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Abstract

The nteractions betwee®O-methylmannose polysaccharides (MMPsxtracted from
Mycobacteriunmsmegmatigconsisting of a mixture of MMRO,-11,-12 and-13) or obtained by
chemical synthesigMMP-5;, -8, -11s and-14), and linear saturated and unsaturated fatty acids
(FAs), anda commercial mixture afaphthenic acids (NAsn agueous solutioat 25 °C andpH
8.5 were quantifiedby dectrospray ionization mass spectrometry @¥8). Association
constants (K) for MMP binding to fourFAs (myristic acid, palmiticacid, steari@acid andrans
parinaric aciflwere measured usiran indirect ESMS assay, theroxy proteinmethod The K,
values arén the10°~10° M* rangeand, based on results obtairfer the binding of theynthetic
MMPs with palmitic acid, increase witthe size of thecarbohydrateNotably, the measured
affinity of the extracted MMPs farans-parinaric acids two orders of magnitude smaller than
the reported value, which was detened using a fluorescence assdging anewly developed
competitive binding assayeferred to as thproxy protein/proxy ligandESFMS method it was
shownthat MMPs bind specifically to NA$n aqueous solutigrwith apparengffinities of ~5 x
10* M for the mixture of NAs testedThis represents the firsiemonstraon that MMPs can
bind to hydrophobic speciemore complex tharthose containindinear alkyl/alkenyl chains
Moreover, the approach developed heepresentsa novel method for probing carbohydrate

lipid interactions



Introduction

Polymethylated polysaccharides (PMPs) are cytoplasnglycans produced by
mycobacteria thatontain10-20 carbohydrateesidues? These specielsave been postulated to
play a role inregulating lipid metabolism irthe organisms that produce thethrough the
formation of complexes withlong-chain fatty acids and their activated coenzymn¢CoA)
derivatives>* For example,PMPs have been shown to tolerize mycobacteria to ligh
concentration of the longhain acyiCoA derivatives needed for the synthesis of mycolic acids,
archetypal mycobacterial lipids that are esseftiaviability.>®

One class ofPMPs are 3-O-methylmannosepolysaccharides (MMPs), a family of
moleculs that contain 2613 mannopyranose (M) moeities.” In MMPs, everyManp residue
exceptthatat the norreducing terminusis methylatedn O-3 (Figure 3. When present in an
agueous solution containing lipids.g, long-chain linear fatty acid¢FAs), MMPs have been
suggestedo adopt a helical conformation in which the methyl groups are on the inside of the
helix, thus providing a hydrophobic chanmealpable ofipid binding and a hydrophilic exteridt
Using fluorescence measuremeneywhigh asodation constants (§ of 1.0x 10’ M™ and2.5
x 10° MY, have been reported for MMP binding tiee important biochemical intermediate
palmitoyl CoA and the polyenepaiinaricacid, respectively*

Theremarkablyhigh lipid affinities reportedor MMPs raise thénterestinglypossibility
of using these polysaccharides as a sorbergrtove hydrophobicontaminant§rom aqueous
solutions. In this regard, of particular current relevance aretdiiangs pondsaccumulating as a
by-product of thebitumenextraction process the Athabasca oil sands Northern Alberta.
Tailings pond wates (TPW) are an increasing environmental concern and the primary toxic
componentsare believed to beaphthenic acids (NAd=igure 1) a complex mixture of alkyl
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substituted cyclic and acyclic aliphatic carboxylic a¢ti¥hese compounds have tgeneral
molecular formulaCyH2n+0,, where Z is O or a negative even integdnere is considerable
interest in remediation of TPW andarbohydrate sorbentsuch asdimehylaminoethy
cellulosé? a n d-cycpdextrit® have been reported for this purposelowever, a distinct
advantage of MMBsompared to these other carbohydrates, is their intheteigh affinity for
hydrophobic molecules.

We describeherethe results ofa quantitative study of thateractions between MMPs
either extracted frommycdbacteria(a mixture ofMMP-10, -11, -12 and-13) or pure species
produced by chemical synthese@MMP-5;, -8, -115 and -14) and lineay saturated and
unsaturated~As, anda commercialmixture of NAs in agueous solutioat 25 °C and pH 8.5
Both direct andindirect (competitive)electrospray ionization mass spectrometry (ES)
assayswere used toguantify theinteractionsbetween the MMPs and the FAs and NAs.
However, due tehe occurrence of isource dissociation, the direct E®5 assay" '’ was found
to significantly underestimate the strength of the interactions. The affinities for the individual
MMPs and the mixture of extracted MMPs four FAs,myristic acid, palmit acid, stearic acid
and trans-parinaric acid(Figure 1) were measured using tipeoxy proteinESFMS method'®
Notably, the affinity measured farans-parinaric acids two orders of magnitude smaller than
the reported value, which waeterminedusinga fluorescence assayheinteractions between
the MMPs and the commerciaimixture of NAs wereinvestigatedusing anewly developed
competitive binding assay referred to as piexy protein/proxy ligandESFMS method.The
results of these measuremgesihow, for the first timethat MMPs do bind specifically to NAs
complex mixture of linear and cyclic carboxylic acids, aqueous solution, with apparent

affinities of ~5 x 10 M™.



Materials and Methods
MMPs, Proteins and Assay Solutions.
The mixture ofMMPs (consisting ospecies with 1013 Marp resdues,namedvIMP-10, MMP-
11, MMP-12 and MMP-13, respectively Figure 1} were extracted and purified from
Mycobacteriunsmegmatisis desribed by Hindsgaul and Balldd Key steps irthe purification
were affinity chromatographywsing a silicabasedabsorbent functionalized with palmitic acid
followed by treatment of the eluate wittecolorizing charcoal.Although earlier work® had
reported the MMPs could be obtainedure following asingle affiniy chromatography
decolorizationsequencein our handsmultiple column passages were requitedremovethe
polyoxyethylenesorbitan monooleatdween) that was useth the media forgrowing the
bacteria The presence dfween wasbviousin the mass spé&@a obtainedwvhile carrying out
our investigationsHowever,given thesimilar chemical shifts ofhe hydrogen atoms in Tween
and the MMR, this impurity cannobe readily seen byH NMR spectroscopy, which had been
used by Hindsgaul and Ball@o characteize their isolated materiafS
The synthesis dIMP-5;, MMP-8;, MMP-11s and MMPR14; was carried out as described
in the Results and Discussisactionand in the Supporting InformationAll experimental data
for the synthetic intermediates and finalrgmounds can be found in Supporting Information.
Bovine b-lactoglobulin (Lg, monomer MW 18281 Da), palmitic acid (PA, 256.4 Da),
myristic acid (MA, 2284 Da), and stearic acid (SA, 284.8 Da) were purchased from Sigma
Aldrich Canada (Oakville, Canadalransparinaric acid (PnA, MW 276.4 Da) was purchased
from Cayman Chemical (Ann Arbor, NIl A sample of commerciallyavailable Merichem

naphthenic acids (NA) a&s generously provided byrofessorGreg G. Goss Department of



Biological SciencesUniversity of Alberta) The dructures of theMMPs, FAs and NAsare
shown in Figure 1.

Stock solutiors of MMPs wereprepared by dissolving extracted and purified MMPs into
Milli -Q waterto yield a final concentration & M. The stock solutions of FAs and NAsere
prepared by dissolving known mass afachcompound or mixtee of compoundto methanol
(MeOH). Lg was dissolved and exchanged directly into Mliwater, using an Amicon
microconcentrator with MW cutoff of 10 kDa. The concentration of the Lg solution was
determined by lyophilizing a known volunoé the filtrate and measuring the mass of the protein.
The protein stock solution was stored-a0 °C.The ES solutions were prepared frotine stock
solutions. For the binding measurementsmidazole (10 mM) was also added reduce the
occurrence ofin-source disociation**** Ammonium acetate buffer was added intoe ES
solution to a final concentration of 10 mMqueous ammonium hydroxideas added to adjus
the pH of the solution to 8.5
Mass spectrometry
Isolated MMPs were analyzed by matagsisted lasedesorption ionization (MALDI) MS in
positive ion mode using a Voyager Elite MALDI tiroé-flight (TOF) mass spectronest (AB
Sciex, Framingham, M). A 20 mgmL™ solution of 2,5dihydroxybenzoic acid (DHB) in 3:1
H,O-MeOH was used as the matrix solutidm agqueous solution of MMPs was mixed with the
matrix solution at a 1:1 ratio. A 0.7 wpyL aligqg
plate using a micropipette and allowed to dkysmall volume of a1 mM NaCl solution was
added to the spote improveionizationefficiency. Analysis of the MMPs by ESVIS, as well as
the ESIMS binding measurements, were performed in negative ion mode using a 9.4 tesla Apex
Il Fouriertransform ion cyclotron resonance (FTICR) mass spectrometer (Bruker, Billerica,
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MA). Nandlow ES was performed using borosilicate tubes (@ o.d., 0.68 mm i.d.), pulled
to ~5 pm o. d. a2000 mior@pipetten paillery(Suiten Igstrusment, Novato, CA).
Details of the instrumental parameters used for the binding measurements are givharets$
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ESI-MS binding measurements

Both direct and competitive EBIS assayswere used to quantify th&, values for the

interactionbetween MMR and FA and NA ligands (L), €q

MMP +LY (MMP +L) (1)

A brief description of each assay is given below.

i. Direct ESIMS assay.The direct ESVIS assay is based on the quantification of the abundance
(Ab) of ligandbound and unbound ions in the gas pHas¥’** e.g.,(MMP + L)” and MMP",
respectively. The measured abundance r&)aq assumed to be equivalent to theikdopum

concentration ratio of bound and fieé#P ions in solution, e@:

MMP+L]., _ Ab(MMP+L1)") _
[MMA,,  Ab(MMP))

)

From the measureR value and initial concentrations MMP and L (i.e., [MMP], and[L],,
respectively, the associationonstanK,uve can be calculated using eq 2:
R

Ka,MMP = R (3)
(L, - RIMMA,

ii. Proxy protein ESFMS assayA competitive binding assay employing aproxy protein

(Poroxy) that binds speditally to L, eq 4:

I:)proxy + LY (Pproxy+ L) (4)
7



was also employed to quantify the interactions of FAs with the MNBBsine Lg, which is
known to bindreasonably strongly ttong-chain FAs inbasicsolutiors and forms kinetically
stable gaeous (Lg + FAY ions™ served as Foxy for these measurements. The concentration of
free L in solution is determined from the rati®fox,) Of ligandbound and unbound By

measured by ESMS and the known affinity of By for L (Kaproxy), €0s 5and 6:
a Ad((Ry,y +L)™)
proxy

eq = q — = rox 5
Prode | B ANPL)T) o ®)
q

[Pt L]

— [Pproxy+L]eq - RSI’OXY (6)

Ka rox
Prox [Pproxy]eq[L]eq [L]eq

and the concentration @Ppoxy + L) can be calculated from &q

I:%roxy
[Prox +L]e :[Prox ]o (7)
proxy q Proxy- 1+ Rproxy

where [RBroxlo is the initial concentration of jB.. From mass balance considerations, the
concentration ofMMP + L) and MMP carbe calculated using eqs 8 and 9

[MMP+L]eq =[L]o - [L]eq - [P +L]eq (8)

proxy
[MMA,, =[MMHA, - [MMP+L],, ©)
Thevalue of K, ymp canthenbe calculated bfrom eq10:

[MMP+L],,
K amvp = (10
[L]e[MMH,
iii. Proxy protein/proxy ligandESFMS assay A newly developedESFMS metha was
ultimately used to determirtae affinities of the MMPs for NAs. This assay incorporates both a

Poroxy @nd aproxy ligand (Lyroxy) to establish th&, for the MMPsbinding tolL. Both L and lyoyy



bind to the MMPs, with association constantgufir+L) and Kqmp+Lproxy; While only Lproxy

binds to Broxy, With the association constantkoxy, €gs 1,11 and 2:
Pproxy+ I—proxy y (Pproxy + Lproxy) (11)

The procedure for determining, for the interaction betweeMMP andL is similar to that
described abge. The concentration of freg, .,y can be determined frorme ratio Ryroxy) Of
Lproxy-bound and unbound,RByxy, measured by ESMIS and the known affinitya,proxy) Of Poroxy
for Lproxy, €9S 5 and @cromthe values ofL proxy]eq @ndof [Pproxy + Lproxyleq, the concentration of

MMP bound Lyroxy can be found fronthe equation omass balangesq 13

[MMP+ L o0]eq =[L proxdo = [L proxydeq = [Poroxy * L proxgd e (13
The concentration of free MMP in solution can be determireed eq 14
e = I Ll s
a,MMP+L, o) L L proxyleg
and the concentration of MMP bound to L can be found &qrit5
[MMP+L],, =[MMH, - [MMH_, - [MMP+ L ], (19

Finally, Kamme+1) can be calculatedsing eq 10.

Results and Discussion
Synthesis of MMPs

Despite the intriguing biophysical properties of PMPs, the preparation of structurally
defined analogs of these glycans has received little attention. Indeed, to date, only a handful of
reports have addressed the chemical synttésMVPs or related analogs?® With regard to
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the MMPs, previous synthetic work has reported the preparation of analogs in which all of the
mannopyranose moieties are methyldtethese compounds thus differ slightly from the natural
glycans, in whiclthe residue at the nemeducing terminus is unmethylated. Using an iterative
approach, a homologous series of MMP derivatives containri2@ snonosaccharide residues

was prepare@®?® In the initial report on the synthesis of these compodht® glycosyl donor
contained a noparticipating protecting group, which, given the required -tig@s
stereochemistry in the products, necessitated careful control of reaction conditions to ensure
good glycosylation stereoselectivities. Purification of the camgde proved problematic in
some cases and, in a subsequent syntfledinors employing participating acyl groups were
employed thus providing significantly improved stereocontrol.

Mindful of this previous work, we endeavored to develop a synthetic agipro
employing donors that contain an ester moiety adjacent to the glycosylation site, and which
would lead to products that could be deprotected in a single step undéydrogenolytic
conditions. The final target compounds were synthesizedeazsd8ocyl glycosides to enable
their possible conjugation to, for example, solid supports or protein carriers either through
reduction to the amine and subsequent amidation, or through click chemistry. It was therefore
envisioned that MMFBs, MMP-8;, MMP-11s and MMP-14; could be synthesized stag from
three building blocks]-3 (Scheme 1). The strategy was built around species containing solely
acytbased protecting groups, and with a levulinate ester serving as the requisite temporary
protecting group needédd facilitate chain extension.

Monosaccharide tricholoroacetimidate imid&tevas prepared as previously reporfed
and disaccharide thioglycosidds and 3 were synthesized as described in the Supporting

Information (Scheme S1). With these precursorshamd, they were assembled into the
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oligosaccharide targets. The preparation of MBRnd MMR8;s is outlined in Scheme 2. The
synthesis of MMPLls and MMPR14 followed similar routes and details can be found in
Supporting Information (Schemes S2 and 38)synthesize MM (Scheme @), disaccharide
thioglycoside1l was first coupled with &zidooctanol using activation with NIS and silver
triflate.3! This reaction afforded the expected disacchatitte84% yield. The levulinoyl ester
was then cleavelly treatment with hydrazine acetate, giving an 86% yield of the corresponding
alcohol 5. Subsequent glycosylation of this compound, again using thioglycdsided
NIS/AgOTf afforded6, which was then deprotected using hydrazine acetate. The product,
tetrasaccharide alcohdl, was obtained in 71% overall yield in two steps frbm The final
monosaccharide residue was incorporated intasing imidate2, under the promotion of
TMSOTT. Final treatment of the pentasaccharide pro8wath sodium methoxideemoved all

of the benzoate esters resulting in MR 65% yield in two steps frorb).

The preparation ofhe octasaccharide target MMR (Scheme2b) was achieved from
tetrasaccharid&, an intermediate in the synthesis of MM First, the tetrasabaride was
elongated to a hexasacchari@glyy glycosylation with thioglycosidé. Subsequent cleavage of
the levulinate group (yielding0) was followed by glycosylation with thioglycosi@eaffording
ocatasaccharidel in 85% yield over the three stefyjem 7. Final treatment of1 with sodium
methoxide afforded MM in 97% yield.

Binding Measurements

MMPs isolated from mycobacteriaare ahomologousmixture of specieswith 10-13 Marp
residues Both MALDI-MS and ESIMS were used to analyze the MMR¢hich wereextracted
from MycobacteriumsmegmatisShown in Figurea is a representative MALDI mass spectrum

obtained in positive ion mode; an ESI mass spectrum obtained in negative ion mode is shown in
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shown in Figureb. Analysis of the mass spectraveals that MMPLO, MMP-11 MMP-12 and
MMP-13 represent the major componeatsthe MMP mixture. The distributions of MMPs in
the MALDI and ESI masspectra areeasonablysimilar, with MMP-12 and MMP-11 being the
two most abundant specie3he fractionalabundancef(up-x) of each of the four MMEX
species (whereX = 10-13) was estimatedfrom the distribution of MMPs established from
replicate ESI mass spectra, Hg)
fumpx = AD(MMP-X) / = AbXMMP (16)
Assuming similar ESI regmse factors for the four MMP#hefywp-x valuesare 0.@ + 0.01 (X
=10), 037 £ 0.01(11), 0.53+0.02(12)and 0.06+ 0.01 (13). From these values and the MWs of
individual MMP-X species (MWwp-x), the weighted average MW (MMp) of the MMP
mixturewascalculated
MWwuwme = Zfump-x(MW mmp-x) (17)
The NA sampleused in this workconsisted ofa mixture of alkylsubstituted cyclic and
acyclic aliphatic carboxylic acids. Shown in FigBeis an ESI mass spectrum acquired in
negative ion mode for an aqueous solution of NAs at pH 8.5 and 2&8@ection of the mass
spectrum reveal®n signak corresponding predominantly species belonging to th&H,,.-0>
serieswith n =12 (Z=-2), 13 (Z=-2), 14 (Z=-4), 15 (Z=-4), and 16 (& —4). Theaverage
MW of the NA sample was calculated following the same procedure as used for the MMPs
The interactions between thextracted MMPs and the components of the NA
mixturewere initially investigated ugsg the direct ESMS assay.Shown inFigure 4a is an
illustrative ESI mass speaim acquired in negative ion mode fan agueousolutionof MMP
(100 nM), NA (100 nM) andimidazole (10 mM)whichwas added to reduce the extent of in

source dissociatioff. Signabk corresponding to (MMP + NXA ions consisting ofthe major
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components of the NA mixture were detecté&lriously the complexes were composed
exclusivelyof MMP-11 and no complexes containing tMMP-12, most abundant MMP, were
detectedThis resul, on its own, suggests that NA binding may be dependent on the size of the
MMPs, with the smaller MMPs (i.e., MMPO) exhibiting higher affinities. However, it is also
possible that, despite the presence of the stabilizing additive imidazole in salidVMP +
NA)~ ions composed of thlonger MMPs undergo 4source dissociation, such that the ESI mass
spectrum does not accurately reflect solution composition. The possibility -edunce
dissociation notwithstanding, the apparent(ie., Kaapp) Was determined to be 1 x (Y
basedon the relative abundance alf free MMP ionsand the ligand bound MMR1 ions

With the goal oftesing the reliability of the direct ESMS assay for quantifyinghe
interactions between MMPs and hydrophobic ligahdsding measurements were performeal
solutions containing thmixture of extractediMPs andPnA or PA. As noted aboveyVIMPs are
reported to bind to longhain FAs and their CoA derivativesvith high affinity in aqueous
solution; for examplean affinity of 2.5 x 16 M™ has beemeasuredor PnA using fluorescence
spectroscopy Shownin Figures 4b and 4careillustrative ESI mass specéracquired in negative
ion mode foraqueoussolutiors of MMP ( 7 5 ) withl PA (106 mM) and PnA 96 niM),
respectively ESFMS analysisof the solution containing PAevealssignal corresponding to
(MMP + PA)” ions consisting otach ofthe three major MMP speciegse., X = 11-13 (Figure
4b). This result suggesthat hydrophobic ligand binding to the MMPs ia fact not strongly
dependent on the size of the MMP. Howewte K, app Calculated from the mass spectral d&ta
x 10° M, is quite lowcompared to previously reported valulscontrastESFMS analysisof
the solution containing®nA revealonly signal corresponding to compleemposed of MMP

11, similar to the results obtained for the NA sample (Figuye ™ K, app determined for the
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interaction with PnA4 x 1¢ M, is approximatelyfour-orders of mnagnitudesmaller than the
reported valu@ Taken together, tise resultsstrongly suggest thathe gaseousdeprotonated
(MMP + L) ionscomposed of PA, PnA or the NAare prone to iksource dissociatigrand that
the addition of imidazole is insufficietd maintain the integrity of the complexes

To demonstrate conclusivetite occurrence of #source dissociation an indirect assay
based on the recently develogamxy protein ESFMS method'® was employed to quantify the
interactions between the MMR&d PA and PnA. As noted above, this assay involves the use of
a Pyroxys Which binds specifically to the ligand of interest with known affinity &srdwhich the
gaseous ions of the correspondingf+ L) complexare resistant to #source dissociatiorfor
these measurements, the protein Lg, which possesses a large hydrophobic cavity that can
accommodate wide variety of hydrophobic ligand€;**was utilized We recently demonstrated
that the interactions between Lg and largain FAs, such as PA, de quantified idectly by
ESFMS measurements.For example, lsown in Figure5ais anESI massspectum acquired in
negative ion mode for solution contaimnfdonsng Lg
corresponding frekg, i.e.,Lg", atq = 6 and 7 were detected together with dund Lg, (Lg +
PA)”. From the relative abundance of ligabdund and free Lg, a4of 3.5x 10> M* was
obtained(Table 1) This value is in good agreement with values reported previously for this
interaction™*

Shown in Figurebb isan ESImass spectrum acquired in negative ion mode for solution
of Lg (12 pM), P Anixiurd 06 50 My M)a nat MMIRAItBugh noand 25
(MMP + PA)” ions were detected at these concentratitresaddition of the MMPs to solution
resuledin a dramatialecreasén the relative abundance thfe (Lg + PA)"~ ion. Thisobservation

confirms that the MMP<o bind PA under these conditiorfsollowing the procedure described
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in the Experimental section, a,Kalue of 1.1 x 10> M™ was establishedor the interation
between the MMPs and PAThis value is approximatelstOOtimes larger tharthe value
establishedrom the direct E3-MS measuremestUsing this competitive assay, MMP binding
measurements were performed on three other FAs, MA, SA and PnA. The oésuét binding
measurements are listed in Table 1. Notably, thedfue measured for PnA, 4310° M?, is
alsosignificantly larger than that obtained from direct 888% measurements. Taken together,
these resultsonfirm thatthe deprotonated (MMP FA)™ and, presumably, (MMP + NAions
are prone to gas phase dissociation duringMSlanalysis and that an indirect measurement of
theseinteractionsis required It is also worth noting that the Jvalue measured for PnA is
significantly smaller tharthe reported value, which was measunsihga fluorescence assady
The reason for this discrepancy is not known but may be due to an error in the concentration of
the MMP mixture used in the earlier study. Specificaby overestimation of the MMP
concerration due to incomplete removal dfveen(seeMethods section)which was used for
culturingthe bacteriafrom which these glycans were isolateuld lead to an overestimation in
the K, value. In addition, this fluorescenceassg has been notédto be highly serifive to the
presence of oxygen arichce amount of impuritiesyhich are not expected to Binitations of
the ESIMS assayve have developed

In principle, theproxy protein ESFMS method could also be used to quantifie
interactions between the MMPs and the NAs. However;NESImeasurements performed on
solutions of Lg and the NA mixture revealed no evidence of (Lg + NA) complgheta not
shown) Therefore, an alternative approach, ginexy protein/proxy liganESI-MS assaywas
used. As noted above, this assay emplayB,oxy and an Lpoxy. Both L and lyox, bind

competitivelyto the MMPs, while only koxy binds to By Furthermore, thgaseous ions of
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the (Pproxy+ Lproxy) COMplexare resistant tm-soure dissociation Therefore, from the change in
relative abundance of {B.y + Lproxy) complex determined from direct ESIS measurements,
the affinity of the (MMP + L) complex can be determined.

Figure5c showsan ESImass spectrum acquired in negatiga mode fora solution of
Lg (12 puM), PA (10 pM), MMPs (65 pM) anod
ions corresponding to the (MMPNA) were detectedt these concentratiorthe addition othe
NAs to the solutiomesulted in anarkedincreag in therelative abundance of tHeg + PA)”™
ion, from 0.30 (Figurebb) to 0.55 (Figurésc). This increase is consistent with the presence of
specific interactiondbetweenthe MMPs and NAs.Analysis of the EBEMS data using the
approach describeid the Experimental sectiogields a Kgapp Of (4.7 + 0.9)x 10" M for the
interactionsbetween the MMPs and NAAnalogous measurements were performed usAg
SA, or PnAas Lyoxy- In all cases, there is good agreemeetiveerthe K, valuesdetermined for
the interactiondetweerthe MMPs and NAgTable 1). Based on all four data sets, an average K
value of(4.6 + 05) x 10*M™* was established.

These studiegepresent the first demonstratitrat MMPscan bindto cyclic or branched
lipids. This finding is perhapsnot surprisinggiven that theinner diameter of the proposed
helical structure of the MMPs comparable to the cavity presenbutyclodextrin, which binds
to an array of branched and aromatic lipophilic molecules, alb#itaffinities lower thanthat
reported here for the NAMMMP interaction™° Moreover, in contrast to the cyclodextringhich

havecavitiesof defined sizeconstrained by their cyclic nature, theyclic structureof MMPs

should allow sufficient plasticitfjorthes r uct ur e t o “br eat he'iest hus

other tharsimple fatty acids and their @aderivatives.
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The data presented aboveuggest thaMMPs extracted frommycobacteriacould, in
principle, be used as a sorbent fitve removalof NAs from TPW. However,the use oMMPs
extracted from bacteria impractical given the low yieldas which they can be isolatebhstead,
implementationof this strategy requiresbtaining MMPs by other methodsOne optionis
chemical synthesis andaally the colums would be constructed using the shortest MMP that
effectively binds to NAsTo establish the influence of sizm the affinities of MMPs for NAs,
the series of synthetic MMEX,, with X =5, 8, 11, and 14lescribed abovéFigure 1)were
evaluated for theiability to bind to NAs Using theproxy protein(where Byoxy = Lg) andproxy
protein/proxy ligandESFMS assag (where Pyoxy = Lg and Lyoxy = PA) the affinities of the
individual synthetic MMPs foPA andthe commercialmixture of NAs, respectively,were
measurect pH 8.5 and 28C (Table 3. It can be seen that, for both PA and the NAs, the value
of K, increasesmodestly with the length of MMP. The effect is more pronounced for PA
binding, with the affinity increasing frortl.8 + 0.5) x 10* (MMP-5,) to (8.8 + 0.3) x 10* M™
(MMP-14); for the NAs, thevaluesrange from(3.6 + 05) x 10 M to (7.6 + 0.7) x 10° M™.
Notably, the affinities measured for synthetic MMPs for the NAs are very similar to apparent
value measured for the extracted MMPs. Bagedhese results, it is predicted that columns
containing immobilizedMMPs as short afive monosaccharide residueBINIP-55) would be

nearly as effective as those containing significantly longer MMPs.

Conclusions
In summarythe interactions between MMPextracted fromMycobacteriunsmegmatis
or produced syntheticallyand linear saturated and unsaturgfdds, anda commercial mixture

of NAs, in aqueous solutiof25 °C pH 8.5 werequantified byESFMS. Association constants
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for the binding of the MMP#o four FAs, MA, PA, SA and PnA, were measured usingotiogy
protein ESFMS assay. The measured ¥alues range from ~£@o ~1¢ M™, and increasavith
the size of the MMP. Notably, treparent affinity measured for the mixtureeatracted MMPs
andPnA is significantly smaller(by a factor of 100}hanthereported valueA newly developed
competitive binding assayeferred to as theroxy protein/proxy ligan&ESFMS method, was
used to quantify the interactions between the MMPs and the commerciatidtdre. These
results demonstrate, for thest time, that MMPs bind specifically tocyclic, brancheehain
lipids. Moreover, we have demonstrated #tdeast, some of tidAs in the mixturebind to the
MMPs with apparentffinities of ~5 x 10" M, which in turns suggesthat MMPsmay have
potential in the remediation of TPWThis possibility is currently under investigatiofrinally,
the ESFMS method developed herepresents an attractiapproachfor probingcarbohydrate
lipid interactions In particular, itdoes not suffer from thaforementionedimitations of the
previously developedluorescenceassay'*® We also view it assuperior toa more recently
reportedUV-based binding assayhichrequires deconvolution @omplex guilibria involving

lipid aggregated*
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Table 1. Apparentassociation constants §KM™) for a mixture ofMMPs?binding toL (L = PA,
SA, MA, PnA and NA), determined by thdirect ES-MS assay, theroxy protein ES-MS

assayand theproxy protein/proxy ligan€ESFMS assayat 25°C and pH 8.5

Proxy protein/proxy ligand

L Direct ESI-MS Proxy protein ESI-MS ESI-MS
MA (4.9+0.9)x 10" -
PA (2.5+0.3)x 10° (1.1+0.2)x 10° -
SA - (2.0+0.4)x 10° -
PnA (3.9£0.1)x 10° (4.3+0.6)x 10* -
NA (1.1£0.3)x 10° - (4.7%0.9)x 10" (L proxy= PA)

(5.2% 0.7) x 10" (Lproxy= SA)
(4.0% 0.9) x 10" (Lproxy= MA)
(4.5% 0.6) x 10" (Lproxy= PNA)

(46+05) x 10° (average)

a. MMPs extracted fromMycobacteriumsmegmatisb. Errors correspond to one standard

deviation.
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Table 2. Association constan{&,, M™) measuredor the binding ofsyntheticMMP-Xs binding
to PA (using proxy protein ES-MS method Ppoxy = Lg), and to NAs (using the proxy

protein/proxy ligandESFMS assayPproxy= Lg, Lproxy= PA) at 25°C and pH 8.5.

Ka(M™)
MMP-X;
PA NA
X=5 (1.8+ 0.5)x 1¢* (3.6+ 0.5)x 10°
X=8 (2.6% 0.5)x 10° (3.9% 0.6)x 1¢*
X=11 (3.7£0.2)x 10° (4.5% 0.5)x 1¢°
X=14 (8.8+0.3)x 10° (7.6 0.7)x 10°

a. Errors correspond to one standard deviation
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Figure captions

Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Structures ofa) extractedMP-X, X = 10 (MMP-10), 11(MMR11), 12 (MMR

12), 13 (MMR13), (b) synthetictMMP-Xs, X = 5 (MMP-55), 8 (MMP-8y), 11

(MMP-11y), 14 (MMP-14y). (c) FAs, m= 12 (MA), 14 (PA), 16(SA); (d) PnA,

and @) representative structuresi®As, R = alkyl group

(a) MALDI massspectrum obtained for solution of MMP mixture in positive ion

mode, (b) ESI mass spectrum obtained doraqueous ammoniumcatate (10

mM, pH 8.5)solutionof extractMMPs (50 uM) in negative ion mode.

ES mass spectrum obtained fagueous ammoniumcatate (10 mM, pH 8.5)
solutionof NAs (160uM) in negative ion mode.

ES mass spectra obtained in negative ion mode for agueous ammonium acetate

(10 mM, pH8.5) solutions of (a) MMR100p M) wi t100pMWA ( mi daz ol
(10 mM); ( b)) MMP ( 75A pMM)O6wWi tM) ,P i miardiec)z ol e (
MMP (75 pM) with PnAmWN9The soliMipn, temperatucka z ol e
for all measurements was 26.

ES mass spectra obtained in negative ion mode for agueous ammonium acetate

(10 mM, pH 8.5) solutions of (a) Lg (12 uM), PA (10 uM), imidazole (10 mM);

(b) Lg (12 uM), PA (10 puM), MMP (65 pM), imidazole (10 mM); and (ty (12

uM), PA (10 pM), MMP (65 pM), M\ (74 uM), imidazole (10 mM). The

solution temperature for all measurements wa¥25
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HO Q
HO HO OH
5 -0
CH30 HO OH o
-0 _
Lev = -
o CH30 )‘\/WL‘%
X
O(CHy)gN3
<& _CClg
TCA= f’éjf
NH
BzO OBz BzO OBz
LevO -Q BzO OBz BzO -Q
CH30 BzO— 0Bz . BzO Q , B BzO— 0Bz
o o) BzO 0O -O
CH30 OTCA CH30
SEt SEt
1 2 3

Scheme 1. Retrosynthetic analysis for MMRgtargets (where X =5, 8, 11 and 14)
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CH,Cl,, 94%
3 O(CHy)gN3 2 ’
BzO OBz
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CH30 BzO OBz
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5 -0
CH30
4
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Scheme 2.

Synthesis of MMP5s and MMR§; targets
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Scheme S1. Synthesis ol-3.
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SEt
s7 SEt S8
CCI5CN,
DBU,
CH,Cly, 78%
BzO OBz
LevO -Q BzO OBz
CH30 BzO— OBz S7,TMSOTf | v0 0
(0] -Q 0 CH30
CH30 CH,Cl;, 69% OTCA
1 S10
SEt
BzO OBz
BzO OBz BzO -0
BzO -0 S7, TMSOTf BzO BzO OBz
_——
BzO CH,Cl,, 77% 0 -Q
OTCA CH30
2 3 SEt

33




Scheme S2. Synthesis oMMP-11,.
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Scheme S3. Synthesis oMMP-14s.
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Synthetic details and characterization of synthetic compounds

General Methods. Reations were carried out in ovedried glassware. All reagents used were
purchased from commercial sources and were used without further purification unless noted.
Reaction solventsvere purified by successive passage through columns of alumina and copper
under nitrogen Unless stated otherwise, all reactions were carried out at room temperature
under a positive pressure of argon and were monitored by TLC on Silica Gg|,60.Z5 mm,

E. Merck). Spots were detected under UV light or by charring wittiifeed p-anisaldehyde
solution in EtOH. Unless otherwise indicated, all column chromatography was performed on
Silica Gel (4660 nM). The ratio between silica gel and crude product ranged from 100 to 50:1
(w/w). Optical rotations were measured at 22 %2 *H NMR spectra were recorded 600

MHz, 500 MHzor 400 MHz and chemical shifts were referenced to either TMS (0.0, gRCI
CD;OD (3.30, CROD) or HOD (4.78,D,0). 'H data were reported as though they were first
order. **C NMR (APT) spectrawererecordedat 125 MHzor 100 MHz and**C chemical shifts

were referenced to internal CQY7.23, CDCY), or CD;0D (48.9, CROD) or external acetone
(31.07,D;0). Assignments of resonances in NMR spectra were done tdilg COSY and
HMQC experiments. Organic solutions were concentrated under vacuum at < 40 °C.
Electrospray mass spectra were recorded on samples suspended in mixtures of THR®@Ith CH
and added NaCl. MALDI mass spectrometry was performed on a Voyager Eliteftitignt
spectrometer o samples suspended in Mydroxy benzoic acid or IAA using the delayed

extraction mode and positiien detection.
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General Procedure I (Glycosylation with Thioglycoside Disaccharide Donors)

The tioglycoside donor and alcohol actapwere dried ungk vacuumovernight and then
dissolved in CHCl,, and powdered 4 A molecular sieves were addétk resulting suspension
was cooled to 0 °C and stirred for 30 min befbkgodosuccinimide and silver triflate were
added. The reaction mixture was stirred@°C for 40 min, slowly warmetb room temperature
and kept stirring for 212 h, until the reaction was complete by TLGnce the reactiowas
finished, the mixture was neutralized withyEt diluted with CHCI,, and filtered through Celite.
The filtrate was washed successively with a saturated aqueouS®$asolution, aqueous
NaHCG; solution, and brine before being dried ¢(§8y) and concentrated. The crude residue

was purified by silica column chromatography (hexaB¢SAc) to afford the desired produc

General Procedure 11 (Removal of Levulinyl Group)

A solution of thelevulinoylatedoligosaccharidend hydrazineacetic acid (4.0 eq.) ia mixture
of THF—CH,CIl—CH3;OH was stirred at ambient temperature fed@ h until the reaction was
complete by TIC. The solvent wagvaporatedand the resulting oil was diluted with EtOAc.
The solution was washed with a saturated aq NaiEo (twice) and brine, dried (Ma0O,) and
concentrated. The crude residue was purified by column chromatogifagtanésEtOAcC) to

afford the correspondingleprotectealigosaccharide.
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General Procedure 111 (Final Deprotection of Benzoyl Groups)

To a solution of benzoylated oligosaccharide in,CHH-CH3;OH (1:1 v:v) was added NaOGH
(0.2 eq.), and the resulting mixture was akal to stir for 16 h at room temperatur@he
reaction was neutralized by the addition of Amberli#® H+ resin, filtered, and concentrated to
dryness. The resulting crudeesiduewas dissolved in water and washed with,CH three to

five times. The aueous solution was lypholized to afford the corresponding final product.

Ethyl  2,6-di-O-benzoyl-4-O-levulinoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-
benzoyl-1-thio-a-D-mannopyranoside (1)
To a solution of imidates10 (1.27 g, 1.97 mmol) and 4,4

OBz
LevO -
thioglycoside acceptds7 (0.95 g, 2.13 mmol) in C¥Cl, CHB&A%& (30
o) -0
CH30

mL) was added TMSOTf (0.07 mL, 0.403 mmol) and .
stirred for2 h at 0°C. The mixture was warmed to room temperature and stirred for another 1 h
before the addition of a few drops of;Et The resulting solution was diluted with @El, (70

mL), washed Wh a saturated ag NaHGGoln (100 mL3 2) and brine (100 mL), ried
(N&SOy) and concentratedlhe crude residue wasurified by column chromatographi2:1,
hexanesEtOAC) to yield 1 (1.26 g, 69%).R 0.28 (2:1,hexanesEtOAC); [a]p +486 (c 0.4,
CHCL); 'H NMR (600 MHz, CDC}, dy) 8.12-8.04 (m, 4 H), 7.997.94 (m, 4 H), 7.637.56 (m,

1 H), 7.55-7.46 (m, 3 H), 7.457.41 (m, 2 H), 7.3%7.29 (m, 4 H), 7.297.24 (m, 2 H), 5.70 (dd,
1H,J=3.0,21Hz, 2’ ), 5. 6J8= 3., 8.5Hz, HR), %62 (dd, 1 HJ = 10.0, 9.8 Hz,
H4' ), 5. 4821(Hd H1'1) H, 5. 481.5(Hd, H1),4.83Hdd, 1 H)=12.0, 1.9

Hz, H-6), 4.57 (dd, 1 H) = 12.0, 4.6 Hz, FB), 4.53 (dd, 1 H})=12.3,22Hz, k6 ' ), 4. 46

1H,J=9.09, 4.6, 1.9 Hz, ¥5), 4.33 (dd, 1 H)=12.3,3.6 Hz, k6 ’ ) ,—4.21 (n2 BH, H4, H-
38
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5' ), 3. 886=98d30,Hz, 3 'H),, 3. 79=92d32, Hz, 3),1B.50 (s, 3 H,
OCHg), 3.45 (s, 3 H, OCH, 2.772.53 (m, 6 H), 2.14 (s, 3 H), 1.36d, 3 H,J = 7.4, 7.3 Hz)

13C NMR (125 MHz, CDGJ, dc) 206.22 (C=0), 171.68 (C=0), 166.09 (C=0), 166.07 (C=0),
165.50 (C=0), 165.35 (C=0), 133.30, 133.23, 133.11, 132.82, 130.12, 129.86, 129.82, 129.76,
129.74, 129.60, 129.49, 128.54, 128.45, 128.34839G1 ' Je1m1 = 175 Hz), 82.57 (Q),

80.77 (G3), 76.79 (G3 ' ) , 75'.)3,0 TAC.6@724 (CR)069.63 (G5), 68.12 (G2 ) ,
6762 (G4’ ), 66,637 (@C), 573, &034 (0CKH38.00, 29.76, 28.02,

25.78, 14.96HRMS (ESI) calcdor (M+Na) GigHs2NaO,6S: 951.2868, found 951.2857.

Ethyl 2,3,4,6-tetra-O-benzoyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-1-

thio-a-D-mannopyranside (3)

Prepared from knowimidate 2 (0.192 g, 0.259 mmol) and Bz0—_ ogz S7
BzO -Q
B z
(0.105 g, 0.235 mmol) in C4&l, (12 mL) with TMSOTF (4.5 Z&%ﬁ O~ %%
CH30
25.9mmol) as described fd, to afford3 (0.185 g 77%)as a SEt  white

foam. R 0.33 (4:1,hexanesEtOAc, two runs):[a]p +5.0 (c 0.5, CHC}); *H NMR (600 MHz,
CDClg, dy) 8.158.09 (m, 2 H), 8.08.03 (m, 2 H), 8.047.98 (m, 4 H), 7.947.93 (m, 2 H),

7.86-7.82 (m, 2 H), 7.667.48 (m, 5 H), 7.467.40 (m, 4 H) 7.40—7.30 (m, 6 H), 7.297.26 (m,

3H),6.18(dd, 1 H)=10.2Hz, H4 "’ ) , 5. 9J31q2d3R2,Hz,#8'H),, 5. 8J%F (dd,

3.2,20Hz, 2’ ), 5. 7JE3.(,d.6Hz ), 5558 (d, 1HJ=2.0Hz,Hl’ ), 5. 46
H,J= 1.6 Hz, H1), 4.85 (dd, 1 H) = 12.1, 1.7 Hz, ¥B), 4.72 (dd, 1 HJ = 12.1, 4.3 Hz, B),

461 (dd,1H)=12.4,26 Hz, k6’ ) ,~4.5B(n§ ®H, 5, H5 ' ) , 4. 4J=14d32, 1
Hz, H6 ' ) , 4. 3J=9.5, 6.2 Hz, Hi), 388 (dd, 1 HJ = 9.2, 31 Hz, H3), 3.51 (s, 3 H,

OCHs), 2.792.64 (m, 2 H), 1.34 (dd, 3 H, = 7.4, 7.2 Hz)2*C NMR (125 MHz, CDG, do)
39
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166.16 (C=0), 166.03 (C=0), 165.69 (C=0), 165.49 (C=0), 165.39 (C=0), 165.13 (C=0),
133.39, 133.33, 133.29, 133.22, 132.89, 129.93, 1292682, 129.78, 129.72, 129.58, 129.39,

129.11, 129.04, 128.56, 128.53, 128.46, 128.43, 128.38, 128.32, 9982 (C, 8D,. 65 ( C
80.65, 76.48, 74.92, 70.31, 70.09, 69.75, 69.72, 66.54, 63.40, 62.64, 57.49,(CE82, 15.00.

HRMS (ESI) calcd for (M+Nals7Hso,NaOsS: 1047.2868, found 1047.2856.

8-Azidooctyl 2,6-di-O-benzoyl-4-O-levulinoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-
di-O-benzoyl-a-D-mannopyranoside (4)
Prepared froml (0.403 g, 0.434 mmol), -8zido  g,0

OBz
LevO -Q

octanol (0.111 g, 0.651 mmol), NIS (0.123 g, 0.525'*3& BzO— 0Bz
(0]

-0
CH30

mmol) and silver triflate (18 mg, @&mol) as described O(CH)eNs in
General Procedure | tafford 4 (0.378 g, 84%)R: 0.49 (3:1,hexanesEtOAc); [a]p +10.7 (c

0.3, CHCL,); *H NMR (600 MHz, CDC}, dv) 8.13-8.04 (m, 4 H), 7.987.92 (m, 4 H), 7.6%

7.57 (m, 1 H), 7.537.41 (m, 5 H), 7.367.24 (m, 6 H), 5.70 (dd, 1 H,=3.0,20Hz, 2’ ), 5. 60
(dd, 1 H,J=10.0,9.8 Hz, ¥4 ' ) , 5. 5X=3Q,d.d Hz, ¥), 348 (d, 1 HJ = 2.0 Hz,

H-1' ), 4. 931.7Ht, H1)14.85(dd, 1 H) = 11.9, 2.0 Hz, b), 4.554.50 (M, 2 H,

H-6 ' :6), 433 (dd, 1 HJ=12.3,3.6 Hz, 6 ' ), 4, 1H4=100,8.6, 2.8Hz,+" ) ,
4.21 (dd, 1 HJ=19.8, 9.6, H4), 4.05 (ddd, 1 H) = 9.6, 4.5, 2.0 Hz, ¥b), 3.8/3.84 (m, 2 H, H

3, H3' ), 3. 71=0.4d,689,6.9 Hz, ¢ttyl OGH 3.523.46 (m, 4 H, octyl OCH
OCHg), 3.44 (s, 3 H, OCHJ, 3.27 (dd, 2 HJ = 6.9 Hz, NCH,), 2.752.73 (m, 2 H), 2.652.56

(m, 2 H), 2.14 (s, 3 H), 1.68.57 (M, 4 H), 1.421.27 (m, 8 H)**C NMR (125 MHz, CDGJ, dc)
206.23 (C=0), 171.69 (C=0), 166.12 (C=0), 166.08 (C=0), 165.61 (C=0), 165.35 (C=0),

133.24, 1322, 133.10, 132.82, 130.12, 129.86, 129.81, 129.77, 129.74, 129.62, 129.51, 128.55,
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128.42, 128.34, 99.84(C"’ ) , 917Jc1718 170 Bz), 80.15 (€3), 7648 (G3° ), 74. 06 (
4),70.02(C5° ) , 659 6838 (octyldOCH), 68.12 (G2 ) , 62B676BD(CLA'C), 63. 39
(C-6),6273(c6' ), 57.76, 57.26, 51.47, 38.00, 29.76

26.0Q HRMS (ESI) calcd for (M+Na) §&HgsNsNaO;7: 1060.4050, found 1060.4048.

8-Azidooctyl 2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-a-

D-mannopyranoside (5)

HO
CH30

acetate (0.127 g, 1.39 mmol) in THEH,Cl—CH3;0OH S 5 5

CH30
mL/4 mL/1 mL) as described in General Procedure II, O(CHy)gN3 to

Prepared from# (0.362 g, 0.349 mmol) and hydrazineszo— os;
-O
/gg BzO OBz

afford 5 (0.249 g,76%). R 0.30 (2:1,hexanesEtOAC); [a]p +101 (c 0.4, CHCL); *H NMR

(500 MHz, CDC}, dy) 8.15-8.05 (m, 4 H), 7.997.94 (m, 2 H), 7.967.86 (m, 2 H), 7.627.35

(m, 8 H), 7.337.28 (m, 2 H), 7.227.17 (m, 2 H), 5.67 (dd, 1 H,=2.9, 1.9 Hz, 2’ ) , (dd5 . 57
1H,J=3.2,18Hz, H),546 (d, 1HJ=19Hz, H1" ) , 4. 9#41.8Hd, H1)14.8H,

480 (M, 2H, H6, H6 "' ), 4. 55 11.9 415 Hz,¥6),H.44 (dd, 1 H) = 12.2, 1.9 Hz,

H-6' ), 4J=235, 9 #id t4), 4.164.00 (M3 H, H5 H5"' ;4'H, 3.8%= (dd,
9.2,3.2 Hz, H3), 3.763.69 (M, 2H, H3* , 0 c4), $.533.46GrH, 7 H, OChl OCHs, octyl

OCH,), 3.27 (dd, 2 HJ = 6.9, 6.9 Hz, octyl ACH,), 2.86 (d, 1 HJ = 2.8 Hz, OH), 1.681.58

(m, 4 H), 1.421.29 (m, 8H); **C NMR (125 MHz, CDGJ, dc) 166.91 (C=0), 166.13 (C=0),
165.61 (C=0), 165.22 (C=0), 133.23, 133.16, 133.11, 133.07, 129.92, 129.83, 129.79, 129.75,
129.62, 129.56, 128.53, 128.43, 128.28, 100.13 (C) ,  91J, 8022 (C8),78.77 (G3 ' ) ,

7648 (G4’ ) , 743,720 (CbC) , 62X, 6849 (o¢tyCOCH), 6803 (G2’ ), 67. 68
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(C-5),66.30(G6),63.38(C6" ) , S57. 49, 3CH)72939 29.25% 29.09 38.8%, R6.69,

26.03. HRMS (ESI) calcd for (M+Na)i6H15N:0,7: 962.3682, found 962657,

8-Azidooctyl 2,6-di-O-benzoyl-4-O-levulinoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-
di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-

mannopyranosyl-(1—4)-2,6-di-O-benzoyl-a-D-mannopyranoside (6)

Prepared from acceptod (0.173 0, g0 o, 0.184
LevO -Q
mmol), donorl (0.222 g, 0.239 mol), CHS&R 820 g8z NIS
OTcHs0 Bz0—  Ogg
(70 mg, 0.294 mmol) and silver triflate o -0 (7
3
2
mg, 27 nmol) in CHCI, (15 mL) as O(CH2)sNs

described in General Procedure | to affér@.286 g, 86%)R; 0.27 (3:2,hexanesEtOAQ); [a]p
+23.5(c 0.2, CHC}); *H NMR (500 MHz, CDC}, dy) 8.19-8.07 (m, 4 H), 85-8.01 (m, 4 H),
8.00-7.86 (m, 8 H), 7.657.59 (m, 1 H), 7.5%7.43 (m, 9 H), 7.447.36 (m, 2 H), 7.367.30 (m,

6 H), 7.287.18 (m, 6 H), 5.745.68 (m, 3 H), 5.64 (dd, 1 H,= 10.0, 9.8 Hz, Hid), 5.58 (dd, 1
H,J=3.2, 1.9 Hz, F2a), 5.525.45 (m, 3 HH-13 3), 4.96 (d, 1 H) = 1.7 Hz, H1), 4.84 (dd, 1
H,J=11.9, 1.9 Hz), 4.67 (dd, 1 H,= 12.2, 1.6 Hz), 4.64.51 (m, 3 H), 4.47 (dd, 1 H},=
12.3, 2.6 Hz), 4.39 (dd, 1 H,= 12.4, 2.2 Hz), 4.344.30 (m, 2 H), 4.2%.15 (m, 3 H), 4.10 (m,

3 H), 3.%-3.85 (m, 4 H, H33 4), 3.74 (ddd, 1 HJ) = 9.8, 6.8, 6.8 Hz, octyl OCH 3.56 (s, 3
H), 3.54 (s, 3 H), 3.50 (m, 7 H, OG2, octyl OCH), 3.28 (dd, 2 HJ = 7.0, 6.9 Hz, octyl
N3CHy), 2.772.70 (m, 5 H), 2.7€2.54 (m, 2 H), 2.13 (s, 3 H), 17057 (m,4 H), 1.45-1.28
(m, 8 H);**C NMR (125 MHz, CDQ, dc) 206.20 (C=0), 171.62 (C=0), 166.39 (C=0), 166.10
(C=0), 165.99 (C=0), 165.90 (C=0), 165.60 (C=0), 165.38 (C=0), 165.27 (C=0), 165.22

(C=0), 133.36, 133.28, 133.19, 133.15, 133.10, 133.04, 132.71, 130.22, 129.84, 129.77, 129.74,
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129.67, 129.54, 128.63,28.59, 128.50, 128.45, 128.38, 128.35, 128.29, 99.97, 99.7), (
97.83, 80.21, 80.06, 79.93, 76.49, 74.16, 73%02)( 70.55, 70.50, 69.90, 69.21, 68.54 (octyl
OCH,), 68.21, 68.02, 67.77, 67.71, 67.52, 63.48, 63.07, 62.91, 62.47, 57.86,52)28723,

51.47 (octyl NCHy), 38.02, 29.77, 29.59, 29.40, 29.26, 29.08, 28.86, 28.05, 26.69, 26.00.

HRMS (ESI) calcd for (M+Na) 6H10aN3sNaOs1: 1828.6468, found 1828.6423.

8-Azidooctyl 2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-
O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosy|-

(1—4)-2,6-di-O-benzoyl-a-D-mannopyranoside (7)

Prepared fromb (0.271 g, 0.15 mmol) B20— o and
-0
hydrazine acetate (27.6 mg, 0.80nol) 3403&% BzO— 0Bz in
.0
OTcH;0
THF-CH,Cl,CH:OH (6 mL/6 mL/1 : 1] 2\ 9% mL)
CH30
as described in General Procedure I, to ? O(CH,)gN3

afford 7 (0.211 g, 82%)R; 0.18 (7:3,hexanesEtOAC); [a]p +321 (c 0.2, CHCL,); *H NMR
(500 MHz, CDC}, dy) 8.18-7.83 (m, 16 H), 7.647.42 (m, 10 H), 7.4%7.30 (m, 8 B, 7.28-7.20
(m, 4 H), 7.197.14 (m, 2 H), 5.73.68 (m, 3 H), 5.58 (dd, 1 H,= 3.2, 1.9 Hz), 5.56.48 (m,
2 H), 5.47 (d, 1 HJ = 1.8 Hz), 4.96 (d, 1 H] = 1.7 Hz), 4.85 (dd, 1 H = 11.9, 1.9 Hz), 4.80
(dd, 1 H,J=12.3, 2.5 Hz), 4.68 (dd, 1 H=12.2, 1.7 Hz), 4.624.55 (m, 3 H), 4.46 (dd, 1 H,
= 12.3, 2.8 Hz), 4.34.30 (m, 2 H), 4.27 (dd, 1 H,= 12.3, 2.0 Hz), 4.22 (dd, 1 H,= 9.6, 9.5
Hz), 4.194.16 (m, 1 H), 4.124.05 (m, 2 H), 4.02 (dd, 1 B,= 9.6, 3.0 Hz), 3.983.85 (m, 4 H),
3.79 (d, 1 H,J= 9.4, 3.0 Hz), 3.73 (ddd, 1 H= 9.7, 6.8 Hz, octyl OCH), 3.57 (s, 3 H), 3.55
3.46 (m, 10 H, OCEP 3, octyl OCH), 3.28 (dd, 2 HJ = 6.9 Hz, octyl NCH,), 2.84 (d, 1 H]) =

3.0 Hz, OH), 1.681.59 (m, 4 H), 1.441.28 (m, 8 H);**C NMR (125MHz, CDCk, dc) 166.85
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(C=0), 166.35 (C=0), 166.03 (C=0), 165.90 (C=0), 165.62 (C=0), 165.29 (C=0), 165.25
(C=0), 165.24 (C=0), 133.36, 133.28, 133.15, 133.09, 132.98, 129.91, 129.78, 129.75, 129.60,
129.54, 128.64, 128.58, 128.46, 128.38, 128.24, 99.9],(99.65,97.82, 80.20, 80.05, 79.97,
78.60, 76.48, 74.16, 72.97, 72.93, 72.18, 70.60, 70.54, 69.23, 68.53 (octy), B2, 67.83,

67.71, 66.21, 63.45, 63.18, 63.06, 62.93, 57.60 (QCHV.31 (OCH), 57.28 (OCH), 57.21
(OCHg), 51.48 (octyl NCH,), 29.41, 29.2729.09, 28.86, 26.70, 26.01. HRMS (ESI) calcd for

(M+Na) CyzaHg7N3naO20: 1730.6100, found 1730.6065.
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8-Azidooctyl 2,3,4,6-tetra-O-benzoyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-
methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-
(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-a-D-

mannopyranoside (8)

To a solution of known imiate 2 (26.1 mg,

BzO— o8z
35.2 mmol) and acceptoZ (30.1 mg, BZ&&% B20— oy 17.6

0
(0]
mmol) in CHCl, (3 mL) was added CHs0 RN 4
o CHs0

TMSOTf (1.23 nmL, 7.04 mmol) and O(CHz)gN3

stirred for2 hat 0°C. The mixture was warmed to room temperature and stirred for another 3 h
before the addition of a few dropsB§N. The resulting solution wasoncentrated antthe crude
residue wasgurified by chromatography7:3, hexanesEtOAC) to yield 8 (28.6 mg, 72%)R
0.32 (7:3,hexanesEtOAc, two runs);[a]p +16.6(c 0.4, CHC}); *H NMR (600 MHz, CDC},
dy) 8.20-7.81 (M, 24 H), 7.647.20 (m, 36 H), 6.20 (dd, 1 H,= 10.2, 10.1 Hz, Hie), 5.93 (dd,
1H,J=10.2, 3.1 Hz, FBe), 5.88 (dd, 1 H} = 3.1, 1.9 Hz, Fe), 5.865.77 (m, 1 H), 5.765.72
(m, 2 H),5.59 (dd, 1 HJ = 3.2, 1.9 Hz), 5.56 (d, 1 H,= 1.9 Hz, H1e), 5.50 (d, 1 HJ) = 1.8
Hz, H1), 5.495.46 (m, 2 H, H13 2), 4.96 (d, 1 HJ = 1.7 Hz, H1), 4.90 (dd, 1 HJ = 11.9, 1.9
Hz), 4.81 (dd, 1 H) = 12.1, 1.6 Hz), 4.74.59 (m, 6 H), 4.54 (dd, H,J = 12.4, 2.5 Hz), 4.47
4.45 (m, 1 H), 4.404.32 (m, 4 H), 4.264.19 (m, 4 H), 4.11 (ddd, 1 H,= 9.9, 4.5, 1.9 Hz), 4.04
(dd, 1 H,J = 9.4, 3.1 Hz), 3.97 (dd, 1 B,= 9.4, 3.1 Hz), 3.93 (dd, 1 H,= 9.4, 3.1 Hz), 3.89
(dd, 1 H,J=9.2, 3.2 Hz), ¥4 (ddd, 1 HJ) =9.8, 6.9, 6.9 Hz, octyl OCH 3.61 (s, 3 H, OC}J,
3.58 (s, 3 H, OCHh), 3.56 (s, 3 H, OC}h}, 3.55-3.47 (m, 4 H, OCHl octyl OCH), 3.28 (dd, 2 H,
J= 6.9 Hz, octyl NCH,), 1.69-1.54 (m, 4 H), 1.431.29 (m, 8 H):*C NMR (125 MHz, CDG,

do) 166.29 (C=0), 166.01 (C=0), 165.95 (C=03), 165.62 (C=0), 165.45 (C=0O), 165.39
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(C=0), 165.26 (C=0), 165.23 (C=© 2), 165.12 (C=0), 133.31, 133.26, 133.24, 133.09,
133.07, 132.99, 132.77, 130.04, 129.93, 129.89, 129.86, 129.83, 129.78, 129.72, 105

129.53, 129.48, 129.26, 129.10, 128.64, 128.58, 128.52, 128.48, 128.44, 128.40, 128.33, 128.27,
100.13 (G1), 100.00 (€l), 99.92 (C1), 99.86 (C1), 97.81 (C1), 80.18, 80.00, 79.86, 79.69,
76.48, 74.26, 74.15, 73.73, 73.50, 70.74, 70.62, 70GB1, 70.19, 69.98, 69.31, 68.51 (octyl
OCH,), 68.01, 67.84, 67.81, 67.70, 66.44, 63.39, 629E)( 62.50, 57.37 (OCH|, 57.30

(OCHg), 57.27 (OCH), 57.24 (OCH), 51.47 (octyl NCH,), 29.40, 29.27, 29.08, 28.86, 26.69,

26.00. HRMS (ESI) calcd for (M+N&C;26H12aN3NaGsg: 2308.7677, found 2308.7618.

8-Azidooctyl 2,6-di-O-benzoyl-4-O-levulinoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-
di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-
mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-
O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-a-D-
mannopyranoside (9).

Prepared from acceptor (0.158 g, Bzo— opg,

Levoﬁ
0.0925 mmol), donot (0.112 g, 0.120 " B20— o8z

O7TcH,0 BzO— 0By

mmol), NIS (35 mg, 0.148 mmol) and Q silver

OTchs0
4
O(CHa)gN3

triflate (5 nmg, 19 nmol) in CHCI, (15 mL)
as described in General Procedure | to affor@.233 g, 98%)R: 0.29 (3:2,hexanesEtOAC,
two runs);[a]p +44.4(c 0.2, CHCl); 'H NMR (600 MHz, CDC}, dy) 8.21-7.85 (m, 24 H),
7.66-7.17 (m, 36 H), 5.76.70 (m, 5 H, H2 3 5), 5.65 (dd, 1 HJ = 10.0 Hz, H4g), 5.60 (dd, 1
H,J=3.1, 1.9 Hz, H), 5.525.47 (m, 5 H, H13 5), 4.98 (d, 1 HJ = 1.6 Hz, H1), 4.83 (dd, 1

H,J=11.7, 1.7 Hz, FBg), 4.684.44 (m, 9 H), 4.434.29 (m, 5 H), 4.284.17 (m, 3H), 4.14-
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4.03 (m, 5 B, 4.06-3.87 (m, 5 H), 3.75 (ddd, 1 H,= 9.7, 6.9 Hz, octyl OC}), 3.62-3.59 (m, 9

H, OCH® 3), 3.55 (s, 3 H, OCH), 3.55-3.49 (m, 7 H, OChE 2, octyl OCH), 3.29 (dd, 2 HJ

= 6.9 Hz, octyl NCHy), 2.80-2.69 (m, 2 H), 2.682.55 (m, 2 H), 2.14 (s, 3 H1.70-1.59 (m, 4

H), 1.45-1.27 (m, 8 H) *C NMR (125 MHz, CDCJ, dc) 206.20 (C=0), 171.63 (C=0), 166.48
(C=0), 166.29 (C=0), 166.17 (C=0), 166.00 (C&Q), 165.87 (C=0), 165.61 (C=0), 165.34
(C=0), 165.23 (C=0), 165.21 (C=© 3), 133.44, 133.31, 133.2133.16, 133.12, 133.08,
133.03, 132.98, 132.68, 130.25, 129.85, 129.83, 129.78, 129.77, 129.75, 129.73, 129.63, 129.60,
129.55, 128.69, 128.64, 128.59, 128.55, 128.48, 128.40, 128.37, 128.34, 128.33, 128.28, 99.98
(C-1), 99.91 (Gl), 99.84 (Cl), 99.81 (Cl), 99.78 (Cl), 97.86 (Cl), 80.25, 80.09, 79.97,

79.91, 79.88, 76.51, 74.08, 73.242), 73.12 ¥ 2), 73.03, 70.46%(4), 69.87, 69.17, 68.55 (octyl
OCHp), 68.18, 68.04, 67.82 (2), 67.74, 67.51, 63.51, 63.11, 62.91, 62.82) 62.47, 57.87
(OCHs), 57.37 (OCH), 57.35 (OCH), 57.31 (OCH), 57.30 (OCH), 57.27 (OCH), 51.48,

38.04, 29.78, 29.41, 29.27, 29.09, 28.86, 28.08, 26.70, 26.01. HRMS (ESI) calcd for (M+Na)

Ci3dH143N3045Na: 2596.8886, found 2596.8861
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8-Azidooctyl 2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-
O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosy|-
(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-

methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-a-D-mannopyranoside (10).

Prepared fron® (0.220 g,0.0854 mmol) 5 and
z0 OBz
o -O
hydrazine acetate (25 mg, 0.27 mmol) %3&% BzO— 0Bz
-O
OTcHs0 BzO— 0By
THFCH.CI,CH;OH (6 mL4 mL1 .\ 0 mL)
CH30
4
as described in General Procedure I, to O(CHp)gN3

afford 10 (0.194 g, 92%)R; 0.29 (3:2,hexanesEtOAC); [a]p +44.7 (c 0.2, CHCE); *H NMR

(600 MHz, CDC}, d) 8.20-7.84 (m, 24 H), 7.667.14 (m, 36 H), 5.76.70 (m, 5 H, H235),

5.60 (dd, 1 HJ = 3.0, 1.8 Hz, H), 5.525.49 (m, 5 H, H135), 4.98 (d, 1 HJ = 1.8 Hz, H1),

4.84 (dd, 1 HJ = 11.9, 1.7 Hz, k), 4.81 (dd, H, J= 12.2, 2.4 Hz, b), 4.674.63 (m, 3 H),
4.60-4.43 (M, 6 H), 4.384.32 (M, 4 H), 4.284.24 (m, 2 H), 4.234.18 (m, 1 H), 4.144.01 (m,

5 H), 4.08-3.88 (m, 6 H), 3.80 (dd, 1 H,= 9.5, 3.0 Hz), 3.75 (ddd, 1 H,= 9.6, 6.8, 6.8 Hz,

octyl OCH), 3.613.59 (m, 6 H, OCHI® 2), 3.58 (s, 3 H, OC}), 3.56-3.48 (m, 11 H, octyl
OCH,, OCH;3® 3), 3.29 (dd, 1 HJ = 7.0, 6.9 Hz, octyl NCH,), 2.84 (d, 1 HJ = 3.0 Hz, OH),
1.70-1.59 (m, 4 H), 1.441.32 (m, 8 H)*C NMR (125 MHz, CDC}, dc) 166.83 (C=0), 166.47
(C=0), 166.27 (C=0), 166.12 (C=0), 165.91 (C=0), 165.88 (C=0), 165.61 (C=0), 165.25
(C=0), 165.22 (C=0), 133.43, 133.30, 133.27, 133.16, 133.13, 133.07, 133.04, 133.00, 132.96,
132.92, 129.96, 129.93, 129. 83, 129.78, 129.75, 92929.61, 129.55, 128.69, 128.64, 128.59,
128.53, 128.45, 128.40, 128.37, 128.34, 128.33, 128.23, 100-08 £0.98 (C1), 99.86 (CL),

99.82 (G1), 99.76 (G1), 97.86 (Cl), 80.25, 80.09, 79.97, 79.92 p), 78.62, 76.49, 74.08,
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73.09 ¢ 2), 73.03, 788, 72.16, 70.493(3), 69.19, 68.55 (octyl OCH| 68.04, 67.87, 67.85,
67.82, 67.79, 67.74, 66.20, 63.50, 63.19, 63.11, 62.99,(62.83, 57.62, 57.40, 57.30, 57.27,
51.48 (octyl NCH,), 29.41, 29.27, 29.09, 28.86, 26.70, 26.01. HRMS (ESI) calcd foN@yl+

C13H13/N3043Na: 2498.8518, found 2498.8421.

8-Azidooctyl 2,3,4,6-tetra-O-benzoyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-
methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-
(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-
methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-
(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-a-D-
mannopyranoside (11).

Prepared from dono8 (41 mg, 0.040
BzO OBz
mmd), acceptor 10 (0.040 g, 0.016 BZBOZ&&' BzO— 0By

-0
0o CH3O BZO OBz
0 -0
CH30
triflate (2 mg) in CHCl, (5 mL) as ® O(CHsNs

mmol), NIS (12 mg, 0.051 mmol) and silver
described in General Procedure | to affbtd52 mg, 94%)R; 0.26 (3:2,hexanesEtOAQ); [a]p
+452 (c 0.6, CHCl,); 'H NMR (500 MHz, CDC}4, dyy) 8.217.82 (m, 36 H), 7.6%7.15 (m, 54
H), 6.21 (dd, 1 HJ = 10.1, 10.0 Hz, H1), 5.95 (dd, 1 HJ = 10.1, 3.2 Hz, FB), 5.915.88 (m, 1
H, H-2), 5.825.79 (m, 2 H, H23 2), 5.785.71 (m, 4 H, H234), 5.60 (dd, 1 HJ = 3.1, 1.9 Hz,
H-2), 5.57 (d, 1 HJ = 1.7 Hz, H1), 5.535.46 (m, 6 H, H136), 4.98 (d, 1 HJ = 1.6 Hz, H1),
4.85 (dd, 1 HJ) = 11.8, 1.6 Hz), 4.781.45 (m, 16 H), 4.42.33 (m, 7 H), 4.294.16 (m, 5 H),
4.15-3.87 (m, 11 H), 3.868.72 (ddd, 1 HJ = 9.8, 6.8, 6.8 Hz, octyl OCH 3.64 (s,3 H,

OCHy), 3.62 (s, 3 H, OCH), 3.61-3.59 (m, 6 H, OCH® 2), 3.58 (s, 3 H, OCH, 3.56 (s, 3 H,
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OCHg), 3.55-3.48 (m, 4 H, octyl OCk OCH), 3.29 (dd, 2 HJ = 7.0, 6.9 Hz, octyl BCH,),
1.77-1.53 (m, 4 H), 1.391.29 (m, 8 H);*C NMR (125 MHz, CDCJ, dc) 166.49 (C=0), 166.31

(C=0), 166.18 (C=0), 166.01 (C=0), 166.00 (C=0), 165.96 (€=Z), 165.95 (C=0), 165.82
(C=0), 165.62 (C=0), 165.41 (C=0), 165.35 (C=0), 165.26 (€=X), 165.23 (C=0), 165.22
(C=0), 165.19 (C=0), 165.10 (C=0), 133.45, 133.31, 133133.19, 133.13, 133.06, 132.99,
132.95, 132.75, 130.06, 130.01, 129.94, 129.83, 129.79, 129.73, 129.71, 129.63, 129.59, 129.55,
129.32, 129.12, 128.71, 128.67, 128.63, 128.57, 128.54, 128.51, 128.48, 128.40, 128.38, 128.33,
128.25, 100.18 (@), 99.98 C-1), 99.92 (G1), 99.88 (C1 3 2), 99.81 (G13 2), 97.86 (G1),

80.27, 80.13, 80.03, 79.93, 79.90, 79.85, 79.67, 76.50, 74.16, 74.06, 73.78, 73.15, 73.03, 70.65,
70.54 ¢ 2), 70.49¢ 3), 70.36, 70.16, 69.95, 69.20%), 68.56 (octyl OCh), 68.05, 67.913 2),

67.84 ¢ 3), 67.76, 66.51, 63.51, 63.10, 63.01, 62.95, 62.93, 62.78,(62.52, 57.43, 57.42,

57.39, 57.37, 57.38 (2), 57.28, 51.48 (octyl CH,), 36.65, 29.42, 29.28, 29.09, 28.87, 26.70,
26.02, 24.71, 23.36. HRMS (ESI) calcd for (M+2Najsd1sNsOsoNay: 1742.0598, found

1742.0643.

Methyl 2,4,6-tri-O-benzoyl-3-O-methyl-a-D-mannopyranoside (S3)

To a solution 0623 (70 mmol) in pyridine (100 mL) was slowly addedg,, OBy

benzoyl chloride (25 mL, 215 mmol) at°C. The resulting squtionBCZF('js'O ’OOCH was
warmed 6 room temperature and stirred overnight. The reaction mixture was sIO\ijy poured to a
mixture of NaCQO; (12 g) and water/ice (500 mL) and then extracted with@H600 mL). The
organic layer was washed withsaturated ag NaHGGoln (300 mL3 2) and bnme (300 mL),

dried (NaSQy) and concentrated. The crude residue was purified by column chromatography
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(3:1 hexanesEtOAC) to affordS3 (35.07 g, 96%) asa yellowish syrup;R;0.32 (3:1,hexanes
EtOAC); [a]o - 15.0 € 0.2, CHCE); 'H NMR (500 MHz,CDCl, dyj) 8.17-8.01 (m, 6 H), 7.64
7.50 (m, 3 H), 7.527.30 (m, 6 H), 5.83 (dd, 1 H,= 9.9, 9.9 Hz, H4), 5.65 (dd, 1 H,J = 3.3,

1.8 Hz, H2), 4.94 (d, 1 H) = 1.8 Hz, H1), 4.70 (dd, 1 HJ = 12.1, 2.7 Hz, k), 4.43 (dd, 1 H,
J=12.1, 4.9 Hz, Fb), 4.26 (ddd, 1 H) = 9.9, 4.9, 2.7 Hz, ¥b), 3.99 (dd, 1 HJ = 9.9, 3.3 Hz,
H-2), 3.49 (s, 3 H), 3.39 (s, 3 HFC NMR (125 MHz, CDGJ, dc) 166.24 (C=0), 165.75 (C=0),
165.48 (C=0), 133.32, 133.31, 133.02, 129.929.96, 129.86, 129.81, 129.77, 129.65, 129.56,
128.48, 128.42, 98.96 (0), 77.31 (C3), 68.79 (C5), 68.56 (C4), 68.38 (C2), 63.24 (C6),
57.96 (OCH), 55.45 (OCH). HRMS (ESI) calcd for (M+Na) &HosNaOy: 543.1626, found

543.1624.

1-O-acetyl-2,4,6-tri-O-benzoyl-3-O-methyl-a/b-D-mannopyranose (S4)

A solution of S3 in CH)Cl, (66 mL) was treated with acetic B20— op
z

anhydride (30 mL), acidic acid (11 mL), and sulfuric acid (1.0 mEno N . The
c
mixture was stirred at room temperature for 20 h, slowly poured into a mixture©ONELS g)
and water/ice (500 mL), and extracted with LH (600 mL). The organi¢ayer was washed
with a saturated aq NaHCQOsoln (400 mL3 2) and brine (300 mL), dried (MaO;) and
concentrated. The crude residue was purified by chromatogréjihyekanesEtOAc) to afford
S4 (29.78 g, 84%ps a whitdoam; R 0.25 (3:1,hexanesEtOAC); *H NMR (500 MHz, CDC},
dv) 8.09-8.04 (m, 6 H), 7.667.53 (M, 3 H), 7.487.41 (m, 3 H), 7.447.35 (m, 3 H), 6.32 (d, 1
H, J = 2.1 Hz, H1), 5.90 (dd, 1 H) = 9.9, 9.8 Hz, H4), 5.67 (dd, 1 HJ = 3.2, 2.3 Hz, k),
4.67 (dd, 1 HJ = 12.2, 2.7 Hz, ¥B), 4.40 (dd, 1 HJ = 12.2,4.2 Hz, H6), 4.364.31 (m, 1 H,

H-5), 4.00 (dd, 1 HJ = 9.8, 3.2 Hz, HB), 3.42 (s, 3 H), 2.23 (s, 3 HC NMR (125 MHz,
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CDCl;, dc) 168.16 (C=0), 166.17 (C=0), 165.43 (C=0), 165.29 (C=0), 133.49, 133.41, 133.03,
130.05, 130.02, 129.90, 129.86, 129.799.46, 129.23, 128.58, 128.53, 128.50, 128.41, 91.14
(C-1), 77.22 (G3), 70.90 (G5), 67.93 (G4), 67.39 (C2), 62.76 (C6), 58.16 (OCH), 20.99
(CH3). HRMS (ESI) calcd for (M+Na) §H2sNaO1o: 571.1575 found 571.1573(Note: the

product is the anomericirture and the reported data is of the major anomer.)

Ethyl 2,4,6-tri-O-benzoyl-3-O-methyl-1-thio-a-D-mannopyranoside (S5)

To a solution 0fS4 (29.78 g, 54.3 mmol) and ethanethiol (4.3 mL, 59.8z0— g,

mmol) in CHCI, (300 mL) was slowly addeBF;-OEt (27.5 mL, 217 BCZ%&%E

mmol) at0 °C. The reaction mixture was warmed to room temperaturestimdd overnight
The resulting mixture was diluted with @El> (300 mL) and washed witla saturated aq
NaHCG; soln (500 mL3 3) and brine (500 mL), dried (M&0O,) and concentratedhe crude oil
was carried forward to the next step. ~ 80 mg of crude waBqouby column chromatography
(4:1, hexanesEtOAC) to yield S5 as a whitefoam for analysisR: 0.44 (3:1,hexanesEtOAC);
[a]p + 4 8(c 014, CHCh); *H NMR (500 MHz, CDC}4, dn) 8.11-8.06 (m, 6 H), 7.667.53 (m, 3
H), 7.48-7.43 (m, 2 H), 7.427.35 (m, 4 H), 5.85 (dd, 1 KB,= 9.8, 9.7 Hz, H4), 5.74 (dd, 1 HJ

= 3.2, 1.7 Hz, M), 5.51 (d, 1 HJ = 1.7 Hz, H1), 4.76-4.63 (m,2 H, H6, H-5), 4.45 (dd,] =
12.4, 5.2 Hz, 1 H, ¥6), 3.92 (dd, 1 HJ = 9.7, 3.2 Hz, HB), 3.38 (s, 3 H), 2.8@2.63 (m, 2 H),
1.32 (dd,J = 7.4, 7.4 Hz, 3 H)**C NMR (125 MHz, CDJ, dc) 166.20 (C=0), 165.69 (C=0),
165.47 (C=0), 133.35, 133.01, 129.929.89, 129.76, 129.58, 128.49, 128.39, 82.611)C
78.01 (G3), 70.22 (G2), 69.30 (G5), 68.76 (C4), 63.19 (G6), 57.99 (OCH), 25.76 (SCH),

14.94 (CH). HRMS (ESI) calcd for (M+Na) gHsoNaOsS: 573.1554 found 573.1552.
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Ethyl 3-O-methyl-1-thio-a-D-mannopyranoside (S6)

HO
CH30

To asolution of crudes5 (54.3 mmol) in CHCI, (150 mL) and CHOH H%o& (150
mL) was addedNaOCH; solution (0.2 eq.and the resulting mixture was

SEt

stirred at room temperatum/ernight. The reaction was neutralized with dropsi@tlic acid

concentrated, and purified by chromatographyl, CH,Cl,—CH3;OH) to yield S6 (9.68 g, 75%
over two steps) as colorless syrupR: 0.71 (4:1, CH,Cl,—CH3;OH); [a]p + 209.8 (c 0.4,

CH3OH); *H NMR (600 MHz, CROD, dy) 5.28 (d, 1 HJ = 1.5 Hz, H1), 4.10 (dd, 1 HJ = 3.2,
1.5 Hz, H2), 3.90 (ddd, 1 HJ = 9.8, 5.8, 2.4 Hz, ), 3.80 (dd, 1 HJ = 11.9, 2.4 Hz, Fb),

3.72-3.69 (M, 2 H, H6, H-4), 3.42 (s, 3 H), 29 (dd, 1 HJ = 9.4, 3.2 Hz, HB), 2.72-2.56 (m, 2
H, SCH), 1.28 (dd, 3 HJ = 7.4, 7.4 Hz, Ch); *C NMR (150 MHz, CROD, dc) 84.40 (G1),

81.47 (G3), 73.41 (G5), 68.22 (C2), 66.31 (C4), 61.35 (C6), 55.98 (OCH), 24.40 (SCH),

13.86 (CH). HRMS (ESI) calcd for (M+Na) GH:1sNaOsS: 261.0767, found 261.0767.

Ethyl 2,6-di-O-benzoyl-3-O-methyl-1-thio-a-D-mannopyranoside (S7)

To a solution ofS6 (7.87 g, 33 mmol) in pyridine (40 mL) and gEl, (200

BzO OBz
mL) was slowly added benzoyl chloride (9.0 mL, 7ihat) between- 5'}?30 2 20°C

to —10 °C over the course of 5 The reaction mixture was then stirred at room tSeE:nperature for
12 h and quenched by addition of methanol (1 mIje resulting solution was diluted with
CH.Cl, (300 mL) andslowly poured into a mixter of NaCOs; (8 g) and water/ice (400 mL).
The organidayer was washed with saturated ag NaHCGsoln (300 mL3 2) and brine (300
mL), dried (NaSQ,) and concentrated. The crude residue was purified by column
chromatography3:1 hexanesEtOAC) to affordS7 (10.91 g, 74%gas a whitdoam; R;0.26 (3:1,

hexanesEtOAC); [a]p +0.0 € 0.3, CHC); *H NMR (500 MHz, CDC}, dj) 8.12-8.08 (m, 2 H),
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8.00-7.95 (m, 2 H), 7.627.56 (m, 1 H), 7.557.50 (m, 1 H), 7.467.40 (m, 2 H), 7.337.27 (m,
2 H), 5.66 (dd, 1 H) = 3.1, 1.5 Hz, F2), 5.44 (d, 1 HJ = 1.5 Hz, H1), 4.81 (dd, 1 HJ = 12.0,
4.4 Hz, H6), 4.60 (dd, 1 HJ = 12.0, 2.1 Hz, FB), 4.38 (ddd, 1 H) = 9.9, 4.4, 2.1 Hz, ),
4.08 (dd, 1 HJ = 9.9, 9.6 Hz, H4), 3.63 (dd, 1 HJ = 9.6, 3.1 Hz, HB), 3.44(s, 3 H, OCH),
2.84 (br, 1 H, OH), 2.78.61 (m, 2 H, SCh), 1.31 (dd, 3 HJ = 7.4, 7.4 Hz, Ch); **C NMR
(125 MHz, CDC}, dc) 166.72 (C=0), 165.48 (C=0), 133.24, 133.11, 129.93, 129.79, 129.76,
129.60, 128.41, 128.38, 82.74-((, 79.90 (G3), 71.06 (G5), 69.58 (G2), 66.91 (G4), 63.62
(C-6), 57.45 (OCH), 25.73 (SCH), 14.94 (CH). HRMS (ESI) calcd for (M+Na) &H.cNaO;S:

469.1291, found 469.1289.

Ethyl 2,6-di-O-benzoyl-4-O-levulinoyl-3-O-methyl-1-thio-a-D-mannopyranoside (S8)
A mixture of S7 (9.80 ¢,21.9 mmo), levulinic acid (3.4 mL, 32.9 _ | OBy

mmol), 1,3dicyclohexycarbodiimide (5.89 g, 28.5 mmol), and 4L%/F?30 2
(dimethylamino)pyidine (1.34 g, 11.0 mmol) in Gi&l, (200 mL) was stirred for 1ShEtat°(03 and
then 1 h at room temperature. The reaction mixture was diluted wit€ICfE00 mL), filtered
through Celite, washed with a saturated aq Nakl€@n (300 mL), and brine (200 mLJhe
organic layer was dried (NaQ,), filtered, and concentrated to give a residue, which was
purified by chromatographf2:1, hexanesEtOAc) to affordS8 (11.02 g, 92%) as a white foam.
R 0.26 (2:1 hexanesEtOAC); [a]p +42.3(c 0.3, CHCE); *H NMR (500 MHz, CDC}, dy) 8.12-
8.07 (m, 2 H), 8.048.00 (m, 2 H), 7.637.54 (m, 2 H), 7.447.38 (m, 2 H), 7.367.30 (m, 2 H),
5.67 (dd, 1 HJ = 3.2, 1.6 Hz, F2), 5.56 (dd, 1 HJ = 9.9, 9.8 Hz, H4), 5.44 (d, 1 HJ = 1.6 Hz,
H-1), 4.61 (dd, 1 H) = 12.1, 2.1 Hz, k), 4.50 (ddd, 1 H) = 10.1, 4.9, 2.1 Hz, %), 4.41 (dd,

1 H,J=12.1, 4.9 Hz, HB), 3.75 (dd, 1 HJ = 9.8, 3.2 Hz, HB), 3.40 (s, 3 H, OCH, 2.80-2.58
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(m, 6 H), 2.15 (s, 3 H, C#), 1.29 (dd, 3 HJ = 7.4,, 7.4Hz, CH,); *C NMR (125 MHz, CDG,
dc) 206.22 (C=0), 171.81 (C=0), 166.16 (C=0), 165.61 (C=0), 133.29, 132.97, 130.12, 129.92,
129.76, 129.55, 128.44, 128.39, 82.531()C77.78 (G3), 70.04 (G2), 69.27 (G5), 68.16 (G4),
62.91 (G6), 57.82 (OCH), 37.99 (CH), 29.76 (CH), 28.01 (CH), 25.71 (CH), 14.91 (CH).

HRMS (ESI) calcd for (M+Na) gH3,NaG,S: 567.1659, found 567.1658.

2,6-di-O-benzoyl-4-O-levulinoyl-3-O-methyl-a/b-D-mannopyranoside (S9)

To a solution ofS8 (5.45 g, 10.m mmol) in C¥CN (100 mL) was Bzo ng
added N-bromosuccinimide (2.42y, 13.6 mmol) andthe mixture L%'%&iw
stirred for 1 h at room temperature. The reaction mixture quenched by the addition of a
saturated aq NaHCGsoln (100 mL), concentrated to dryness, and redissolved pCigk600

mL). The organic layer was washed withausated ag NaHC{soln (400 mL3 2) and brine
(400 mL), dried (Ng5Qy), filtered, and concentrated. The crude residue was then purified by
column chromatographf2:1, hexanesEtOAC) to yield S9 (4.33 g, 87%)R; 0.43 (1:1hexanes
EtOAC); [a]p —20.1(c 0.3, CHC}); *H NMR (500 MHz, CDC}, diy) 8.15-8.09 (m, 2 H), 7.99

7.95 (m, 2 H), 7.667.48 (m, 2 H), 7.457.39 (m, 2 H), 7.327.27 (m, 2 H), 5.625.54 (m, 2 H,

H-2, H4), 5.39 (dd, 1 H) = 4.0, 1.9 Hz, HL), 4.714.63 (m, 1 H, H6), 4.384.29(m, 2 H, H6,

H-5), 3.90 (dd, 1 HJ = 9.8, 3.2 Hz, FB), 3.42 (s, 3 H, OC#), 3.26 (d, 1 HJ = 4.0 Hz, OH),
2.84-2.70 (m, 2 H), 2.6582.57 (m, 2 H), 2.15 (s, 3 H, COGH'C NMR (125 MHz, CDGJ, dc)
206.39 (C=0), 171.80 (C=0), 166.34 (C=0), 165.72 (C=I38.24, 133.00, 130.11, 129.90,
129.86, 129.49, 128.42, 128.39, 92.561)C76.64 (C3), 68.99 (C5), 68.55 (C2), 67.90 (G4),

62.75 (G6), 57.81 (OCH), 38.02, 29.76, 28.02HRMS (ESI) calcd for (M+Na) &HsNaOyq:

523.1575, found 523.1570.
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2,6-di-O-benzoyl-4-O-levulinoyl-3-O-methyl-a-D-mannopyranosyl trichloroacetimidate

(S10)

A mixture of S9 (4.33 g, 8.65 mmol) in C¥Cl, (150 mL), z,0 OBz
trichloroacetimidate (3.5 mL, 34.6 mmol), and DBU (0.26 mL, 1.%93&&“%

mmol) was stirred for 2 h at room temperature. The resulting dark solutiorowesntrated and
purified by chromatography (3:BexanesEtOAC) to yield S10 (4.36 g, 78%)ys a whitefoam.

R: 0.44 (3:2 hexanesEtOAC); *H NMR (500 MHz, CDC}, dy) 8.79 (s, 1 H, NH), 8.138.05 (m,

4 H), 7.617.52 (m, 2 H), 7.467.41 (m, 2 H), 7.467.35 M, 2 H), 6.44 (d, 1 HJ = 2.0 Hz, H1),
5.78 (dd, 1 HJ = 3.2, 2.0 Hz, H2), 5.65 (dd, 1 HJ = 10.3, 9.8 Hz, H4), 4.65 (dd, 1 H,) =
12.3, 2.0 Hz, Fb), 4.40 (dd, 1 H) =12.3, 4.6 Hz, kb), 4.31 (ddd, 1 H) = 10.3, 4.6, 2.0 Hz, H
5), 3.90 (dd, 1 HJ = 9.8, 3.2 Hz, HB), 3.46 (s, 3 H, OCH), 2.80-2.74 (m, 2 H), 2.68.62 (m, 2
H), 2.15 (s, 3 H)**C NMR (125 MHz, CDGJ, dc) 206.21 (C=0), 171.72 (C=0), 166.06 (C=0),
165.37 (C=0), 159.77 (C=N), 137.48, 133.48, 132.98, 130.02, 129.79, 129.15, 128.50, 128.38,
95.16 (G1), 76.66 (C3), 71.43 (C5), 67.15 (C4), 66.76 (C2), 62.54 (C6), 58.34 (OCH),

38.17, 29.60, 27.8XNOTE: the product is @/b anomeric mixture witta asthe majorisomer

the interpretation of spectrum is for magpanomer)

8-Azidooctyl 2,6-di-O-benzoyl-4-O-levulinoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-
di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-
mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-

O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-
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mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-

O-benzoyl-a-D-mannopyranoside (S11).

Prepared from acceptdl0 (0.147 9, 4,0 ., 0.059
LevO -Q
mmol), donor 1 (0.0825 g, 0.089 %Hsﬁjﬁ Bz0 0Bz
O CH3O . BzO OBz .
mmol), NIS (25.2 mg, 0.107 mmol) and 5 0 silver
CH30
6
triflate (5 mg, 19nmol) in CH,Cl, (15 OCHIeNs  mL)

as described in General Procedure | fordfS11 (0.192 g, 97%)R: 0.15 (3:2,hexanesEtOAC);

[a]o +517 (c 0.2, CHC); *H NMR (500 MHz, CDC}, diy) 8.20-7.86 (m, 32 H), 7.6%7.17 (m,

48 H), 5.785.71 (m, 7 H, H23 7), 5.66 (dd, 1 HJ = 10.0, 9.8 Hz, H4), 5.60 (dd, 1 HJ = 3.1,

1.9 Hz, H2), 5.535.48 (m, 7 H, HL 3 7), 4.98 (d, 1 HJ = 1.7 Hz, H1), 4.84 (dd, 1 HJ =
10.1, 1.8 Hz, HB), 4.70-4.53 (m, 7 H), 4.524.42 (m, 6 H), 4.424.17 (m, 10 H), 4.154.04 (m,

7 H), 4.023.87 (m, 8 H), 3.76 (ddd, 1 H,= 9.7, 6.8, 6.8 Hz, octyl OC}) 3.65-3.60 (m, 12 H,
OCH; 3 4), 3.59 (s, 4 H, OCH), 3.56 (s, 3 H, OC}), 3.55-3.48 (m, 7 H, OCHI® 2, octyl
OCHy), 3.29 (dd, 2 HJ = 7.0, 6.9 Hz, octyl BCH,), 2.78-2.70 (m, 2 H), 2.78.56 (m, 2 H),
2.14 (s, 3 H, COCH), 1.72 1.61 (m, 4 H, octyl Ch), 145 1.31 (m, 8 H, octyl Ch); °C NMR
(125 MHz, CDCY4, dc) 206.21 (C=0), 171.64 (C=0), 166.51 (C=0), 166.34 (C=0), 166.25
(C=0), 166.20 (C=0), 166.16 (C=0), 166.01 (C&Q@), 165.88 (C=0), 165.61 (C=0), 165.33
(C=0), 165.22 (C=CG 3), 165.20 (C=C 3), 13346, 133.32, 133.23, 133.19, 133.16, 133.10,
133.05, 132.98, 132.68, 130.26, 129.84, 129.78, 129.77, 129.68, 129.66, 129.62, 129.55, 128.71,
128.67, 128.63, 128.59, 128.56, 128.54, 128.48, 128.41, 128.39, 128.33, 128.29, 9% 93 (C
99.90 (G1), 99.85(C-13 2), 99.80 (C13 2), 97.87 (G1), 80.27, 80.13, 80.02, 79.92 {C5),

74.06, 73.24, 73.19, 73.11 R), 73.06, 73.01, 70.47 @), 70.43 ¥ 3), 70.40 ¢ 3), 69.87, 69.18,
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68.56 (octyl OCH), 68.20, 68.05, 67.85 (3), 67.75, 67.53, 63.51, 63.12, 82.¢ 5), 62.48,
57.89 (OCH), 57.41 (OCH 3), 57.34 (OCH), 57.31 (OCH), 57.29 (OCH? 2), 51.48 (octyl
N3CH,), 38.05, 29.78, 29.42, 29.28, 29.09, 28.87, 28.09, 26.70, 26.02. HRMS (ESI) calcd for

(M+2Na) CigiH183N3050Nap: 1694.0598, found 1694.0613.
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8-Azidooctyl 2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-
O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosy|-
(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-
methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-
(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-

methyl-a-D-mannopyranoside (S12).

Prepared fron$11 (0.187 g, 0.056 mmol) _ . o8 and
HO -Q
hydrazineacetate (15.4 mg, 0.167 mmoI§H3&A BzO— 0Bz in
-0
0o CH3O BZO OBz
THF-CH,CI,—CH30H (3 mL:3 mL:1 mL) 5 0 as
CH30
described in General Procedure II, to ° O(CH2)gN3

afford S12 (0.156 g, 86%)Rs 0.41 (7:3,hexanesEtOAc, two runs);[a]p +456 (c 0.3, CHC});

'H NMR (500 MHz, CDC}, d) 8.26-7.85 (m, 32 H), 7.667.14 (m, 48 H), 5.7&.71 (m, 7 H,
H-23 7), 5.60 (id, 1 H,J= 3.1, 1.7 Hz, H2), 5.535.48 (m, 1 H, H13 7), 4.98 (d, 1 H) = 1.7

Hz, H1), 4.874.78 (m, 2 H, H6 3 2), 4.70-4.43 (m, 13 H), 4.484.31 (m, 6 H), 4.294.24 (m,

2 H), 4.214.19 (m, 1 H), 4.153.88 (m, 15 H), 3.81 (dd, 1 H,= 9.5, 3.0 Hz)3.76 (ddd, 1 H))

= 9.6, 6.9, 6.9 Hz, octyl OGH| 3.64-3.60 (m, 12 H, OCEPR 4), 3.59 (s, 3 H, OC¥), 3.57-3.49

(m, 10 H, OCH? 3, octyl OCH), 3.29 (dd, 2 H) = 7.0, 6.9 Hz, octyl RCH,), 2.84 (d, 1 HJ) =

3.0 Hz, OH), 1.721.60 (m, 4 H, octyl Ch), 1.44 1.32 (m, 8 H, octyl Ch); °C NMR (125
MHz, CDCE, dc) 166.83 (C=0), 166.50 (C=0), 166.33 (C=0), 166.24 (C=0), 166.18 (C=0),
166.10 (C=0), 165.91 (C=0), 165.88 (C=0), 165.61 (C=0), 165.24 C3))165.21 (C=C

4), 133.45, 133.31, 133.22, 133.18,3115, 133.09, 133.02, 132.99, 132.94, 132.91, 129.98,

129.95, 129.83, 129.78, 129.76, 129.68, 129.65, 129.62, 129.56, 128.71, 128.67, 128.63, 128.59,
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128.56, 128.52, 128.47, 128.45, 128.41, 128.37, 128.33, 128.22, 100K)5 4€.98 (Cl),
99.93 (G132 2), 99.90 (G1), 99.84 (C1), 99.80 (C1), 97.86 (C1), 80.27, 80.12, 80.01, 79.92
(2 4), 78.64, 76.50, 74.06, 73.20, 73.074), 73.01, 72.16, 70.47 @), 70.43 % 3), 69.18, 68.56
(octyl OCH), 68.05, 67.86%( 4), 67.75, 66.21, 63.51, 63.20, 63.12, 629D), 62.85 ¢ 2),
60.41, 57.64 (OCH), 57.43 (OCH), 57.40 (OCH 2), 57.37 (OCH), 57.33 (OCH), 57.31
(OCHg), 57.29 (OCH), 51.48 (octyl NCH,), 29.42, 29.28, 29.09, 28.87, 26.70, 26.02. HRMS

(ESI) calcd for (M+2Na) GeH17/N30s/Nap: 1645.0414, found645.0445,

8-Azidooctyl 2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-Di-O-benzoyl-3-
O-methyl-a-D-mannopyranosyl-(1—4)-2,6-Di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-
(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-
methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-
(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-
methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-

(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranoside (S13).

Prepared from acceptd312 (0.151 @, g0 g, 0.046
HO =
mmol), donorl (0.0864 g, 0.093 mmoI),CH?’&A BzO QB2 NIS
O CHgo BZO OBz
(28.6 mg, 0.121 mmol) and silver triflate oig Q (5
3
8
mg, 19 mmol) in CHCl, (12 mL) as O(CH2)gNs

described in General Procedure | to afféd8, which could notbe purified and was directly
treated with hydrazine acetate (18.1 mg, 0.197 mmol) in—OH;Cl~CH30H (3 mL3 mL:1
mL) as described in General Procedure Il to affetd (0.149 g, 80% over two step$3: 0.38

(1:1, hexanesEtOAC); [a]p +62.9(c 0.3, CHCE); *H NMR (500 MHz, CDC}, dy) 8.21-7.86
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(m, 40 H), 7.6%7.14 (m, 60 H), 5.865.76 (m, 6 H, H2 3 6), 5.76:5.72 (n, 3 H, H22 3), 5.61

(dd, 1 H,J = 3.0, 2.0 Hz, H2), 5.545.49 (m, 9 H, HL 3 9), 4.99 (d, 1 HJ = 1.6 Hz, H1),
4.88-4.79 (m, 2 H), 4.724.43 (m, 17 H), 4.424.33 (m, 8 H), 4.384.25 (m, 2 H), 4.224.20 (m,

1 H), 4.16:3.89 (m, 19 H), 3.82 (dd, 1 H,= 9.5, 2.9 Hz), 3.77 (ddd, 1 H,= 9.7, 6.8 Hz, octyl
OCH,), 3.66-3.62 (m, 18 H, OCK 6), 3.60 (s, 3 H, OCH, 3.58-3.56 (m 6 H, OCH 3 2),
3.55-3.50 (M, 4 H, OCH octyl OCH), 3.30 (dd, 2 HJ = 7.0, 6.9 Hz, octyl ACH,), 2.87 (d, 1

H, J = 3.0 Hz, OH), 1.701.59 (m, 4 H, octyl Ch), 1.44 1.32 (m, 8 H, octyl Ch); °C NMR

(125 MHz, CDC}, dc) 166.84 (C=0), 166.52 (C=0), 186. (C=0), 166.28 (C=0), 166.25
(C=0), 166.23 (C=0), 166.19 (C=0), 166.11 (C=0), 165.92 (C=0), 165.90 (C=0), 165.62
(C=0), 165.24 (C=C 4), 165.21 (C=©5), 133.47, 133.33, 133.26, 133.20, 133.17, 133.13,
133.09, 133.02, 133.00, 132.95, 132.92, 129.99,952d29.83, 129.79, 129.69, 129.67, 129.63,
129.56, 128.72, 128.69, 128.65, 128.63, 128.61, 128.59, 128.57, 128.53, 128.48, 128.46, 128.38,
128.23, 100.06 (€L ¢ 2), 99.97 (G1 3 4), 99.92 (C1), 99.85 (C1), 99.81 (G1), 97.88 (C1),
80.28, 80.13, 80.0379.94 £5), 78.65, 74.07, 73.26, 73.17, 73.13, 73.08), 73.01, 72.16,
70.48 ¢ 5), 70.38 { 4), 69.19, 68.57, 68.06, 67.88 ), 67.76, 66.22, 63.53, 63.21, 63.13,
62.94 ¢ 5), 62.88 (octyl OCh), 60.41, 57.65, 57.45 (4), 57.43, 57.39, 57.35, 57.387.30,
51.48 (octyl NCH,), 29.43, 29.28, 29.10, 28.87, 26.71, 26.03. HRMS (ESI) calcd for (M+2Na)

Co18H21/N3071Nap: 2029.1623, found 2029.1710.

8-Azidooctyl  2,3,4,6-tetra-O-benzoyl-a-D-mannopyranosyl-(1—4)-2,6-Di-O-benzoyl-3-O-
methyl-a-D-mannopyranosyl-(1—4)-2,6-Di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-

(1—4)-2,6-Di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-
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methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-
(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-
methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-
(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-

methyl-a-D-mannopyranoside (S15).

Prepared from known imide2? (38 mg, B2 0Bz 51.3
. BZBOZE&\ BzO OBz
mmol) andS14 (61 mg, 15.2 mmol) in o 0
CH30 BzO OBz
-0
CH.CI; (10 mL) with TMSOTTf (3.61L) as ° CH:0

O(CH2)gN3

described foB, to affordS15 (64 mg, 92%)R; 0.16 (3:2,hexanesEtOAC); [a]p +611 (c 0.2,
CHCL); *H NMR (600 MHz, CDC}, dy) 8.22-7.83 (m, 48 H), 7.6&7.17(m, 72 H), 6.22 (dd, 1
H,J=10.2, 10.1 Hz, Hi), 5.97 (dd, 1 HJ = 10.2, 3.1 Hz, kB), 5.925.90 (m, 1 H, H2), 5.84
5.72 (m, 9 H, H23 9), 5.62 (dd, 1 H) = 2.9, 1.5 Hz, F2), 5.58 (d, 1 HJ = 1.6 Hz, H1), 5.56-
5.48 (M, 9 H, H139), 5.00 (d, 1 HJ = 1.5 Hz, H1), 4.884.83 (m, 1 H), 4.734.34 (m, 30 H),
4.314.18 (m, 4 H), 4.143.89 (m, 18 H), 3.77 (ddd, 1 H,= 9.7, 6.8, 6.8 Hz, octyl OCH
3.69-3.59 (m, 24 H, OCk# 8), 3.58 (s, 3 H, OC¥J, 3.56-3.51 (m, 4 H, OCH| octyl OCH),
3.30 (dd, 2 HJ = 6.9, 6.9 Hz, octyl ACH,), 1.76-1.61 (m, 4 H, octyl Ch), 1.44-1.33 (m, 8 H,
octyl CHy); ®C NMR (125 MHz, CDGJ, dc) 166.51 (C=0), 166.35 (C=0), 166.27 (C=0),
166.24 (C=0), 166.23 (C=0), 166.17 (C=0), 166.02 (C=0), 166.00 (C=0), 165.963(@¥0
16583 (C=0), 165.62 (C=0), 165.42 (C=0), 165.35 (C=0), 165.26 (€3] 165.21 (C=C

6), 165.11 (C=0), 133.47, 133.33, 133.26, 133.20, 133.05, 132.99, 132.76, 130.07, 130.03,
129.95, 129.92, 129.90, 129.84, 129.79, 129.74, 129.69, 129.63, 129.56, 129.33, 128.72,

128.69, 128.62, 128.57, 128.54, 128.52, 128.48, 128.41, 128.33, 128.26, 10Q)1940C.08
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(C-1), 99.95 (G1 3 3), 99.89 (C125), 97.88 (C1), 80.28, 80.14, 80.03, 79.98 4), 79.92,
79.86, 79.67, 74.18, 74.07, 73.81, 73.56, 73.24, 73.09, 72.99 ¥ 3), 70.63, 70.55, 70.49 (
4), 70.44 % 2), 70.40 ¥ 4), 70.16, 69.96, 69.20, 68.57, 68.06, 67.93, 6788),(67.76, 66.52,
63.53, 63.13, 63.03 (2), 62.93 { 3), 62.79 ¥ 2), 62.53, 60.41, 57.45 (OGH 7), 57.35

(OCHs), 57.32 (OCH), 57.30 (OCH), 51.48 (octyl NCH,), 29.43, 29.28, 29.10, 28.87, 26.71,

26.03.HRMS (ESI) calcd for (M+2Na) £5:H2439N30g0N&: 2318.2412, found 2318.2403.
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8-Azidooctyl 2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-D-O-benzoyl-3-
O-methyl-a-D-mannopyranosyl-(1—4)-2,6-Di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-
(1—-4)-2,6-Di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-
methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-
(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-
methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-
(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-
methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranoside
(517).

Prepared from accept®14 (79.1 mg, Bzo— og;
HO Q
mmol), donorl (36.7 mg, 0.039 mmol),CH3&A B20

O7cHs0
(12.1 mg, 0.051 mmol) and silver triflate

mgq) in CHCI, (10 mL) as described in
General Procedure | to affoi®ll6, which could not bepurified and was directly treated with
hydrazine acetate (11.5 mg, 0.125 mmol) in F8R,CI,-CH30OH (2 mL/2 mL/1 mL) as
described in General Procedure Il to aff&1V (67.5 mg, 72% over two stepsy 0.46 (1:1,
hexanesEtOAC); [a]o +140 (c 0.2, CHC}); *H NMR (600 MHz, CDC}, dy) 8.26-7.85 (m, 48
H), 7.66-7.14 (m, 72 H), 5.86.75 (m, 8 H, H2 2 8), 5.755.71 (m, 3 H, H2 2 3), 5.60 (dd, 1
H,J=3.1, 1.7 Hz, M), 5.555.47 (m, 11 H, HL 3 11), 4.98 (d, 1 HJ = 1.7 Hz, H1), 4.87%
4.78 (m, 2 H), 4.764.31 (m, 30 H), 4.294.24 (m, 2 H), 4.234.19 (m, 1 H), 4.163.88 (m, 24
H), 3.82 (dd, 1 HJ = 9.5, 3.0 Hz), 3.76 (ddd, 1 H= 10.0, 6.9, 6.9 Hz, octyl OG} 3.66-3.58
(m, 24 H, OCH?3 8), 3.58-3.55 (m, 6 H, OCh® 2), 3.553.50 (m, 4 H, OCHl octyl OCH),

3.29 (dd, 2 HJ = 6.9, 6.9 Hz, octyl BCH,), 2.89 (d, 1 HJ = 3.1 Hz, OH), 1.761.60 (m, 4 H,
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octyl CHp), 1.44-1.33 (m, 8 H, octyl Ch); **C NMR (125 MHz, CDGCJ, dc) 166.83 (C=0),
166.51 (C=0), 166.35 (C=0), 166.27 (C=0), 166.25 (G=8), 166.23 (CO), 166.19 (C=0),
166.11 (C=0), 165.93 (C=0), 165.90 (C=0), 165.62 (C=0), 165.25 (C=0), 165.233@50
165.20 (C=03 6), 133.45, 133.32, 133.17, 133.11, 133.07, 133.01, 132.98, 132.94, 132.91,
129.98, 129.96, 129.83, 129.78, 129.71, 129.63, 129.55/1,228.68, 128.61, 128.58, 128.52,
128.47, 128.45, 128.41, 128.37, 128.22, 100.09 8C2), 100.04 (€1 3 2), 99.97 (G1 3 5),
99.84 (G1), 99.81 (G1), 97.86 (G1), 80.26, 80.12, 80.01, 79.967), 78.65, 76.50, 74.07 @),
73.25, 73.16%( 3), 73.08% 5), 73.00% 2), 72.15¢ 2), 70.47 { 4), 70.36 % 5), 69.19, 68.573(
2), 68.05, 67.883(7), 67.76, 66.20, 63.52, 63.21 R), 63.12, 62.943(6), 62.89 { 2), 57.63,
57.47 ¢ 3), 57.45% 3), 57.39, 57.34, 57.31, 57.29, 51.48 (octyCNy), 29.42, 298, 29.09,
28.87, 26.70, 26.02HRMS (ESI) calcd for (M+2Na) &dH2sN:OgsNap: 2413.2832, found

2413.2882.
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8-Azidooctyl  2,3,4,6-tetra-O-benzoyl-a-D-mannopyranosyl-(1—4)-2,6-Di-O-benzoyl-3-O-
methyl-a-D-mannopyranosyl-(1—4)-2,6-Di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-
(1—4)-2,6-Di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-Di-O-benzoyl-3-O-
methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-
(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-
methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-
(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-
methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-
(1—-4)-2,6-di-O-benzoyl-3-O-methyl-a-D-mannopyranosyl-(1—4)-2,6-di-O-benzoyl-3-O-
methyl-a-D-mannopyranoside (S18).

Prepared from accept@l7 (55.1 mg, g,0

OBz
BzO -O
0.0115 mmol), donorS3 (35.2 mg, BZ&A BzO

OTch,0
0.0345 mmol), NIS (13.5 mg, 0.0517

mmol) and silver triflate (5 mg, 19 O(CH2)gN3

mmol) in CHCI, (10 mL) as described in General Procedure | to af&#@l (48.7 mg, 74%)R
0.40 (1:1,hexanesEtOAC); [a]p +651 (c 0.4, CHCE); *H NMR (600 MHz, CDC}, dy) 8.20-
7.83 (m, 60 H), 7.667.17 (m, 90 H), 6.21 (dd, 1 H,= 10.1, 10.0 Hz, H1), 5.96 (dd, 1 HJ =
10.1, 3.0 Hz, FB), 5.90 (dd, 1 H, J = 3.0, 1.9 Hz;3), 5.835.76 (m, 10 H, K2 3 10), 5.75
5.72 (m, 2 H, H23 2), 5.61 (dd, 1 H) = 3.1, 1.6 Hz, F2), 5.58 (d, 1 HJ = 1.9 Hz, H1), 5.55-
5.48 (m, 12 H, HL 3 12), 4.99 (d, 1 HJ = 1.6 Hz, H1), 4.874.83 (m, 1 H), 4.744.57 (m, 17
H), 4.56-4.34 (m, 24 H), 4.304.17 (m, 4 H), 4.173.99 (m, 21 H), 3.97 (dd, 1 H,= 9.4, 3.0

Hz), 3.95-3.89 (m, 2 H), 3.76 (ddd, 1 H,= 9.7, 6.8, 6.8 Hz, octyl OG#} 3.68-3.59 (m, 33 H,
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OCHs3 11), 3.57 (s, 3 H, OC#), 3.55-3.52 (m, 4 H, OCHl octyl OCH,), 3.30 (dd, 2 H) = 6.9,

6.8 Hz, octyl NCH,), 1.76-1.59 (m, 4 H, octyl Ch), 1.44-1.34 (m, 8 H, octyl Ch); **C NMR

(125 MHz, CDC4, dc) 166.51 (C=0), 166.35 (C=0), 166.25 (C2Q}), 166.17 (C=0), 166.02
(C=03 3), 16598 (C=0°3 3), 165.86 (C=0), 165.63 (C=0), 165.42 (C=0), 165.35 (C=0),
165.26 (C=0C® 3), 165.21 (C=C 9), 165.11 (C=0), 133.46, 133.32, 133.19, 133.03, 132.99,
132.76, 130.06, 130.02, 129.94, 129.91, 129.90, 129.79, 129.73, 129.62, 129.55, 129.31, 129.13,
128.71, 128.68, 128.61, 128.56, 128.53, 128.51, 128.47, 128.36, 128.33, 128.25, 140,17 (C
100.08 (CG1), 99.96 (C13 7), 99.88 (C13 4), 97.86 (C1), 80.26 ¢ 2), 80.12% 2), 79.97% 7),
79.86, 79.66, 76.52, 74.19, 74.10 %), 73.79, 73.58, 73.273.12 § 5), 73.02 ¥ 3), 70.61,
70.48 ¢ 5), 70.37¢ 7), 70.17, 69.93%(2), 69.20, 68.573(2), 68.06 ¥ 2), 67.90% 5), 67.76 ¥

2), 66.52, 63.52, 63.13, 63.04 8), 62.94 ¢ 5), 62.81 % 2), 62.55¢ 2), 57.44% 6), 57.34 ¥

3), 57.31¢ 2), 57.29( 2), 51.48 (octyl NCH,), 36.66, 29.59, 29.42, 29.28, 29.09, 28.87, 26.70,

26.02, 24.70HRMS (ESI) calcd for (M+Na) &35H303N30101Na: 5769.71, found 5768.51.
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8-Azidooctyl a-D-mannopyranosyl-(1—4)-3-O-methyl-a-D-mannopyranosyl-(1—4)-3-O-
methyl-a-D-mannopyranosyl-(1—4)-3-O-methyl-a-D-mannopyranosyl-(1—4)-3-O-methyl-
a-D-mannopyranoside (MMP-5s).

Prepared fron8 (18 mg, 7.87mmol) in  po_ oy

CH,Cl-CH:OH (2 mL/2 mL) as H%&% O

described in General Procedure lll, to o) ©

afford MMP-5s (7.7 mg, 94%).'H O(CHN: NMR
(600 MHz, DO, dy) 5.17-5.14 (m, 2 H, HL 2 2), 5.12 (d, 1 HJ = 1.8 Hz, H1), 5.10 (d, 1 H)
= 1.7 Hz, H1), 4.89 (d, 1 HJ = 1.4 Hz, H1), 4.234.17 (m, 3 H, H2 3 3), 4.154.12 (m, 1 H,
H-2), 3.97 (dd, 1 HJ = 3.2, 1.8 Hz, F2), 3.89-3.51 (m, 26 H), 3.49%8.40 (m, 13 HOCHs? 4,
octyl OCH), 3.34 (dd, 1 H) = 7.0, 6.8 Hz, octyl RCH,), 1.7:1.56 (m, 4 H, octyl Ch), 1.46-
1.30 (m, 9 H, octyl Ch); **C NMR (125 MHz, RO, dc) 103.13 (G1), 102.99 (Cl), 102.66 (C
1), 102.47 (€1), 100.50 (€1), 82.00, 81.95, 81.86, 81.785.61, 75.07, 74.74, 74.33, 73.41,
73.32, 73.21, 72.32, 71.4232), 68.50, 67.55, 67.08, 66.9% 2), 66.72, 61.96, 61.88, 61.990 (
3), 61.78, 57.28 (OC#), 57.22 (OCH), 57.17 (OCH), 57.08 (OCH), 52.20 (octyl NCH,),
29.69, 29.51, 29.24, 29.20, 27.106.43. HRMS (ESI) calcd for (M+Na) ©H7sNsOzNa:

1060.4531, found 1061.4523.
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8-Azidooctyl a-D-mannopyranosyl-(1—4)-3-O-methyl-a-D-mannopyranosyl-(1—4)-3-O-
methyl-a-D-mannopyranosyl-(1—4)-3-O-methyl-a-D-mannopyranosyl-(1—4)-3-O-methyl-
a-D-mannopyranosyl-(1—4)-3-O-methyl-a-D-mannopyranosyl-(1—4)-3-O-methyl-a-D-
mannopyranosyl-(1—4)-3-O-methyl-a-D-mannopyranoside (MMP-8s).

Prepared fromil (41 mg, 11.9mol) in Ho_ o4

HO -Q
CH.CICHsOH (3 mL3 mL) as “&A "o

OTch,0 HO—  oOH
described in General Procedure lll, to o) -Q

afford MMP-8s (18.1 mg, 97%).'H O(CHz)eNa

NMR (600 MHz, 3O, diy) 5.18 (d, 1 HJ = 1.9 Hz, H1), 5.16 (d, 1 HJ = 1.6 Hz, H1), 5.15 (d,
1 H,J=1.7 Hz, H1), 5.11 (d, 1 HJ = 1.7 Hz, H1), 5.09 (d, 1 HJ = 1.7 Hz, H1), 5.075.05
(M, 2 H, H13 2), 4.88 (d, 1 H) = 1.4 Hz, H1), 4.244.16 (n, 6 H), 4.134.09 (m, 1 H), 3.98
(dd, 1 H,J=3.2, 1.7 Hz,), 3.8%.63 (M, 32 H), 3.638.41 (m, 31 H), 3.37 (dd, 2 H,= 6.9, 6.8
Hz, octyl NiCH,), 1.72-1.56 (m, 4 H), 1.471.30 (m, 8 H);'*C NMR (125 MHz, RO, do)
103.34 (G132), 103.25 (€1), 103.06 C-1), 102.69 (€l), 102.43 (C1 3 2), 100.46 (Cl),
82.02, 81.89% 2), 81.85, 81.773(3), 76.20, 75.98, 75.66, 75.23, 74.742), 74.47, 73.85,
73.40 ¢ 3), 73.27, 73.213(3), 72.46, 71.36%(3), 68.19, 67.53, 67.15, 67.08, 66.90, 6683
66.72, .96, 61.88% 2), 61.84¢ 2), 61.80¢ 2), 61.70, 57.42, 57.29, 57.27, 57.22, 573.3)
52.28 (octyl NCH,), 29.99, 29.92, 29.64, 29.57, 27.54, 26 ARMS (ESI) calcd for (M+Na)

Ce3H111N3041Na: 1588.6585, found 1588.6577.
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8-Azidooctyl a-D-mannopyranosyl-(1—4)-3-O-methyl-a-D-mannopyranosyl-(1—4)-3-O-
methyl-a-D-mannopyranosyl-(1—4)-3-O-methyl-a-D-mannopyranosyl-(1—4)-3-O-methyl-
a-D-mannopyranosyl-(1—4)-3-O-methyl-a-D-mannopyranosyl-(1—4)-3-O-methyl-a-D-
mannopyranosyl-(1—4)-3-O-methyl-a-D-mannopyranosyl-(1—4)-3-O-methyl-a-D-
mannopyranosyl-(1—4)-3-O-methyl-a-D-mannopyranosyl-(1—4)-3-O-methyl-a-D-

mannopyranoside (MMP-115s).

Prepared fron$15 (45.2 mg, 9.84mmol) | on in
HO Q
CH,Cl-CH:OH (3 mL/3 mL) as H&A Ho— on
. . OTeH0 A HO—  oH
described in General Procedure lll, to o Q
CH30
afford MMP-11s (19.8 mg, ©%). 'H ° O(CHNs

NMR (600 MHz, DO, dy) 5.225.13 (m, 6 H, HL® 6), 5.125.07 (m, 4 H, HL 3 3), 4.87 (s, 1
H,J=1.6 Hz, H1), 4.234.16 (m, 9 H, H2 3 9), 4.114.08 (m, 1 H, H2), 3.99 (dd, 1 HJ =
3.2, 1.6 Hz, H2), 3.89-3.64 (m, 45 H), 3.63.42 (m, 42 H)3.37 (dd, 2 HJ = 7.0, 6.8 Hz, octyl
N3CHy), 1.72-1.57 (m, 4 H, octyl Ch), 1.46-1.31 (m, 8 H, octyl Ch); 3C NMR (125 MHz,
D0, dc) 103.24 (G1), 103.18 (€1), 103.13 (€L), 103.10 (Cl), 102.81 (€1), 102.61 (CL),
102.45 (G1), 102.39 (€1), 102.33 (Cl), 102.26 (€1), 100.43 (Cl), 82.06, 81.88%(2), 81.83
(¢ 5), 81.81, 81.77, 81.57, 75.84, 75.73, 75.57, 75.30, 74.2%, (73.94, 73.69, 73.56, 73.42 (
2), 73.35, 73.30%(2), 73.26, 73.20%(3), 72.47, 71.33%(2), 68.13, 68.12, 67.51, 67.15, 67.09,
67.07, 67.02% 2), 66.87, 66.84, 66.83, 66.77, 66.74, 61208) 61.86 ¢ 6), 61.79¢ 3), 61.77,
57.40 (OCH), 57.27 (OCH), 57.24 (OCH), 57.21 (OCH), 57.13 (OCH?6), 52.32 (octyl
NiCHp), 30.13, 29.95, 29.75, 29.67, 27.63, 26.70HRMS (ESI) calcd ér (M+2Na)

CgaH14/N30s56N&: 1069.9266, found 1069.9260.
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8-Azidooctyl a-D-mannopyranosyl-(1—4)-3-O-methyl-a-D-mannopyranosyl-(1—4)-3-O-
methyl-a-D-mannopyranosyl-(1—4)-3-O-methyl-a-D-mannopyranosyl-(1—4)-3-O-methyl-
a-D-mannopyranosyl-(1—4)-3-O-methyl-a-D-mannopyranosyl-(1—4)-3-O-methyl-a-D-
mannopyranosyl-(1—4)-3-O-methyl-a-D-mannopyranosyl-(1—4)-3-O-methyl-a-D-
mannopyranosyl-(1—4)-3-O-methyl-a-D-mannopyranosyl-(1—4)-3-O-methyl-a-D-
mannopyranosyl-(1—4)-3-O-methyl-a-D-mannopyranosyl-(1—4)-3-O-methyl-a-D-
mannopyranosyl-(1—4)-3-O-methyl-a-D-mannopyranoside (MMP-14s).

Prepared fron$18 (39.2 mg, 6.82mol) Ho—  oH in
Ha&g HO OH
CH.CICHsOH (2 mL/2 mL) as S

CH30 HO—  oOH
described in General Procedure lll, to Ochs0 2
afford MMP-14s (15.3 mg, 86%).*H OlEHlefs

NMR (500 MHz, DO, dy) 5.325.21 (m, 9 HH-13 9), 5.205.13 (m, 4 H, H1 3 4), 4.96 (s, 1
H, H-1), 4.324.24 (m, 12 H), 4.284.16 (m, 1 H), 4.094.05 (m, 1 H), 3.983.43 (m, 113 H),
1.82-1.66 (m, 4 H, octyl Ch), 1.55-1.38 (m, 8 H, octyl Ch); **C NMR (125 MHz, DO, dc)
103.14 ¢ 2), 102.88, 102.73, 102.6004.51, 102.45, 102.38 (3), 102.31, 102.26, 102.16,
100.39, 82.033( 2), 81.85  3), 81.73 { 8), 75.73, 75.66, 75.59, 75.34, 74.753), 74.23,
74.07, 73.92, 73.79, 73.65, 73.54, 73.43, 73.35, 73.29, 73.8] {(2.49, 71.34, 71.32 (2),
68.04, 67.51( 2), 67.14¢ 3), 67.01 ¢ 4), 66.84 ¢ 3), 66.72F 2), 61.96 { 2), 61.87 ¢ 8),
61.76 ¢ 4), 57.39, 57.28, 57.25, 57.21 2), 57.12 { 8), 52.34 (octyl NOCH;), 30.09, 29.86,
29.66 ¢ 2), 27.59, 26.64HRMS (ESI) calcd for (M+Na) €sH183N3071Nap: 1334.0293, found

1334.0317.
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