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ABSTRACT: Human milk oligosaccharides (HMOSs) are the thandyést macromolecular component
of breast milk and offer infants numerous healthdfigs, most of which stem from the development of
a healthy microbiome. Characterization, quantifaatand chemical derivatization of HMOs remains a
frontier issue in glycobiology due to the challemjésolating appreciable quantities of homogenous
HMOs from breast milk. Herein, we report the systhef the human milk tetrasaccharide laito-
tetraose (LNT). LNT is ubiquitous in human breadkras it is a core structure common to longer-ohai
HMOs and many glycolipids.

1. Introduction

Human milk is among the earliest vehicles for itites bacterial colonizatiofi In addition to labor
and delivery, human milk assists in establishinmierobiota that provides several health benefits fo
the breastfed infant. There are an estimated @66iss of bacteria present in human milk at angmgiv
time!*’ The majority of these bacteria are symbiotic anowensal with roles varying from metabolic
functioning to immune enhanciriglhese protective measures are due, in part, thutren milk oligo-
saccharides (HMOs), a family of unconjugated glgcanique to human mifk*®

HMOs are prebiotics that stimulate the growth ahbiotic bacteria whose colonization in the infant
gut competes with pathogenic colonizatféiThis activity is critical to infant health as syrobc spe-
cies, such abifidobacteria, aid in digestion, metabolism, immunity, and tlmeduction of neurotrans-
mitters that affect behavior and cognitibf?;'® HMOs also function as anti-adhesive antimicrobial
agents by serving as free flowing decoy recepfnss role allows HMOs to inhibit pathogen adhesion
to host cell ligands thus preventing the first stad infection. Although the general functionings o
pooled HMOs have been explored, the functionalsroleindividual HMOs are far less clear due to a

limited access to large quantities of single-eritityOs ®**



HMOs are the third most abundant macromoleculeumdn milk after lactose and fat. Colostrum,
or the first milk, is produced during the peringtetiod and contains ca. 25 g/L of HM&3%As nurs-
ing progresses and milk matures, the concentratfddMOs decreases. Interestingly, premature milk
features a greater concentration of HMOs than tmitk.*®In general, the concentration and molecular
architecture of HMOs vary depending on stage dhtamn and Lewis (Le) blood group and secretor sta-
tus of the mothef?

To date, the structures of nearly 200 HMOs haven lidacidated® 2> However, of these, only a
handful of short-chain HMOs can be produced. Moegptheir production is only possible on a multi-
milligram scale. As short-chain HMOs serve as bogdlocks for long-chain HMOs featuring branch-
ing, fucosylation, and/or sialylation, insufficieatcess to shorter HMOs has largely limited theessc
to long-chain HMOs. Not surprisingly, a number trhtegies have been developed to synthesize struc-
turally defined single-entity HMOS°

We recently initiated a program aimed at studying glycobiology of human milk. As shown in
Figure 1, donor milk from two mothers was fingenped using MALDI FT ICR in positive ion mode,
to reveal the structures of HMOs in a mass rangg@00f2000n/z. A mass of 730.241 was observed,
corresponding to the two isomeric tetrasaccharitbetpN-tetraose (LNT) and lacthl-neotetraose
(LNNT). LNT is more common in human milk being pratat 8 times the level of LNNT. In contrast,
LNNT is more common in bovine milk and by extensinare common in infant formuf&The relative
intensities of this peak will vary from sample tangple as LNT and/or LNNnT undergoes enzymatic
functionalization to larger, fucosylated derivasvéinlike LNnT, LNT is not currently available artje
scale through chemo-enzymatic synthé8lale therefore selected this molecule as a targethemical
synthesis. Chemical syntheses of several LNT diévesand a chemical synthesis of LNT have been
previously reported®*° Additionally, an elegant chemoenzymatic approaak vecently reported which
yielded ca. 20 mg of LN These preparations, however, are on scales srifadlerthat featured in the
present work. Herein, we describe the chemicalhggis of homogeneous LNT using an approach that

produces ca. 1 gram of protected tetrasaccharidesingle glycosylation event.
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Figure 1. HMO mass fingerprinting of two human milk samplssng MALDI FT ICR. A generic

structural description is given for each molecudar observed.

As depicted in Figure 1, LNTLJ is a linear tetrasaccharide in which all glycasidonds aref3-
configured. More specifically, LNT contains lacto&gal31-4Glc) at the reducing end, which is elon-
gated byB-1,3 linked lactoN-biose (Ggb1-3GIcNACc). Our general synthetic strategy envismia two-

glycosylation approach wherein the tetrasacchasaigd be assembled from galactose-, glucosamine-,

and lactose-derived building blocRs3, and4 respectively.
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Figure 2. Retrosynthetic analysis af

2. Results and discussion

In the opening stages of the program, we synthésize requisite glucosamine residgjevhich is
related to a previously described building blocgareed by the Boons laboratotyStarting from glu-
cosamine hydrochlorid&, the C-2 amine was protected as its trichloroe{fiybc) carbamate after

treatment with saturated aqueous sodium bicarbosatation followed by addition of 2,2,2-

3



trichloroethyl chloroformate (Troc-Cl). Followingepacetylation, selective removal of the anomeric
acetate was accomplished using 3-(dimethylaminp)epylamine (DMAPA)*® Finally, the anomeric
hemiacetal was converted to its triisopropyl séther using standard Corey conditions (imidazok an
DMF)* to providep-silyl ether6 as a single anomer in 54% vyield for the 4-step sege. We initially
attempted to advance substrétéo its triol 7 using sodium methoxide in methanol. Unfortunatety,
our hands, we observed compatibility issues with Thoc carbamate. After screening several sets of
conditions, we realized acetate removal could mmaplished cleanly using guanidinium chloride in
the presence of ammonia to arrive at trfolin 76% vyield. Finally,7 was converted to the 4,6-
benzylidene acetal upon reaction with benzaldeldidesthyl acetal and catalytic 10-camphorsulfonic

acid (CSA) to yield glucosamine accep8in 91% vyield.
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Scheme 1. Synthesis of Glucosamine Accep®&r

We next turned our attention to the synthesis ofoll-biose disaccharid8, which required
uniting a galactose donor with glucosamine acceptdtnown galactose-basedtrichloroacetimidate
donor22*° was prepared in two steps from commercially abéglajalactose pentaacetate and reacted
with acceptor3. Interestingly, the glycosylation was not as gfinfiorward as anticipated as significant
amounts of orthoester were observed, dependingamtion conditions. As shown in Table 1, our ihitia
strategy used acetonitrile as the solvent in theehihhat it would assist in providing the desifgd
glycoside. Unfortunately, use of acetonitrile aradder reaction temperatures resulted in sigmtica
formation of orthoacetat® Ultimately, we discovered formation of the orthete could be alleviated

by using dichloromethane as the solvent alongsadalytic TMSOTT as an activator with warmer reac-



tion temperatures. Using these conditions, therel@sprotected lactd-biose disaccharid8 could be

obtained in 85% yield.

Table 1. Synthesis of LactiN-Biose Disaccharid8 and Unexpected Orthoacet&te
AcO, 0
@Cé F.hfoo . OAc OA;h/TO/ A;%//%oyo\ o/\\

i 0 0
+ &mws Condtions _ Aco ° O&mms + 0
AcO OYNH NHTroc oA NHTroc
\C
2 3
o 8 9 TrocHN o

OoTIPS

Entry Activator Solvent Temperature®’C) %Yield9 %Yield 10

1 TMSOTf CHcCN -40 18 50
2 BROEL CHsCN -40 0 23
3 TMSOTf CHCN -10 28 40
4 TMSOTf CHCN 0 36 44
5 TMSOTf CHCN r.t. 49 0

6 TMSOTf CHCI, -78 0 22
7 TMSOTf CHCI, 0 85 0

After obtaining gram quantities 8f thep-silyl ether was removed via treatment with HF ym-p
idine to yield anomeric hemiacet#d in 77% yield.10 was then converted w-trichloroacetimidate
donor1l in 89% vyield. With this donor in hand, the campaig produce protected tetrasacchat@e
began. Using known lactose accepttt prepared in six steps from lactose octaacéfate, attempted
to form the final glycosidic linkage. Unfortunatelye were unable to successfully generate thisek
despite screening a variety of activators, inclgdiMSOTf, BREOEL, AgOTf, TfOH, and MeOTf, as
well as a number of reaction solvents and readgamperatures. Ultimately, we concluded our inabilit
to form the desired bond was due to the rigidityhaf benzylidene acetal of the ladiebiose based do-
nor and its prohibitive effect on the generatiorhe requisite oxonium ion. In retrospect, the peaic-

tivity of glycosyl donors featuring benzylidene s is well precedenteéd:*’
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Scheme 2. Use of Lactose Acceptdrin LactoN-Tetraose Glycosylation.

To circumvent the poor reactivity of donbt, we first removed the benzylidene acetal by hegatin
11 to 8F°C and treating with 80% aqueous acetic acid. Theltiag diol was then acetylated and fhe
silyl ether removed to yield anomeric hemiacdfalin 78% yield over 3 steps. Witt8 in hand, we
moved to forma-trichloroacetimidate donat4. Initial attempts relied on treatment of anomérami-
acetall3 with 1,8-diazabicylco[5.4.0lundec-7-ene (DBU) anidhloroacetonitirle (GICCN). Surpris-
ingly, these conditions proved unreliable as frequecomposition was observed. In an effort todass
this degradation, potassium carbonateQ®;) and prolonged reaction times were used to gemerat
trichloroacetimidate dond4 in 77% yield.

With the new lactdN-biose donod4 in hand, we once again turned our attention tmiog the fi-
nal glycosidic linkage. Unfortunately, glycosylatiavith donorl4 and accepto# did not proceed as
smoothly as expectetlvhile mass spectral data suggested we had forneedietsired tetrasaccharii®,
we were unable to fully characterize the compounanaltiple byproducts were observed. One of the
suspected byproducts was the hexasaccharide ngsfritim glycosylation at both the C-3’ and C-4’ hy-
droxyls of acceptod. In an effort to help the glycosylation event @ed more smoothly, we attempted

to better exploit the increased reactivity of tig@a&torial C-3’ hydroxyl over the C-4’ axial hydrdxyy



adding the donor dropwise into the reaction vessetaining the acceptor and TfOH. Much to our dis-
appointment, multiple side products were once agbgerved.

Although we were unable to confirm formation of thexasaccharide, we hypothesized the glyco-
sylation would be improved by protecting the C-gdtoxyl of diol acceptod. To do this, we em-
ployed a simple two-step, one-pot procedure tocigkdy acetylate the axial C-4’ hydroxyl. Treatrhen
of diol 4 with trimethylorthoacetate followed by treatmenthn90% aqueous trifluoroacetic acid fur-
nished known axially acetylated acceptérin a satisfactory 93% vyiel§:** Much to our delight, TFOH
promoted glycosylation of dond# with acceptod6 resulted in formation of the desired fully protstt
tetrasaccharid&7 in 94% vyield.

With 17 in hand, global deprotection to afford ladtetetraose 1) commenced with Troc removal
accompanied by in situ acetamide formation. To éimd, it is important to highlight that the useaofi-
vated Zn dust in a mixed solvent system of acetid and acetic anhydride to reductively convert the
N-Troc-protecting group to its corresponding acetimiesulted in partial decomposition and undesira-
bly low yields. To overcome this shortcoming, weved to less conventional reducing agents, includ-
ing 10% Zn/Pb couple and 10% Cd/Pb coudpfé.Of these, 10% Zn/Pb couple performed best and re-
ductively cleaved the Troc carbamate without arngoagpanying decomposition. Following successful
acetamide formation, deacetylation followed by logmolysis furnished lactd-tetraose 1) in 64%

yield over the three step deprotection sequence.
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Scheme 3. Synthesis of LactiN-Tetraose X).



In summary, the total synthesis of ladletetraose has been completed using a linear agpfoam
three readily synthesized building blocks. Of netéhat the key, final glycosylation event was cactd
ed to produce ca. 1 gram of protected LNT. Witls tholecule now available at large scale, futuredir
tions in our lab concern studying the conversiohas molecule to other complex HMOs. Progress in

this regard, will be reported in due course.

3. Experimental Section

3.1 General materials and methods

Commercial reagents were used as received. Anhgdimuents were taken from an MBRAUN solvent
purification system (MB SPS) and stored over 4 & dr molecular sieves. All moisture-sensitive reac-
tions were performed in flame- or oven-dried rotwttom flasks under an argon atmosphere. All air-
or moisture-sensitive liquids were transferredoxan-dried stainless steel syringes or cannulacRea
tion temperatures were monitored and controlledhe@mocouple thermometer and corresponding hot
plate stirrer. Flash column chromatography wasgoeréd as described by Still et. al. using silich ge
230-400 mesh. Analytical thin-layer chromatographyC) was performed on glass-backed Silica gel
60 Rsaplates (EMD/Merck KGaA) and visualized using UVyiagen ammonium molybdate stain, and
anisaldehyde stainH NMR spectra were obtained on a Bruker 400 or ez spectrometer with re-
porting relative to residual solvent signals (CEQL26 ppm; CHOD, 3.31 ppm; BO, 4.79 ppm)*H

NMR spectral data are presented as follows: chérsigtis © ppm), multiplicity (s=singlet, d=doublet,
dd=doublet of doublets, t=triplet, qg=quartet, m=tiplét, br=broad), coupling constants (Hz), integra
tion, proton assignmentC NMR spectra were obtained on a Bruker 100 MHzspmeter with re-
porting relative to residual solvent signals (CRQI7.16 ppm; CKDD, 49.0 ppm)**C NMR spectral
data are presented as follows: chemical shiffspfn), carbon assignment. Proton and carbon assign-
ments were made with the aid of 2D NMR techniqg@3%Y, HSQC, and HMBC). High resolution
mass spectra were recorded on a high resolutiommIdhElectron Corporation MAT 95XP-Trap by use

of electro-spray ionization (ESI) by the Indianaiwgmsity Mass Spectrometry facility and a SYNAPT
8



G2 or SYNAPT G2-S spectrometer (Waters, for TOF-M}jhe McLean lab of Vanderbilt University.
Low resolution mass spectra were recorded on amitn&cientific Dionex Ultimate 3000 HPLC system

with MSQ Plus Mass Detector. Optical rotations waseained using a Perkin Elmer 341 polarimeter.

3.2 Synthetic procedures
3.2.1. (2R,3S4R,5R,6S)-2-(acetoxymethyl)-5-(((2,2,2-trichlor oethoxy)car bonyl)amino)-6-
((triisopropylsilyl)oxy)tetrahydro-2H-pyran-3,4-diyl diacetate (6)

To a suspension of D-(+)-glucosamine hydrochi®8d1.0 eq, 3.0 g, 14 mmol) in,® (30 mL)
was added NaHC}3.0 eq, 3.5 g, 42 mmol) at room temperature apdékulting mixture was stirred
1 H. 2,2,2-trichloroethyl chloroformate (5.0 eq4 9nL, 70 mmol) was then added dropwise over 20
minutes. The reaction was stirred an additional &ftdr which a white solid had formed. The reaction
was filtered, washed with additional,® (250 mL), and allowed to dry overnight. The cruttec-
protected glucosamine was coevaporated with ben@iethen dissolved in pyridine (130 mL) and
acetic anhydride (5.0 eq, 6.6 mL, 70 mol) was addiegppwise over 5 minutes. The resulting solution
was stirred 6 H then was diluted with EtOAc (250)mAkashed with 2 N HCI (6 x 90 mL), brine (1 x 90
mL), dried (MgSQ), filtered, and concentratech vacuo to yield a pale yellow foam. The crude
tetraacetate was dissolved in THF (70 mL) and Byédnylamino)-1-propylamine (DMAPA) (5.0 eq,
8.8 mL, 70 mmol) was added. The reaction was stifreH and 15 minutes then was diluted with
CHyCI;, (130 mL), washed with 2 N HCI (2 x 60 mL), drieddSQ,), filtered, and concentrated vac-
uo to yield a white foam. The crude anomeric hemidagts dissolved in DMF (90 mL) and imidazole
(2.0 eq, 1.9 g, 28 mmol), DMAP (cat), and chlolietpropylsilane (1.2 eq, 3.6 mL, 17 mmol) were
added sequentially. The resulting solution wasesti16 H then additional chlorotriisopropylsilanas
added (1.5 mL). The reaction stirred an additi@#aH then was diluted with EtOAc (180 mL), washed
with H,O (3 x 80 mL), 2N HCI (1 x 80 mL), brine (1 x 80 midried (MgSQ), filtered, and concentrat-
edin vacuo. The crude residue was purified via flash colurhromatography (2:1 hexanes/EtOAc) to
yield anomeric silyl ethe6 (4.87 g, 7.65 mmol, 55% over 4 steps) as a wiuliel:sR; 0.48 (2:1 hex-

anes/EtOAC)'H NMR (400 MHz, CDCJ) & 5.23 (t,J=10.1 Hz , 1H, H-3), 5.06 (d=8.6 Hz, 1H, NH),
9



5.04 (t,J=9.6 Hz, 1H, H-4), 4.89 (d}=7.8 Hz, 1H, H-1), 4.75 (d]=12.0 Hz, 1H, Troc &), 4.61 (d,
J=12.0 Hz, 1H, Troc @), 4.15 (d,J=4.2 Hz, 2H, H-6a, H-6b), 3.72-3.61 (m, 2H, H-25H-2.06 (s,
3H, COM3), 2.03 (s, 3H, COHj3), 2.02 (s, 3H, COH5), 1.12-1.01 (m, 21H, TIPS), 1.60 (s;®); **C
(100 MHz, CDC}) 5 170.9 COCH;), 170.8 COCHg), 169.7 COCHs), 154.1 (TrocCO), 96.1 (C-1),
95.4 (TrocCCls), 74.8 (TrocCHy), 72.1 (C-3), 71.9 (C-5), 69.1 (C-4), 62.6 (C-B8.7 (C-2), 20.8
(COCH3), 17.9 (TIPS), 17.8 (TIPS), 12.3 (TIPS). HRMS (ES8&lcd for GaHaoClNO1eSi [M+Na]*

658.1385, found 658.1356.

3.2.2. 2,2,2-trichloroethyl ((2S,3R,4R,5S,6R)-4,5-dihydr oxy-6-(hydroxymethyl)-2-
((triisopropylsilyl)oxy)tetrahydro-2H-pyran-3-yl)carbamate (7)

To a solution 06 (1.0 eq, 4.0 g, 6.3 mmol) in GAl, (60 mL) and MeOH (60 mL), was added
guanidine hydrochloride (5.0 eq, 3.0 g, 31 mmot) @N NH/MeOH (12.0 eq, 8.4 mL, 75 mmol) se-
guentially. The resulting solution was stirred 21Hgn was neutralized with AcOH and concentrated
vacuo. The crude residue was purified via flash columromatography (10:1 CHgMeOH) to yield
triol 7 (2.45 g, 4.80 mmol, 76%) as a white solid: ®41 (10:1 CHCl/MeOH); *H NMR (400 MHz,
MeOD) 8 4.73 (d,J=7.7 Hz, 1H, H-1), 4.70 (s, 2H, TroHC Troc CH), 3.84 (ddJ=2.6, 11.8 Hz, 1H,
H-6a), 3.72 (ddJ=5.0, 11.8 Hz, 1H, H-6b), 3.47-3.33 (m, 3H, H-23HH-4), 3.23 (dddJ=2.6, 5.0, 9.0
Hz, 1H, H-5), 1.16-1.07 (m, 21 H, TIPS), 1.98 (sOX); *C (100 MHz, MeODY 156.9 (TrodCO),
97.7 (C-1), 97.0 (Tro€Cly), 77.7 (C-5), 75.8 (Tro€Hy), 75.7 (C-3), 72.3 (C-4), 62.8 (C-6), 61.5 (C-
2), 18.4 (TIPS), 18.4 (TIPS), 13.5 (TIPS). HRMS (ESicd for GgHz4ClsNO;Si [M+Na]* 532.1068,

found 532.1059.

3.2.3. 2,2,2-trichloroethyl ((2R,4aR,6S,7R,8R,8aS)-8-hydr oxy-2-phenyl-6-
((triisopropylsilyl)oxy) hexahydropyrano[ 3,2-d] [ 1,3] dioxin-7-yl)carbamate (3)
To a solution of7 (1.0 eq, 1.5 g, 2.9 mmol) in GAN (30 mL) was added benzaldehyde dime-

thyl acetal (2.0 eq, 0.88 mL, 5.9 mmol). The reactpH was adjusted between 2-4 using DL-10-
1C



camphorsulfonic acid and the reaction heated € 60he reaction was stirred 2 H then was neutrdlize
with Et;N, diluted with EtOAc (70 mL), washed with water X230 mL), brine (1 x 30 mL), dried
(MgSQy), filtered, and concentrated vacuo. The crude residue was purified via flash colurhroma-
tography (6:1 hexanes/EtOAcC) to yield benzylidecetal 3 (1.6 g, 3.0 mmol, 91%) as a white foanf: R
0.60 (1:1 hexanes/EtOAc)H NMR (400 MHz, CDC}) & 7.50-7.48 (m, 2H, aromatic), 7.40-7.36 (m,
3H, aromatic), 5.55 (s, 1H, benzylidenel)C5.15 (d,J=5.9 Hz, 1H, NH), 4.92 (d}=7.5 Hz, 1H, H-1),
4.74 (d,J=12.0 Hz, 1H, Troc 6), 4.66 (d,J=11.9 Hz, 1H, Troc 6), 4.29 (dd,J=10.5, 4.9 Hz, 1H, H-
6a), 4.06-4.02 (m, 1H, H-3), 3.78 (£10.2 Hz, 1H, H-6b), 3.58 (§=9.2 Hz, 1H, H-4), 3.49-3.36 (m,
2H, H-5, H-2), 1.15-1.03 (m, 21H, TIPSJC (100 MHz, CDGJ) & 154.6 (TrocCO), 137.2 (aromatic),
129.5 (aromatic), 128.5 (aromatic), 126.5 (aromati©2.1 (benzyliden€H), 96.2 (C-1), 95.3 (Troc
CCls), 81.7 (C-4), 75.0 (Tro€H,), 71.0 (C-3), 68.7 (C-6), 66.3 (C-5), 61.3 (C-2),.9 (TIPS), 12.3

(TIPS). HRMS (ESI) calcd £H3sCIsNO,Si [M+Na] 620.1381, found 620.1367.

3.2.4. (2R3S4S5R,6R)-2-(acetoxymethyl)-6-(((2R,4aR,6S,7R,8R,8a9)-2-phenyl-7-(((2,2,2-
trichloroethoxy)car bonyl)amino)-6-((triisopropylsilyl)oxy)hexahydropyrano[ 3,2-d] [ 1,3] dioxin-8-
yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate (8)

Donor2 (1.4 eq, 1.46 g, 3.0 mmol) and acce@¢t.0 eq, 1.27 g, 2.1 mmol) were coevaporated
with benzene (2 x 8 mL) and placed in a vacuumaodasor containing #sovernight. The do-
nor/acceptor mixture was dissolved in £ (14 mL) and the resulting solution was cannulated &
reaction flask containing 4A powdered moleculaveg(2.7 g). The mixture was stirred under argon 1
H then cooled to -1 and TMSOTf (0.1 eq, 0.038 mL in 0.2 mL gHy) was added. The reaction was
stirred 10 minutes then quenched witBNEtThe reaction was diluted with GEll,, filtered through
celite, dried (MgS®), filtered, and concentrated vacuo. The crude residue was purified via flash col-
umn chromatography (2:1 hexanes/EtOAc) to yieldakaharidd (1.59 g, 1.71 mmol, 81%) as a white
foam: R 0.35 (1:1 hexanes/EtOACH NMR (400 MHz, CDC}) & 7.49-7.45 (m, 2H, aromatic), 7.40-

7.34 (m, 3H, aromatic), 5.54 (s, 1H, benzylidein#) %.29 (d,J=2.8 Hz, 1H, H-4’), 5.19 (ddl=8.4,
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10.4 Hz, 1H, H-2'), 5.18 (d]=8.0 Hz, NH), 5.11 (d J=7.8 Hz, H-1), 4.92 (dd}=3.4, 10.4 Hz, 1H, H-
3", 4.69 (s, 2H, Troc 8, Troc CH), 4.68 (d,J=8.6 Hz, H-1’), 4.32 (tJ=9.2 Hz, H-3), 4.27 (dd]=5.0,
10.6 Hz, 1H, H-6a), 4.11 (q, EtOACc), 4.06 (dd8.4, 10.6 Hz, 1H, H-6'a), 3.83 (dd#5.4, 10.7 Hz,
1H, H-6'b), 3.78 (tJ=10.4 Hz, H-6b), 3.72 (I=9.2 Hz, 1H, H-4), 3.64 (t=6.7 Hz, 1H, H-5'), 3.50-
3.44 (dddJ=4.9, 9.7, 9.7 Hz, 1H, H-5), 3.28 (8.0 Hz, 1H, H-2), 2.11 (s, 3H, C®f), 2.04 (s,
EtOAC), 2.03 (s, 3H, COB), 1.95 (s, 3H, COBs), 1.93 (s, 3H, COBj), 1.62 (s, HO), 1.25 (t,
EtOAc), 1.12-1.00 (m, 21H, TIPS), 0.06 (s, silicgrease)**C (100 MHz, CDGJ) 5 170.4 COCHy),
170.3 COCHg), 170.2 COCHg), 169.6 COCHg), 153.9 (TrodCO), 137.2 (aromatic), 129.4 (aromatic),
128.5 (aromatic), 126.2 (aromatic), 101.5 (benzapelCH), 101.0 (C-1"), 95.3 (C-1), 95.2 (TrezCls),
80.4 (C-4), 78.2 (C-3), 74.9 (Tr&@H,), 71.1 (C-3'), 70.6 (C-5'), 69.4 (C-2'), 68.8 (Q;®7.0 (C-4"),
66.2 (C-5), 61.0 (C-6'), 60.7 (C-2), 20.9 (CBj3), 20.8 (CQCHs), 20.7 (CQCH3), 20.7 (CQCH3), 17.9
(TIPS), 17.9 (TIPS), 12.3 (TIPS). HRMS (ESI) cafod CsgHseClsNO16Si [M+Na]* 950.2332, found

950.2311.

3.2.5. (3aR,5R,6S 7S 7aR)-5-(acetoxymethyl)-2-methyl-2-(((2R,4aR,6S,7R,8R,8aS)-2-phenyl-7-(((2,2,2-
trichlor oethoxy)car bonyl)amino)-6-((triisopropylsilyl)oxy)hexahydropyrano[ 3,2-d] [ 1,3] dioxin-8-
yl)oxy)tetrahydro-5H-[ 1,3] dioxol o 4,5-b] pyran-6,7-diyl diacetate (9)

Donor2 (1.3 eq, 0.16 g, 0.33 mmol) and acce@@dd.0 eq, 0.15 g, 0.25 mmol) were coevapo-
rated with benzene (2 x 4 mL) and placed in a vacuaesicator containing,®s overnight. The do-
nor/acceptor mixture was dissolved in £CHN (1.25 mL) and the resulting solution was canteaanto
a reaction flask containing 4A powdered moleculaves (0.4 g). The mixture was stirred under argon
1 H then cooled to -4C and TMSOTTf (1 drop) was added. The reaction wia®ed 1 H then quenched
with EtsN. The reaction was diluted with EtOAc (25 mL)tdiled through celite, washed with water (3
x 10 mL), brine (1 x 10 mL), dried (MgS}) filtered, and concentrated vacuo. The crude residue was
purified via flash column chromotography (2:1 hessiEtOAC) to yield orthoacetage(0.115 g, 0.124

mmol, 50%) as a white foam; ®.48 (2:1 hexanes/EtOAc)H NMR (400 MHz, CDCY) & 7.45-7.43
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(m, 2H, aromatic), 7.35-7.33 (m, 3H, aromatic),%(8,J=4.8 Hz, 1H, H-1"), 5.51 (s, 1H, benzylidene
CH), 5.33 (ddJ=1.5, 3.2 Hz, 1H, H-4'), 5.26 (d=8.7 Hz, 1H, NH), 4.94 (d]=7.2 Hz, 1H, H-3’), 4.93
(d, J=7.1 Hz, 1H, H-1), 4.83 (dI=11.9 Hz, 1H, Troc 6), 4.55 (d,J=12.0 Hz, 1H, Troc €), 4.30-4.23
(m, 3H, H-6a, H-2", H-5"), 4.11-4.05 (m, 3H, H-6'H:3, H-6'b), 3.76 (tJ=10.2 Hz, 1H, H-6b), 3.60 (t,
J=9.3 Hz, 1H, H-4), 3.45-3.36 (m, 2H, H-5, H-2), 2.3, 3H, CO®El3), 2.04 (s, 3H, CO83), 2.01 (s,
3H, COM3), 1.65 (orthoacetate H3), 1.25 (m, grease), 0.06 (s, silcone grease),-1.02 (m, 21H,
TIPS); **C (100 MHz, CDGJ) & 170.6 COCHs), 170.1 COCHs), 170.0 COCHs), 154.0 (TrocCO),
137.2 (aromatic), 129.2 (aromatic), 128.3 (aromati®6.2 (aromatic), 120.5 (orthoacet&g 101.7
(benzylideneCH), 98.4 (C-1’), 96.6 (C-1), 95.2 (TrdeCls), 80.5 (C-4), 75.0 (Tro€Hy), 72.5 (C-2'),
71.6 (C-3’), 71.6 (C-3), 69.0 (C-5"), 68.7 (C-6%.6 (C-5), 65.8 (C-4’), 61.6 (C-6'), 60.3 (C-2),.25
(orthoacetateCH3), 20.9 (CQCHg), 20.8 (CQCH3), 20.8 (CQCHg), 17.9 (TIPS), 17.8 (TIPS), 12.3

(TIPS). HRMS (TOF) calcd for £Hs6CIsNO16Si [M+Na]™ 950.2326, found 950.2365.

3.2.6. (2R,3S4S5R 6R)-2-(acetoxymethyl)-6-(((2R4aR 6R, 7R 8R,8aS)-6-hydroxy-2-phenyl-7-(((2,2,2-
trichloroethoxy)car bonyl)amino)hexahydropyrano[ 3,2-d] [ 1,3] dioxin-8-yl)oxy)tetrahydro-2H-pyran-
3,4,5-triyl triacetate (10)

To a solutior8 (1.0 eq, 1.0 g, 1.1 mmol) in pyridine (11 mL) celto 6C was added 70% HF
in pyridine (5.4 mL) dropwise over 5 minutes. Tlodusion was stirred 30 minutes then was allowed to
warm to room temperature and stir an additionalH..9he reaction was diluted with water (40 mL)
and extracted with EtOAc (4 x 15 mL). The combimedanics were quenched with solid NaHCénd
saturated NaHCg@solution, washed with 2 N HCI (3 x 20 mL), brirleX 20 mL), dried (MgSg), fil-
tered, and concentrat@dvacuo. The crude residue was purified via flash colurhromatography (2:3
hexanes/EtOAC) to yield anomeric hemiacéta(0.64 g, 0.83 mmol, 77%u(B 2.2:1) as a white foam:
Rf 0.38 (1:1 hexanes/EtOACH NMR (400 MHz, CDCJ) & (a anomer) 7.48-7.45 (m, 2H, aromatic),
7.38-7.35 (m, 3H, aromatic), 5.55 (s, 1H, benzylgl€H), 5.54 (s, 0.45 H, minor anomer), 5.30-5.25

(m, 2H, H-1, H-4"), 5.19 (ddJ=8.0, 10.4 Hz, minor anomer), 5.17 (d&,8.0, 10.4 Hz, H-2'), 4.96 (d,
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J=12.0 Hz, 1H, Troc @), 4.92 (dd,J=3.4, 10.5 Hz, 1H, H-3’), 4.80 (d=11.9 Hz, 0.45 H, minor
anomer), 4.71 (m, 0.45 H, minor anomer), 4.693&8.0 Hz, 1H, H-1"), 4.59 (dJ=12.1 Hz, 1H, Troc
CH), 4.43 (m, 0.45 H, minor anomer), 4.33 (d¢4.9, 10.5 Hz, 0.45 H, minor anomer), 4.24 (dd,
J=4.8, 10.3 Hz, 1H, H-6a), 4.14-3.98 (m, 4H, H-5, H423, H-6'a), 3.83-3.71 (m, 3H, H-6'b, H-6b, H-
4), 3.57 (tJ=6.7 Hz, 1H, H-5’), 3.52 (dJ=3.2 Hz, 1H, M), 3.53-3.47 (m, 0.9 H, minor anomer), 2.11
(s, 1.35 H, minor anomer), 2.10 (s, 3H, A& 2.06 (s, 3H, COBj3), 1.97 (s, 1.35 H, minor anomer),
1.95 (s, 1.35 H, minor anomer), 1.95 (s, 3H, GRC1.91 (s, 3H, COHj3), 1.75 (br s, 0.45 H, minor
anomer ®), 1.25 (m, grease), 0.06 (s, silicone greas€)(100 MHz, CDCJ) 3 170.5 COCHs), 170.4
(minor anomer), 170.400CH;), 170.3 COCHg), 169.7 COCH;), 154.2 (TrocCO), 137.2 (aromatic),
137.0 (minor anomer), 129.5 (minor anomer), 12%#orpatic), 128.5 (aromatic), 126.2 (minor
anomer), 126.1 (aromatic), 126.1 (aromatic), 1@mior anomer), 101.6 (benzylide@#), 101.2 (C-
17, 95.5 (TrocCCls), 95.3 (minor anomer), 92.5 (C-1), 80.8 (C-4),37{C-3), 75.0 (TrocCHy), 71.1
(C-3"), 71.0 (minor anomer), 70.8 (minor anomef),67(C-5’), 69.6 (C-2’), 69.4 (minor anomer), 69.0
(C-6), 68.7 (minor anomer), 66.9 (C-4"), 66.5 (mmmomer), 62.7 (C-5), 60.9 (C-6’), 54.8 (C-2),&0.
(COCH3), 20.8 (CQCH3), 20.7 (CQCH3). HRMS (ESI) calcd for §HzeClsNOs [M+Na]® 794.0997,

found 794.1010.

3.2.7. (2R,3S54S5R,6R)-2-(acetoxymethyl)-6-(((2R,4aR,6R, 7R,8R,8a9)-2-phenyl-6-(2,2,2-trichloro-1-
iminoethoxy)-7-(((2,2,2-trichlor oethoxy)car bonyl)amino)hexahydr opyrano[ 3,2-d] [ 1,3] dioxin-8-
yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate (11)

To a solution ofl0 (1.0 eq, 0.35 g, 0.45 mmol) in GEl, (6.2 mL) cooled to T was added
CIsCCN (10 eq, 0.45 mL, 4.5 mmol) followed by 1,8-@dibicyclo[5.4.0Jundec-7-ene (DBU) (cat.). The
reaction was stirred 1 H then was allowed to wasmobm temperature and stir an additional 1 H. The
reaction was concentrated and the crude residuéeguvia flash column chromatography (1:1 hex-

anes/ethyl acetate) to yietdtrichloroacetimidatell (0.36 g, 0.40 mmol, 89%) as a pale yellow pow-

der: R 0.71 (1:1 hexanes/ethyl acetat$); NMR (400 MHz, CDC})  8.78 (s, 1H, imidate N), 7.52-
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7.45 (m, 2H, aromatic), 7.40-7.35 (m, 3H, aromatic}0 (d,J=3.8 Hz, H-1), 5.60 (s, 1H, benzylidene
CH), 5.32 (d,J=3.0 Hz, 1H, H-4’), 5.21 (ddJ=7.9, 10.4 Hz, H-2'), 5.12 (dI=8.6 Hz, 1H, N), 4.97
(dd, J=3.4, 10.5 Hz, H-3'), 4.94 (d}=11.9 Hz, 1H, Troc 6), 4.80 (d,J=7.9 Hz, 1H, H-1'), 4.56 (d,
J=12.0 Hz, 1H, Troc 8), 4.34 (dd J=4.6, 10.3 Hz, 1H, H-6a), 4.25 (ddi£3.8, 10.2, 10.2 Hz, 1H, H-
2), 4.12-4.04 (m, 2H, H-3, H-6’a), 3.98 (ddBk4.7, 9.7, 9.7 Hz, H-5), 3.92-3.84 (m, 2H, H-6'b4}
3.82 (t,J=10.3 Hz, 1H, H-6b), 3.72 (1=6.7 Hz, H-5'), 2.12 (s, 3H, CO4), 2.01 (s, 3H, COHy),
1.96 (s, 3H, CO83), 1.95 (s, 3H, COBs), 1.56 (s, HO), 1.25 (m, grease}’C (100 MHz, CDGJ) &
170.4 COCHg), 170.3 COCHg), 169.6 COCH), 160.5 (imidateCNH), 154.1 (TrocCO), 136.9 (aro-
matic), 129.5 (aromatic), 128.5 (aromatic), 126fofnatic), 101.6 (benzylidenéH), 100.9 (C-1),
95.4 (TrocCCls), 95.3 (C-1), 90.9 (imidat€Cl3), 79.8 (C-4), 76.8 (C-3), 74.9 (Tr&eH,), 71.0 (C-3),
70.9 (C-5’), 69.8 (C-2'), 68.6 (C-6), 66.8 (C-455.2 (C-5), 61.0 (C-6’), 54.4 (C-2), 20.8 (CHy),
20.7 (CQCH3), 20.7 (CQCH3). HRMS (ESI) calcd for €HszeClsN201s [M+Na]® 937.0094, found

937.0067.

3.2.8. (2R,3S4S5R,6R)-2-(acetoxymethyl)-6-(((2R,4aR,6R, 7R,8R,8aS)-6- hydr oxy-2-phenyl - 7-
(((2,2,2trichlor oethoxy) car bonyl )amino) hexahydr opyrano[ 3,2-d] [ 1,3] dioxin-8-yl)oxy)tetrahydro-2H-
pyran-3,4,5-triyl triacetate (13)

A solution of8 (1.0 eq, 1.45 g, 1.56 mmol) in 80% aqueous acetit @5 mL) was heated to
80°C and stirred 5 H and 15 minutes. The reactiondilagsed with water (40 mL) and extracted with
EtOAc (4 x 15 mL) while solid NaHC{ was added. The combined organics were washedsafitimat-
ed NaHCQ solution (4 x 20 mL), brine (1 x 20 mL), dried (B@x), filtered, and concentrated vacuo
to yield a white solid. The crude diol was dissdlwe pyridine (16 mL) and acetic anhydride (2.5 eq,
0.37 mL, 3.9 mmol) and DMAP (cat.) were added. fideection was stirred 1 H and 15 minutes then
diluted with EtOAc (50 mL), washed with 2 N HCIX40 mL), brine (1 x 20 mL), dried (MgS¥ fil-
tered, and concentratédvacuo to yield a white foam. The crude diacetate wasoiiesl in pyridine

(15 mL) and the resulting solution cooled f€070% HF in pyridine (8 mL) was added dropwiserove
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5 minutes. The reaction was stirred 1 H then altbwewarm to room temperature and stir an additiona
5 H. The reaction was diluted with water (40 mLyl @&xtracted with EtOAc (4 x 15 mL) while solid
NaHCQ; was added. The combined organics were quenchédsaiitirated NaHC{3solution, washed
with 2 N HCI (4 x 20 mL), brine (1 x 20 mL), drigMgSQy), filtered, and concentrated vacuo. The
crude residue was purified via flash column chramgetphy (2:3 hexanes/ethyl acetate) to yield ano-
meric hemiacetal3 (0.94 g, 1.2 mmol, 78% over 3 steps)f 8:1) as a white foam:fR).20 (1:1 hex-
anes/ethyl acetate)d NMR (400 MHz, CDCJ) & (a anomer) 5.36 (m, 1H, M), 5.35 (dJ=3.2 Hz, 1H,
H-4%), 5.25 (t,J=2.9 Hz, 1H, H-1), 5.05 (dd=7.8, 10.4 Hz, 1H, H-2’), 4.99 (#=8.8 Hz, H-4), 4.92
(dd,J=3.4, 10.5 Hz, 1H, H-3"), 4.74 (s, 2H, TrotiCTroc CH), 4.65 (d J=7.8 Hz, H-1"), 4.24-4.15 (m,
4H, H-6'a, H-5, H-6a, H-6b), 4.07-4.00 (m, 3H, HF86'b, H-2), 3.90 (ddJ=7.0, 6.7 Hz, 1H, H-5’),
3.35 (d,J=3.0, 1H, 1), 2.14 (s, 3H, COBy), 2.10 (s, 3H, COHB3), 2.07 (s, 3H, COBy), 2.06 (s, 3H,
COCH3), 2.06 (s, 3H, COB3), 1.95 (s, 3H, COBs); *C (100 MHz, CDCJ) & (o anomer) 171.1
(COCHg), 170.6 COCHg), 170.3 COCHg), 170.3 COCHg), 169.8 COCH;s), 169.5 COCHg), 154.1
(Troc CO), 100.7 (C-17), 95.3 (Tro€Cl3), 92.1 (C-1), 75.4 (C-3), 74.9 (Tr&Hy), 70.9 (C-3’), 70.6
(C-5’), 69.1 (C-2'), 68.8 (C-4), 67.9 (C-5), 67.0-¢'), 62.5 (C-6), 61.0 (C-6), 55.2 (C-2), 21.0
(COCHg3), 20.9 (CQCHg), 20.9 (CCACH3), 20.8 (CGCH3), 20.8 (CCQCH3), 20.7 (CACH3). HRMS (ESI)

calcd for G7H36CIsNOg[M+Na]* 790.0896, found 790.0905.

3.2.9. (2R,3R4S556R)-2-(((2R,3S4R,5R,6R)-3-acetoxy-2-(acetoxymethyl)-6-(2,2,2-trichloro-1-
iminoethoxy)-5-(((2,2,2-trichloroethoxy)car bonyl)amino)tetr ahydr o-2H-pyran-4-yl )oxy)-6-
(acetoxymethyl)tetrahydro-2H-pyran-3,4,5-triyl triacetate (14)

To a solution ofL3 (1.0 eq, 0.30 g, 0.39 mmol) in GEl, (5.6 mL) was added potassium car-
bonate (3.0 eq, 1.6 g, 1.2 mmol) and trichloroawétée (10 eq, 0.39 mL, 3.9 mmol) sequentially.€Th
reaction was stirred 22 H then diluted with £H, filtered through celite, and concentratedacuo.
The crude residue was purified via flash columrootatography (1:1 hexanes/ethyl acetate) to yeld

trichloroacetimidatd4 (0.27 g, 0.30 mmol, 77%) as a white foamh:0RB8 (1:1 hexanes/ethyl acetate);
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'H (400 MHz, CDC4) 8 8.83 (s, 1H, imidate N), 6.31 (d,J=3.7 Hz, 1H, H-1), 5.37 (dd=0.8, 3.5 Hz,
1H, H-4"), 5.14-5.05 (m, 3H, H-2’, H-4, ), 4.96 (ddJ=3.4, 10.4 Hz, 1H, H-3’), 4.78 (d712.0 Hz,
1H, Troc H), 4.70 (dJ=7.5 Hz, 1H, H-1"), 4.69 (d, 12.2 Hz, 1H, Tro¢l}; 4.29 (td J=3.8, 10.1, 10.1
Hz, 1H, H-2), 4.23-4.17 (m, 2H, H-6'a, H-6a), 44402 (m, 4H, H-6b, H-5, H-3, H-6'b), 3.96 (6.7
Hz, 1H, H-5"), 2.15 (s, 3H, COds), 2.08 (s, 3H, COB3), 2.07 (s, 3H, COH3), 2.06 (s, 3H, COHs),
2.04 (s, 3H, COB5), 1.96 (s, 3H, COB5), 1.66 (s, HO), 1.25 (m, grease), 0.06 (s, silicon greaSe);
(100 MHz, CDC}) 8 170.9 COCHs), 170.5 COCHg), 170.2 COCH), 170.2 COCHs), 169.5
(COCHg), 169.5 COCHy), 160.4 (imidateCNH), 154.0 (TrodCO), 100.6 (C-1'), 95.2 (Tro€Cls), 90.9
(imidateCCls), 75.8 (C-3), 75.0 (Tro€H,), 70.9 (C-5"), 70.8 (C-3"), 70.3 (C-5), 69.3 (C)268.0 (C-
4), 67.0 (C-4"), 61.8 (C-6), 61.2 (C-6"), 54.7 (§-20.9 (CGTH3), 20.9 (CQCH3), 20.8 (CACHs3), 20.8
(COCHs3), 20.8 (CQCH3), 20.7 (CQH3). HRMS (ESI) calcd for @HaeClgN2O1s[M+Na]* 932.9992,

found932.9962.

3.2.10. (2R 3R,4S5R,69)-5-(benzyloxy)-2-((benzyl oxy)methyl)-4-hydroxy-6-(((2R,3R,4S5R,6R)-4,5,6-
tris(benzyl oxy)-2-((benzyl oxy)methyl)tetr ahydro-2H-pyran-3-yl ) oxy)tetrahydro-2H-pyran-3-yl acetate
(16)48,49

To a solution o# (1.0 eq, 0.9 g, 1.0 mmol) in GBN (10 mL) was added trimethylorthoacetate
(3.0 eq, 0.38 mL, 3.0 mmol) and p-toluene sulfad (0.1 eq, 0.02 g, 0.1 mmol). The reaction was
stirred 25 minutes then 90% trifluroacetic acid3@mL) was added. The resulting solution was stirre
20 minutes then diluted with water (15 mL) and asted with EtOAc (4 x 5 mL). The combined organ-
ics were washed with a saturated NaH@OIlution (2 x 7 mL), brine (1 x 7 mL), dried (MgQOfil-
tered, and concentrat@advacuo. The crude residue was purified via flash colurhromatography (2:1
hexanes/ethyl acetate) to yield axial acel®€0.87 g, 0.94 mmol, 93%) as a white foani:0RB2 (2:1
hexanes/ethyl acetatéH (600 MHz, CDC}) & 7.34-7.13 (m, 30H, aromatic), 5.30 (3.2 Hz, 1H, H-
4’), 493 (d,J=10.5 Hz, 1H, PhA), 4.91 (d,J=11.9 Hz, 1H, Ph8), 4.87 (d,J=10.9 Hz, 1H, Pha),

4.76 (d,J=11.4 Hz, 1H, Ph8), 4.71 (d,J=10.6 Hz, 1H, Ph8), 4.69 (d,J=10.9 Hz, 1H, Ph8), 4.63
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(d, J=11.3 Hz, 1H, Ph@), 4.62 (d,J=12.1 Hz, 1H, Ph8), 4.59 (d,J=12.1 Hz, 1H, PhA), 4.45 (d,
J=7.8 Hz, 1H, H-1), 4.44 (dI=7.7 Hz, 1H, H-1’), 4.42 (dJ=11.4 Hz, 1H, PhA), 4.41 (d,J=12.1 Hz,
1H, Ph@H), 4.20 (d,J=12.0 Hz, 1H, PhA), 3.99 (t,J=9.2 Hz, 1H, H-4), 3.77 (ddi=4.0, 11.0 Hz, 1H,
H-6a), 3.71 (ddJ=1.2, 10.7 Hz, H-6b), 3.60 (dd=3.4, 9.6 Hz, 1H, H-3'), 3.53 (8=9.1 Hz, 1H, H-3),
3.48 (t,J=6.6 Hz, 1H, H-5'), 3.45 (dd]=7.9, 8.9 Hz, 1H, H-2), 3.36 (dd=7.9, 9.4 Hz, 1H, H-2'), 3.33
(ddd,J=1.6, 3.8, 9.5 Hz, 1H, H-5), 3.30 (@6.7 Hz, 2H, H-6'a, H-6'b), 2.20 (br s, 1HH, 1.99 (s,
3H, COM3), 1.53 (s, HO); *C (100 MHz, CDCJ) & 171.1 COCHs), 139.2 (aromatic), 138.7 (aro-
matic), 128.4 (aromatic), 138.3 (aromatic), 13&doknatic), 137.6 (aromatic), 128.6 (aromatic), 528.
(aromatic), 128.5 (aromatic), 128.4 (aromatic), .22@aromatic), 128.1 (aromatic), 128.0 (aromatic),
128.0 (aromatic), 127.9 (aromatic), 127.8 (aromatl27.8 (aromatic), 127.8 (aromatic), 127.7 (aro-
matic), 127.5 (aromatic), 102.7 (C-1), 102.5 (C-82.9 (C-3), 81.9 (C-2), 80.3 (C-2"), 76.5 (C-4p.4
(PhCHy), 75.2 (PIEH,), 75.2 (C-5), 73.6 (FBH.), 73.4 (PICH,), 72.6 (C-3), 72.1 (C-5), 71.1
(PFCH,), 69.7 (C-4"), 68.3 (C-6), 67.4 (C-6"), 20.9 (CBl3). LRMS calcd for GeHeaO1z [M+NH 4"

942.44, found 942.56.

3.2.11. (2R3R4S5S6R)-2-(((2R,354R,5R,69)-3-acetoxy-6-(((2R,3S4S,5R,69)-3-acetoxy-5-

(benzyl oxy)-2-((benzyloxy)methyl)-6-(((2R,3R,4S5R,6R)-4,5,6-tris(benzyl oxy)-2-

((benzyl oxy)methyl )tetrahydr o-2H-pyr an-3-yl)oxy)tetr ahydr o-2H-pyr an-4-yl ) oxy)-2- (acetoxymethyl )-5-
(((2,2,2-trichl or oethoxy)car bonyl)amino)tetr ahydr o-2H-pyr an-4-yl) oxy)-6-(acetoxymethyl ) tetr ahydr o-
2H-pyran-3,4,5-triyl triacetate (17)

Donor14 (1.1 eq, 0.55 g, 0.60 mmol) and accef®(1.0 eq, 0.50 g, 0.54 mmol) were coevap-
orated with benzene (2 x 6 mL) and placed in a wactdesiccator containing®s overnight. The do-
nor/acceptor mixture was dissolved in £ (18 mL) and the resulting solution was cannulated &
reaction flask containing 4A powdered moleculavese(1.1 g). The mixture was stirred under argon 1
H then cooled to -1 and TfOH (cat.) was added. The reaction wasestit2 minutes then quenched
with EzN. The reaction was diluted with GEl,, filtered through celite, dried (MgSY filtered, and
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concentratedn vacuo. The crude residue was purified via flash columromatography (1:1 hex-
anes/ethyl acetate) to yield tetrasacchatid.85 g, 0.51 mol, 94%) as a white foanf:(RB5 (1:1
hexanes/ethyl acetatéd (400 MHz, CDC}) & 7.48-7.44 (m, 2H, aromatic), 7.38-7.25 (m, 25H-ar
matic), 7.23-7.16 (m, 3H, aromatic), 5.42 §d3.6 Hz, 1H, H-4), 5.33 (d}=3.0 Hz, H-4""), 5.01-4.82
(m, 7H, H-3", H-2"", Troc CH, Ph@H, PhCH, PhCH, PhCH), 4.77-4.69 (m, 5H, Phd€, PhCH, PhCH,
H-1", H-4"), 4.64 (d, J=12.3 Hz, 1H, Ph8), 4.61 (d,J=13.2 Hz, 1H, Ph8), 4.49-4.42 (m, 4H,
PhCH, PhCH, H-1', H-1), 4.32 (dJ=12.1 Hz, 1H, Troc 6), 4.28 (dJ=11.8 Hz, PhEl), 4.23-4.14 (m,
4H, H-6"a, H-1"", H-6"a, H-6"b), 4.10-4.03 (m,3H, H-6""b, H-4, NH), 3.81-3.77 (m, 2H, H-5"", H-
6a), 3.71-3.60 (M, 3H, H-5", H-3', H-6b), 3.58-2%m, 3H, H-5', H-2", H-3), 3.49-3.42 (m, 3H, H-3"
H-2", H-2), 3.36-3.31 (m, 3H, H-6a, H-6b, H-5)13& (s, 3H, COEls), 2.12 (s, 3H, COBy), 2.07 (s,
3H, COMHs), 2.02 (s, 3H, COB3), 1.99 (s, 3H, COHs), 1.96 (s, 3H, COB3), 1.95 (s, 3H, COH,),
1.64 (s, HO), 1.26 (m, grease}’C (100 MHz, CDCJ) 3 171.0 COCHs), 170.5 COCH), 170.3
(COCHg), 170.3 COCHg), 169.8 COCHs), 169.3 COCHg), 169.3 COCH), 153.9 (TrocCO), 139.3
(aromatic), 139.1 (aromatic), 138.7 (aromatic),.23&romatic), 138.1 (aromatic), 137.6 (aromatic),
128.9 (aromatic), 128.6 (aromatic), 128.5 (aromaliz8.4 (aromatic), 128.3 (aromatic), 128.2 (aro-
matic), 128.2 (aromatic), 128.1 (aromatic), 12&matic), 128.0 (aromatic), 127.9 (aromatic), 927.
(aromatic), 127.8 (aromatic), 127.7 (aromatic),.bAaromatic), 126.9 (aromatic), 102.6 (C-1), 102.0
(C-1), 100.9 (C-1""), 100.7 (C-1"), 95.6 (Tro€Cls), 82.8 (C-3), 81.9 (C-2'), 81.7 (C-2), 77.2 (C}3”
76.7 (C-3'), 76.0 (C-4), 75.5 (PIH,), 75.2 (PICH,), 75.1 (C-5), 74.6 (RBH,), 74.3 (TrocCH,), 73.7
(PRCH,), 73.7 (PIEH,), 72.8 (C-5), 71.7 (C-5"), 71.0 (RBH,), 70.9 (C-3"), 70.5 (C-5"), 69.4 (C-
4", 69.4 (C-4"), 68.8 (C-2"), 68.1 (C-6), 68.(0C-6"), 66.9 (C-4""), 62.5 (C-6"), 61.1 (C-6""),57.5
(C-2"), 21.0 (CACH3), 21.0 (CGCH5), 20.8 (CATH3), 20.8 (CQCH3), 20.8 (CACH3), 20.7 (CGTHS),

20.7 (CQCH3). HRMS (ESI) calcd for g3HgsClsNOyg[M+Na]* 1696.4875, found 1696.4839.

3.2.12. N-((2S3R4R,556R)-2-(((2R,354S,5R,65)-3,5-dihydr oxy-2-(hydr oxymethyl)-6-
(((2R,354S5R 6R)-4,5,6-trihydr oxy-2-(hydr oxymethyl ) tetr ahydr o-2H-pyran-3-yl ) oxy)tetr ahydr o-2H-
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pyran-4-yl)oxy)-5-hydr oxy-6-(hydroxymethyl)-4-(((2R,3R 4S5 5R,6R)-3,4,5-trihydr oxy-6-
(hydroxymethyl)tetrahydro-2H-pyran-2-yl)oxy)tetrahydr o-2H-pyr an-3-yl)acetamide (1)

To a solution ofL7 (1.0 eq, 0.10 g, 0.06 mmol) in THF (1.5 mL) wasedl@cetic acid (1.0 mL)
and acetic anhydride (0.5 mL) followed by 10% Zn®biple solid (0.24 g°* The resulting mixture
was stirred 6 H and 15 min then was diluted with,Ckl(20 mL), filtered through celite, washed with
saturated NaHC®solution (3 x 7 mL), brine (1 x 7 mL), dried (Mg@Qfiltered, concentrateh vac-
uo, and coevaprotated with toluene to yield a whotenfi. The crude acetamide was suspended in MeOH
(2 mL) and a concentrated NaOMe solution was addlkd.reaction was stirred 2 H then neutralized
with Dowex 50Wx8, filtered, and concentrati@dvacuo to yield a white solid. The crude heptanol was
suspended in MeOH (2 mL) and®l (1 mL) and Pd(OH)was added (2.0 eq, 0.083 g, 0.119 mmol).
The reaction was stirred undep Fbr 3 days then was diluted with,® and MeOH, filtered through
celite, concentrateth vacuo, coevaporated with toluene, and lyophilized tddyiactoN-tetraose 1)
(0.027 g, 0.038 mmol, 64% over 3 steps) as a wgutiel: [a]°% +13.5 € 0.26, DMSO);*H and**C
spectroscopy data were in accordance with liteeatlmta> HRMS (TOF) calcd for GHisNO;

[M+Na]*730.2382, found 730.3188.
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