, 2H), 5.29 (s,
1H), 4.95 (d, 1H,) = 11.4 Hz), 4.82 (d, 1H = 11 Hz), 4.81 (d, 1H] = <1 Hz), 4.70-
4.62 (m, 5H), 4.57-4.47 (m, 2H), 4.39 (d, 1H= 5.6 Hz), 4.36 (d, 1H] = 5.2 Hz),
4.24 (d, 1HJ = 11.8 Hz), 4.18 (d, 1H] = 4.3 Hz), 4.10-4.06 (m, 2H), 4.01-4.00 (m,
2H), 3.90-3.85 (m, 2H), 3.80 (d, 28= 8.7 Hz), 3,72 (t, 2H] = 8.1 Hz), 3.55 (t, 1H,

J =9 Hz), 3.43-3.32 (m, 5H), 2.20-2.03 (m, 2H), 1.95 (s, 3H), 1.85-1.78 (m, 2H).

3 C NMR (CDCl3, 100 MHz): & (ppm) 170.6 (E0), [139.0, 138.9, 138.9, 138.5,
138.5, 138.2 (GAryl)], 130.6, 128.5 — 127.3 (m, CH-Aryl), [103.1, 96.8 (Gherd].
82.0, 80.1, 76.3, 75.3, 74.8, 714.7, /3.7, /3.6, /3.3, 72.7, 72.2, 71.5, 69.6, 69.1, 69.9,
68.9, 68.9, 66.6, 62.9, 28.2, 28.0, 21.1CH

HRMS-MALDI (m/z): [M+Na]'Calcd for G;H;;F/NaO; 1478.2783; Found,
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1478.2483.

BnO OBn BnO BnO OBn BnO

OAcC OH
Bnoﬁ&& . Bno&;(&&
o SN o
\/\LO \/\LO
CgF17 CgF17
Synthesis of 3-(perfluorooctyl)propanyloxybutenyl-[2,3,4,6-tetre@-benzyl$-D-
galactopyranosyl-]-(1-4)-20-hydroxy-3,6-di-O-benzyl-a-D-mannopyranoside9.
To a solution of 3-(perfluorooctyl)propanyloxybutenyl-[2,3,4,6-t€xaenzyl$-D-
galactopyranosyl-]-(1-4)-B-acetyl-3,6-diO-benzyla-D-mannopyranosidesél) (0.1
g, 0.07 mmoljn MeOH (3 mL) was added Na (1 mg, 0.07 mmol) and stirred &25
for 30 min. The crude product was purified by solid phase extraction tlamg
flash column. Nonfluorous compounds were eluted with 5 mL 80 % MeQeiaad
the desired product was eluted by 5 mL 100 % MeOH. The soWwastremoved
under reduced pressure to obtain the desired protdct9b mg, 98 %).
Rt (ethyl acetate/haxane)0.45 (25/75)

'H NMR (CDCl 5, 400 MHz): & (ppm) 7.34-7.21 (m, 30H), 5.76-5.67 (m, 2H), 4.98

(d, 1H,J = 11.6 Hz), 4.91 (d, 1Hl = 11.6 Hz), 4.89 (d, 1H] = <1 Hz), 4.82 (d, 1H]
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= 11.2 Hz), 4.75-4.69 (m, 3H), 4.63-4.50 (m, 3H), 4.43 (d, 14 10 Hz), 4.40-4.36
(m, 2H), 4.28 (d, 1HJ = 11.6 Hz), 4.21 (dd, 1Hl = 12, 3.2 Hz), 4.13-4.07 (m, 2H),
4.03-4.01 (m, 2H), 3.90 (d, 1H,= 2.4 Hz), 3.79-3.69 (m, 5H), 3.58 (t, 18i= 8.8
Hz), 3.46-3.37 (m, 5H), 2.21-2.08 (m, 2H), 1.85-1.79 (m, 2H).

* C NMR (CDCl3, 100 MHz): & (ppm) [139.1, 138.9, 138.8, 138.6, 138.2-2yI)],
130.5, 128.6 — 127.6 (m, CH-Aryl), [103.3, 98.3 (Gdrerid], 82.8, 80.1, 78.2, 75.4,
74.5,73.7,73.7,73.3, 73.0, 72.8, 71.4, 69.5, 68.9, 68.9, 68.7, 66.7, 62.7, 28.2.
HRMS-MALDI (m/z): [M+Na]'Calcd for GgHgoF17NaO, 1435.4415; Found,

1435.3106..

OAc
BnO -Q

BnO BnO OB Brno
nO OBn n n

o BnO OH o BnO o

(o) -0 (e) -0

BnO BnO

oBn BnO — oBn BnO

O\/\L o\/\L

C8F17 C8F17

Synthesis of 3-(perfluorooctyl)propanyloxybutenyl-3,6-di©-benzyl-4-0O-[2,3,4,6-

tetra-O-benzylf-D-galactopyranosyl-]-2-0-[2-O-acetyl-3,4,6-tri-O-benzyl- a -D-
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mannopyranosyl]-a-D-mannopyranosidel0.

To a solution of 3-(perfluorooctyl)propanyloxybutenyl-[2,3,4,6-t€raenzyl$-D-
galactopyranosyl-]-(1-4)-B-hydroxy-3,6-diO-benzyla-D-mannopyranosided) (90
mg, 0.06 mmol) and B-acetyl-3,4,6-tri©O-benzylyl-a-D-mannopyranosyl
tricholoroacetimidate (42 mg, 0.07 mmol) in dry toluene (3 mL) vdmed TMSOTf
(2 puL, 0.01 mmol) at 28C. The reaction mixture was stirred at°5for 10 min. The
reaction was quenched with triethylamine (0.1 mL) and concedtiatder reduced
pressure. The crude product was purified by solid phase extractranfusiro flash
column. Nonfluorous compounds were eluted with 5 mL 80 % MeOH/watethe
desired product was eluted by 5 mL 100 % MeOH. The solvent was rdmoder
reduced pressure to obtain the desired prod@}t(0.11 g, 89 %).

Rt (ethyl acetate/haxane): 0.75 (20/80)

'H NMR (CDCl 4, 400 MHz): 8 (ppm) 7.31-7.29 (m, 45H), 5.64-5.61 (m, 2H), 5.50
(dd, 1H,J = 2.8, 1.6 Hz), 5.05 (d, 1H,= 1.2 Hz), 4.89 (d, 1H] = 11.2 Hz), 4.83-
4.77 (m, 4H), 4.68 (d, 1H = 11.2 Hz), 4.64-4.57 (m, 5H), 4.53 (d, 1Hs 5.6 Hz),
4,51-4.45 (m, 3H), 4.42 (d, 18,= 7.6 Hz), 4.38 (d, 1H] = 5.2 Hz), 4.33 (d, 1H] =

10.8 Hz), 4.29 (d, 1H] = 12.4 Hz), 4.21 (d, 1H] = 12 Hz), 4.16-4.12 (m, 1H), 4.06

www.manaraa.com



69

(d, 1H,J = 8.8 Hz), 4.02-4.00 (m, 1H), 3.97-3.91 (m, 4H), 3.85-3.82 (m, 3H), 3.80 (d,
1H,J = 9.6 Hz), 3.75-3.62 (m, 6H), 3.51 (t, 1H+ 8.8 Hz), 3.44 (d, 1H] = 2.8 Hz),
3.41-3.29 (m, 4H), 2.17-2.01 (m, 2H), 2.04 (s, 3H), 1.81-1.75 (m, 2H).

13 C NMR (CDCl3, 100 MHz): 8 (ppm) 170.0 (C=0), [139.4, 139.2, 139.1, 138.9,
138.7, 138.7, 138.5, 138.3 {@ryl)], 130.1, 128.6 — 127.1 (m, CH-Aryl), [103.5,
99.7, 98.2 (Chhomerid], 83.0, 80.3, 78.7m 78.2, 75.5, 87.4, 75.2, 74.8, 74.6, 73.7, 73.1,
72.7,72.7,72.2,72.1, 72.0, 69.5, 69.2, 68.9, 68.6, 68.4, 66.8, 62.9, 28.5, 28.3, 28.1,
21.4.

HRMS-MALDI (m/z): [M+Na]'Calcd for GgHgoF17NaOg 1909.6458; Found,

1909.6699.

BnO HO

OAc OH
BnO -Q HO -0
BnO BnO HO
nO OBn Bno HO OH HO
o) 0 o) o)
o -0 o -0
BnO HO
oBn BnO oH HO

C8F17 C8F17

Synthesis of 3-(perfluorooctyl)propanyloxybutanyl-4O-[g-D-galactopyranosyl]-

2-0O-[2-0O-a-D-mannopyranosyl]-a-D-mannopyranosidel10-1
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To a 3-(perfluorooctyl)propanyloxybutenyl-3,6-OHenzyl-40-[2,3,4,6,-tetrad®-
benzyl$-D-galactopyranosyl-]-23-[2-O-acetyl-3,4,6-tri©O-benzyla-D-
mannopyranosyli+D-mannopyranosidel() (50 mg, 0.03 mmol)n MeOH (3 mL)
was added Na (1 mg, 0.07 mmol) and stirred a@Sor 30 min. The reaction
mixture was neutralized with Dowex-ion-exchange resin andddtehrough Celite
pad. purified by solid phase extraction using fluoro flash column. Therdolas
removed under reduced pressure to obtain deacetylated productsliiotian of
deacetylated product in MeOH (3mL) was added 10 % Pd/C (50Thg)reaction
mixture was stirred at 2% under hydrogen atmosphere for 12 h. The desir@d)(
was obtained through Celite filteration followed by evaporatiorsafent under
reduced pressure in good yield (26 mg, 95 %).

'H NMR (D,0, 400 MHz): & (ppm) [4.95 (s, 1H), 4.87 (s, 1H), 4.29 (d, TH; 8 Hz),
CHanomerid], 3.92-3.33 (m, 26H), 1,44-1,42 (m, 2H), 1.22-1.20 (m, 2H), 0.76-0.73 (m,
2H).

13 C NMR (CDCl3, 100 MHz): § (ppm) [103.9, 102.8, 98.7 (GKmerd], 78.0, 77.7,

75.7, 73.8, 73.6, 71.8, 71.8, 71.4, /1.1, 70.6, 70.5, 69.8, 69.0, 68.9, 67.6, 67.2, 61.8,

61.2, 61.0, 60.2, 31.5, 27.6, 27.4,19.3. 13.0.
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HRMS-MALDI (m/z): [M+Na]'Calcd for GgHisF7/NaO; 1059.2283; Found,

1059.3657.

HO oH ACO oAc

HO OH AcO OAc

Synthesis of 1,2,3,4,6-pent®-acetyl-D-mannopyranoside

To a solution of monnose (1 g, 5.6 mmol) in acetic anhydride (5 mk)asded
catalytic amount of iodine (50 mg, 0.2 mmol) at°®5 The reaction mixture was
stirred at room temperature for 1 h. The dark brown reactiorumixtas poured into
a separatory funnel containing dichloromethane, aqueous sodium féti@sdlution
and crushed ice. The colorless solution from a separatory funmselvashed with
H,O (2 x 50 mL) and sat.NaHG@2 x 50 mL). It was dried with N&O, and then
concentrated under reduced vacuum to obtain the desired pfoduttt quantitative

yield.

AcO opac AcO O%OMG
Aco% - Acomo
AcO OAcC AcO
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Synthesis of 3,4,6-triO-acetyl-1,20-(1-methoxyethylidiene)ea-D-
mannopyranoside

To a solution of 1,2,3,4,6-pen@-acetyl-D-mannopyranosid@.2 g, 5.6 mmol) in
dichloromethane was added HBr (10 mL) for 10 min . The reaction raixtuas
stirred at 25°C for 1 h and then checked TLC to check the completion of reaction.
After completion of reaction, the mixture was washed with colé&mtree times and
then followed by washed with saturated sodium bicarbonate sotttiea times. The
neutralized solution was dried with sodium sulfate and concentrated rediered
pressure. The crude product was used for next step without further aitoificTo a
solution of hepta-acetyl lactosyl bromide in dichloromethane wdsdattiethylamine
(1.6 mL, 11.2 mmol), BiNBr (2.0 g, 6.2 mmol) and methanol (0.2 mL, 6.7 mmol).
The reaction mixture was stirred at 4D for 16 h and then washed with® (1 x 50
mL). The solution was dried with N8O, and then concentrated under reduced
vacuum. The crude produce was purified to obtain the desired praca@ty, 78 %

over 3 steps) by silica column chromatography.

AcO o)(OMe BnO O)YOMG
0] (0]

AcO Qo0 —Bno 0
AcO BnO
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Synthesis of 3,4,6-triO-benzyl-1,20-(1-methoxyethylidiene)ea-D-
mannopyranoside

To a solution of  3,4,6-t@-acetyl-1,20-(1-methoxyethylidieney-D-
mannopyranosidélg, 2.8 mmol) in MeOH (5 mL) was added catalytic amount of Na
(10 mg, 0.4 mmol) . The reaction mixture was stirred af@5or 2 h and then
concentrated under reduced vacuum to yield the crude deacetyladedttpas yellow
foam. To a solution of deacetylated product in DMF (10 mL) was aédéd NaH in
mineral oil (1.33g, 11.2 mmol), followed by addition of benzyl bromide (inB1
11.2 mmol) and tetrabuyl ammonium iodide (31 mg, 0.08 mmolf@t The reaction
mixture was warmed up to Z& and stirred for 12 h. The reaction mixture was
diluted with dichloromethane (50 mL) and then washed wi® K2 x 50mL). The
organic layer was dried with Ma0O, and concentrated under reduced vacuum. The
crude product was purified by flash silica column chromatographafford the

desired product (1.28 g, 92 %).

BnO o OMe BnO

BnO Q0

BnO \n/
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Synthesis of 20-acetyl-3,4,6-tri-O-benzylyl-a-D-mannopyranosyl
tricholoroacetimidate 8
3,4,6-Tri-0O-benzyl-1,20-(1-methoxyethylidienej-D-mannopyranoside  (1g, 2
mmol) was dissolved in 80 % acetic acid (10 mL) and stirré$ &€ for 30 min. The
reaction mixture was diluted with dichloromethane (20 mL) anchedsvith HO (3
x 20 mL) followed by with sat.NaHC{(1 x 20 mL). The solution was dried with
NaSO, and concentrated under reduced pressure. To a crude residue in
dichloromethane was added,C®; (0.32 g, 1 mmol) and followed by addition of
trichloroacetonitrile (0.4 mL, 4 mmol) at®. The reaction mixture was stirred at 0
°C for 30 min and then concentrated under reduced pressure. The crude wesidue
dried with NaSQ, and purified by flash silica column chromatography to afford the

desired productg) (1.15 g, 92 %).

BnO oAc BnO oac
BnO -Q BnO -Q
BnO BnO
o\ﬂ/ccl3 O
NH \/\LO
CsF17/\)
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Synthesis of 3-(Perfluorooctyl)propanyloxybutenyl-2-O-acetyB,4,6-tri-O-benzyl-
a-D-mannopyranoside122

To a solution of 29-acetyl-3,4,6-tri©-benzylyl-a-D-mannopyranosyl
tricholoroacetimidate q) (0.3 g, 0.47 mmol) and 3-
(perfluorooctyl)propanyloxybutenyl alcohol2)( (0.13 g, 0.24 mmol) in dry
dichloroethane (5 mL) was added TMSOTf (8.5 pL, 0.05 mmol) af@5The
reaction mixture was stirred at room temperature for 30 min. réaetion was
qguenched with triethylamine (0.5 mL) and concentrated under reducestingreshe
crude product was purified by solid phase extraction using fluoro ttakimn.
Nonfluorous compounds were eluted with 5 mL 80 % MeOH/water andesieed
product was eluted by 5 mL 100 % MeOH. The solvent was removed retiered

pressure to obtain the desired prodd® (0.20 g, 84 %).

BnO OAC

BnO -Q
BnO
BnO OAc BnO [e)
BnO -Q BnO -0
BnO I BnO
O\/\L O\/\L
(0] (0]
CgF17 CgF17
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Synthesis of 3-(Perfluorooctyl)propanyloxybutenyl-3,4,6-tri©-benzyl-2-0-(2-O-
acetyl-3,4,6-tri-O-benzyl-a-D-mannopyranosyl)- a-D-mannopyranoside13*.

To a solution of 3-(perfluorooctyl)propanyloxybutenyl-2-O-acetyl-3,4;6eDzyl-
o-D-mannopyranosidelg) (0.2 g, 0.2 mmol) in MeOH (5 mL) was added Na (4 mg,
0.2 mmol) and stirred at Z& for 30 min. The crude product was purified by solid
phase extraction using fluoro flash column. Nonfluorous compounds weed &liih
5 mL 80 % MeOH/water and the desired product was eluted by 5001% MeOH.

The solvent was removed under reduced pressure to obtain the desthect (0.18 g,

94 %). To a solution of 3-(perfluorooctyl)propanyloxybutenyl-3,4,6-O-beazipt
mannopyranoside (0.18g, 0.19 mmol) and dD-2cetyl-3,4,6-tri©-benzylyl-w-D-
mannopyranosyl tricholoroacetimidate (0.13 g, 0.21 mmol) in toluene (5wak)
added TMSOTf (2 pL, 0.11 mmol) at 26. The reaction mixture was stirred at®5

for 10 min. The reaction was quenched with triethylamine (30aunl) concentrated
under reduced pressure. The crude product was purified by solid phassicxtra
using fluoro flash column. Nonfluorous compounds were eluted with 5 mL 80 %
MeOH/H,O and the desired product was eluted by 5 mL 100 % MeOH. The solvent

was removed under reduced pressure to obtain the desired priguct23 g, 86 %).
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BnO OAC
BnO -Q
BnO
BnO pac BnO q
BnO -Q BnO -0
BnO BnO
BnO o BnO o
BnO -0 BnO -0
BnO BnO
O\/\L O\/\L
o o}
CgFy7 CgF17

Synthesis of 3-(Perfluorooctyl)propanyloxybutenyl-3,4,83-benzyl-2-O-[2-O-(2-
O-acetyl-3,4,6-tri-O-benzyla-D-mannopyranosyl)-3,4,6-tri-O-benzyl-a-D-
mannopyranosyl]- a-D-mannopyranoside142*

To a solution of 3-(perfluorooctyl)propanyloxybutenyl-3,4,6@benzyl-20-(2-O-
acetyl-3,4,6-tri©-benzyla-D-mannopyranosylj-D-mannopyranoside 18) (0.2g,
0.14 mmol) in MeOH (5 mL) was added Na (3 mg, 0.14 mmol) and stitr28 %
for 30 min. The crude product was purified by solid phase extraction tlamg
flash column. Nonfluorous compounds were eluted with 5 mL 80 % MeQeiaad
the desired product was eluted by 5 mL 100 % MeOH. The soWwastremoved

under reduced pressure to obtain the desired product (0.18 g, 92 %)
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To a solution of 3-(perfluorooctyl)propanyloxybutenyl-3,Q&enzylo-D-
mannopyranosyl-(1-2)-3,4,6-benzyl- a-D-mannopyranoside (0.18 g, 0.13 mmol)
and 20-acetyl-3,4,6-triO-benzylyl-a-D-mannopyranosyl tricholoroacetimidate (91
mg, 0.14 mmol) in toluene (5 mL) was added TMSOTf (2 pL, 0.11 mmdb &€E.
The reaction mixture was stirred at @5 for 30 min. The reaction was quenched with
triethylamine (30 pL) and concentrated under reduced pressure. Udee moduct
was purified by solid phase extraction using fluoro flash column. INamus
compounds were eluted with 5 mL 80 % MeOHKIHand the desired product was
eluted by 5 mL 100 % MeOH. The solvent was removed under reducesingre¢s

obtain the desired produdt4) (0.21 g, 86 %).

BnO oac HO oH

BnO -Q HO -Q
BnO HO
BnO o) HO (o)
BnO -Q HO -0
BnO —— HO
O\/i O\/\L
(@] (@]
C8F17 C8F17

Synthesis of 3-(perfluorooctyl)propanyloxybutanyl--20-(2-O-a-D-

mannopyranosyl)-a-D-mannopyranosidel3-1
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To a 3-(perfluorooctyl)propanyloxybutenyl-3,4,6-®+enzyl-20-(2-O-acetyl-
3,4,6-tri-O-benzyle-D-mannopyranosyl)«o-D-mannopyranosidel@) (50 mg, 0.03
mmol)in MeOH (3 mL) was added Na (1 mg, 0.07 mmol) and stirred &Z6r 30
min. The reaction mixture was neutralized with Dowex-ion-exchamgn and
filtered through Celite pad. purified by solid phase extraction udimgd flash
column. The solvent was removed under reduced pressure to obtainyldéede
product. To a sluotion of deacetylated product in MeOH (3mL) was dtitiét Pd/C
(50 mg). The reaction mixture was stirred af®@5under hydrogen atmosphere for 12
h. The desired13-1) was obtained through Celite filteration followed by evaporation
of solvent under reduced pressure in good yield (29 mg, 95 %).

'H NMR (CD 30D, 400 MHz): & (ppm) [5.06 (s, 1H), 4.96 (s, 1H) Gerid], 3.81-
3.31 (m, 22H), 2.30-2.18 (m, 2H), 1.87-1.76 (m, 2H), 1.68-1.60 (m, 2H).

13 C NMR (CD;0OD, 100 MHz): & (ppm) [103.0, 98.7 (CHomerdl, 79.5, 73.8, 73.4,
71.2,71.0, 70.6, 68.9, 67.8, 67.6, 67.1, 61.9, 61.8, 60.2, 27.8, 27.6, 26.4, 26.1.
HRMS-MALDI (m/z): [M+Na]'Calcd for G;HssFi;NaO,, 897.1289; Found,

897.1755.
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HO
BnO OAC Ol‘('3
BnO -0 HO
BnO HO
BnO o HO o
-0
BnO o) HO
BnO HO
BnO — HO o
-0
BnO -0 HO
BnO HO
o o)
CgF17 CeF17

Synthesis of 3-(perfluorooctyl)propanyloxybutanyl-20-[2-O-(2-O-a-D-

mannopyranosyl)-w-D-mannopyranosyl]-e-D-mannopyranosidel4-1

To a 3-(perfluorooctyl)propanyloxybutenyl-3,4Bbenzyl-2-0O-[2-O-(2-O-acetyl-
3,4,6-tri-O-benzyle-D-mannopyranosyl)-3,4,6-t-benzyl-a-D-mannopyranosyl]-
o-D-mannopyranosideld) (50 mg, 0.03 mmol)n MeOH (3 mL) was added Na (1
mg, 0.07 mmol) and stirred at 26 for 30 min. The reaction mixture was neutralized
with Dowex-ion-exchange resin and filtered through Celite padfi@dirby solid
phase extraction using fluoro flash column. The solvent was removed nenideed
pressure to obtain deacetylated product. To a sluotion of deacetyladduct in
MeOH (3mL) was added 10 % Pd/C (50 mg). The reaction mixturestiveesd at 25

°C under hydrogen atmosphere for 12 h. The desitddl) was obtained through
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Celite filteration followed by evaporation of solvent under redymedsure in good

yield (26 mg, 93 %).

'H NMR (CD;OD, 400 MHz): 8 (ppm) [5.27 (s, 1H), 5.06 (s, 1H), 4.97 (s, 1H)
CHanomerid], 4.02-3.03 (m, 29H), 2.31-2.17 (m, 1H), 1.87-1.76 (m, 2H), 1.58-1.51 (m,
1H), 1.43-1.35(m, 1H).

13 C NMR (CD;OD, 100 MHz): & (ppm) [102.9, 101.3, 98.6 (Gkmerd], 79.7, 79.1,

73.8, 71.2, 71.0, 70.7, 70.5, 68.9, 68.0, 67.8, 67.6, 67.1, 62.1, 62.0, 61.8, 27.6, 27.4,
26.4, 26.1.

HRMS-MALDI (m/z): [M+Na]'Calcd for GiHisF/NaO,; 1059.2283; Found,

1059.1600.
AcO OAc HO OH
(0] 0]
AcO O HO o)
AcO \/\L ) \/\L
O @]
C8F17/\) C8F17/\)

Synthesis of 3-(perfluorooctyl)propanyloxybutanyl$-D-galactopyranoside15™
To a solution of 3-(perfluorooctyl)propanyloxybutenyl-2,3,4,6-tetra-Oy&afeD-

galactopyranosidé (50 mg, 0.06 mmol) in MeOH (3 mL) was added Na (2 mg, 0.14
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mmol) and stirred at 2% for 2 h. The reaction mixture was neutralized with Dowex-
ion-exchange resin. The desirdd) was obtained through Celite filteration followed
by evaporation of solvent under reduced pressure in good yield (39 mg, 97 %).

'H NMR (CD30OD, 400 MHz): & (ppm) 4.21 (s, 1H) = 7.6 HZ CHnomerd, 3.92-3.45
(m, 12H), 2.31-2.18 (m, 2H), 1.87-1.80 (m, 2H), 1.72-1.63 (m, 4H).

13 C NMR (CD;0D, 100 MHz): & (ppm) 103.7 (Chhomerid, 75.4, 73.8, 71.3, 70.5,
69.2, 69.0, 68.8, 61.2, 26.3, 26.1.

HRMS-ESI (m/z): [M+Na]"Calcd for G,H,sF/NaO; 735.1227; Found, 735.1095.

CgF17 CgF17
Synthesis of 3-(perfluorooctyl)propanyloxybutanyl-4-Op-D-galactopyranosyl)$-
D-glucopyranoside16 2
To a solution of 3-(perfluorooctyl)propanyloxybutenyl-4-O-(2,3,4,6at€racetyl-
B-D-galactopyranosyl)-2,3,6-tri-O-acet§tD-glucopyranosidé (50 mg, 0.04 mmol)

in MeOH (3 mL) was added Na (3 mg, 0.21 mmol) and stirred 8€26r 4 h. The
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reaction mixture was neutralized with Dowex-ion-exchange régie. desired 16)

was obtained through Celite filteration followed by evaporatiorsafent under
reduced pressure in good yield (36 mg, 96 %).

'H NMR (CD 30D, 400 MHz): & (ppm) [4.77 (d, 1H) = 3.6 Hz), 4.34 (s, 1H = 7.6

HZz) CHnomerd, 3.76-3.69 (m, 9H), 3.51-3.48 (m, 11H), 2.32-2.18 (m, 2H), 1.88-1.81
(m, 2H), 1.72-1.63 (m, 2H).

13 C NMR (CD;0OD, 100 MHz): & (ppm) [103.8, 98.7 (CHomerd], 79.7, 75.9, 73.6,
72.3,72.3,72.0,71.3, 70.9, 70.5, 69.1, 68.9, 67.7, 61.3, 60.6, 26.4, 26.1.

HRMS-ESI (m/z): [M+Na]"Calcd for G;HzsF1/NaO,, 897.1755; Found, 897.1510.
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CHAPTER 4
Development of automated synthesis and screening m@fosphate-linked
Leishmania-associated carbohydrates

Eun-Ho Song and Nicola L. Pohl

Introduction

Since fluorous-based automation platform became a reliable toalufomated
synthesis of oligosaccharidksytomated synthesis of phosphoglycans becomes a
challenge due to its unique phosphate-linked structure and function. Unlike
glycosylation and deacetylation for the construction of oligosacchandeni
automation platform, forming phosphate-linkage requires three stapgling,
oxidation and deprotection.

In order to extend the versatility of fluorous-based automationoptaif we
examined its application for the synthesis of phophoglycan repedisgnmania
surface glycolipid, lipophosphoglycan (LPG).

The role of lipophosphoglycan (LPG) in parasite virulence has bearsiveéy

reported in the field of parasite biology due to its importancéengumacrophage
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infection? Nevertheless, their role in parasite virulence is controveissiae® * But,
now there is no longer any doubt thagishmania cannot survive in sand flies and
macrophages without LPG®

As shown in figure 1, the structure of LPG has been charaaebyemass
spectrometry and NMR spectroscdpyPhsphoglycan repeats are the most abundant
Leishmania-surface molecules in LPG due to difference in the length distiibut
among three domains. Moreover, each species has unique structurepbiogihyasan
repeats in LPG. For examplé, donovani PGs consists of linear [-6Gals 1,4-
Manp- o 1-phosphatelg,=12 repeats andd. major PGs consists of branched [6-(Gal-

B 1,3)-Galp- 3 1,4- Marp- o 1-phosphate] §,=27 repeats.

Although there have been several studies made on the identification of
phosphoglycan repeats functions such as part of epitopes for recognition by
macrophage receptors and playing a key role in parasite survival edréysarid fly,
these studies were not performed with pure phosphoglycan repeatto dhe
impossibility to obtain pure phosphoglycan repeats from LPG. Thus;ameonly

assume that PGs might play a crucial role in parasite voealéhile there has been
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increasing interest in the study of PGs function, specific dhadybeen restricted due

to the limited access to pure synthesized PGs.

O
S s GPI ANCHOR
v

Figure 1. Structure of the lipophosphoglycanladishmania donovani.

Interestingly, capping structures are also linked to phosphoglycansepeaugh
phosphate. Like capping structure, phosphate groups might serve as distopt<sepi
and profoundly affect antibody binding. Given this thought, it can be hypotides
that phosphate-linkages are involved in synergistic antibody bindingsokkibased
microarray® can also be used to demonstrate the effect of phosphate-linkages
antibody bindings.

In this regard, rapid and efficient chemical synthesis for dtwstruction of

Leishmania phosphoglycan repeats and phosphate-linked capping structures has been

prerequisite due to its biological interests for unveiling PGs andpphtes specific
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functions in parasite virulence and their potential role in immunoratdal for
vaccine development.

Several attempts for both chemical synthesik.@onovani PGS andL. major
PGs*! have been made through either using monosaccharide building blocks
(galactose and mannose) with multiple steps for protection, depoote@nd
glycosylation or disaccharide building block. In the study which whsaccharide
building block, iterative synthesis of PGs has been achieved bypwlsh', but the
use of automation platform for synthesis of PGs has never beenerkpOrtlike
oligonucleotide and peptides synthesis via a synthesizer, phosphate-linke
oligosaccharides such as phosphoglycan have never been synthesized bgnusing
automation platform due to the difficulty of managing anomegcesichemistry and
instability of the anomeric phosphodiester. In order to overcome timesations, we
focused on the development of synthetic methods under H-phosphonate gfiémistr
and it led to the discovery of an efficient method for the syrdledgphosphate-linked

oligosaccharides.
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Herein, we reported the first fluorous-based automated systl@silinear
phosphoglycan repeats far donovani and phosphate-linkedeishmania-associated

capping structures through a H-phosphonate strategy.

Results and discussion
Synthesis ofl.. donovani phosphoglycan building block

A known intermediate orthoest@iserved as starting material for the synthesis of
phosphoglycan donor (Scheme 1). According to the conditions previously developed
by Ruhela et al’, regioselective silylation of 6-position of galactose on orthestsr wa
performed by using B&n/MeOH and TBDPSCI in reasonably high yield (80 % 3
steps). Subsequence benzylation gave the benzylated ortHoes8&r % respectively.
Lewis acid-mediated allylation by using allyl alcohol andDHf was followed by
reaction with NaOMe to yield &-unprotected disacchari@dan high yield (82% over
2 steps) With 2-O-unprotected disaccharid® conversion off3-glucoside2 to a-
mannoside3 was successively accomplished under a two-step oxidation-i@duct

process by using Dess-Martin periodate and subsequence reductioiNagdthy.
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Further protection of 2-unprotected disaccharid®with Piv-Cl gave fully protected

disaccharid® in 91 % respectively.

1. Allyl alcohol, TFOH BnO OTBDPS  BnO

AcO OAc AcO
AcO )o< o
OMe

1. Dess-Martin, DCM

2. NaBH,4, DCM/MeOH
(86 % 2 steps)

2

OTBDPS  BnO
2. BusSnH, MeOH BnO "
0 olo — o o o
3. TBDPSCI, THF (80%) BnO Bno 2. Na, MeOH BnO Bno O~
BnO )O<o (82 % 2 steps) BnO HO

4. NaH, BuyNI, BnBr, DMF
1

OMe

BnO

DCM (91 %)

BnO BnO OTBDPS )
OH Piv-Cl, TEA, DMAP OPiv
O -Q _— Q O Q
NG BrOA—"="Bn0 O
n

BnO
4

3

Scheme 1 Synthesis oL. donovani phosphoglycan building block

Iridium-catalyzed isomerizatidh of allyl ether4 was carried out in order to give

trans-propenyl ethes and then free anomeric-OH was introduced under non-acidic

conditiond® using HgO/HgGl to furnish purea-hemiacetal product in 91 %

respectively after removal di-hemiacetal product through silica column purification.
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BnO OTBDPS BnO BnO OTBDPS BnO
BnO THF (93 %) BnO
1. HgO, HgCl, OTBDPS  BnO
Acetone:H,0 (10:1) BnO " OPiv
91 % %o -0
2. HsPO3, Piv-Cl BnO Eno . Bno
Pyridine, 83 % 5 0
|
O=P-H
OHNEt;

Scheme 2 Synthesis oL. donovani phosphoglycan donor

PCl/imidazole reagefit has been widely used as phosphonylating agent for
formation of H-phosphonate monoester in carbohydrate due to its higtivitga
However, phsphonylation using R@hidazole requires not only laborious
experimental procedure but also very careful handling of Which is classified very
toxic and corrosive by EPA.

Instead of using Pglimidazole, phosphorous acid/Piv-Cl system enabled us to
accomplish phsphonylation @ in good yield (83 %) though pivaloyl chloride-
mediated coupling reactiéh H-phposphonate donérwas confirmed by unique large
coupling constant of'P-'H (doublet,J o= 632.4 Hz in'H NMR), *'P NMR (1.31

ppm) and HRMS ([M+Na&[Calcd 1177.4898; Found 1177.0978 ).
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BnO OTBDPS 1. F-OH, Piv-Cl BnO OTBDPS  BnO

m S %
BnO 2. 1, (in Pyridine/H,0=10/1) BnO
(87 % 2 steps) o
|
o= P H O=P-OHNEt,
OHNEL g

/\)/
Cs':17/\/\O

Scheme 3Synthesis of.. donovani phosphoglycan

In order to optimize conditions for the synthesis of phosphodiestar forirun
synthesizer, another pivaloyl chloride mediated coupling reafdiotine introduction
of fluorous-tag was followed by oxidatidhwith iodine in aqueous pyridine to furnish
fluorous-tagged 8 -D-galactopyranosyl-(+4)- « -D-mannopyranosyl

phosphodiester in 87 % vyield

Automated synthesis oL.. donovani phosphoglycan repeats.

The automated synthesis lof donovani phosphoglycan repeats was designed to
carry out 2 and 2/3 cycles including 3 x coupling for the enlogation ofatiagde
repeat, 3 x oxidation for the transformation of phosphite to phosphatgediylation
for the deprotection of TBDPS group and 5 x FSPE for the purificatiocrude

product (Scheme 4). Each reaction cycle was programmed to use enyalent of
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H-phposphonate dond PIv-Cl, iodine and TBAF. As expected, the use of TLC in
monitoring reactions enabled us to confirm the completion of saghof the reaction
during running synthesizer. After 2.5 automation cycles, 23 mg of cruga he
phosphoglycan repeats with high purity was obtained from automati¢forpia
without further purification. With conventional purification with prepd; 19 mg of

pure product was provided in overall 10 % yield (75 % per step).

' BnO OTBODPS BnO OPiv

1 e} :
Bno Bno 3.FSPE |
1 Bno 6 (2 eq) 80% MeOH !
, o- pH wash/MeOH
} OHNEt, wash !
3 1. Coupling :
BnO OH BnO ' Piv-Cl, pyridine : BnO OH OP|v
ORIV 1 20°C, 2 h 0 ;
BnO : 0 ' BnO
o= P OHNEt3 3 Automated Synthesis : o= P OHNEt3
o : o n=2
n=1 . &J
P /\J ' CeF” 0
CgF17 o 1 2.0Oxidation 2. Desilylation o
I, pyridine/H,0 TBAF, THF ‘ Ca05H253F17N3044P3Si
77777777777777 20°C,1h  a0°%c.3h. .1 Exact Mass: 3904.6363
\ 25 aUtomatonV
”””””””” BnO OTBDPS BnO OP|v
HO SN—=""0 55.1nzzn]1>55|]]1ﬂ2|]]>m1> Bno
] g | " o
8 O=P-OHNEty / _ _
: n=3
CgF17 | /\)/O 7777777777777777777777777777777
bonor CeFi7 >0 _ :
2 equiv. B Coupling !

mmmmmm Oxidation
[ ZZ 7] Desilylation

! OO0 Fluorous Solid Phase]
. Extraction (FSPE) |

Scheme 4Automated synthesis &f donovani phosphoglycan repeats
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Synthesis of phosphate-linked. eishmania-associated capping structures

?HNE%
O=P-H
|
J/\/OH H3PO3, Piv-Cl fvo
idi 9
CgF17~ > 0 Pyridine, Et3N, 82 % CoFrr "0

Scheme 5Synthesis of H-phosphonate fluorous-tagged alcohol.

a-Hemiacetal products dfeishmania-associated capping structures were prepared
as reported in previous stuffy.Pivaloyl chloride mediated coupling reaction
underwent efficiently to produce H-phosphonate fluorous-tagged al€lmlgood
yields (82 %). Subsequent coupling reaction of H-phosphonate fluorous-tagged
alcohol using phosphorous acid/Piv-Cl withhemiacetal intermediates followed by
oxidation with iodine in aqueous pyridine resulted in the production of fluerous

taggedLeishmania capping phosphodiestarsgood yields (81 % ~ 89 %)
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BnO

OAc
BnO O
BnO
BnO

o OPiv o) 0
BnO O R BnO Q BnO o)
BnO BnO BnO BnO

BnO OTBSPS g o

0 o) ] o)
O=P—OH 10-1 ’ o
| O:T—OH O:T—OH
O
J49\/ /rf\/D ‘Jéﬁ\/o
NS
C8F17 (@) CgF]j/\/\o C8F17/\/\O

L. donovani

capping structure capping structure

L. major, L. donovani & mexicana

L. donovani & mexicana
capping structure
manLAM capping structure

BnO

OAc
Bg%&%
n
BnO OAc BnO S
(0]
Bgﬁ&@ Bro-\-12
n
BnoO OBn BnO o Bno OBN BnO S
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BnO BnO BnO BnO
0o BnO o
12-1 o 131 ,
O=h-OH o=p-on

O

J/\/O
C8F17/\/\O

L. donovani
capping structure

/J%ﬁ\/
C8F17/\/\O

L. donovani & mexicana
capping structure

Figure 2. Phosphate-linkeeishmania-associated capping structures.

Conclusion

In conclusion, the first automated synthesid oflonovani phosphoglycan repeats

demonstrated that phosphate-linked oligosaccharide can be readilgbbevail the
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newly developed fluorous-based automation platform within a short perithd|ow
cost and less laborious work. More importantly, the synthesis of phesdpticed
Leishmania-associated capping structures fardonovani and L. major has led to
advances in understanding of the role of phosphate in antibody bindings.udie st
for the detection of glycolipid specific antibodies in serum figashmania infected
animals using phosphate-linkddeishmania-associated capping structures will be

exploited.

Experimental section
General methods
Solvents were reagent grade and in most cases dried prior to lisethéy

commercially available reagents were used as received wilemsvise noted. The

organic extracts were dried over anhydrous MgSTetrahydrofuran (THF) was
distilled from lithium aluminum hydride (LiAlk) prior to use. Methylene chloride
(CH,CL,), and triethylamine (EN) were distilled from calcium hydride. Diethyl ether
(Et,0) was distilled from sodium-benzophenone ketyl.

'H and™*C NMR spectra were obtained at 400 MHz and 100 MHz on Varian VXR-
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400 NMR or on Bruker DRX-400 NMR. Mass spectra (MS) were dembron an
Applied Biosytems DE-Pro MALDI mass analyzer or an Applied sBiems
QSTAR® XL Hybrid LC/MS/MS System. Chemical shifts ar@oged in parts per
million downfield relative to tetramethylsilan@ (0.00) and coupling constants are
reported in Hertz (Hz). The following abbreviations are used fomthl@plicities: s =

singlet; d = doublet; t = triplet; g = quartet; m = multiplet; and br = broad.

AcO OAc AcO BnOo OTBDPS BnO
A o%om &&/Oﬁ
c c BnO BnO
AcO o)
)<O BnO 0 o
OMe OMe

Synthesis of 2,3,4-TriO-benzyl-6-O-(tert-butyldiphenylsilyl)- g-D-
galactopyranosyl-(1-4)-3,6-di©-benzyl-1,20-(1-methoxyethylidiene)f$-D-
glucopyranosidel.

To a solution of 2,3,4,6,-tet@-acetyl$-D-galactopyranosyl-(1-4)-3,6-d)-
acetyl-1,20-(1-methoxyethylidienep-D-glucopyranosid® (2 g, 3.1 mmol) in

MeOH (10 mL) was added catalytic amount of Na (140 mg, 6.2 mibé reaction
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mixture was stirred at 2% for 3 h and then was filtered through a Celite pad. The
crude deacetylated product as yellow foam was obtained after ca@tmentof
reaction mixture under reduced vacuum. To a solution of deacetylated tprduc
anhydrous MeOH (20 mL) was added,BuO (0.77 g, 3.1 mmol) and then the
reaction mixture was heated to reflux for 4 h followed by evajoraif solvent. To a
solution of a dibutyltin compound in anhydrous THF was added TBDRBL2 (L,

3.1 mL) and then the reaction mixture was stirred &i%or 48 h. The solvent was
concentrated under reduced vacuum. The crude product was purifiecsinysiflaa
column chromatography (3 % MeOH in DCM) to afford the desired prdti@¢t-tri-
O-hydroxy-6-O-(tert-butyldiphenylsilylB-D-galactopyranosyl-(1-4)-3,6-@-
hydroxy$-D-glucopyranoside (1.88 g, 80 % over 2 steps). To a solution of TBDPS-
protected product (1.88 g, 3.0 mmol) in DMF (10 mL) was added 60 % N&Bi ¢0

30 mmol), followed by addition of benzyl bromide (3.5 mL, 30 mmol) and
tetrabuylammonium iodide (1.1 g, 3.0 mmol) af®. The reaction mixture was
warmed up to 25C and stirred for 12 h. The reaction mixture was diluted with
dichloromethane (20 mL) and then washed witl©OH2 x 20mL). The organic layer

was dried with Ng5O, and concentrated under reduced vacuum. The crude product
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was purified by flash silica column chromatography to afforddid&ired product
(2.73 g, 85 % over 2 steps).

Rt (ethyl acetate/haxane): 0.83 (25/75)

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.54-7.07 (m, 35H), 5.67 (d, 18= 5.2 Hz),
5.00 (d, 1HJ = 9.6 Hz), 4.85-4.77 (m, 4H), 4.63 (d, 1H= 16 Hz), 4.59 (d, 1H] =
15.2 Hz), 4.55 (d, 1H] = 12.8 Hz), 4.40 (t, 1H] = 11.2 Hz), 4.27 (m, 1H), 4.18 (d,
1H, J = 8 Hz), 4.03 (br, 1H), 3.95-3.86 (m, 3H), 3.75-3.58 (m, 5H), 3.72 (ddJ H,
8.8, 2.4 Hz), 3.28-3.25 (m, 1H), 3.22 (s, 3H), 1.54 (s, 3H), 1,02 (s, 9H).

3 C NMR (CDCls, 100 MHz):  (ppm) [139.3, 139.1, 138.9, 138.7, 138.3-&2yl)],
[130.2-127.8 (m, CH-Aryl)] 135.8, 135.7, [105.6, 97.8 (GHend], 82.3, 79.7, 75.3,
74.9,74.3,73.4,72.1, 70.3, 69.4, 62.0, 51.2, 27.3, 20.6, 19.5.

HRMS-MALDI (m/z): [M+Na]'Calcd for GgH7.NaO,Si, 1109.4847; Found,

1109.6400.
BnO OTBDPS BnO BnO OTBDPS  BnO
Bnomom %Omo
n BnO BnO ~X
BnO 0] o BnO HO S
OMe
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Synthesis of Allyl O-(2,3,4-tetra-O-benzyl-6-O-(tert-butyldiphenylsilyl)- g-D-
galactopyranosyl)-(1-4)-3,6-di©-benzyl-2-O-hydroxy-g-D-glucopyranoside2.

A solution of 2,3,4-TriO-benzyl-6-O-(tert-butyldiphenylsilylp-D-
galactopyranosyl-(1-4)-3,6-d)-benzyl-1,20-(1-methoxyethylidienep-D-
glucopyranosidel (2 g, 1.8 mmol) and ally alcohol (1.25 mL, 18 mmol) in
dichloromethane (10 mL) was cooled to —°@ and TfOH (10 pL, 0.12 mmol)
was added dropwise over 10 min. The reaction mixture was sétredt0°C for 30
min and allowed to 28C for 1 h followed by addition of triethylamine to neutralize
solution. The crude product was obtained after concentration of solventraddeed
vacuum. To a crude product in MeOH was added Na (41 mg, 1.8 mmoleddteon
mixture was stirred at 2% for 1 h and then concentrated under reduced vacuum.
The crude product was purified by flash silica column chromapgr to afford the
desired produc2 (1.62 g, 82 % over 2 steps).

Rt (ethyl acetate/haxane): 0.50 (25/75)
H NMR (CDCl 3, 400 MHz): & (ppm) 7.56-6.98 (m, 35H), 5.98-5.88 (m, 1H), 5.32
(dd, 1H,J = 17.2, 1.6 Hz), 5.21 (dd, 1H,= 10.4, 1.2 Hz), 5.07 (d, 1H,= 11.2 Hz),

5.02 (d, 1H,J = 10.8 Hz), 4.81-4.73 (m, 3H), 4.60-4.54 (m, 3H), 4.39-4.30 (m, 4H),
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4.13 (dd, 1H]J = 12.8, 6.4 Hz), 4.01 (d, 1H,= 2.8 Hz), 3.88 (t, 1H] = 9.2 Hz), 3.86

(d, 1H,J = 12 Hz), 3.81-3.64 (m, 4H), 3.446-3.44 (m, 1H), 3.41-3.33 (m, 3H), 3.24
(dd, 1H,J = 9.2, 5.2 Hz), 1.03 (s, 9H).

13C NMR (CDCl3, 100 MHz): 5 (ppm) [139.2, 138.9, 138.7, 138.6, 138.4-£2yl)],

135.5, 134.0, 133.2, [129.8-127.1 (m, CH-Aryl)], 117.8, [102.7, 101.5.{&k],

82.8, 82.4, 80.2, 77.4, 76.8, 76.1, 75.5, 75.3, 74.9, 74.3, 73.7, 73.2, 70.0, 68.1, 61.3,
27.0, 19.2.

HRMS-MALDI (m/z): [M+Na]'Calcd for GgH,.NaO;Si, 1093.4898; Found,

1093.4898.
BnO OTBDPS BnO BnO OTBDPS BnO OH
U A e I, L - e <
BnO BnO O~ BnO BnO O~
BnO HO BnO

Synthesis of Allyl O-(2,3,4-tetra-O-benzyl-6-O-(tert-butyldiphenylsilyl)- g-D-
galactopyranosyl)-(1-4)-3,6-di©-benzyl-2-O-hydroxy-g-D-mannopyranoside3.
To a solution of allylO-(2,3,4-tetra©-benzyl-6-O-(tert-butyldiphenylsilylp-D-
galactopyranosyl)-(1-4)-3,6-dd-benzyl-20-hydroxyf-D-glucopyranoside (1.5 g,
0.14 mmol) in dichloromethane (10 mL) was added dess-martin pemed{ia? g,

0.28 mmol). The reaction mixture was stirred at’G5for 4 h and then diluted with
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dichloromethane (10 mL). The diluted solution was washed with sat.NaCx 5
mL), H,O (1 x 5 mL), and brine (1 x 5 mL). The organic layer was dried w5,
and then concentrated under reduced vacuum. The crude residue whsdigs
dichloromethane/MeOH (1/1) and cooled t&0 NaBH, (0.11 mg, 0.28 mmol) was
added and then the reaction mixture was allowed ®C2&ver 1 h. The mixture was
diluted with dichloromethane (10 mL) and washed wit®H1 x 5 mL), 1 % aqueous
citric acid (1 x 5 mL) and brine (1 x 5 mL). The solvent was evapdrander
reduced vacuum and dried with J8$&,. The crude product was purified by flash
silica column chromatography to afford the desired pro8udt.29 g, 86 % over 2
steps).

Rt (ethyl acetate/haxane)0.47 (25/75)

'H NMR (CDCl 3, 400 MHz): § (ppm) 7.57-7.06 (m, 35H), 5.94-5.84 (m, 1H), 5.27
(dd, 1H,J = 17.2, 1.6 Hz), 5.18 (dd, 1H,= 10.4, 1.2 Hz), 5.05 (d, 1H,= 11.2 Hz),
4.79-4.74 (m, 4H), 4.70 (d, 1H,= 12 Hz), 4.63 (d, 1H] = 15.6 Hz), 4.59 (d, 1H =

12 v), 4.51 (d, 1HJ = 12 V), 4.45 (d, 1khomeric J = 0.8 Hz), 4.40-4.35 (m, 2H), 4.39
(d, 2Hanomeris J = 8 Hz), 4.08-3.98 (m, 4H), 3.86 (t, 18= 9.2 Hz), 3.79-3.71 (m, 4H),

3.48-3.40 (m, 3H), 3.29 (dd, 18 = 8.8, 5.2 Hz), 1.01 (s, 9H).
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13C NMR (CDCl3, 100 MHz): 5 (ppm) [139.2, 138.8, 138.6, 138.5, 138.4-£2yl)],

135.5, 133.9, 133.2, [129.8-127.2 (m, CH-Aryl)], 117.7, [103.1, 98.5,(GEH],

82.5, 80.1, 79.1, 75.4, 75.2, 74.6, 74.3, 74.2, 73.7, 73.2, 72.8, 72.6, 69.8, 68.9, 27.0,
19.2.

HRMS-MALDI (m/z): [M+Na]'Calcd for GgH,.NaO;Si, 1093.4898; Found,

1093.4898.
BnO
BnO OTBDPS n OH BnO OTBDPS BnO OPiv
BnO BnO O BnO BnO O~
BnO BnO

Synthesis of Allyl O-(2,3,4-tetra-O-benzyl-6-O-(tert-butyldiphenylsilyl)- g-D-
galactopyranosyl)-(1-4)- 20-trimetylacetyl-3,6-di-O-benzyl$-D-
mannopyranoside4.

To a allyl 0-(2,3,4-tetra©-benzyl-6-O-(tert-butyldiphenylsilylp-D-
galactopyranosyl)-(1-4)-3,6-d>-benzyl-20-hydroxy$-D-mannopyranosid& (1 g,
0.9 mmol) in dichloromethane (5 mL) was added DMAP (57 mg, 0.5 mmol),
triethylamine (0.62 mL, 0.18 mmol) and trimethyl acetylchlor{@23 mL, 0.18

mmol). The reaction mixture was stirred at®@5for 1 h and then concentrated under
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reduced vacuum. The crude residue was purified by flash silmamao
chromatography to afford the desired prodti€t.04 mg, 96 %)

Rt (ethyl acetate/haxane)0.65 (25/75)

'H NMR (CDCl 4, 400 MHz): & (ppm) 7.54-7.00 (m, 35H), 5.89-5.79 (m, 1H), 5.46
(d, 1H,J = 3.2 Hz), 5.25 (dd, 1H] = 17.2, 1.6 Hz), 5.15 (dd, 1H,= 10.4, 1.2 Hz),
5.05 (11.6), 4.78-4.69 (m, 4H), 4.60 (d, 2Hs 12 Hz), 4.54 (d, 2H] = 9.6 Hz), 4.48
(d, 1H,J = 5.2 Hz), 4.45 (d, 1H) = 12 Hz), 4.32-4.27 (m, 1H), 4.05-3.98 (m, 2H),
3.95 (d, 1H,J = 2.4 Hz), 3.84-3.80 (m, 3H), 3.74 (dd, 1Hs 9.6, 8 Hz), 3.55-3.50 (m,
2H), 3.46-3.45 (m, 1H), 3.42 (dd, 1Bi= 9.6, 2.8 Hz), 3.22 (dd, 1H,= 8.8, 5.2 Hz),
1.05 (s, 9H), 1.01 (s, 9H).

13 C NMR (CDCls, 100 MHz): § (ppm) 177.7 (C=0), [139.2, 138.9, 138.7, 138.6,
138.4 (G-Aryl)], 135.5, 133.9, 133.2, [129.8-127.0 (m, CH-Aryl)], 117.7, [102.7,
97.6 (CHyomerid], 82.6, 80.1, 77.7, 75.6, 75.1, 74.6, 74.2, 73.9, 73.6, 73.0, 72.9, 71.5,
69.5, 68.8, 68.5, 61.5, 38.9, 27.1, 27.0, 19.2.

HRMS-MALDI (m/z): [M+Na]'Calcd for G;Hg,NaO,Si, 1178.4788; Found,

1178.4167.
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BnO OTBDPS BnO OPiv BnO OTBDPS BnO OPiv
@)
BnO BnO O~ BnO BnO O
BnO BnO

Synthesis of Vinyl O-(2,3,4-tetra-O-benzyl-6-O-(tert-butyldiphenylsilyl)-g-D-
galactopyranosyl)-(1-4)- 20-trimetylacetyl-3,6-di-O-benzyl$-D-
mannopyranosideb.

To a allyl 0-(2,3,4-tetra©-benzyl-6-O-(tert-butyldiphenylsilylp-D-
galactopyranosyl)-(1-4)- ®-trimetylacetyl-3,6-di©-benzyl$-D-mannopyranosidd
(3 g, 0.L09 mmol) in THF (10 mL) was added catalytic amount of (1,5-
Cyclooctadiene)bis(methyldiphenylphosphine)iridium(l) hexafluorophospifiteng,
0.01 mmol). The stirred solution was degassed, placed undandNdegassed. The
reaction mixture was placed undes tor 5 min and degassed once more to prevent
further reduction. The mixture was stirred at°5for 30 min under Nand then
concentrated under reduced vacuum. The crude residue was purifiEstogilica
column chromatography to afford the desired pro8yét93 g, 93 %).
Rt (ethyl acetate/haxane): 0.68 (25/75)
'H NMR (CDCl3, 400 MHz): 8 (ppm) 7.54-7.00 (m, 35H), 6.18 (dd, 1H7= 12.4,

1.6 Hz), 5.46 (d, 1H] = 2.4 Hz), 5.04-4.99 (m ,1H), 5.02 (d, 1H= 11.6 Hz), 4.76-
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4.67 (M, 6H), 4.58-4.40 (m, 7H), 3.97 (t, 1H= 9.2 Hz), 3.93 (d, 1H] = 2.4), 3.81-
3.77 (m, 4H), 3.73 (dd, 1K), = 9.6, 8 Hz), 3.54-3.48 (m, 4H), 3.42 (dd, 1+ 9.6,

2.8 Hz), 3.21 (dd, 1H] = 8.8, 4.8 Hz), 1.50 (dd, 3H,= 6.8, 1.2 Hz), 1.03 (s, 9H),
0.99 (s, 9H).

13 C NMR (CDCl3, 100 MHz): § (ppm) 177.8 (C=0), 143.8, [139.5, 139.2, 139.0,
138.9, 138.7 (GAryl)], 135.9, 133.5, 133.5, [128.8-127.4 (m, CH-Aryl)], 104.4,
[103.1, 98.0 (Chhomerd], 82.6, 80.1, 77.8, 76.2, 75.5, 75.0, 74.6, 74.1, 74.0, 73.3,
73.3,72.0, 69.0, 68.5, 61.8, 39.3, 27.5, 27.4, 19.6, 12.8..

HRMS-MALDI (m/z): [M+Na]'Calcd for G;HgNaO,Si, 1178.4788; Found,

1178.8628.
BnO OTBDPS BnO OPiV BnO OTBDPS BnO OPiv
BnO BnO BnO
BnO
?
O:?—H
OHNEt;

Synthesis of Triethylammonium (2,3,4-tetra©-benzyl-6-O-(tert-
butyldiphenylsilyl)- B-D-galactopyranosyl)-(1-4)- 20-trimetylacetyl-3,6-di-O-

benzyl$-D-mannopyranosyl hydrogen phosphonat®.
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To a vinyl 0-(2,3,4-tetra©-benzyl-6-O-(tert-butyldiphenylsilyl-D-
galactopyranosyl)-(1-4)- ®-trimetylacetyl-3,6-di©-benzyl$-D-mannopyranosidé
(0.9 g, 0.8 mmol)and mercury oxide (0.24 g, 0.1 mmol) in 10 mL of acetos@/H
(10/1) was added a solution of mercuric chloride (0.23 g, 0.9 mmd)niL of
acetone/HO (10/1) for 1 min. The reaction mixture was stirred al@3%or 3 h. The
crude residue was filtered through celite and diluted with diohethane (5 mL).
The organic layer was washed with sat. Kl (1 x 5 mLQHKL x 5 mL) and brine (1 x
5 mL). The solvent was dried with p&0O, and concentrated under reduced vacuum
The crude residue was purified by flash silica column chromapbgrto afford the
hydrolyzed product (0.79 g, 91 %). Hydrolyzed compound (0.7 g, 0.6 mmol) and
phosphonic acid (57 mg, 0.7 mmol) were coevaporated with pyridine and dried under
high vacuume for 30 min. To a solution of this mixture in pyridine (5 w3 added
a solution of pivaloyl chloride (0.085 mL, 0.7 mmol) in pyridine (2 mL) Hreh the
mixture was stirred at 2% for 30 min under nitrogen gas environment. Prydine was
removed under reduced vacuum and the crude product was purified bifieah
column chromatography (with triethylamine) to afford the despeduct6 (0.86 g,

83 %).
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R¢ (10 % MeOH in DCM): 0.5.

'H NMR (CDCl3, 400 MHz): & (ppm) 7.51-7.15 (m, 35H), 6.98 (d, 1B = 685
Hz), 5.53 (d, 1HJ = 8.8 Hz), 5.30 (s, 1H), 5.06 (d, 18i= 11.2 Hz), 4.80-4.70 (m,
5H), 4.66-4.56 (m, 4H), 4.46 (d, 18I~ 11.2 Hz), 4.38-4.35 (m, 2H), 4.14 (t, 1H+

9.6 Hz), 4.02-3.90 (m, 5H), 3.80-3.70 (m, 3H), 3.66 (d,1H9.6 Hz), 3.44 (dd, 1H,
J=9.2 Hz), 3.38 (dd, 1H = 9.6, 2.4 Hz), 0.99 (s, 9H), 0.93 (s, 9H).

13 C NMR (CDCl3, 100 MHz): & (ppm) 177.5 (C=0), [139.4, 139.2, 139.0, 138.0,
138.9 (G-Aryl)], 135.6, 133.4, 133.4, [129.9-126.8 (m, CH-Aryl)], [103.3, 93.5
(CHanomerid], 82.7, 80.2, 75.5, 75.3, 74.8, 74.2, 74.1, 74.0, 73.1, 73.1, 73.0, 72.4, 68.6,
45.9 (NE$), 39.0, 27.3, 27.1, 19.4, 9.2(NEt

HRMS-MALDI (m/z): [M-NEts;-H] Calcd for GgH.gO1PSi, 1177.4898; Found,
1177.0978.

3P NMR (162 MHz, CDCB): & 1.31.

BnO OTBDPS BnO BnO OTBDPS BnO

OP|v OPiv
&/ &/ 2
BnO BnO
o= FI’ H o= P OHNEt3
OHNEt, é

CgF /\/\O/\)/

7
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Synthesis of 3-(perfluorooctyl)propanyloxybutenyl-[2,3,4,6,-tetra®@-benzyl$-D-
galactopyranosyl-]-a-D-mannopyranosyl phosphate triethylammonium sal.
Triethylammonium (2,3,4-tetr@-benzyl-6-O-(tert-butyldiphenylsilylp-D-
galactopyranosyl)-(1-4)-  B-trimetylacetyl-3,6-di©O-benzylf-D-mannopyranosyl
hydrogen phosphonate 6 (0.1 g, 0.08 mmol) and 3-
(perfluorooctyl)propanyloxybutenyl alcofidl(43 mg, 0.08 mmol) were coevaporated
with pyridine and dried under high vacuume for 30 min. To a solution of tRisine
in pyridine (3 mL) was added a solution of pivaloyl chloride (0.02 mL, th®l) in
pyridine (0.5 mL) and then the mixture was stirred at@%or 1 h under nitrogen gas
environment. To the reaction mixture was added a solution of iodined20.608) in
pyridine/water mixture (0.2 mL, 10/1) and the reaction mixture gueesnched with
saturated N#5,0;. Excess pyridine was evaporated under reduced pressure and then
the crude product was purified by flash silica column chromapbgra(with
triethyamine) to afford the desired produddD.12 g, 87 %).
R¢ (10 % MeOH in DCM): 0.6.
'H NMR (CDCl;, 400 MHz): & (ppm) 7.33-6.89 (m, 35H), 5.72 (m, 1H), 5.54

(m ,1H), 5.47 (d, 1H) = 8.4 Hz), 5.45 (s, 1H), 5.04 (d, 18= 11.2 Hz), 4.78-4.69
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(m, 5H), 4.62 (d, 1HJ) = 7.2 Hz), 4.57-4.54 (m, 3H), 4.49-4.41 (m, 3H), 4.37-4.34 (m,
2H), 4.10 (t, 1HJ = 9.6 Hz), 4.02-3.88 (m, 4H), 3.78-3.68 (m, 3H), 3.45-3.33 (m,
4H), 3.13 (dd, 1H, J = 9.2, 4.8 Hz), 2.13-2.09 (m, 2H), 1.80-1.76 (m, 2H), 0.98 (s, 9H),
0.91 (s, 9H).

3 C NMR (CDCl3, 100 MHz): 8 (ppm) 177.3 (C=0), [139.5, 139.2, 139.1, 138.9,
138.9 (G-Aryl)], 135.6, 133.5, 133.4, [129.8-126.7 (m, CH-Aryl)], [103.3, 94.4
(CHanomerid], 82.6, 80.2, 74.2, 74.0, 73.0, 72.5, 70.7, 68.7, 68.7, 61.7, 61.2, 45.9
(NEt), 38.9, 28.4, 28.2, 28.0, 27.1, 19.4, 8.7 (Et

HRMS-MALDI (m/z): [M-NEts-H] Calcd for GsHgoF170:6PSI, 1723.5386; Found,
1722.8274.

3P NMR (162 MHz, CDCI3)S -1.44

ASW Leishmania-phosphoglycan repeats method run

After FSPE, the methanol elution collected in the vial wasovewh from the
instrument and concentrated. Solvent was removed under reduced ptesshtain
the crude product (30 mg) as colorless oil. In order to obtaingrodct8 (19 mg,

10 %) for'H NMR, ** C NMR and mass spectrum, further purification was performed
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- 2.5 cycles (24h 56 min 39 sec) completed for the synthesis of phosEogbpeats.

Step Task Reagent/ Operation Operation
Time
1 Coupling 2 equivalent donor (10@mol) in 0.5 mL 2h
Pyridine,
1 equivalent F-tagged acceptor (@®ol) in 0.5
mL Pyridine; 1 equivalent Piv-Cl
2 Oxidation I, in Pyridine/Water (0.3 mL)
3 Quenching NaS,05 (0.2 mL) 1h
4 | Evaporation Add TEA and Toluene
70°C 2h
5 | TLC sample 30 ul of crude reaction mixture withdrawn
6 FSPE
7 | Deprotection 5 equivalent of TBAF solution in THF 3h
8 | TLC sample 30 ul of crude reaction mixture withdrawn
9 | Evaporation 70°C
10 FSPE 0.4 ml DMF
preparation 0.7 ml crude sample transferred to cartridge
Sample 4.7 ml 80% methanol wash
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loading 1.5 ml methanol wash (repeated 3 times)
Wash 4.7 ml collected sample transferred to clean viak5 min
Wash
Transfer 50°C 45 min
Evaporation 2 ml toluene added
Transfer 50°C
Evaporation

Synthesis of Phosphoglycan repeat

R¢ (10 % MeOH in DCM): 0.55.

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.50-6.85 (m, 85H), 5.75 (m, 1H), 5.53-5.47
(m, 3 H), 5.41 (s, 1H), 5.34 (s, 1H), 5.04 (d, TH 8 Hz), 4.90 (d, 1H) = 12 Hz),
4.79-4.66 (m, 11H), 4.63-4.48 (m, 12H), 4.45-4.35 (m, 8H), 4.28 (d)2H12 Hz),
4.19-4.06 (m, 10H), 3.98-3.80 (m, 11H), 3.76-3.67 (m, 5H), 3.63-3.53 (m, 5H), 3.41-
3.31 (m, 6H), 3.12-3.09 (M, 2H), 2.15-2.03 (M, 2H), 1.84-1.81 (m, 2H), 1.23 (s, 9H),
1.10 (s, 9H), 0.98 (s, 9H), 0.87 (s, 9H).

13 C NMR (CDCl3, 100 MHz): & (ppm) [178.2, 177.5, 177.1 (C=0)], 151.0, [139.7-
138.7 (G-Aryl)], 133.4, 133.3, [129.8-126.7 (m, CH-Aryl)], [103.2,103.2, 103.0, 94.5,

94.3, 94.2 (Chhomerid], 82.6, 82.6, 80.2, 80.2,75.9,75.1, 74.8, 73.9, 72.9, 72.7, 72.4,
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72.2, 68.9, 68.7, 68.0, 66.7, 62.7, 61.6, 61.1, 59.2, 57.0, 45.9)(N€&tl, 38.9, 31.6,
28.7,27.3,27.1, 24.3, 21.0, 19.4, 19.2, 13.9, 18.9, 8.%)NEt

HRMS-MALDI (m/z): [M-2NEt3-3H]3'Cach for GgdHo10F17/NO44PsSi, 3641.2936;
Found, 3641.3557.

3P NMR (162 MHz, CDCI3)S -0.76, -1.24, -1.32.

f\/OH o=p—H
O
C8F17/\/\O f\/
N0
7

CgF,
Synthesis of (perfluorooctyl)propanyloxybutenyl- hydrogen phoshonate 9.
(Perfluorooctyl)propanyloxybutenyl alcodl(0.1 g, 0.18 mmol) and phosphonic
acid (30 mg, 0.36 mmol) were coevaporated with pyridine and dried ungler hi
vacuume for 30 min. To a solution of this mixture in pyridine (5 miswadded a
solution of pivaloyl chloride (0.045 mL, 0.36 mmol) in pyridine (2)nand then the
mixture was stirred at 2% for 30 min under nitrogen gas environment. Prydine was
removed under reduced vacuum and the crude product was purified bifieah
column chromatography (with triethylamine) to afford the despeduct9 (0.11 g,

82 %).
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R¢ (10 % MeOH in DCM): 0.7
'H NMR (CDCl 3, 400 MHz): & (ppm) 6.83 (d, 1HJup = 685 Hz), 5.77-5.71 (m, 1H),
5.65-5.59 (m, 1H), 4.46 (t ,1H,= 8 Hz), 4.04 (d, 1HJ = 6 Hz), 3.45 (d, 2HJ =6

Hz), 2.21-2.07 (m, 2H), 1.86-1.79 (m, 1H).

BnO -Q BnO -Q
BnO BnO
BnO ¢ . BnO o
BnO -0 BnO -0
BnO BnO
O~ SN N

Synthesis of Vinyl-O-(3,4,6-triO-benzyl-2-0O-(2-O-acetyl-3,4,6-tri-O-benzyl-a-
Dmannopyranosyl)-a-D-mannopyranosidel0.

To a solution of allylo-3,4,6-tri-O-benzyl-20-(2-O-acetyl-3,4,6-triO-benzylo.-
Dmannopyranosyl-D-mannopyranoside (0.15 g, 0.08 mmol) in THF (3 mL) was
added catalytic amount of (1,5-
Cyclooctadiene)bis(methyldiphenylphosphine)iridium(l) hexafluorophospiiatag,
0.008 mmol). The stirred solution was degassed, placed undamdNdegassed. The
reaction mixture was placed undes tor 1 min and degassed once more to prevent

further reduction. The mixture was stirred at %5 for 1 h under B and then
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concentrated under reduced vacuum. The crude residue was purifiEstoilica
column chromatography to afford the desired prod0¢0.14, 95 %).

Rt (ethyl acetate/haxane)0.63 (25/75)

'H NMR (CDCl3, 400 MHz): § (ppm) 7.33-7.15 (m, 30H), 6.07 (d, 18z 12 Hz),
5.54 (s, 1H), 5.12 (d, 1H,= 20 Hz), 5.05-5.05 (m, 1H), 4.85-4.82 (m, 2H), 4.72-4.62
(m, 5H), 4.55 (d, 2HJ = 12 Hz), 4.48-4.43 (m, 4H), 4.39 (d, 1H= 8 Hz), 4.05 (d,
1H,J = 16 Hz), 3.96-3.89 (m, 3H) 3.84-3.66 (m, 6H), 2,12 (s, 3H), 1.49 (dJ 3+8
Hz).

13 C NMR (CDCls, 100 MHz): § (ppm) 170.3 (C=0), 142.6, [138.7, 138.6, 138.5,
138.4, 138.2 (GAryl)], [128.6-127.6 (m, CH-Aryl)], 104.8, [99.9, 98.3 (Gkmeri)].
79.7,78.4,75.4,75.3, 74.6, 73.6, /3.4, 72.4, 72.2, 69.3, 69.2, 69.0, 21.4, 12.6.

HRMS-MALDI (m/z): [M+Na] Calcd for GgHgNaO,,, 988.1220; Found, 988.3250.
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BnO OAcC
BnO -Q
BnO OAc BnO
BnO -Q BnO o
BnO Bno _0
BnO o - - BnO
BnO -Q e}
|
BnO O=P—OHNE
CeF” > 0

Synthesis of 3-(perfluorooctyl)propanyloxybutenyl-3,4,6-triO-benzyl-2-0-(2-O-
acetyl-3,4,6-tri-O-benzyl-a-Dmannopyranosyl)-a-D-mannopyranosyl phosphate
10-1

To a vinyl-O-(3,4,6-triO-benzyl-20-(2-O-acetyl-3,4,6-triO-benzyl«.-
Dmannopyranosyl-D-mannopyranosid® (0.1 g, 0.1 mmol)and mercury oxide
(31 mg, 0.14 mmol) in 4 mL of acetone (10/1) was added a solution of
mercuric chloride (31 mg, 0.11 mmol) in 4 mL of aceton€HK10/1) for 1 min. The
reaction mixture was stirred at 26 for 3 h. The crude residue was filtered through
celite and diluted with dichloromethane (5 mL). The organic layss washed with
sat. KI (1 x 5 mL), HO (1 x 5 mL) and brine (1 x 5 mL). The solvent was dried with
Na,SO, and concentrated under reduced vaculure crude residue was purified by

flash silica column chromatography to afford the hydrolyzed product (Q®4n%).
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The hydrolyzed product (50 mg, 0.05 mmol) and triethylammonium 3-
(perfluorooctyl)propanyloxybutenyl- hydrogen phosphonate (39 mg, 0.05 mma) we
coevaporated with pyridine and dried under high vacuume for 30 min. To a solution of
this mixture in pyridine (3 mL) was added a solution of pivaldybride (0.013 mL,

0.1 mmol) in pyridine (0.5 mL) and then the mixture was stirre264C for 30 min
under nitrogen gas environment. To the reaction mixture was addetltéon of
iodine (13 mg, 0.05) in pyridine/water mixture (0.2 mL, 10/1) and rdweection
mixture was quenched with saturated,8}&@s. Excess pyridine was evaporated under
reduced pressure and then the crude product was purified by flash cglumn
chromatography (with triethyamine) to afford the desired probid«t (67 mg, 82 %).

R¢ (10 % MeOH in DCM): 0.65

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.28-7.06 (m, 30H), 5.66-5.61 (m, 1H), 5.57-
5.54 (m, 1H), 5.50 (s, 1H), 5.05 (s, 1H), 4.78 (t, 1k, 10.4 Hz), 4.68 (d, 1H = 12
Hz), 4.63-4.61 (m, 3H), 4.54 (d, 18,= 16 Hz), 4.47-4.34 (m, 7H), 4.02 (br, 1H),
3.94-3.89 (m, 6H), 3.86 (d, 1H,= 12 Hz), 3.79-3.72 (m, 2H), 3.65 (d, 1H 12 Hz),
3.59 (br, 2H), 3.40 (br, 1H), 3.34 (t, 2BI= 8 Hz), 2.14-2.02 (m, 2H), 2.08 (s, 3H),

1.79-1.72 (m, 2H).
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13 C NMR (CDCl3, 100 MHz): & (ppm) 170.2 (C=0), [138.4, 138.4, 138.2, 138.0,

138.0 (G-Aryl)], [128.5-127.4 (m, CH-Aryl)], [99.7, 95.0 (Clbmerd], 79.2, 78.1,

75.2,75.1, 74.1, 73.2, 72.8, 72.2, /2.0, 71.9, 68.9, 68.8, 68.7, 68.4, 66.5, 61.8, 28.1,

27.9, 27.5, 21.0.

3P NMR (162 MHz, CDCI3):5 -3.84

HRMS-MALDI (m/z): [M-NEt;] Calcd for GiH7.F170.6P, 1535.2684; Found,

1535.4162.

BnO OAcC

BnO -Q
BnO

BnO O

BnO
BnO

BnO O

BnO
BnO

BnO OAcC

BnO -Q
BnO

BnO O

BnO
BnO

BnO O

BnO
BnO

Synthesis of Vinyl-O-3,4,60-benzyl-2-0O-[2-O-(2-O-acetyl-3,4,6-tri-O-benzyle-

D-mannopyranosyl)-3,4,6-tri-O-benzyl-a-D-mannopyranosyl]- a-D-

mannopyranosidell.

To a solution of allyl-O-3,4,&-benzyl-2-O-[2-O-(2-O-acetyl-3,4,6-tri-O-benzyl-
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D-mannopyranosyl)-3,4,6-t-benzylo-D-mannopyranosylx-D-annopyranoside
(0.11 g, 0.08 mmol) in THF (3 mL) was added catalytic amount of (1,5-
Cyclooctadiene)bis(methyldiphenylphosphine)iridium(l) hexafluorophospl3atag,
0.004 mmol). The stirred solution was degassed, placed undamdNdegassed. The
reaction mixture was placed undes tdr 5 min and degassed once more to prevent
further reduction. The mixture was stirred at°5for 30 min under Nand then
concentrated under reduced vacuum. The crude residue was purifiEstogilica
column chromatography to afford the desired prodag¢0.103 g, 94 %).

Rt (ethyl acetate/haxane)0.70 (25/75)

'H NMR (CDCl3, 400 MHz): § (ppm) 7.33-7.14 (m, 45H), 6.05 (d, 18z 12 Hz),
5.54 (s, 1H), 5.19 (d, 1H,= 8 Hz), 5.06-5.05 (m, 1H), 5.03 (s, 1H), 4.85 (d, dH,

12 Hz), 4.70-4.50 (m, 14H), 4.45-4.41 (m, 3H), 4.32 (d, 1H,12 v), 4.09 (br, 1H),
4.01-3.89 (m, 9H), 3.83-3.81 (m, 2H), 3.73-3.64 (m, 6H), 3.54 (d,J1# 12 Hz),
2.13 (s, 3H), 1.47 (d, 3H,= 4 Hz).

13 C NMR (CDCls, 100 MHz): § (ppm) 170.3 (C=0), 142.2, [138.8, 138.7, 138.6,
138.6, 138.6, 138.5, 138.4, 138.2,4&yl)], [128.6-127.6 (m, CH-Aryl)], 104.6,

[100.9, 99.6, 98.3 (Ckomerid], 79.4, 78.3, 75.4, 75.3, 75.2, 74.9, 74.7, 74.5, 73.6,
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73.5,73.4,72.5,72.3,72.1, 69.8, 69.3, 69.1, 69.0, 21.4, 12.6.

HRMS-MALDI (m/z): [M+Na]'Calcd for GgHg,NaO; 1420.6302; Found,

1420.4338.
BnO OAcC
BnO -Q
BnO OAcC BnO
BnO -Q BnO o

BnO BRO
BnO O BnO
BnO BnO o
BnO -
’ B”O&

BnO O BnO

BnO
BnO
o= P OHNEt;
J/\/

3-(Perfluorooctyl)propanyloxybutenyl-3,4,6-0O-benzyl-2-O-[2-O-(2-O-acetyl-

C8F17

3,4,6-tri-O-benzyl-a-D-mannopyranosyl)-3,4,6-tri-O-benzyl-a-D-
mannopyranosyl]- a-D-mannopyranosyl phosphatell-1

To a vinyl-O-3,4,60-benzyl-2-0-[2-O-(2-O-acetyl-3,4,6-tri-O-benzyHD-
mannopyranosyl)-3,4,6-t-benzyla-D-mannopyranosyl-D-mannopyranosidil
(0.1 g, 0.07 mmol)and mercury oxide (22 mg, 0.1 mmol) in 3 mL of acetop®/H

(10/1) was added a solution of mercuric chloride (21 mg, 0.08 mm@&)mL of
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acetone/HO (10/1) for 1 min. The reaction mixture was stirred al@3%or 4 h. The
crude residue was filtered through celite and diluted with diohethane (5 mL).
The organic layer was washed with sat. Kl (1 x 5 mLQHKL x 5 mL) and brine (1 x

5 mL). The solvent was dried with p&0O, and concentrated under reduced vacuum
The crude residue was purified by flash silica column chromapbgrto afford the
hydrolyzed product (92 mg, 95 %).

The hydrolyzed product (50 mg, 0.04 mmol) and triethylammonium 3-
(perfluorooctyl)propanyloxybutenyl- hydrogen phosphonate (26 mg, 0.04 mra) w
coevaporated with pyridine and dried under high vacuume for 30 min. To a solution of
this mixture in pyridine (3 mL) was added a solution of pivaltdybride (0.009 mL,
0.08 mmol) in pyridine (0.3 mL) and then the mixture was stirr&@68€ for 30 min
under nitrogen gas environment. To a solution of this mixture idipgr (3 mL) was
added a solution of pivaloyl chloride (0.013 mL, 0.1 mmol) in pyridine L% and
then the mixture was stirred at 26 for 30 min under nitrogen gas environment. To
the reaction mixture was added a solution of iodine (9 mg, 0.04)ridimg/water
mixture (0.2 mL, 10/1) and the reaction mixture was quenched witlrasad

Na,S,0s. Excess pyridine was evaporated under reduced pressure and therdée c
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product was purified by flash silica column chromatographyh(wiethyamine) to
afford the desired produtfi-1(62 mg, 81 %).

R¢ (10 % MeOH in DCM): 0.68

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.26-7.09 (m, 45H), 5.64-5.58 (m, 1H), 5.54-
5.46 (m, 3H), 5.19 (s, 1H), 5.05 (s, 1H), 4.79 (d, 1H,8 Hz), 4.76 (d, 1H] = 8 Hz),
4.67 (d, 1HJ = 12 Hz), 4.61 (d, 1H] = 8 Hz), 4.56 (d, 1H, J = 4), 4.53-4.50 (m, 4H),
4.47-4.44 (m, 4H), 4.39-4.32 (m, 4H), 4.25 (d, IH, 12 Hz), 4.10 (d, 1H] = 28 Hz),
3.95-3.85 (m, 9H), 3.81 (d, 1H,= 8 Hz), 3.74-3.69 (m, 2H), 3.65-3.56 (m, 4H), 3.44
(d, 1H,J = 8 Hz), 3.39 (t, 1HJ = 4 Hz), 3.30 (t, 2H,) = 8 Hz), 2.12-1.99 (m, 2H),
2.09 (s, 3H), 1.76-1.69 (2H).

13 C NMR (CDCls, 100 MHz): § (ppm) 170.3 (C=0), [138.4, 138.2, 138.2, 138.1,
138.1, 138.0, 137.9, 137.8 {Bryl)], [128.4-127.4 (m, CH-Aryl)], [100.2, 99.2.
95.1 (CHpomerid]s 79.1, 78.2, 75.1, 75.1, 74.5, 74.4, 74.3, 74.2, 74.1, 73.4, 73.2, 72.7,
72.5,72.1,72.1,71.9, 71.8, 69.0, 68.7, 68.5, 61.7, 61.6, 49.2, 463}, 2QHL 27.8,
27.6,21.1, 8.6 (NBY.

3P NMR (162 MHz, CDCI3): § -3.36

HRMS-MALDI (m/z): [M-NEt;] Calcd for GgHiodm170..P 1967.7766; Found,
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1967.4717.

BnO oac

Bnoo& BnO on Bn&w

o ~0 ——  BnO OBn BnO
Bno BN Bn&o\/\ M &/
BnO OB Bno SN
Synthesis of VinylO-3,6-di-O-benzyl-4-0O-[2,3,4,6,-tetraO-benzyl$-D-
galactopyranosyl-]-2:0-[2-O-acetyl-3,4,6-tri-O-benzyl-u-D-mannopyranosyl]$-
D-mannopyranosidel2.

To a solution of vinylO-(2,3,4,6,-tetra@-benzyl$-D-galactopyranosyl)-(1-4)-8-
hydroxy-3,6-diO-benzyl$-D-mannopyranosidé (0.2 mg, 0.2 mmol) and @
acetyl-3,4,6-triO-benzylyl-a-D-mannopyranosyl tricholoroacetimidate (0.15 g, 0.22
mmol) in dry toluene (5 mL) was added TMSOTf (3 pL, 0.02 mmoB=iC. The
reaction mixture was stirred at 26 for 10 min. The reaction was quenched with
triethylamine (0.1 mL) and concentrated under reduced pressurerude product
was purified by flash silica column chromatography to affbwl desired product2
(0.27 g, 89 %).

Rt (ethyl acetate/haxane): 0.63 (25/75)

'H NMR (CDCl 3, 400 MHz): § (ppm) 7.31-7.14 (m, 45H), 6.22 (d, 181= 8 Hz),
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5.59 (s, 1H), 5.15 (s, 1H), 5.03-4.98 (m 1H), 4.91-4.79 (m, 4H), 4.72-4.62 (m, 8H),
4.54-4.30 (m, 11H), 4.23 (d, 1H= 12 Hz), 4.12 (t, 1HJ = 8 Hz), 4.05 (dd, 1H] =

8, 4 Hz), 3.91-3.88 (m, 4H), 3.83 (dd, 1H= 8, 4 Hz), 3.75-3.69 (m, 3H), 3.66-3.45
(m, 6H), 3.40-3.36 (M, 2H), 2.04 (s, 3H), 1.56 (dd, 3H,16, 8 Hz).

13 C NMR (CDCl3, 100 MHz): § (ppm) 170.0 (C=0), 144.0, [139.3, 139.2, 139.0,
139.0, 138.9, 138.7, 138.6 138.4(yl)], [128.6-127.1 (m, CH-Aryl)], 104.1,
[103.5, 99.9, 98.8 (Clomerd], 82.9, 80.2, 79.9, 78.9, 76.2, 75.5, 75.1, 74.8, 74.6,
73.7,73.6, 73.4, 73.1, 72.7, 72.3, 71.7, 69.4, 69.2, 68.9, 68.4, 21.4, 12.7.

HRMS-MALDI (m/z): [M] Calcd for GgHgy0:7, 1397.6405; Found, 1397.3901.

BnO

OAc
B”Oﬁ@
BnO
BnO OAcC BnO OBn BnO 5
BnO -0 Q -0
BnO BnO o
BnO OBn BnO Em—— OBn BnO
m /ﬁh 0
o - |
BnO —p_
n oBn_ BNO O O=P~OHNEt
/‘/\/O
7/\/\0

Synthesis of 3-(perfluorooctyl)propanyloxybutenyl-3,6-di©-benzyl-4-0-[2,3,4,6,-

CgFy

tetra-O-benzylf-D-galactopyranosyl-]-2-0-[2-O-acetyl-3,4,6-tri-O-benzyl- a -D-

mannopyranosyl]-a-D-mannopyranosyl phosphatel2-1
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To a vinyl-O-3,6-di-O-benzyl-40-[2,3,4,6,-tetra®-benzyl$-D-galactopyranosyl-]-
2-0O-[2-O-acetyl-3,4,6-triO-benzyla-D-mannopyranosyli+D-mannopyranosidél
(0.1 g, 0.07 mmol)and mercury oxide (22 mg, 0.01 mmol) in 5 mL of acetog®/H
(10/1) was added a solution of mercuric chloride (21 mg, 0.08 mm®&)mL of
acetone/HO (10/1) for 1 min. The reaction mixture was stirred al@3%or 3 h. The
crude residue was filtered through celite and diluted with diohethane (5 mL).
The organic layer was washed with sat. KI (1 x 5 mLQHKL x 5 mL) and brine (1 x
5 mL). The solvent was dried with p&0O, and concentrated under reduced vacuum
The crude residue was purified by flash silica column chromapbgrto afford the
hydrolyzed product (85 mg, 88 %).

The hydrolyzed product (50 mg, 0.04 mmol) and triethylammonium 3-
(perfluorooctyl)propanyloxybutenyl- hydrogen phosphonate (26 mg, 0.04 mma) we
coevaporated with pyridine and dried under high vacuume for 30 min. To a solution of
this mixture in pyridine (3 mL) was added a solution of pivaltdybride (0.009 mL,
0.08 mmol) in pyridine (0.3 mL) and then the mixture was stirr&@b8€ for 30 min
under nitrogen gas environment. To a solution of this mixture idipgr (3 mL) was

added a solution of pivaloyl chloride (0.013 mL, 0.1 mmol) in pyridine L% and
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then the mixture was stirred at 26 for 30 min under nitrogen gas environment. To
the reaction mixture was added a solution of iodine (9 mg, 0.04)ridimg/water
mixture (0.2 mL, 10/1) and the reaction mixture was quenched witlrasad
Na,S,0;. Excess pyridine was evaporated under reduced pressure and therdée c
product was purified by flash silica column chromatography (widthyamine) to
afford the desired produt®-1(63 mg, 83 %).

R¢ (10 % MeOH in DCM): 0.68

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.26-7.14 (m, 45H), 5.66-5.64 (m, 1H), 5.56-
5.45 (m, 3H), 5.09 (d, Idomeric J = < 1 Hz), 4.97 (d, 1H] = 12), 4.76 (d, 1H) = 12

Hz), 4.76 (d, 1H) = 12 Hz), 4.67-4.56 (m, 5H), 4.52-4.35 (m, 8H), 4.31-4.24 (m, 4H),
4.17 (d, 1HJ = 8 Hz), 4.12 (t, 1HJ = 8 Hz), 4.03 (br, 1H), 3.94 (m, 8H), 3.74-3.60
(m, 5H), 3.51 (t, 1H,) = 8 Hz), 3.40-3.37 (m, 3H), 3.33 (t, 2B= 8 Hz), 2.15-2.06

(m, 2H), 2.01 (s, 3H), 1.79-1.72 (m, 2H).

13 C NMR (CDCl3, 100 MHz): & (ppm) 169.8 (C=0), [139.1, 139.0, 138.8, 138.4,
138.3, 138.1, 138.1, 138.0, 137.9.4@yl)], [128.3-127.0 (m, CH-Aryl)], [103.2,
99.6. 95.0 (Chhomerid], 82.0, 79.9, 78.4, 75.9, 75.2, 74.6, 74.0, 73.3, 73.2, 73.0, 72.7,

72.4,71.9, 71.8,68.7, 66.5, 61.8, 61.7,46.2, 28.1, 27.7, 27.1, 21.0.
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3P NMR (162 MHz, CDCI3): § -2.99

HRMS-MALDI (m/z): [M-NEt;] Calcd for GgHiodm170.1P 1967.7766; Found,

1967.3716.
BnO OAc BnO OAC
BnO -Q BnO -0
BnO BnO
BnO o) BnO o)
BnO -Q - BnO -Q
BnO BnO

BnO OBn . Bno | BnO OBn . Bno |
Synthesis of VinylO-3,6-di-O-benzyl-4-0O-[2,3,4,6,-tetraO-benzyl$-D-
galactopyranosyl]-2-0-[2-O-(2-O-acetyl-3,4,6-tri-O-benzyl-a-D-
mannopyranosyl)-3,4,6-tri-O-benzyl-a-D-mannopyranosyl]-a-D-
mannopyranosidel3.

To a solution of ally©-3,6-di-O-benzyl-40-[2,3,4,6,-tetra®-benzyl$-D-
galactopyranosyl]-2-[2-O-(2-O-acetyl-3,4,6-triO-benzyle-D-mannopyranosyl)-
3,4,6-tri-O-benzyla-D-mannopyranosyli-D-mannopyranoside (0.2 g, 0.11 mmol) in
THF 5 mL) was added catalytic amount of (1,5-

Cyclooctadiene)bis(methyldiphenylphosphine)iridium(l) hexafluorophospiéiteng,

www.manaraa.com



129

0.011 mmol). The stirred solution was degassed, placed undamdNdegassed. The
reaction mixture was placed undes tor 5 min and degassed once more to prevent
further reduction. The mixture was stirred at°s5for 30 min under Nand then
concentrated under reduced vacuum. The crude residue was purifiEstoilica
column chromatography to afford the desired prodGd¢D.19 g, 93 %).

Rt (ethyl acetate/haxane): 0.70 (25/75)

'H NMR (CDCl3, 400 MHz): & (ppm) 7.30-7.16 (m, 60H), 6.18 (d, 1B=12 Hz),
5.50 (s, 1H), 5.17 (s, 1H), 5.02-4.98 (m 1H), 4.93 (t, 2H,6.4 Hz), 4.81 (t, 2H] =
10.4 Hz), 4.74 (br, 2H), 4.66-4.65 (m, 4H), 4.63 (d, 1&,10.4 Hz), 4.58 (d, 1H] =
11.2 Hz), 4.51-4.40 (m, 7H), 4.35 (d, 1H= 10.8 Hz), 4.27-4.25 (m, 2H), 4.21-4.18
(m, 2H), 4.06 (t, 1HJ = 8 Hz), 4.01-3.90 (m, 7H), 3.86 (d, 2= 9.2 Hz), 3.80-3.71
(m, 3H), 3.66 (d, 1H) = 10.4 Hz), 3.61-3.48 (m, 6H), 3.45 (dd, 1H 7.2, 2 v), 3.38
(d, 2H,J = 4.4 Hz), 2.07 (s, 3H), 1.51 (d, 38i= 6.8 Hz).

13 C NMR (CDCls, 100 MHz): § (ppm) 170.2 (C=0), 144.0, [139.1, 139.1, 138.9,
138.9, 138.8, 138.8, 138.6, 138.3, 138.2-A&8/1)], [128.5-127.3 (m, CH-Aryl)],
103.9, [103.0, 100.4, 99.6, 98.7 (Gbherd], 80.0, 79.7, 79.2, 78.4, 75.8, 75.4, 75.1,

74.9, 74.6, 74.6, 73.5, 73.4, 73.3, /3.0, 72.9, 72.8, 72.2, 72.1, 72.1, 69.5, 69.4, 69.3,
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69.1, 68.5, 21.4, 12.6.

HRMS-MALDI (m/z): [M] Calcd for G;dH12d022, 1828.8271; Found, 1828.4955.

BnO
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BnO oac BnO |
-0
Bné)no BnO -Q
BNnO BnO

BnO OBn

(@] BnO 0
BnO -0 — Q o)
BnO BnO o
BnO OBn BnO oBn BnO
O 0 0]
-0 i
(@]
(@] =p-
Bn oB BnO O A O=P~OHNEL
fvo
C8F17/\/\O

Synthesis of 3-(perfluorooctyl)propanyloxybutenyl-3,6-di©-benzyl-4-0-[2,3,4,6,-
tetra-O-benzyl$-D-galactopyranosyl]-2:0-[2-O-(2-O-acetyl-3,4,6-tri-O-benzyl-o-
D-mannopyranosyl)-3,4,6-tri-O-benzyl-a-D-mannopyranosyl]-a-D-
mannopyranosyl phosphatel3-1

To a vinyl-O-3,6-di-O-benzyl-40-[2,3,4,6,-tetra®-benzyl$-D-galactopyranosyl]-
2-0O-[2-0O-(2-O-acetyl-3,4,6-triO-benzyle-D-mannopyranosyl)-3,4,6-t@-benzyla-
D-mannopyranosyli+D-mannopyranosid&2 (0.1 g, 0.06 mmol)and mercury oxide

(17 mg, 0.14 mmol) in 4 mL of acetonef (10/1) was added a solution of mercuric
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chloride (16 mg, 0.06 mmol) in 3 mL of acetongZH(10/1) for 1 min. The reaction
mixture was stirred at 2% for 3 h. The crude residue was filtered through celite and
diluted with dichloromethane (5 mL). The organic layer was eastith sat. KI (1 x
5mL), HO (1 x 5 mL) and brine (1 x 5 mL). The solvent was dried witbkS®aand
concentrated under reduced vacutlihe crude residue was purified by flash silica
column chromatography to afford the hydrolyzed product (82 mg, 84 %).

The hydrolyzed product (50 mg, 0.03 mmol) and triethylammonium 3-
(perfluorooctyl)propanyloxybutenyl- hydrogen phosphonate (20 mg, 0.03 mma) we
coevaporated with pyridine and dried under high vacuume for 30 min. To a solution of
this mixture in pyridine (3 mL) was added a solution of pivaldybride (0.007 mL,
0.06 mmol) in pyridine (0.3 mL) and then the mixture was stirr&@68€ for 30 min
under nitrogen gas environment. Prydine was removed under reduced \aauili time
crude product was purified by flash silica column chromatograplily fiethyamine)
to afford the desired produtB-1 (59 mg, 84 %).

R¢ (10 % MeOH in DCM): 0.69
'H NMR (CDCl 3, 400 MHz): & (ppm) 7.26-7.05 (m, 60H), 5.64-5.59 (m, 1H), 5.53-

5.45 (m, 3H), 5.13 (d, Ldomeris J = < 1 Hz), 4.91 (d, 1H] = 12 Hz), 4.79 (d, 1H] =
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8 Hz), 4.74 (d, 1H) = 8 Hz), 4.67-4.57 (m, 5H), 4.54-4.36 (m, 11H), 4.29 (t, 2H,

12 Hz), 4.23 (d, 1HJ = 8 Hz), 4.20 (d, 1HJ = 8 Hz), 4.14 (d, 1HJ = 12 Hz), 4.09-
4.05(m, 2H), 4.00-3.94 (m, 2H), 3.90-3.78 (m, 11H), 3.73-3.52 (m, 6H), 3.41 (d, 2H,
= 12 Hz), 3.34-3.27 (m, 4H), 2.12 (m, 2H), 2.03 (s, 3H), 1.76-1.69 (m, 2H).

3 C NMR (CDCls, 100 MHz): § (ppm) 170.1 (C=0), [139.1, 139.0, 138.7, 138.5,
138.4, 138.2, 138.1, 138.0, 138.0, 138.Q-A®/)], [128.3-127.0 (m, CH-Aryl)],
[103.2, 100.8, 99.3. 95.0 (GKmerd], 82.6, 79.9, 79.6, 75.2, 75.1, 74.7, 74.3, 74.1,
73.2, 73.1, 73.0, 72.6, 72.5, 72.0, 71.9, 71.8, 68.7, 68.7, 68.5, 68.1, 66.4, 61.7, 61.7,
49.5, 46.2 (NEJ), 28.1, 27.9, 27.7, 21.1, 8.6 (NEt

3P NMR (162 MHz, CDCI3): § -2.39

HRMS-MALDI (m/z): [M-NEt;] Calcd for GasHiodF170.6P 2400.2848; Found,

2400.7329.
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CHAPTER 5
Synthesis of multivalent tuberculosis and_eishmania-associated capping
carbohydrates and evaluation of structure-dependenimmune responses in
IL-12 production
A paper to be submitted fmurnal of the American Chemical Society

Eun-Ho Song, Alex O. Osanya, Christine A. Petersen, and Nicola L. Pohl

Microbacterium tuberculosis is an intracellular pathogen which survives in

macrophages and remains as one of the severe infectious diseaseadygenumber

of infections with more than 2 million deaths annually worldwideishmaniasis is
also an infectious disease caused by protozoan parasites ofnileLgeshmania.
Leishmaniasis is endemic over much of 88 countries in Africaa)sthuthern Europe,
and Central and South Ameritémportantly,M. tuberculosidand leishmaniasisare
particularly problematic in these areas as a reactivatiregtioh in AIDS patients.
Despite considerable progress devoted to preventing and controlling tubisranids
leishmaniasis, the disease still remains beyond efficiedlicaletreatments such as

vaccines. Therapies, including vaccines, have to deal with the parasility to hide
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in human macrophage cells—the white bloods cells that usually esgailéliminate

foreign materials. Herein we present the synthesis and developimeatv chemical

tools which demonstrates that only simple changes in parasiteiai®d surface
oligosaccharides are sufficient to change cellular immune resp@msl thereby let a
parasite hide from immune surveillance.

The most abundant molecules found on the cell surfaces of bacteasitgsmand
viruses are carbohydrateue to structural distinctions among host cells and the
distribution of carbohydrates on the outer surface of the caelictare-function
relationships involving carbohydrates have drawn attention amongstsiatihetic
organic chemists and immunologists. However, obtaining well-defindmblogarate
structures has been challenging due to limitations associatbdcwritent isolation
protocols® Simple commercially available sugars can be readilyla to beads for
the identification of monosaccharide-dependent imm{initywever, these protocols

do not lend themselves readily to larger structurally well-defined oligbsaides.
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Arabinan branched polymers

GPI Anchor Mannose Phosphate Core

- M. tuberculosis
BnO

OAc BnO oac
_ 0
-Q 0 HO
HO
BnO O BnO O HO o
o
BnO OAC BnO HO
- Bno 1. 04, PPh Bro HO
BnO” . LOsPPhy BhO Na, NH; HO

R

Bn —_—, 2 3 o) L (o)
ones reagent _0 THF, 90 % o
CC's BnO O 85 % (2 steps) Bno HO
BnO HO o

1 H o _ 4 O AOH

CoFrr 0 N

GPI Anchor Phosphoglycan repeats Cap

- Leishmania

Figure 1. Capping structure in lipoarabinomannan (LAMMbftuberculosis and

lipophosphoglycan (LPG) dfeishmania.

As shown in Figure 1, trimannose is one of the major components bbBGrof
Leishmania parasite3 and LAM of M. tuberculosis cell wafl. To date, several
synthetic approaches have been reported to consteigiimania capping structures
including oligomannosé and branched oligosaccharitier the purpose of synthetic
challenge or vaccine developm&niVe wanted to develop a viable route to a range of
Leishmania capping structures including trimannose and lactose as a control.

With this purpose, we envisioned making essentially artificighgtes of the same

size (one micron) aseishmania that contain only the structurally well-defined
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capping polysaccharide associated with pathogens. The key challehgesynthesis
of artificial pathogens is construction of multivalent effect oeXdieads in order to

give more chance to induce immune responses.

Results and discussion

Trimannose can be prepared fluorous solid-phase extraction (FaB&(j-iterative
synthesis as reported in literattfréScheme 1). Mannose trichloroacetimidatesas
prepared from tr@-benzyl orthoester intermedidle Acid (TMSOTf)-activated
glycosylation of mannose trichloroacetimidategh fluorous-tag gave fluorous-tagged
disaccharide for further iterative synthesis of capping strustufdis iterative
synthesis using fluorous-solid-phase extraction (FSPE) takes ageamitahe fact
that desired oligosaccharide can be prepared without conventiocalcslumn
purification* The fluorous-tag in trimannosewas then cleaved with ozonolysis and
subsequent oxidation with Jones reagent facilitates further coupdiaction of
carboxylated-sugar with amine-functionalized beads. Global deproteatioier
Na/NH; at -78°C furnished fully deprotected trimannoéé good yield.

Carboxylated-lactose was also efficiently prepared through caowmahtsilica-
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column purification. (see Supporting information)

With the capping sugar and the control sugar lactose in hand, a suitable one micron-
sized support was required for multivalent display of these sugatsx beads are
commonly used in immunoassays due to their inertness and comanaaailability.
Moreover, beads with high concentrations of imbedded fluorophores eraldes
fluorescent assays. For example, such beads have been utilized for agglutination
tests for the detection of antibodi®sr investigation of heparin-binding properties
for the analysis of blood cell populatidfisfor the identification of specific cell

membrane markef%and for the measurement of sugar particle-induced imnfunity

(0]
NH H H
HO.__O 2
( i FiTc HaN < L o) FiTc Sugar (30 ~ 50 eq) ROJLN/\/N\?O FITC
0, M, EDC, NHS 2 T EDC, NHS H n
, (o === o, " 9 0., N
L atex DI water, 25 °C, a0 Dl water, 25 °C, Latex¥ O
bead 18h X2 bead 18hX2 bead
BO (R = Lactose or trimannose)

Tuberculosis and Leishmania
capping structure
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Scheme 1Synthesis of multivalent tuberculosis dr@ishmania capping structures

on latex beads.

In this regard, we used commercially available Latex bB&dsnicrospheres, im
diameter and yellow-green fluorescent) derivatized with carlatxyroups (3.5 x 10
4 mmol carboxylate groups per mL). The chosen size of FITC-labated beads
mimics the size of theLeishmania parasite and allows use of a common
immunofluorescent assay for the observation of the possible uptakeads by
macrophages. In order to avoid spatial proximity of sugars on the swffélce beads
and improve the accessibility of sugars to possible macrophage bindimgrpa
ethylenediamine as a spacer was attached to the carboxykdedshrface under
standard peptide coupling conditions. Unfortunately, solvents for the cguplin
reaction were severely limited due to difficulties assedawith the stability of the
apparently noncovalent FITC linkage in organic solvents. Therefore;hibiee of
suitable solvent was an important consideration for both obtaining quaatiyatid
in coupling reaction and designing synthetic routes for sugars. Canbaralition

for coupling using 1-ethyl-3-[3-dimethylaminopropyl]carbodiimidediochloride
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(EDC) andN-hydroxysuccinimide (NHSY in deionized water was utilized to make
peptide linkages (Scheme 2).

The subsequent coupling reaction of various capping structures containing the
carboxylic acid linker with amine spacer on the beads ¢a&shmania-associated
capping carbohydrate coated-beads (Figure 1). Each coupling step waieddpgce
with 30 ~ 50 equivalent of sugars to obtain a complete reactionddrsaty of sugar
was calculated by given density of carboxylates (1.296 % frimol / bead). As for
coupling steps, Kaiser colorimetric test was used as an indmfatmupling reaction
progress?

To evaluate structure-dependent immune responses, lactose coatedbeatb
trimannose-coated beaB2 were initially incubated with murine macrophages for the
analysis of cytokine production including Interleukin-12 (IL-#2)L-12 plays a

significant role in the link between innate and adaptive immunity
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Sugar coated-Latex beads

Blocking by Isotype IgGL

12
| TP 1

murine macrophages

1500 - IL-12 production
*

Ewoo{ [ I

2 I anB
g as1
& B mp4
; 500 *

u ' T
Stm TLR2 lsotype lgG1

Treatment (24 hours)

Figure 2. Effect of cap sugar coat-latex bead4BO = latex bead, B1 = lacto
coated beads, and B2 = trimann-coated beads) on the production of I-12p40
by murine macrophageell line (J774)(me) stimulated by LPS and IRN
[Asterisks denote a significant change betweenThR2 blocking from corrol

isotype and/or noflocking-stimulation only treated cells (p<0.05) via Studeit-
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test.]

As shown in Figure 2, comparable levels of IL12-p40 under two different
environments including no blocking agents and isotype IgG1 antibodypretaced
when murine macrophages were stimulated by lactose-coatels,behereas 1L12
production stimulated by trimannose-coated beads was significditiinished.
These results indicate that structure differences in carbategdrexhibit clear
differences in the activation of innate immune responses inducedlyylifferences
in the carbohydrate structure.

In order to obtain more information about structure-dependent immune sespon
other capping structures were also efficiently prepared througbentonal silica-
column purification for galacto$® or FSPE-based purification for dimanngse

branched tri-and tetrasaccharfde.

BnO
BNO oac BNO oac QRe
o) -0
B?B?\O BTBO o Brll?%o
n+l n n+l1 BnO OBn n+l
BnO OBn BnO o 1. 03’ PPh3 BnO OBn Na, NH3 BnO fe)

BnO 1)
s, =78, o
-0 -O  THF, 90 % o)
o} 2. Jones reagent (o] ) BnO
BnO (¢}

BnO ~ BnO 85 % (2 steps). O Bno BnO o BnO ~ BnO o
n=0(3) o n=0(3-1) o oH n=0(3-2) O\)kOH
n=1(4) /\j n=1(4-1) =1(4-2)

C3F17/\/\O &
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Scheme 2lterative synthesis of fluorous-taggleelshmania tetrasaccaride

Branched Leishmania capping structures including trisaccharid@ and
tetrasaccharidd was also prepared either through iterative synthesis or aubomat
platform?? The fluorous-tag in tetrasaccharide was then cleaved with ozonalydi
subsequent oxidation with Jones reagent facilitates further coupdiaction of
carboxylated-sugar with amine-functionalized beads. Global deproteatioier
Na/NH; at -78°C furnished fully deprotected saccharid@2(and4-2) in good yield
(Scheme 3).

Other capping structures were also efficiently prepared throoigbeational silica-
column purification for galactogeor FSPE-based purification for dimanndése
Carboxylated-eishmania capping structures were then displayed on the latex beads

under optimized coupling conditions (Figure 3).
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FITC HO
o 5 HO FITC
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o
bead
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L. donovani capping structure L. major, L. donovani & mexicana
from noninfectious parasites capping structure
(control)

HO

OH
ﬁ@
OH
(0]
HO& ﬁg
H
HO OH HO OH
HO 5
HO O. 0
Latex OH Latex
bead B4 bead

P Com S
Figure 3. MultivalentLeishmania capping structures on latex beads
Conclusion
In conclusion, we demonstrated that the protocolpoéparation of artifical

parasites including well defined tuberculosis dreilshmania-associated capping
structures such as trimannose and lactose endidestiwdy of structure-dependent
immune reponses. In particluar, fluorous phase-aszative synthesis provides
not only a convenient purification step but also aeasy transformation to

carboxylic acid in order to display capping struesion the latex beads surface.
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More importantly, our results with preminary IL-12opuction studies showed that
structure differences in carbohydrates producedstndt differences in IL-12 p40
producton.

These results could provide a standard strategyuforeiling innate immune

mechanisms induced by specific carbohydrate stractur

Experimental section
General methods
Solvents were reagent grade and in most cases dried prior to lisethéy

commercially available reagents were used as received wilemsvise noted. The

organic extracts were dried over anhydrous MgSTetrahydrofuran (THF) was
distilled from lithium aluminum hydride (LiAlk) prior to use. Methylene chloride
(CH,CL,), and triethylamine (EN) were distilled from calcium hydride. Diethyl ether
(Et,0) was distilled from sodium-benzophenone ketyl.

'H and®*C NMR spectra were obtained at 400 MHz and 100 MHz on Varian VXR-
400 NMR or on Bruker DRX-400 NMR. Mass spectra (MS) were dembron an

Applied Biosytems DE-Pro MALDI mass analyzer or an Applied sBiems
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QSTAR® XL Hybrid LC/MS/MS System. Chemical shifts ar@oged in parts per
million downfield relative to tetramethylsilang (0.00) and coupling constants are
reported in Hertz (Hz). The following abbreviations are used fomthl@plicities: s =

singlet; d = doublet; t = triplet; g = quartet; m = multiplet; and br = broad.

Synthesis of Fully deprotected carboxylated-eishmana capping structures.

ACO&/ OAC AcO OAc OAC

0 S o 0

AcO o AcO O~ AcO e O\)J\OH
AcO OAc AcO

Synthesis of Carboxymethyl-4-O-[2,3,4,6-tetra-O-acety-D-glucopyranosyl]-
2,3,6-tri-O-acetyl{§-D-galactopyranoside 1

To a solution of 2-propynyl-4-O-[2,3,4,6-tetra-O-acdiyD-glucopyranosyl] -
2,3,6- tri-O-acetyB-D-galacto-pyranosid@ (0.5g, 0.7 mmol) in the mixture of GCl
(3 mL), CH,CN (3 mL), and HO (4 mL) is added Nalg(1.27 g, 5.6 mmol). To this
mixture was added Ru{£H,O (3.1 mg, 2.2 mol %) and the reaction mixture was
stirred at 25°C for 2 h. After dilution with 10 mL of DCM, the reaction mixtusas
filtered through a Celite pad. The aqueous layer was extractedwici with DCM

and then organic layer was washed with water and brine. The cruderanixas
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obtained after drying with N&O, followed by concentration under reduced vacuum.
The crude product was purified to obtain the desired prddQct7 g, 91 %) by silica
column chromatography

Rt (ethyl acetate/haxane)0.30 (70/30)

'H NMR (CDCl3, 400 MHz): & (ppm) 5.34 (d, 1HJ = 2.4 Hz), 5.22 (t, 1H) = 9.2
Hz), 5.09 (t, 1H,J = 8 Hz), 4.97-4.93 (m, 2H), 4.62 (d, 1= 7.6 Hz), 4.50-4.47 (m,
2H), 4.29 (s, 2H), 4.11-4.04 (m, 3H), 3.87 (t, DH 6.4 Hz), 3.80 (t, 1H) = 9.2 Hz),
3.65-3.61 (m, 1H), 2,14 (s, 3H), 2.11 (s, 3H), 2.05 (s, 3H), 2.04 (s, 3H), 2.03 (s, 3H),
2.03 (s, 3H), 1.93 (s, 3H).

13 C NMR (CDCls, 100 MHz): & (ppm) 170.6, 170.6, 170.3, 170.3, 170.1, 169.9,
169.2, [101.2, 100.4 (Clbmerid], 76.2, 73.1, 72.5, 71.4, 71.1, 70.9, 69.2, 66.8, 65.5,
61.9, 61.0, 21.0, 21.0, 20.9, 20.9, 2.08, 20.7.

HRMS-MALDI (m/z): [M+Na]"Calcd for GgHsgNaOy,, 717.5791; Found, 717.6184.

AcO OAc OAcC HO OH OH
o) o) o) o)
Ny i &/0 °
Aco&/mmo\)\ o HO Hmo\)\ o
OAc AcO HO

HO

Synthesis of Carboxymethyl-4-O-§-D-galactopyranosyl)$-D-glucopyranoside
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To a carboxymethyl-4-O-[2,3,4,6-tetra-O-acediyD-glucopyranosyl]-2,3,6-tri-O-
acetylf-D-galacto-pyranosidelj (0.4 g, 0.57 mmol) in MeOH (5 mL) was added Na
(27 mg, 1.14 mmol) and stirred at 25 for 2 h. The reaction mixture was neutralized
with Dowex-ion-exchange resin. The desire?) (vas obtained through Celite
filteration followed by evaporation of solvent under reduced presaugeod yield
(0.21 g, 89 %).

'H NMR (CDCl 3, 400 MHz): & (ppm) 4.46 (d, 1HJ = 16.4 Hz), 4.30-4.23 (m, 2H),
3.81 (d, 1H,J = 3.2 Hz).

13 ¢ NMR (CDCl;, 100 MHz): & (ppm) 173.0, 170.8, 170.5, 17.4, 170.2, 100.4
(CHanomerids 71.1, 70.7, 68.6, 67.1, 65.0, 61.4, 21.0, 20.9, 20.8, 20.8.

HRMS-ESI (m/z): [M+Na]"Calcd for G,H,.NaO,3 423.1115; Found, 423.0942.

AcO OAc AcO OAc
0 0 0
Aco&o\/\ Acomo\)k(}'
AcO AcO

Synthesis of Carboxymethyl-2,3,4,6-tetra-O-acety-D-galactopyranoside3.
To a solution of 2-propynyl-2,3,6-tri-O-acet§D-galacto-pyranosid@ (0.5 g, 1.29

mmol) in the mixture of CGI(3 mL) , CHCN (3 mL), and HO (4 mL) is added
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NalO, (2.2 g, 10.3 mmol). To this mixture was added RUHAO (6 mg, 2.2 mol %)
and the reaction mixture was stirred at°@5for 2 h. After dilution with 10 mL of
DCM, the reaction mixture was filtered through a Celite pad. Tueaus layer was
extracted with twice with DCM and then organic layer washedswith water and
brine. The crude mixture was obtained after drying with,90 followed by
concentration under reduced vacuum. The crude product was purified to tigtai
desired product3) (0.42 g, 81 %) by silica column chromatography

Rt (ethyl acetate/haxane)0.25 (70/30)

'H NMR (CDCI 3, 400 MHz): & (ppm) 5.41 (d, 1H) = 2.8 Hz), 5.25 (dd, 1H] = 7.9,

2.5 Hz), 5.06 (dd, 1H] = 10.4, 3.3 Hz), 4.62 (d, 1H,= 7.9), 4.36 (s, 2H), 4.20-4.09
(m, 2H), 3.94 (t, 1HJ = 6.7 Hz), 2.16 (s, 3H), 2.09 (s, 3H), 2.05 (s, 3H), 1.99 (s, 3H).
13 C NMR (CDCl;, 100 MHz): & (ppm) 173.0, 170.8, 170.5, 170.4, 170.2, 100.4
(CHanomerids 71.1, 70.7, 68.6, 67.1, 65.0, 61.4, 21.0, 20.9, 20.8, 20.8.

HRMS-MALDI (m/z): [M+Na]"Calcd for GgH,,Na0;,,429.1009; Found,
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Synthesis of Carboxymethylg-D-galactopyranoside4.

To a carboxymethyl-2,3,4,6-tetra-O-aceffyD-galactopyranoside3f (0.4 g, 0.99

mmol) in MeOH (5 mL) was added Na (45 mg, 1.98 mmol) and stitré8 ¥C for 2
h. The reaction mixture was neutralized with Dowex-ion-exchargje.réhe desired
product @) was obtained through Celite filteration followed by evaporatf solvent
under reduced pressure in good yield (0.21 g, 89 %).
'H NMR (CD 30D, 400 MHz): & (ppm) 4.46 (d, 1HJ) = 16.4 Hz), 4.30-4.23 (m, 2H),
3.81 (d, 1H,J = 3.2 Hz), 3.75-3.68 (m, 2H), 3.60-3.53 (m, 1H), 3.51-3.47 (m, 2H).
13 C NMR (CD;0D, 100 MHz): & (ppm) 173.1, 103.4 (Comerd, 75.7, 73.4, 71.1,
69.0, 65.5, 61.3.

HRMS-ESI (m/z): [M+Na]"Calcd for GH;.NaQ;, 261.0586; Found, 261.0463.

BnO oAc BnO oAc

BnO -0 BnO -Q
BnO BnO
BnO ¢ BnO o
BnO -0 BnO -0
BnO > BnO o
(@]
O\/\L \)J\OH
_J
CgF17
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Synthesis  of  Carboxymethyl-3,4,6-tri©-benzyl-2-O-(2-O-acetyl-3,4,6-tri-O-
benzyl-a-D-mannopyranosyl)-a-D-mannopyranosideb.

To a solution of 3-(perfluorooctyl)propanyloxybutenyl-3,4,6@benzyl-20-(2-O-
acetyl-3,4,6-triO-benzyla-D-mannopyranosyl-D-mannopyranoside (0.2 g, 0.15
mmol) in DCM was bubbled Qat -78°C for 5 min. The light-blue solution was
treated with PPh(58 mg, 0.23 mmol) and was allowed to warm to room temperature.
After 30 min, the crude aldehyde product was obtained after coatentunder
reduced vacuum. To a solution of aldehyde product in acetone was added Jones
reagent (0.16 mL, 0.13 mmol) and the mixture was stirred for 30 nitar ALC
analysis, excess reagent was quenched with 2-propanol and sold el foff
through a Celite pad. The pure proddet(0.12 g, 89 %) was obtained after
concentration under reduced vacuum followed by purified through sibtima
chromatography (Hexane:Ethyl Acetate = 1:2).

Rt (ethyl acetate/haxane)0.30 (70/30)
'H NMR (CDCl 3, 400 MHz): & (ppm) 7.33-7.15 (m, 30H), 5.52 (s, 1H), 5.07 (s, 1H),
4.98 (s, 1H), 4.83 (dd, 2H,= 10.8, 6 Hz), 4.68 (s, 2H), 4.67-4.60 (m, 3H), 4.53-4.39

(m, 5H), 4.10-4.02 (m, 3H), 3.96-3.90 (m, 3H), 3.80-3.65 (m, 7H), 2.11 (s, 3H).
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13 C NMR (CDCl,, 100 MHz): § (ppm) 173.5 (C=0), 170.5 (C=0), [138.7, 138.6,
138.4, 138.3 (GAryl)], 128.7-127.8 (m, CH-Aryl), [99.8, 99.0 (Gkbmerd], 79.7,
78.4,75.4, 74.7, 73.7, 73.6, 72.7, 72.4, 72.3, 72.2, 69.4, 69.2, 69.1, 63.7, 29.4 (CH

HRMS-MALDI (m/z): [M+Na]'Calcd for GgHeNaOy, 1005.4037; Found,

1005.4289
BnO oac HO on
BnO -0 HO -0
BnO HO
BnO o) HO [e)
BnO -0 HO -0
BnO — HO
0 o)
o) o)
\)J\OH \)J\OH

Synthesis of Carboxymethyl-20-(2-O-a-D-mannopyranosyl)-a-D-
mannopyranoside6

To a carboxymethyl-3,4,6-t®-benzyl-20-(2-O-acetyl-3,4,6-triO-benzylo-D-
mannopyranosyl-D-mannopyranosided] (0.1 g, 0.11 mmolyvas dissolved in THF
(8 mL) and MeOH (0.5 mL) in a flask. Liquid ammonia (20 mL) waen condensed
into the flask at -78C. Sodium metal was added in several portions until the solution

was dark blue. The dark blue solution was stirred at°c7&r 30 min. Following
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disappearance of the dark blue color, EtOH (3 mL) was added and amwasia
blown off with a stream of air. The solution was then neutralizéld acidic Dowex-
resin to pH 7 and the resin was filtered off through a Celite pagld€kired ) was
obtained through evaporation of solvent under reduced pressure in goo84ieid,
75 %).

'H NMR (CD40OD, 400 MHz): 8 (ppm) 5.15 (s, 1H), 4.98 (s, 1H), 4.24 (m, 2H),
3.96-3.57 (m, 12H).

13 C NMR (CD4OD, 100 MHz): & (ppm) 172.3 (C=0), [102.9, 98.7 (Glghnerid],
78.8, 78.8, 74.0, 73.7, 71.2, 70.6, 67.4, 63.7, 63.4, 61.8, 61.7.

HRMS-ESI (m/z): [M+Na]"Calcd for G,H,.,NaO,3 423.1115; Found, 423.0923.

BnO pac BnO pac
BnO -Q BnO -Q
BnO BnO
BnO o BnO ¢
BnO -Q BnO -0
BnO BnO
BnO (o) BnO (o)
BnO -Q BnO -0
BnO BnO o
o ¢}
\/\L \)J\OH
J
CgF17
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Synthesis of Carboxymethyl-3,4,83-benzyl-2-O-[2-O-(2-O-acetyl-3,4,6-tri-O-
benzyl-a-D-mannopyranosyl)-3,4,6-tri-O-benzyl-a-D-mannopyranosyl]-a-D-
mannopyranoside?.

To a solution of 3-(perfluorooctyl)propanyloxybutenyl-3,4,6@benzyl-20-(2-O-
acetyl-3,4,6-triO-benzyla-D-mannopyranosyl-D-mannopyranoside (0.2 g, 0.11
mmol) in DCM was bubbled Qat -78°C for 5 min. The light-blue solution was
treated with PPh(42 mg, 0.16 mmol) and was allowed to warm to room temperature.
After 30 min, the crude aldehyde product was obtained after coatentunder
reduced vacuum. To a solution of aldehyde product in acetone was added Jone
reagent (0.11 mL, 0.08 mmol) and the mixture was stirred for 30 Afiiar TLC
analysis, excess reagent was quenched with 2-propanol and sold el foff
through a Celite pad. The pure produ@ (0.13 g, 87 %) was obtained after
concentration under reduced vacuum followed by purified through sibtima
chromatography (Hexane:Ethyl Acetate = 1:2).

Rt (ethyl acetate/haxane): 0.13 (50/50)
'H NMR (CDCl 3, 400 MHz): 8 (ppm) 7.26-7.12 (m, 45H, aromatics), 5.52 (t, di,

2.0 Hz), 5.17 (s, 1H), 5.03 (d, 1Bi= 8.0 Hz), 4.83 (d, 1H] = 10.8 Hz), 4.80 (d, 1H,
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J=10.8 Hz), 4.62-4.41 (m, 14H), 4.33 (d, 1Hs 12.0 Hz), 4.10-4.05 (m, 3H), 4.05-
3.88 (m, 6H), 3.77-3.63 (m, 8H), 3.53 (d, 1Hs 10.4 Hz), 2.12 (s, 3H).

13 C NMR (CDCls, 100 MHz): & (ppm) 172.4, 170.2, [138.6, 138.5, 138.5, 138.4,
138.3, 138.3, 138.1 (QAryl)], 134.1 (CHCH=CH,), 128.5 — 127.6 (m, CH-Aryl),
[100.9, 99.5, 99.3 (Clomerd], 79.1, 78.1, 75.2, 75.2, 75.0, 74.9, 74.6, 74.3, 73.4,
72.6, 72,5, 72.3, 72.2, 72.0, 71.9, 69.8, 69.2, 68.9, 68.8,

HRMS-ESI (m/z): [M+Na]"Calcd for GsHgoNaO,s, 1437.5974; Found, 1437.5097.

BnO oAc HO oH
BnO -Q HO -0
BnO HO
BnO o HO o
BnO -Q HO 0
BnO HO
BnO o - . HO o
BnO -0 HO O
BnO o HO o
o}
o M, oy

Synthesis of Carboxymethyl-20-[2-O-(2-O-a-D-mannopyranosyl)-a-D-
mannopyranosyl]-a-D-mannopyranoside8.
To a carboxymethyl-3,4,8-benzyl-2-O-[2-O-(2-O-acetyl-3,4,6-tri-O-benzylD-

mannopyranosyl)-3,4,6-t-benzyla-D-mannopyranosyl-D-mannopyranoside’
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(0.1 g, 0.07 mmolwas dissolved in THF (8 mL) and MeOH (0.5 mL) in a flask.
Liquid ammonia (20 mL) was then condensed into the flask alG78odium metal
was added in several portions until the solution was dark blueddmkeblue solution
was stirred at -78C for 30 min. Following disappearance of the dark blue color,
EtOH (3 mL) was added and ammonia was blown off with a strefmir. The
solution was then neutralized with acidic Dowex-resin to pHhd the resin was
filtered off through a Celite pad. The desir&l Was obtained through evaporation of
solvent under reduced pressure in good yield (29 mg, 72 %).

'H NMR (CD50D, 400 MHz): & (ppm) 5.29 (s, 1H), 5.11 (s, 1H), 4.97 (s, 1H), 4.02-
3.53 (m, 20H).

13 C NMR (CD;OD, 100 MHz): & (ppm) 176.3 (C=0), [102.7, 101.1, 98.4
(CHanomeridl, 79.1, 78.9, 73.7, 73.7, 73.5, 71.2, 70.8, 70.7,70.7, 67.9, 67.8, 67.5, 66.0,
61.8,61.7, 61.6.

HRMS-ESI (m/z): [M+Na] Calcd for GgH3,NaO,s, 585.1643; Found, 585.1528.
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BnO BnO

OAc OAc
B”Oﬁﬁ Bmﬁ@
BnO BnO
BnO OBn BnO 5 BnO OBn BnO 5
R (0] Q (0]
Bno&/o Bno&/o
oBn BnO g oBn BnO o)

CgF17

Synthesis of Carbpxymethyl-3,6-di©-benzyl-4-0-[2,3,4,6,-tetraO-benzyl$-D-
galactopyranosyl-]-20-[2-O-acetyl-3,4,6-tri-O-benzyl-u-D-mannopyranosyl]-o-
D-mannopyranoside9.

To a solution of 3-(perfluorooctyl)propanyloxybutenyl-3,6eibenzyl-40O-
[2,3,4,6,-tetra@-benzyl$-D-galactopyranosyl-]--[2-O-acetyl-3,4,6-triO-benzyl-
a-D-mannopyranosyli-D-mannopyranoside (0.2 g, 0.11 mmol) in DCM was
bubbled Q at -78°C for 5 min. The light-blue solution was treated with P@2 mg,
0.16 mmol) and was allowed to warm to room temperature. A@ani®, the crude
aldehyde product was obtained after concentration under reduced vacouan. T
solution of aldehyde product in acetone was added Jones reagent (0.11 mL, 0.08
mmol) and the mixture was stirred for 30 min. After TLC analysis, exeaggent was
quenched with 2-propanol and sold was filtered off through a CeliteTedpure

product9 (0.13 g, 85 %) was obtained after concentration under reduced vacuum
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followed by purified through silica column chromatography (Hexaimsgi Acetate =
1:2).

Rt (ethyl acetate/haxane)0.12 (50/50)

'H NMR (CDCl3, 400 MHz): 8 (ppm) 7.29-7.13 (m, 45H, aromatics), 5.45 (s, 1H),
5.08 (s, 1H), 4.94 (d, 1H,= 4 Hz), 4.90 (d, 1HJ = 12 Hz), 4.84-4.76 (m, 3H), 4.71-
4.44 (m, 9H), 4.41-4.25 (m, 7H), 4.19-4.15 (m, 3H), 3.95-3.87 (m, 3H), 3.80-3,64 (M
7H), 3.50 (t, 1H,) = 12 Hz), 3.43-3.38 (m, 2H), 2.07 (s, 3H).

13 C NMR (CDCl;, 100 MHZ): & (ppm) 173.3, 170.0, [139.2, 139.1, 139.0, 138.8,
138.6, 138.5, 138.3, 138.2, 138.1,4&yl)], 128.5-127.2 (m, CH-Aryl), [103.7, 99.3,
99.1 (CHyomerid], 82.8, 80.0, 78.5, 75.4, 75.3, 75.1, 74.8, 74.5, 73.5, 73.3, 73.1, 72.9,
72.8,72.5,72.2,72.1,69.1, 69.0, 68.6, 68.4, 84.1, 21.3.

HRMS-MALDI (m/z): [M+Na]'Calcd for GsHooNaO,, 1437.5974; Found,

1437.7109..

BnO HO

OAc OH

BnO -0 HO o)

BnO BnO HO
n OBnNn BnO HO OH HO
(0] o 0 (0]
o -0 1) -Q

BnO HO

OBn BnO (@] HO HO 0
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Synthesis of Carboxymethyl-40-[B-D-galactopyranosyl]-2:0-[2-O-a-D-
mannopyranosyl]-a-D-mannopyranosidel0.

To a carbpxymethyl-3,6-dB-benzyl-40-[2,3,4,6,-tetra®-benzyl$-D-
galactopyranosyl-]--[2-O-acetyl-3,4,6-triO-benzyle-D-mannopyranosyli-D-
mannopyranosided) (0.1 g, 0.07 mmolwas dissolved in THF (8 mL) and MeOH
(0.5 mL) in a flask. Liquid ammonia (20 mL) was then condensed intitasieat -78
°C. Sodium metal was added in several portions until the solutiomlavksblue. The
dark blue solution was stirred at -78 for 30 min. Following disappearance of the
dark blue color, EtOH (3 mL) was added and ammonia was blowwitbffa stream
of air. The solution was then neutralized with acidic Dowex-résipH 7 and the
resin was filtered off through a Celite pad. The desifd) (vas obtained through
evaporation of solvent under reduced pressure in good yield (31 mg, 78 %).

'H NMR (CD,OD, 400 MHz): 5.10 (s, 1H), 5.02 (s, 1H), 4.34 (d, 1H= 7.6 Hz),
4.19 (br, 1H), 4.04-3.48 (m, 18H).

13 ¢ NMR (CD;OD, 100 MHz): & (ppm) 171.0 (C=0), [103.9, 102.7, 99.0
(CHanomeridl, 77.3, 75.7, 73.8, 73.6, 72.4, 70.6, 69.0, 67.4, 64.0, 61.7, 61.2, 60.8.

HRMS-MALDI (m/z): [M+Na]"Calcd for GgH3,NaO,g, 585.1643; Found, 585.6198

www.manaraa.com



161

OAc
BnO -Q

BnO
BnO BnO

BnO Bno&
BnO BnO
BnO OBn " BnO OBn

OBn OBn

CgF17
Synthesis of Carboxymethyl-3,6-di©-benzyl-4-0-[2,3,4,6,-tetraO-benzyl$-D-
galactopyranosyl]-2-0-[2-O-(2-O-acetyl-3,4,6-tri-O-benzyl-a-D-mannopyranosyl)
-3,4,6-tri-O-benzyl-a-D-mannopyranosyl]-a-D-mannopyranosidell.

To a solution of 3-(perfluorooctyl)propanyloxybutenyl-3,6&benzyl-40-
[2,3,4,6,-tetra®-benzyl$-D-galactopyranosyl]-2-[2-O-(2-O-acetyl-3,4,6-triO-
benzyla-D-mannopyranosyl)-3,4,6-t@-benzyle-D-mannopyranosyl-D-
mannopyranoside (0.2 g, 0.09 mmol) in DCM was bubblge&tG78°C for 5 min.
The light-blue solution was treated with B84 mg, 0.13 mmol) and was allowed to
warm to room temperature. After 30 min, the crude aldehyde predhgtobtained
after concentration under reduced vacuum. To a solution of aldehgdecprin

acetone was added Jones reagent (0.11 mL, 0.08 mmol) and the miatustirred
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for 30 min. After TLC analysis, excess reagent was quenched witbgznol and

sold was filtered off through a Celite pad. The pure prod®c{Q.13 g, 85 %) was
obtained after concentration under reduced vacuum followed by purifiedgtinr
silica column chromatography (Hexane:Ethyl Acetate = 1:2).

Rt (ethyl acetate/haxane)0.15 (50/50)

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.31-7.14 (m, 60H, aromatics), 5.46 (s, 1H),
5.15 (s, 1H), 4.99 (d, 2H) = 8 Hz), 4.94 (d, 1H) = 12 Hz), 4.81 (dd, 2H] = 8, 4

Hz), 4.71-4.64 (m, 3H), 4.68 (s, 2H), 4.59-4.56 (m, 3H), 4.51-4.41 (m, 9H), 4.34-4.23
(m, 5H), 4.13 (d, 1HJ = 16 Hz), 4.00-3.83 (m, 10H), 3.73-3.61 (m, 6H), 3.59-3.50
(m, 4H), 3.42-3.37 (m, 3H), 2.11 (s, 3H).

13 C NMR (CDCl;, 100 MHZ): & (ppm) 173.1, 170.3, [139.3, 139.1, 138.9, 138.8,
138.7, 138.7, 138.6, 138.6, 138.5, 138.5, 138.3, 13§A(@)], 128.6-127.3 (m,
CH-Aryl), [103.6, 100.6, 99.8, 99.5 (GHmerd], 82.8, 80.1, 79.6, 75.6, 75.5, .75.3,
74.9, 74.8, 74.5, 73.5, 73.5, 73.3, 73.1, 72.9, 72.8, 72.7, 72.4, 72.2 72.1, 68.6, 69.0,
68.6, 64.5, 21.4.

HRMS-MALDI (m/z): [M+Na]'Calcd for GiHuigNaO,, 1869.7911; Found,

1870.5026.

www.manaraa.com



163

OH
BnO -0
BnO
BnO
Bn()&/ HO OH
0OBn Bn& m &

Synthesis of Carboxymethyl-40-[p-D-galactopyranosyl]-2-O-[2-O-(2-O-a-D-
mannopyranosyl)-a-D-mannopyranosyl]-a-D-mannopyranosidel2.

To a solution of carboxymethyl-3,6-@-benzyl-40-[2,3,4,6,-tetra®-benzyl$-D-
galactopyranosyl]-2-[2-O-(2-O-acetyl-3,4,6-triO-benzyle-D-mannopyranosyl)-
3,4,6-tri-O-benzyla-D-mannopyranosyli-D-mannopyranoside 1) (0.1 g, 0.05
mmol) was dissolved in THF (8 mL) and MeOH (0.5 mL) in a flask. Ldgaimmmonia
(20 mL) was then condensed into the flask at “@8 Sodium metal was added in
several portions until the solution was dark blue. The dark blue solut®stimed at
-78 °C for 30 min. Following disappearance of the dark blue color, EtOH (3wak)
added and ammonia was blown off with a stream of air. The solutionttveas

neutralized with acidic Dowex-resin to pH 7 and the resin wesdd off through a
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Celite pad. The desiredl?) was obtained through evaporation of solvent under
reduced pressure in good yield (36 mg, 90 %).

'H NMR (CD 30D, 400 MHz): 8 (ppm) 5.33 (s, 1H), 5.08 (s, 1H), 4.97 (s, 1H), 4.35
(d, 1H,J = 7.2 Hz), 4.13 (s, 2H), 4.05-3.96 (4H), 3.85-3.82 (m, 8H), 3.73-3.49(13H).

13 C NMR (CD;OD, 100 MHz): & (ppm) 172.4 (C=0), [103.9, 102.7, 100.9, 98.9
(CHanomeridl, 79.0, 77.3, 77.3, 75.7, 73.8, 73.6, 73.5, 72.3, 71.3, 71.1, 70.6, 70.6, 69.6,
69.2,67.9,67.4,63.8, 61.8, 61.3, 60.8.

HRMS-MALDI (m/z): [M+Na] Calcd for GgHs4NaOy3, 747.6035; Found, 747.6172.

Synthesis of sugar-conjugated latex beads

FITC A~ NH; EITC o H
o), FaN 0Jn Sugar (30 -~ 50 eq) ( A

< HO ( N
/\/
f R Epc,NHS HaN \f o EDC, NHS "N i &
It_)atedx DI water, 350 rpm { Latex DI water, 350 rpm R °. Latex
ea 25°C, 18 h X 2 bead 25°C, 18 h X 2 bead

) R = Lactose (B1), Trimannose (B2)
mmol of COOH per 1mL of beads solution Branched-tri (B3), Brnched-tetra (B4)

(2.7 x 10 1 bead / mL) x ( 1.296 x x10 4 mmol/bead) = 3.5 x 10 ** mmol / mL Galactose (B5), Dimmanose (B6)

To a solution of latex beads (1mL, 2.7 xfeads/ mL) was added EDC (8 mg,
0.004 mmol) solution (100uL) in deionized water (DI water) followed by

ethylenediamin in MES buffer (2Q0.). The reaction mixture was stirred at %6 for
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18 h (X 2) and then beads were washed with DI water 2 ~ 3 timélsefdtaiser test.

10 uL of Beads solution was used to perform a Kaiser test (posiéiep:purple color).

To a solution of sugar (30 equiv of dimannose, trimannose, branched trisaccharide and
tetrasaccharide; 50 equiv of lactose and galactose) in @r2®0uL) was added

EDC solution (DI water, 10QL) followed by NHS solution (DI water, 106L). The
reaction mixture was stirred for 10 min and then combined withesfitinctionalized

latex beads in MES buffer (2Q0.). The mixture was stirred at 2& for 18 h (X 2)

and then performed the Kaiser test with (0 of Beads solution (negative: dark
brown color). Sugar-coated latex beads (2.65R h@ads in 1mL of DI water) were

stored 4°C refrigerator.
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CHAPTER 6
Modification of degradable polymeric particles withcarbohydrates

for the study of in vitro activation of dendritic cells

Eun-Ho Song Brenda R. Carrillo-CondeBalaji Narasimhahnand Nicola L. Pofi
(1) Department of Chemistry, lowa State University,(2)Departrme@hemical and
Biological Engineering, lowa State University.

Introduction

Despite extensive efforts on the development of efficient delisystems for drugs,
an efficient carrier for drug to specific areas in the hubaay has been highlighted
as a prerequisite for the optimization of drug efficiechéyMore recently, attention
has been focused on the development of vaccine delivery system iirnommevent
severe bacterial, viral, parasitic and respiratory infectibssases both in human and
animal® 4

Several polymers such as copolymen$ sebacic anhydride (SA) and 1,6-bis-(p-
carboxyphenoxy)hexane (CPH), copolymiesé 1,6-bis-(p-carboxyphenoxy)hexane
(CPH) and 1,8-bis(p-carboxyphenoxy-3,6-dioxaoctane (CPTEG) and
poly(propylacrylic acid) (PPAX)as vaccine delivery vehicles have been extensively
studied in various biomedical researches due to their biocomptartl degradation
properties under certain pH ranges and temperatures.

Among these polymers, polyanhydride copolymers including CPH:SA and

CPTEG:CPH have been well characterized in order to facilitdkedyodible property,

www.manaraa.com



169

induced by hydrophilic-polymers (CPTEG), into the surface erodiblgapblydrides
(CPH and SA} Important features using polyanhydride copolymers are the
enhancement of controlling erosion kinetics, determined by a combirudtenosion
mechanisms between bulk-eroding and surface-eroding, for controlled deagerel
kinetics and the non-acidic microenvironment produced by degradation ofigrsfy

® Moreover, recent study with polyanhydride nanoparticles has shwatrsize and
chemistry of particles are important factors in cellularrma8zation of polymers by
monocytes?

To examine carbohydrate antigen-mediated activation of Dendwtiic (DCs),
more research has been performed with synthetic carbohydjateld as antigens
capable of activating DCS.DCs are immune cells that are the most important
antigen-presenting cells (APCSs) in the early stage of immwsponses. Importantly,
DCs are not only capable of stimulating T cells, but also es$dnti connecting
innate and adaptive immunities through Thl cell or Th2 stimulatioxithough
importance of carbohydrate antigens has been addressed in termsmahe
stimulation, accessibility of carbohydrates on polymeric vehidestill limited by
lack of suitable conjugation chemistry and degradable property of patypaeticles.
Previous erosion studies with polyanhydride copolymers showed 36#&0
CPTEG:CPH copolymer was significantly degraded (67 % of molewwdayht loss)
in water for 2 days.This degradation property provides harsh conditions for the

modification of polymeric particles.
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In this study, we demonstrated modification of degradable polyaideydr
copolymers with lactose and dimannose in order to investigateloattate antigen-

dependent immune responses on uptake and activation of DCs.

Results and discussion

In order to enhance immune responses of copolymers through activationspf DC

carbohydrate antigen coated polymers were prepared.

Synthesis of carboxylated-lactose and dimannose.

Mercury (ll)-catalyzed allylatiolf of penta©-acetyl-10-bromide lactose using
Hg(lI1)CN and all alcohol producegt1-O-allylated lactosd. in high yield (92 % three
steps) as a precursor for oxidation. One-step oxidation of olefin faotistruction of
carboxylic acid in 2-acetamido-2-dexoy-D-glucose has been reptngedsing
ruthenium-catalyzed Sharpless conditibhs® As expected, using excess amounts of
NalO, (8 eq) under ruthenium-catalyzed Sharpless conditions produced treddes
acid 2 in 91 % vyield. But, this oxidation is not suitable in the presence miybe
protections due to transformation of benzyl to benzoyl. Subsequenttigatoe

under mild condition using }CO; provided fully deprotected disaccharigle
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HO OH 1. A0, I, AcO OAC

% m 2461, DCu %
3. Hg(I)CN, Allyl alcohol AcO

(92 % three steps)

AcO DAc HO OH

ey % & [ &W %
CCl,/CH;CN/H,0
4/ 3 2V AcO AcO %) OH

OH
(91 % MeOH (89

Scheme 1 Synthesis of carboxy-functionalized lactose.

Iterative synthesis of linear-1,2-linked dimannos®& has been reported by using

fluorous-solid phase extraction (FSPEEach glycosylation was performed with 1.1

equivalent of trichloroacetimidate dondt’ in toluene at 28C for 5 min. Facile

purification of crude product by FSPE enabled easy preparation oédidisieara-

1,2-linked dimannos8 in high yield.

BnO OAc

BnO -Q
BnO

4 (1.1 eqiv.) O\H/CCIg

NH
1. Couping
BnO o, (TMSOTF, Toluene) BnO Hac
BnO He) 2. Purification BnO -O
BnO ) (FSPE) BnO -
) D
=
CgF /\/\o/\g CsF17/\/\O
gF17
n=0(5) A 1.Deprotection n=0(6)
n=1(7 (Na, MeOH) -
@ 2. Purification n=1(@)

(FSPE)

www.manaraa.com



172

Scheme 2lterative synthesis of fluorous—tagged,2-linked dimannose.

Fully deprotected:-1,2-linked dimannosd0 was obtained by ozonolysisof 8,

followed by global deprotection &under Birch reduction conditiolfsNa, NH).

L o B0 onc e
-Q 1. O3, PPh3, DCM
Bn&ﬁﬁ‘ SRR BnO Q > _NaNH; _| HO Q >
2 2. Jones reagent BnO 20 THF HO 20

o}

8 /\j (88 % 2 steps) o O\)kOH 75 % 10 O\/MOH
C8F17/\/\O =

Scheme 3 Synthesis of carboxy-functionalized dimannose.

Modification of micro- and nanoparticles with lactose and dimannose.
Polyanhydride copolymets’ and FITC-dextran loaded copolym@r$or confocal
images of the internalization of polymer in DCs were preparedepsrted in

literatures.
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HZN’\/NHZ (10 eq)

EDC (12 eq)
(HO O) N-Hydroxysuccinimide (12 eq) (HZN H O>
\Qm\f n
polymeric Deionized water, 25 °C e
particle 8 - 9 h (repeated reaction twice) barticle
CPTEG:CPH=50:50

CPH:SA=50:50

CPTEG:CPH=50:50 (with FITC)
CPH:SA=50:50 (with FITC)

- Micro-beads (10 ~ 15 um) : 6.69 x 10* COOH/mg

HO o,
HO O
HO=—=>
o}
HO O
HO

- Nano-beads (200 ~ 600 nm) : 9.59 x 10 COOH/mg
HO OH HO
e}
Ho&/oﬁo _ 0 .
HO HO { polymeri polymeri
HO particle n\particle
Lactose 3(10eq) or Dimannose 10(10eq) CPTEG:CPH=50:50
EDC (12eq) CPTEG:CPH=50:50 CPH:SA=50:50

N-Hydroxysuccinimide (12 eq) CPH:SA=50:50

HO oy
Deionized water, 25 °C HO/&R\
8-9h . "™ o o

< HO . /Iégv HO@&%
Ho Go . o,

H
HO HO

polymeri
n \ particle

CPHSAE050 ‘(’;ﬁ?h%“.'}'}j”c) CPTEG:CPH=50:50 (with FITC)
' ' CPH:SA=50:50 (with FITC)

Scheme 4Modification of polymeric particles with carbohydrates.

Surface modification of polymeric particles is obviously challeggiue to physical
properties of polymers such as degradation and aggregation. In addition, FITC
labeling can be detached from particles during coupling steps unthn aemditions
such as high temperature and organic solvent because it is not dheatiaahed to
polymeric particles? To overcome these unfavorable properties of polymeric

particles, optimization of coupling reaction conditions should be a preregfor
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homogeneous density of carbohydrates on the surface.

Sugar coated polymeric particles were synthesized from cdrboxacid-
functionalized lactos& and dimannosé&0 using a procedure that has been used for
the peptide-type coupling reaction. The control compound, glycolic aad, also
carried through same steps to work out a viable protocol (Schemeotjleinto avoid
fast degradation of polymeric particles, we performed couplingtioeac under
agueous conditions rather than under DMF or DCM which is common sdiwent
solid-phase synthesis. Although 1-Ethyl-3-[3-dimethylaminoprapytjodiimide
hydrochloride (EDCY has been used as a coupling agent for the purpose of forming
amide bonds in peptide synthesis, amine reactive O-acylisoureaediate which is
activated by EDC can be hydrolyzed by water. In order to inerthees efficiency of
coupling reaction in aqueous condition, we adMeaydroxysuccinimide (NHS¥ to
form an amine reactive NHS-ester after activating carbaygup with EDC.
Ethlylenediamine as a spacer molecule was attached to chataakypolymeric
particles in order to increase accessibility of carbohydrateéhe surface of particles.
Peptide-type coupling reaction was repeated twice with relgtsrebrt reaction time

(8 ~ 9 hours) to accomplish a complete coupling reaction. Cadbaieycoated
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polymeric particles were prepared through second coupling reactibrcarboxylic
acid-functionalized lactosg and dimannosé&0 followed by dry under high-vacuum.
The Kaiser teét (Ninhydrin color test) was employed as an indicator of coupling
reaction progress. Quantitative monitoring of reaction can verifgrdogding on the
beads* Surface characterization by X-ray photoelectron spectrgs€opS) clearly
showed an increase of N/C % in carbohydrate modified partiddgsBrenda R.
Carrillo-Conde).

In order to evaluate the effect of surface modification withaaydrate on immune
responses, DC activation studies such as cell surface markerssiwp analysis,
cytokine production analysis and particle uptake studies have been ljone
collaboration partner (Brenda R. Carrillo-Conde) in Chem. Eng. ®alaji
Narasimhan). Although significant difference between unmodifiedicfes and
carbohydrate-modified particles was not observed in cytokine piodustudies,
carbohydrate-modified particles showed higher up-regulation in theessipn of
MHC Il, CD40, CD86, CD206, and CD209 as well as greater uptakactise by
DCs, a marker for DC stimulation. Because cells that asecated with immune

system, display a unique set of cell surface markers, idextiific of cell surface
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markers plays a significant role in unveiling the type of immune response.

Conclusion

We demonstrated that the Surface modification of erodible polymaritcles by
carbohydrates including lactose and dimannose could play an impoolanin
activation of innate immunity. Conjugation chemistry using EDC and NHS prbade
viable route of modification of erodible polymeric beads without sigaifi loss of
polymeric particles caused by degradation.

Importantly, we observed that carbohydrate-modified partmtesclosely related
with several important cell surface markers that are capafbladucing adaptive
immunity (MHC II, CD40, and CD86) or acting as a cell adhesioept®r (CD209).
These preliminary results showed great promise for the studyhef effect
carbohydrate-modified particles on the regulation of immune responses.

In order to support to these results, using branched-/linear trisetclagad longer

spacer might be helpful to clarify carbohydrate antigen effect on immunensss

Experimental section
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General methods
Solvents were reagent grade and in most cases dried prior to lisethéy

commercially available reagents were used as received wilemsvise noted. The

organic extracts were dried over anhydrous MgSTetrahydrofuran (THF) was
distilled from lithium aluminum hydride (LiAlE) prior to use. Methylene chloride
(CH,CL,), and triethylamine (EN) were distilled from calcium hydride. Diethyl ether
(Et,0) was distilled from sodium-benzophenone ketyl.

'H and™*C NMR spectra were obtained at 400 MHz and 100 MHyaian VXR-
400 NMR or on Bruker DRX-400 NMR. Mass spectra (MS) were dembron an
Applied Biosytems DE-Pro MALDI mass analyzer or an Applied sBiems
QSTAR® XL Hybrid LC/MS/MS System. Chemical shifts asported in parts per
million downfield relative to tetramethylsilang (0.00) and coupling constants are
reported in Hertz (Hz). The following abbreviations are used fomthlaplicities: s =

singlet; d = doublet; t = triplet; g = quartet; m = multiplet; and br = broad.

Synthesis of carboxylated-lactose and dimannose.
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AcO OAc

OAc AcO OAc OAc
Q o) Q 0
ACO&/AC;&/O\/\ ACO&/A;&/O\)J\
OAC AcO OAc ACO OH

Synthesis of Carboxymethyl-4-O-[2,3,4,6-tetra-O-acety-D-glucopyranosyl]-
2,3,6-tri-O-acetyl{§-D-galactopyranoside 2

To a solution of 2-propynyl-4-O-[2,3,4,6-tetra-O-acdiyD-glucopyranosyl] -
2,3,6- tri-O-acetyB-D-galacto-pyranosidel}?®> (0.5g, 0.7 mmol) in the mixture of
CCl; (3 mL), CHCN (3 mL), and HO (4 mL) is added Nal§(1.27 g, 5.6 mmol). To
this mixture was added Rul,O (3.1 mg, 2.2 mol %) and the reaction mixture was
stirred at 25°C for 2 h. After dilution with 10 mL of DCM, the reaction mixtusas
filtered through a Celite pad. The aqueous layer was extractedwicdin with DCM
and then organic layer was washed with water and brine. The cruderanixas
obtained after drying with N&O, followed by concentration under reduced vacuum.
The crude product was purified to obtain the desired pro@d0(47 g, 91 %) by
silica column chromatography
Rt (ethyl acetate/haxane)0.30 (70/30)
'H NMR (CDCl3, 400 MHz): & (ppm) 5.34 (d, 1HJ = 2.4 Hz), 5.22 (t, 1H) = 9.2
Hz), 5.09 (t, 1H,J = 8 Hz), 4.97-4.93 (m, 2H), 4.62 (d, 1= 7.6 Hz), 4.50-4.47 (m,

2H), 4.29 (s, 2H), 4.11-4.04 (m, 3H), 3.87 (t, TH; 6.4 Hz), 3.80 (t, 1HJ = 9.2 Hz),
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3.65-3.61 (M, 1H), 2,14 (s, 3H), 2.11 (s, 3H), 2.05 (s, 3H), 2.04 (s, 3H), 2.03 (s, 3H),
2.03 (s, 3H), 1.93 (s, 3H).

13 C NMR (CDCl3, 100 MHz): § (ppm) 170.6, 170.6, 170.3, 170.3, 170.1, 169.9,
169.2, [101.2, 100.4 (Clbmerd], 76.2, 73.1, 72.5, 71.4, 71.1, 70.9, 69.2, 66.8, 65.5,
61.9, 61.0, 21.0, 21.0, 20.9, 20.9, 2.08, 20.7.

HRMS-MALDI (m/z): [M+Na]"Calcd for GgHsgNaOy,, 717.5791; Found, 717.6184.

AcO OAc HO OH

OAc OH
0 0 Q 0
AN A
Aco&/mmo\)\OH HO Hmo\)\%
OAC AcO HO

HO

Synthesis of Carboxymethyl-4-O4-D-galactopyranosyl)f-D glucopyranoside
3.

To a carboxymethyl-4-O-[2,3,4,6-tetra-O-acdiyd-glucopyranosyl]-2,3,6-tri-O-
acetylf-D-galacto-pyranoside?) (0.4 g, 0.57 mmol) in MeOH (5 mL) was added Na
(27 mg, 1.14 mmol) and stirred at 25 for 2 h. The reaction mixture was neutralized
with Dowex-ion-exchange resin. The desire8) (vas obtained through Celite
filteration followed by evaporation of solvent under reduced pressugead yield
(0.21 g, 89 %).

'H NMR (CDCl 3, 400 MHZz): § (ppm) 4.46 (d, 1H) = 16.4 Hz), 4.30-4.23 (m, 2H),
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3.81 (d, 1H,J = 3.2 Hz).
3 C NMR (CDCl3, 100 MHz): & (ppm) 173.0, 170.8, 170.5, 17.4, 170.2, 100.4
(CHanomerd, 71.1, 70.7, 68.6, 67.1, 65.0, 61.4, 21.0, 20.9, 20.8, 20.8.

HRMS-ESI (m/z): [M+Na]"Calcd for G,H,,NaO,3 423.1115; Found, 423.0942.

BnO oAc BnO oAc

Bno -0 BnO -0
BnO BnO
BnO o Bno o
BnO -0 BnO -0
BnO - BnO o
o
O\/\L \)J\OH
o
CgF17

Synthesis of  Carboxymethyl-3,4,6-tri©O-benzyl-2-O-(2-O-acetyl-3,4,6-tri-O-
benzyl-a-D-mannopyranosyl)-a-D-mannopyranoside9.

To a solution of 3-(perfluorooctyl)propanyloxybutenyl-3,4,6@benzyl-20-(2-O-
acetyl-3,4,6-tri©-benzyloa-D-mannopyranosyl-D-mannopyranoside 8] (0.2 g,
0.15 mmol) in DCM was bubbleds@t -78°C for 5 min. The light-blue solution was
treated with PPh(58 mg, 0.23 mmol) and was allowed to warm to room temperature.

After 30 min, the crude aldehyde product was obtained after coatentunder

www.manaraa.com



181

reduced vacuum. To a solution of aldehyde product in acetone was added Jones
reagent (0.16 mL, 0.13 mmol) and the mixture was stirred for 30 nitar ALC
analysis, excess reagent was quenched with 2-propanol and sold el foff
through a Celite pad. The pure produ®) (0.12 g, 89 %) was obtained after
concentration under reduced vacuum followed by purified through sibtima
chromatography (Hexane:Ethyl Acetate = 1:2).

Rt (ethyl acetate/haxane)0.30 (70/30)

'H NMR (CDCl 3, 400 MHz): & (ppm) 7.33-7.15 (m, 30H), 5.52 (s, 1H), 5.07 (s, 1H),
4.98 (s, 1H), 4.83 (dd, 2H,= 10.8, 6 Hz), 4.68 (s, 2H), 4.67-4.60 (m, 3H), 4.53-4.39
(m, 5H), 4.10-4.02 (m, 3H), 3.96-3.90 (m, 3H), 3.80-3.65 (m, 7H), 2.11 (s, 3H).

13 C NMR (CDCl3 100 MHz): & (ppm) 173.5 (C=0), 170.5 (C=0), [138.7, 138.6,
138.4, 138.3 (GAryl)], 128.7-127.8 (m, CH-Aryl), [99.8, 99.0 (Gkimerd]. 79.7,
78.4,75.4,74.7,73.7,73.6,72.7,72.4,72.3, 72.2, 69.4, 69.2, 69.1, 63.7, 29.4 (CH
HRMS-MALDI (m/z): [M+Na]'Calcd for GgHeNaOy, 1005.4037; Found,

1005.4289
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BnO oac HO oH
BnO -Q HO -Q
BnO HO
BnO 0 HO 0
BnO -0 HO -0
BnO — HO
: o 0

O\)J\OH O\)J\OH

Synthesis of Carboxymethyl-20-(2-O-a-D-mannopyranosyl)-a-D-
mannopyranosidelO.

To a carboxymethyl-3,4,6-t®-benzyl-20-(2-O-acetyl-3,4,6-triO-benzylo-D-
mannopyranosyl-D-mannopyranosided] (0.1 g, 0.11 mmolyvas dissolved in THF
(8 mL) and MeOH (0.5 mL) in a flask. Liquid ammonia (20 mL) wan condensed
into the flask at -78C. Sodium metal was added in several portions until the solution
was dark blue. The dark blue solution was stirred at°c7&r 30 min. Following
disappearance of the dark blue color, EtOH (3 mL) was added and amwasia
blown off with a stream of air. The solution was then neutralizéldl acidic Dowex-
resin to pH 7 and the resin was filtered off through a Celite pael d€siredX0) was
obtained through evaporation of solvent under reduced pressure in goo8¥ieid,
75 %).

'H NMR (CD30OD, 400 MHz): 8 (ppm) 5.15 (s, 1H), 4.98 (s, 1H), 4.24 (m, 2H),
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3.96-3.57 (m, 12H).
13 C NMR (CD;OD, 100 MHz): § (ppm) 172.3 (C=0), [102.9, 98.7 (Gkherd],
78.8, 78.8, 74.0, 73.7, 71.2, 70.6, 67.4, 63.7, 63.4, 61.8, 61.7.

HRMS-ESI (m/z): [M+Na]"Calcd for G,H,.NaO,3 423.1115; Found, 423.0923.

Modification of polymeric particles with sugars.

<HO o) H N~ NHz (10 eq)

<H2N N o)
EDC (12 eq) \pfm\f n

N-Hydroxysuccinimide (12 eq)
polymeric
o particle
Deionized water, 25 °C

8 - 9 h (repeated reaction twice)

polymeric
particle

CPTEG:CPH=50:50
CPH:SA=50:50

CPTEG:CPH=50:50 (with FITC)
CPH:SA=50:50 (with FITC)

- Micro-beads (10 ~ 15 um) : 6.69 x 10* COOH/mg
- Nano-beads (200 ~ 600 nm) : 9.59 x 10 COOH/mg

% H
Lactose 3(10eq) or Dimannose 10(10eq) <R,O\)kN/\/N\fC> n
EDC (12eq) H
N-Hydroxysuccinimide (12 eq) polymeric
Deionized water, 25 °C particle
8-9h R = Lactose and Dimannose

To a solution of microshperes (20 mg, 1.34 x 4@nmol of COOH) was added
EDC (31 mg, 0.16 mmol: 12 eq) solution (100 in deionized water (DI water) and
NHS (19 mg, 0.16 mmol) solution (DI water, 1Q0) followed by ethylenediamin

(8.9 uL, 0.13 mmol: 10 eq) in DI water (1QQ.). The reaction mixture was stirred at
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25°C for 8 ~ 9 h (X 2) and then microspheres were washed with Rir\&at 3 times
for the Kaiser test. 1 mg of particles was used to pertoiaiser test (positive:deep
purple color). To a solution of sugar (53 mg, 0.13 mmol: 10 eq) in DI w20&rul)
was added EDC (31 mg, 0.16 mmol) solution (LQ®mf DI water) followed by NHS
(19 mg, 0.16 mmol) solution (DI water, 1Q0Q). The reaction mixture was stirred for
10 min and then combined with amine-functionalized particles iwd@ér (200uL,

pH = 9). The mixture was stirred at 26 for 8 ~ 9 h (X 2) and then performed the
Kaiser test with 1 mg of particles (negative: dark brown coliryvater was removed
and wet sugar-coated particles were dried under high vacuum. lgPaggregation

was prevented by using probe sonicator during coupling reaction.)
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CHAPTER 7

Conclusions and Future Directions

In this dissertation, the first automated solution-phase syeshef oligosaccharides
that are related to infectious disease such as HIV, leishams@ad tuberculosis are
reported. The use of a new fluorous-based automation platform enabléacilbe
synthesis of HIV-associated linear(1,2)-pentamannose as well ad @shmania-
capping tetrasaccharide. In addition, chemistry for the constructi phosphate-
linked sugars was successively programmed and applied to the syntifesi
lipophosphoglycans associated witteishmania. The new automated methods
developed herein and featured in the construction of complicated olityasales not
only opens up a new era for oligosaccharide library synthesis-bleapiafacilitating
diversity both in structure and sequence—but also easier accembobydrates for
systematic structure-function relationship studies. The combmati the fluorous-
based automation platform with fluorous-based microarrays show@gbwerful tool
for accelerating research progress in glycomics.

In addition to the development of automated methods for the syntbieseveral
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bioactive oligosaccharides, this thesis demonstrates the importdnsgstematic
structure-function evaluations for carbohydrate structures in uaddimsg innate
immune responses to these structures. Methods to attach systmggis to latex
beads or erodable polymeric particles for multivalent displages r@ported.
Collaborative studies show that these synthetic structures exleiit differences in
the activation of innate immune responses based solely on diksranc the

carbohydrate structure. Further studies on the effect of cathatkystructures on
immune responses will aid the development of carbohydrate-basegkerentas
vaccine adjuvants and vaccines. Future studies should also aim tmtevé#ie
immunomodulatory effects of structurally different cap sugars wo.vuUltimately,

significant progress both in the synthetic tools available and isttitly of immunity

induced by carbohydrates will provide the necessary background taé&wglop and
evaluate the therapeutic potential of carbohydrate-based vaccaes

immunomodulatory adjuvants.
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APPENDIX A.

CHAPTER 2 'H AND *°C NMR SPECTRA
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APPENDIX B.

CHAPTER 3 'H AND *°C NMR SPECTRA
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CHAPTER 6 'H AND *°C NMR SPECTRA
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