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Fig. 1 Proposed procedure for cell surface carbohydrate modification of E. coli.

Suzuki-Miyaura cross-coupling has been used to couple novel
carbohydrate-based boronic acids, site-selectively, to the
surface of E. coli at an unnatural amino acid. In this way,
benign metal-catalyzed cellular switching allowed modulation
of interactions with biomolecular partners via prokaryotic O-
glycosylation mimics.

Until recently protein glycosylation was thought to be a primarily
eukaryotic phenomena.' However, since the discovery of the first
prokaryotic glycoprotein in the archaebacteria Halobacterium
and the first description of prokaryotic N-
glycosylation in Campylobacter jejuni,’ several cases have been
described.* Indeed, whilst the full extent can only now be
estimated, it is clear that prokaryotic protein glycosylation may
be common, particularly on bacterial cell surfaces.’

Over the past decade much research has been undertaken to
uncover the mechanisms and effects of glycosylation, and the
selectivities towards interacting partners. Yet new tools are still

. . 2
salinarium,

s required to allow further study and analysis.® Of particular appeal

are new techniques for installing natural analogues or mimics of
such glycosyl modifications in a site-specific manner, into
relevant biomolecules and complex biological contexts.””

We have recently developed a water soluble, phosphine-free
palladium catalyst (Pd(OAc),(ADHP),, 1, see Fig. 1)'° for protein
modification via Suzuki-Miyaura cross-couplings'' at genetically
incorporated unnatural amino acids.'> This system and related
variants have subsequently shown utility in a variety of protein
systems."* ' One such amino acid, the aryl halide p-
can be incorporated into both
bacterial'® and eukaryotic'® systems site-selectively via amber-
stop codon suppression.'”” We recently reported the use of this
method to incorporate a pIPhe ‘tag’ onto cell surfaces and
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demonstrated the applicability of our catalyst for the cell surface
Suzuki-Miyaura fluorescent labelling of ‘tagged’ cells.'® In the
course of this work, we demonstrated biological compatibility, as
well as low associated toxicity. In addition, a critical Pd threshold
effect was observed, leading to a ‘switch-like’ dose response.

Herein, we describe the synthesis of novel carbohydrate
boronic acids and their cross-coupling to the surface of E. coli.
This demonstrates the covalent conjugation of biomolecules to
cell surfaces and the potential applicability of this system in the
elucidation of prokaryotic glycobiology, through the selective
modulation of cell surface binding partner interactions.

We envisaged the synthesis of both aryl 2 (as mimics of Tyr
O-glycosylation)'® and vinyl 10 (as mimics of Thr/Ser O-
glycosylation)* boronic acids. D-mannose (Man) and D-galactose
(Gal) were chosen as suitable glycans as the most common
hexose motifs found in natural glycoproteins,?' whilst D-glucose
(Glc) was also chosen due to its high natural abundance and
widespread occurrence in biopolymers.?

To synthesise the D-galactoside aryl boronic acid, 2Gal, the
corresponding B-benzyl bromide, 3, was first synthesized via
BF;-promoted glycosylation (Scheme 1la). Subsequent, Miyaura
borylation® with bis(pinacolato)diboron gave the corresponding
boronic pinacol ester, 4. Removal of the ester was achieved
through treatment with diethanolamine followed by acidic
hydrolysis. Global Zemplén deprotection with NaOMe yielded
free aryl sugar boronic acid 2Gal.

The vinyl boronic acids were synthesised via two convergent
methods (Scheme 1b). In our initial approach (Route 1),
hydroboration of protected propargyl alcohol 5 and subsequent
acidic deprotection gave the corresponding vinyl boronic ester
alcohol, 6, in good yields. Glycosylation of this acceptor, 6, using
the appropriate per-acetylated sugars as glycosyl donors was

This journal is © The Royal Society of Chemistry [year]
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Scheme 1 Synthesis of sugar functionalised boronic acids 2Gal, 10Gle, 10Gal and 10ManA

subsequently undertaken in the presence of a Lewis acidic
promoter.'® Whilst the use of BFsectherate proved sufficient for
glycosylation using D-glucose and D-galactose donors in
moderate yields (9Gle and 9Gal), the use of TMSOTf was
required to access the corresponding D-mannoside, 9Man. Whilst
complete consumption of the glycosyl donors was observed in all
cases, overall reduced yield was attributed to hydrodeboronation
of the product under the acidic reaction conditions, giving
corresponding deborylated vinyl sugars as unwanted side
produc’[s.24 As a result, we investigated alternative access (Route
2) to 9 via hydroboration of the corresponding propargyl
derivatives, 8, themselves synthesised via previously reported
boron trifluoride promoted glycosylations.”> A number of
hydroboration conditions were investigated with little success:
use of an excess of catecholborane® under solvent-less conditions
failed to yield desired product, nor use of dibromoborane,”’
dicyclohexylborane®® or diisopinocampheylborane®. However,
the use of pinacolborane in the presence of catalytic amounts of
Schwartz’s Reagent (Cp,ZrHCI) and triethylamine®® provided the
protected boronic esters, 9, albeit in modest yields. Deprotection
of the boronic esters was again achieved with diethanolamine,
followed by deprotection with sodium methoxide to yield the
desired sugars, 10, as crystalline solids (Scheme 1).

With these boronic acids (2Gal, 10Gle, 10Gal and 10Man) in
hand, Suzuki-Miyaura cross-couplings were undertaken on pIPhe
‘tagged’ E. coli."® Briefly, E. coli cell line JW2203-1 (an OmpC
knockout strain from the Keio collection®') was co-transformed
with plasmids pEVOL(IPhe)'” and pOmpC-(Y232-), to allow
amber-suppressed incorporation of pIPhe into a mutant OmpC
membrane protein at position Y232 (see SI). After overnight
induction of protein expression with 1 mM IPTG, 0.02 % L-
arabinose and 2 mM pIPhe, cells were collected by centrifugation

3s and washed extensively with pH 8.0 phosphate buffer. The cells
were then labelled at an ODgy = 0.2 using a palladium
concentration of 0.5 mM and a boronic acid concentration of 3.5
mM. After labelling at 37 °C for 1 hr, cells were collected by
centrifugation and washed extensively to ensure the complete
removal of unreacted boronic acid. Disappointingly, the Gal-
tyrosinyl mimic reagent 2Gal proved to be poorly soluble in
water under conditions amenable to biological systems and so
could not be used for cellular labelling. The glycosyl-serinyl
mimic reagents 10Gle, 10Gal and 10 Man, however, were all
highly soluble under relevant conditions and proved to be highly
effective coupling partners.

Having thus synthetically altered the composition of the cell
surface glycocalyx through C—C coupling, we investigated the
modulation of its interactions with glycan-selective binding
protein partners. Lens culinaris agglutinin (LCA)* and Griffonia
simplicifolia lectin I (GSL)** were chosen as a-Man- and B-Gal-
selective lectins, respectively, whilst Concanavalin A (ConA)
was used as a positive control due to its known affinity for the
existing glycan lipo-polysaccharide (LPS) of E. coli outer
membranes.** Gratifyingly, when cell surface glycans were
‘switched” to alternatives via Suzuki-Miyaura cell-surface
modification, a high specificity of recognition was observed.
Modulation of the cell surface with Gal (from 10Gal) resulted in
strong interaction with GSL (Fig. 2 middle), whilst synthetic
‘switching’ to Man (from 10Man) resulted in a high interaction
specificity for LCA (Fig. 2 top). Glc modification of the cell
surfaces resulted in no interaction with either of these proteins.
Experiments run in the absence of the key coupling partners
(palladium, boronic acid or in cells grown in the absence of
os pIPhe) also failed to result in any binding, strongly supporting a

Suzuki-Miyaura-induced switching mechanism (see SI). Notably,
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Fig. 2 Interaction of fluorescein-lectin conjugates with E. coli labelled
with monosaccharide boronic acids via Suzuki-Miyaura coupling.

the existing, natural E. coli glycocalyx was not disrupted during
the course of the reaction, allowing the inherent interaction with
ConA to be maintained in all cases (Fig. 2 bottom). In addition to
confirming Suzuki-Miyaura glycoconjugations at bacterial cell
surfaces, these results also demonstrated the accessibility and
potential applicability of these biologically relevant ligands for
future applications.

In conclusion, we have synthesised a series of novel
carbohydrate based boronic acids, and applied these as cross-
coupling partners for the Suzuki-Miyaura labelling of pIPhe
‘tagged’ cells. The cognate interactions of these biologically
relevant ligands could be visualised on the cell surface via the
selective binding of fluorescein-lectin  conjugates, thus
demonstrating the functionality of such ligands in a complex and
relevant biological context. The use of such couplings further
demonstrates the power of Pd-mediated control of Biology,** here
in cellular interactions. We are currently working towards
utilising such methods in eukaryotic systems, particularly in the
potential blood typing (‘blood groups’) of mammalian samples.

We would like to thank UCB and BBSRC for funding and Drs
R. Alexander and J. Porter for helpful discussions. BGD is a
Royal Society Wolfson Research Merit Award recipient.
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Proton nuclear magnetic resonandd (NMR) spectra were recorded on a Bruker AV400

(400 MHz) spectrometer. Carbon nuclear magnetionasce ¥*C NMR) spectra were

recorded on a Bruker AV400 (100 MHz) or a Bruker /500 (125 MHz) spectrometer as

indicated. NMR shifts were assigned using COSY, BS®d HMBC spectra. All chemical

shifts are quoted on thescale in ppm using residual solvent as the intestendard H

NMR: CDCk= 7.26; DO = 4.79; DMSO-g= 2.50 and*C NMR: CDC} = 77.16, DMSO-¢
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= 39.52). Coupling constant3) @re reported in Hz with the following splittinglareviations:

s = singlet, d = doublet, t = triplet, g = quartatjn = quintet, app = apparent, m = multiplet.
Melting points (m.p.) were recorded on a Leica @dlehot stage microscope equipped with
a Testo 720 thermocouple probe and are uncorreletigdred (IR) spectra were recorded on
a Bruker Tensor 27 Fourier Transform spectrophotemeith a diamond ATR module.
Absorption maximaynay) are reported in wavenumbers (YmLow resolution mass spectra
(LRMS) were recorded on a Waters Micromass LCT ReemOF spectrometer using
electrospray ionization (ESI) and high resolutioass spectra (HRMS) were recorded on a
Bruker MicroTOF ESI mass spectrometer. Nominal arect m/z values are reported in
Daltons. Optical rotations were measured on a Rdfkner 241 polarimeter with a path
length of 1.0 dm and are reported with implied simit 10" deg cni g*. Concentrations (c)
are given in g/100 mL. Thin layer chromatographizQJ was carried out using aluminium
backed sheets coated with 60F254 silica gel (Melgualization of the silica plates was
achieved using a UV lampfax = 254 nm or 318 nm), and/or ammonium molybdat&o (i
2M H,SOy), and/or potassium permanganate (5 % KMOLM NaOH with 5 % potassium
carbonate). Flash column chromatography was caaugdising Geduran Si 60 (40-68n)
silica (Merck). Mobile phases are reported as %umv@ of more polar solvent in less polar
solvent. Anhydrous solvents were purchased fromo&and used as supplied, with the
exception of DCM and THF which were dried throughaztivated alumina column prior to
use. All other solvents were used as supplied (aical or HPLC grade), without prior
purification. Deionized water was used for chemrealctions and Milli-Q purified water for
protein and cellular manipulations. Reagents warechmsed from Aldrich and used as
supplied, unless otherwise indicated. Bis(pinac)ldiborane was purchased from Frontier
Scientific. ‘Petrol’ refers to the fraction of ligpetroleum ether boiling in the range 40-60 °C.

All reactions using anhydrous conditions were penied using flame-dried apparatus under
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an atmosphere of nitrogen. Brine refers to a stdrsolution of sodium chloride. Anhydrous
magnesium sulfate (MgSPor sodium sulphate (N8O,) were used as the drying agent after
reaction workup as specified.

Plasmid pEVOL pIPhe) was generously donated by the group of Po6G. Schultz
at The Scripps Instituté&. coli cell line JW2203-1, deficient for host OmpC prodioict was
purchased from the Yalg. coli Genetic Stock Centre. Plasmid pOmpC was synthsige
Genscript. SDS-PAGE gels were run using pre-cass gerchased from Invitrogen
(NUPAGE 4-12 % Bis-Tris gel), and stained using tdn®lue™ (Expedeon).
Chloramphenicol and kanamycin were both used abrcentration of 50 mg t and
ampicillin was used at a concentration of 100 my All biological manipulations were
undertaken under sterile conditions in a HERAsafePK2 laminar flow hood (Thermo
Scientific). Fluorescein labelled Lens Culinarisghginin, Griffonia simplicifolia Lectin and
Concanavalin A were purchased from Vector Labs

Microscopy experiments were performed on a Leicarbfiystems SP5 Inverted
Confocal Microscope. All experiments were performedh the pinhole set at 1 Airy
diameter. All images were captured at 512 x 512Ipiat 400 Hz or 1400 Hz capture rates.
All experiments were performed with the 62 x oijexttive with further magnification being
achieved with the optical zoom. Fluorescein wadtedct 488 nm (Ar laser) and emission
collected between 500-640 nm. Images were procassiag the Leica LAS software. Gains
were kept constant throughout measurements, ain&\pbere saturation was not reached in

the most fluorescent sample.
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A
Chemical Syntheses

HO NaO

—N i) NaOH —N

NH, ———— )—NH, |
\ r\f>_ S — \ N>— 2 | . Pd(OAG),
HO NaO 1

2
2-amino-4,6-dihydroxypyrimidine (13 mg, 0.1 mmolasvdissolved in NaOH (0.1 M, 2 mL)
at 65 °C. Palladium acetate (11 mg, 0.05 mmol) twas added and the solution stirred at 65
°C for 30 min. The orange solution was then allowedool to rt and diluted to 5 mL with

distilled water to give a stock 0.01 M catalystsinin, 1.2

i) I, NalOs, |
H,SO4/AcOH, 70°C

ii) NalO,
H,N~ >COOH H,N~ >COOH

To a solution ofL-phenylalanine (41.3 g, 250 mmol) in acetic aci®02mL) and
concentrated sulphuric acid (31 mL) was added @@%.2 g, 100 mmol) and sodium iodate
(9.9 g, 50 mmol). The mixture was heated to 70 8C 18 hrs. Two portions of sodium
periodate (2 x 1.05 g) were then added and sticorginued at 70 °C for ~30 min until the
mixture turned orange. The acetic acid was therovewhin vacuo, and the crude mixture
was diluted with water (400 mL) then washed witheet(2 x 200 mL) and DCM (2 x 300
mL). To the aqueous layer was added 2 M NaOH aniihite precipitate was formed. The
solid was collected by filtration and re-crystaiiz from boiling water:ethanol (160 mL:100
mL). The resulting crystals were collected anddlirevacuo, to yieldL-p-iodophenylalanine
as white crystals. A yield of 33.01 g, 113 mmol g8y was obtained. Spectroscopic data was
consistent with that previously reportedd NMR (400 MHz, NaOD/BRO): 6= 7.60 (2H, d,)

= 8.7 Hz,ortho-H), 6.93 (2H, d,) = 8.7 Hz,meta-H), 3.37 (1H, tJ = 6.1 Hz, H), 2.82 (1H,
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dd,J = 14.5, 6.1 Hz, -ChAr ABX system), 2.68 (1H, dd] = 14.5, 6.1 Hz, -CkAr ABX

system); m.p: 260-263 °Gy]p = + 20 (c = 1.0, 0.5 M HCI) (Lft + 20, ¢ = 1.0, 0.5 M HCI);

AcO OAc AcO OAc

DCM

B-D-galactose penta-acetate (2.8 g, 7.2 mmol) walsess in dry DCM (30 mL) under
nitrogen and cooled to 0 °C. Boron trifluoride didtetherate (1.35 mL, 10.8 mmol) was
added drop-wise, followed by 4-bromobenzyl alcof2001 g, 10.8 mmol). After warming to
rt, the reaction was stirred for 18 hrs. Sat. NaBC&D mL) was then added to quench the
reaction and the mixture stirred for a further 3@.nThe mixture was extracted with DCM (2
x 50 mL) and the organics dried with Mg§@itered and concentrated vacuo. The residue
was purified by flash column chomratography, elytimith 20-28 % EtOAc:Petrol. Pure
fractions were concentrated to give the DP as auclass oil. A yield of 2.2 g, 4.3 mmol (60
%) was obtained'H NMR (400 MHz, CDCJ): § = 7.47 (2H, d.J = 8.5 Hz,0-H), 7.16 (2H,
d,J = 8.5 Hz,mH), 5.38 (1H, dd,) = 3.4, 0.9 Hz, ¥), 5.27 (1H, ddJ = 10.5, 8.0 Hz, B),
4.99 (1H, dd) = 10.5, 3.4 Hz, A), 4.85 (1H, dJ = 12.5 Hz, -CHAr), 4.57 (1H, dJ = 12.5
Hz, -CHAr), 4.51 (1H, dJ = 8.0 Hz, H), 4.06-4.10 (2H, m, 6), 3.89 (1H, tdJ = 6.7, 1.0
Hz, H5), 2.15 (3H, s, -OA%; 2.03 (3H, s, -OAx 2.02 (3H, s, -OAx 1.97 (3H, s, -OArppm;
13C NMR (100 MHz, CDGJ): § = 171.34 (-OA¥, 170.20 (-OA¥, 170.07 (-OA¥, 169.33 (-
OAc), 135.81 -H), 131.56 ¢-H), 129.22 {n-H), 121.86 {-H), 99.99 (A), 70.83 (&), 70.76
(C3), 69.95 (-®i,Ar), 68.77 (@), 66.99 (@), 61.25 (®), 20.71 (-OA}Y, 20.65 (-OAY,

20.63 (-OAQ, 20.53 (-OA} ppm; HRMSm/z (ESI+): Found: 539.0523/541.0504 (M+Na)
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Calc.: 539.0516/541.0503; IRy Oil): 1743, 1367, 1214, 1045 &m[a]o = -29 (c = 1.0,

CHCl):

Ao, oy et A o

Pd(dppf)Cl,, KOAc

Benzyl bromide3 (2 g, 3.9 mmol), bis(pinacolato) diborane (1.%@ mmol) and potassium
acetate (1.53 g, 15.6 mmol) were charged undengatr and dissolved in dry dioxane (30
mL). Pd(dppf)C} (142 mg, 0.2 mmol) was then added and the mixteflexed for 18 hrs.
The mixture was cooled and concentratediacuo. The residue was re-dissolved in DCM
(250 mL) and washed withJ® (100 mL). The aqueous was extracted with DCM (00
and the combined organics washed with brine (10Q. Mhe organics were then dried with
MgSQ,, filtered and concentrateth vacuo. The residue was purified by flash column
chromatography eluting with 20-25 % EtOAc:Petrolird® fractions were concentratéal
vacuo to give the DP as a colourless oil. A yield of L@ 1.9 mmol (51 %) was obtainé#
NMR (400 MHz, CDCJ): & = 7.78 (2H, dJ = 8.0 Hz,0-H), 7.28 (2H, d,J = 8.0 Hz,m-H),
5.37 (1H, dJ = 3.2 Hz, H), 5.27 (1H, ddJ = 10.4, 8.0 Hz, H), 4.94 (1H, ddJ = 10.4, 3.2
Hz, H3), 4.92 (1H, dJ = 12.8 Hz, -CHAr), 4.64 (1H, dJ = 12.8 Hz, -CHAr), 4.47 (1H, d,J

= 8.0 Hz, H), 4.19 (1H, ddJ = 11.3, 6.7 Hz, ), 4.12 (1H, ddJ = 11.3, 7.3 Hz, ), 3.86
(1H, dd,J = 7.3, 6.7 Hz,_8), 2.15 (3H, s, -OA% 2.06 (3H, s, -OAx; 2.02 (3H, s, -OA%
1.96 (3H, s, -OA); 1.34 (12H, s, Pin) ppn’C NMR (100 MHz, CDGJ): & = 170.38 (-
OAC), 170.27(-0A, 170.10(-0A$, 169.40 (-OAY, 139.72 p-C), 134.89 ¢-C), 126.89 (i
C), 99.61 (A), 83.84 (-BORs), 70.88 (@), 70.68 (G), 70.42 (-E,Ar), 68.79 (@), 67.05

(C4), 61.32 (®), 24.83 (-BOC(Els)), 20.74 (-OA}, 20.68 (-QAY, 20.66 (-OAg, 20.55 (-
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OAcC) ppm; HRMSm/z (ESI+): Found: 587.2269 (M+Na) Calc.: 587.2275; W4 oil):

2979, 1746, 1359, 1214, 1143, 1046%cfu]p = -23 (c = 0.5, CHG);

AcO OAc _ H AcO OAc 11
% VQBP'” ) Ho > Non % o
AcO 0} iy HCI AcO 0]
OAG g OAG

Pinacol ester4 (700 mg, 1.2 mmol) was dissolved in diethyl et mL) and
diethanolamine (195 mg, 1.9 mmol) was added. Adtering for 18 hrs the resultant white
precipitate was collected by filtration and washedh diethyl ether (30 mL). NMR
confirmed the presence of the intermediate DEAredté NMR (400 MHz, DMSO):$ =
7.43 (2H, d,J = 7.9 Hz,0-H), 7.11 (2H, dJ = 7.9 Hz,mH), 6.84-6.91 (1H, m, -NH5.26
(1H, d,J = 3.6 Hz, HI), 5.16 (1H, ddJ = 10.4, 3.6 Hz, B), 4.98 (1H, ddJ = 10.4, 7.9 Hz,
H2), 4.75 (1H, dJ = 7.9 Hz, H), 4.73 (1H, dJ = 12.0 Hz, -CHAr), 4.51 (1H, dJ = 12.0
Hz, -CHAT), 4.21 (1H, ddJ = 6.6, 6.3 Hz, H), 4.11 (1H, ddJ = 11.3, 6.6 Hz, i), 4.07
(1H, dd,J = 11.3, 6.3 Hz, H), 3.83-3.91 (2H, m, -C}#NH-), 3.75-3.81 (2H, m, -CHNH-),
3.03-3.14 (2H, m, -BOCH), 2.81-2.88 (2H, m, -BOCH), 2.13 (3H, s, -OA%; 2.04 (3H, s, -

The residue was re-suspended in diethyl ether (30amd hydrochloric acid (0.1 M, 30 mL)
was added. Afer stirring for 2 hrs, the aqueous washed with diethyl ether (100 mL) and
the combined organics dried with Mg{@iltered and concentratad vacuo. The DP was
obtained as white crystals. A yield of 350 mg, Orthol (61 %) was obtainedH NMR
(400 MHz, DMSO)3 = 8.03 (2H, s, -B(OM), 7.78 (2H, dJ = 7.9 Hz,0-H), 7.25 (2H, d,) =
7.9 Hz,mH), 5.27 (1H, ddJ = 3.5, 1.0 Hz, K), 5.18 (1H, ddj = 10.4, 3.5 Hz, A), 5.00
(1H, dd,J = 10.4, 7.9 Hz, H), 4.79-4.82 (2H, m, -C}Ar), 4.60 (1H, d,J = 12.6 Hz, H),

4.22 (1H, tdJ = 6.3, 1.0 Hz, 18), 4.05-4.12 (2H, m, 6), 2.13 (3H, s, -OAg 2.03 (3H, s, -
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OAC), 2.00 (3H, s, -OA%; 1.92 (3H, s, -OALppm;*3C NMR (100 MHz, DMSO0)5 = 169.97
(-OAC), 169.91 (-OA},169.49 (-OA$, 169.15 (-OAY, 139.06 p-C), 134.12 ¢-C), 126.39
(M-C), 99.24 (A1), 70.16 (@), 70.10 (-G1,Ar), 69.90 (G), 68.75 (@), 67.32 (@), 61.26
(C6), 20.52 (-OA}, 20.48 (-OAY, 20.40 (-QA8, 20.33 (-OA¥ppm; HRMS miz (ESI+):
Found: 505.1481 (M+Na) Calc.: 505.1492; iR4, solid): 1743, 1367, 1217, 1045, 819, 648

cm™; M.p: >300 °C;

Acooﬁ \/©/B(OH)2 )NaOMe H& 2 B(OH),
ii) H*-Dowex HO O\/©/
OH

Boronic acid1l (400 mg, 0.83 mmol) was dissolved in methanol (10) and sodium
methoxide was added (179 mg, 3.32 mmol). Afteristirfor 2 hrs, a white precipitate had
formed. The reaction was neutralised with pre-atdgd Dowex-50WX8&nd the mixture
stirred for 20 min. The residue was collected lityafion and washed with methanol (2 x20
mL). Water (2 x 20 mL) was then added and the swuspe stirred for 1 hr. The water was
then collected by filtration and concentraiedvacuo to afford the DP as white crystals. A
yield of 94 mg, 0.3 mmol (36 %) was obtaindd. NMR (400 MHz, NaOD/BO): § = 6.97
(2H, d,J = 7.9 Hz,0-H), 6.76 (2H, dJ = 7.9 Hz,p-H), 4.28 (1H, dJ = 11.3 Hz, -CHA),
4.07 (1H, dJ = 11.3 Hz, -CHAr), 3.76 (1H, dJ= 7.2 Hz, H), 3.26 (1H, dJ = 2.8 Hz, H),
3.07-3.12 (2H, m, B and_8), 2.90 (1H, ddJ; = J,= 6.0 Hz, 1), 2.77-2.87 (2H, m, )
ppm; 3C NMR (125 MHz, NaOD/BO): § = 133.52 p-C), 131.03 ¢-C), 127.45 (m-C),
102.96 (Q1), 76.49 (G), 74.52 (®), 71.14 (@), 69.43 (@), 60.96 (B), 60.96 (Q) ppm;
HRMS mvz (ESI-): Found: 341.1400 (M-H) Calc.: 341.1416; IRn4 solid): 1611, 1311,

1261, 1174, 1076, 1041 mM.p: >300 °C: f]po = -29 (c = 0.7, 2 M NaOH);
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PinBH P
TBDMSO™ ™\ ~Cp,zrHCI  TBDMSO” > “BPin
5 NEt, 12

Tert-butyl-dimethyl(2-propynyloxy) silane (12.16 mL, &mol) was charged under nitrogen
and pinacolborane (9.5 mL, 66 mmol) was addedoWald by Schwartz’s reagent (1.59 g, 6
mmol) and triethylamine (84i2L, 6 mmol). After heating to 60 °C for 18 hrs, mtf40 mL)
was added and the mixture filtered through silRatrol and remaining starting material were
removedin vacuo to give the DP12, as a colourless oil. A yield of 15.8 g, 53 mr(88 %)
was obtained. Spectroscopic data was consisteht thitt previously reportet®H NMR
(400 MHz, CDCY): 6 = 6.68 (1H, dtJ = 17.9, 3.4 Hz, -CBHBPIn), 5.76 (1H, dt) = 17.9,
2.0 Hz, -CHBPIn), 4.25 (2H, ddJ = 3.4, 2.0 Hz, -CkDR), 1.27 (12H, s, Pin), 0.91 (9Hits,
Bu), 0.06 (6H, s, Me) ppm;

H*-Dowex
TBDMSO™ > “BPin o Ho/e\/\BPin

Silane 12 (15.8 g, 53 mmol) was dissolved in methanol (60) mhd activated Dowex-
50WX8 (~5 g) was added. After stirring for 72 hitsg methanol was removéad vacuo and
the residue purified by flash column chromatogramtyting with 30 % EtOAc: Petrol. Pure
fractions were concentrated vacuo to give the DP as a colourless oil. A yield of §,753
mmol (100 %) was obtained. Spectroscopic data redtthat previously obtainédH NMR
(400 MHz, CDCY}): 6 = 6.73 (1H, dtJ = 18.2, 4.2 Hz, -CBHBPIn), 5.68 (1H, dt) = 18.2,

1.9 Hz, -CHCHBPIn), 4.21 (2H, app s, -GBH), 1.25 (12H, s, Pin) ppm;
AcO OAc AcO OAc 9Gal

AcO OAc  BF,.OEt,, DCM AcO O._ X BPin

OAc OAc
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B-p-Galactose pentaacetate (3.90 g, 10 mmol) was ldeskon dry DCM (50 mL) under
nitrogen in a flame dried flask and cooled to O Boron trifluoride diethyl etherate (1.88
mL, 15 mmol) was added followed by vinyl alcol®(2.20 g, 12 mmol). The reaction was
allowed to warm to rt and stirred for 18 hrs, Tkaation was then quenched with water (50
mL) and the aqueous extracted with DCM (50 mL). Thmbined organics were dried with
MgSQO,, filtered and concentrateth vacuo. The residue was purified by flash column
chromatography eluting with 30 % EtOAc:Petrol. Pireetions were concentratéa vacuo

to give a light yellow oil. A vyield of 2.1 g, 3.9mpl (39 %) was obtainedH NMR (400
MHz, CDCk): 6 = 6.56 (1H, dtJ = 18.3, 4.8 Hz, -CBHBPIn), 5.68 (1H, dtJ = 18.3, 1.7
Hz, -CHBPin), 5.38 (1H, ddJ = 3.4, 0.85 Hz, H), 5.25 (1H, ddJ = 10.6, 8.0 Hz, A), 5.02
(1H, dd,J = 10.6, 3.4 Hz, B), 4.51 (1H, dJ = 8.0 Hz, H), 4.42 (1H, ddd) = 14.7, 4.3,
0.85 Hz, 5), 4.39 (1H, d,) = 4.8 Hz, -CHCHCHBPIn), 4.11-4.22 (2H, m, 6y, 3.89 (1H,
dd,J = 6.7, 1.0 Hz, -CHCHCHBPIN), 2.16 (3H, s, -OA¢2.09 (3H, s, -OAx 2.06 (3H, s, -
OAC), 1.99 (3H, s, -OA%; 1.27 (12H, s, Pin) ppnt’C NMR (125 MHz, CDGJ): & = 170.30
(-OAC), 170.21 (-OA}, 170.06 (-OA¥, 169.37 (-OAP, 147.24 (-GICHBPIn), 119.96 (-
CHBPIn), 100.15 (@), 83.23 (-BO®s), 70.85 (@), 70.55 (&), 70.35 —E&,CHCHBPIn),
68.75 (@), 67.00 (@), 61.22 (G), 24.71 (-BOC(El3),), 20.68 (-OA$, 20.55 (-OA$, 20.46
(-OAc) ppm; HRMSm/z (ESI+): Found: 537.2118 (M+Na) Calc: 537.2099; W4, oil):

2979, 1746, 1645, 1368, 1219, 1143, 1062 cju|p = +6.2 (c = 0.5, CHG);

AcO OAc , H AcO OAc
o LT R e
AcO O X BPin jiHcl AcO O._ X B(OH),

OAc OAc

Vinyl galactose9Gal (2 g, 3.9 mmol) was dissolved in diethyl ether (BL) and

diethanolamine (613 mg, 5.8 mmol) was added. Adtering for 18 hrs the resultant white
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precipitate was collected by filtration, washedhndiethyl ether (50 mL) and dried vacuo.
The presence of the corresponding DEA ester wadircwd by ‘H NMR (400 MHz,
DMSO): § = 6.75 (1H, br s, -NH 5.72 (1H, dtJ = 17.6, 5.3 Hz, -CBHBORY), 5.56 (1H, d,
J=17.6, -CHBORy), 5.26 (1H, ddJ = 3.4, 0.5 Hz, ¥), 5.15 (1H, ddJ = 10.4, 3.4 Hz, B),
4.94 (1H, ddJ = 10.4, 8.0 Hz, R), 4.68 (1H, dJ = 8.0 Hz, H), 4.16 (2H, ddJ = 12.6, 5.3
Hz, -CH,CHCHBOR), 4.02-47.07 (2H, m, 6), 3.98 (1H, dddJ = 13.0, 5.6, 0.5 Hz, 5},
3.69-3.75 (2H, m, -OCKCH,NH-), 3.58-3.64 (2H, m, -OCCH,NH-), 2.93-3.03 (2H, m, -
CH,NH-), 2.69-2.76 (2H, m, -CHNH-), 2.12 (3H, s, -OA% 2.03 (3H, s, -OA% 2.01 (3H, s,

-OAC), 1.92 (3H, s, -OAcppm;

The white solid was resuspended in ether (30 mHb)staimred with hydrochloric acid (0.1 M,
30 mL) for 2 hrs. The aqueous was washed with €tt{@0 mL) and the combined organics
dried with MgSQ, filtered and driedin vacuo to give the DP as white crystals. A yield of 520
mg, 1.2 mmol (31 %) was obtainetH NMR (400 MHz, DMSO):8 = 7.71 (2H, br s, -
B(OH),), 6.41 (1H, dt,J = 18.0, 4.5 Hz, -CBHB(OH),), 5.45 (1H, d,J = 18.0 Hz, -
CHB(OH),), 5.27 (1H, dJ = 3.4 Hz, H), 5.20 (1H, ddJ = 10.2, 3.4 Hz, B), 4.98 (1H, dd,

J =10.2, 7.9 Hz,_ H), 4.73 (1H, dJ = 7.9 Hz, H), 4.05-4.34 (4H, m_ 5 H6 and —
CH,CHCHB(OHY)), 2.14 (3H, s, -OA); 2.06 (3H, s, -OA); 2.03 (3H, s, -OAx; 1.94 (3H, s,
-OAc) ppm; **C NMR (125 MHz, DMSO):5 = 169.95 (-OA}, 169.90 (-OA¥, 169.50 (-
OAC), 169.19 (-OA}, 144.31 (-GICHBPIn), 125.56 (-BBPin), 99.25 (@), 70.23 (-
CH,CHCHBPIn), 70.19 (3), 69.83 (), 68.89 (@), 67.33 (@), 61.24 (®), 20.52 (-OAg,
20.49 (-QAg, 20.39 (-QA$, 20.33 (-QA% ppm; M.p: >300 °C; IRVmax solid): 2916, 2849,

1742, 1645, 1368, 1220, 1045¢m
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AcO OAc HoO JOH
D —————————
AcO > O._XB(OH), ii) Dowex-H" HO S O._XB(OH),
AC H

Protected galactose boronic adi8Gal (432 mg, 1 mmol) was dissolved in methanol (10
mL) and sodium methoxide (216 mg, 4 mmol) was adddtér stirring for 90 min, pre-
activated Dowex-50WX8 was added until the pH wastna¢ and the mixture stirred for a
further 90 min. The reaction was then filtered #imel solvent removeth vacuo to give 230
mg of DP as a white solid. A further 120 mg wasaot#d by washing the Dowex with water,
and concentrating in vacutd NMR (400 MHz, DO): & = 6.42 (1H, dtJ =18.3, 5.1 Hz, -
CHCHB(OH)2), 5.64 (1H, dJ = 18.3 Hz, -CHB(OH),), 4.35 (1H, ddd) = 14.2, 4.8, 1.7 Hz,
-CH,CH=CH), 4.30 (1H, dJ = 7.9 Hz, H1), 4.20 (1H, ddd] = 14.2, 5.3, 1.4 Hz, -
CH,CH=CH), 3.79 (1H, dJ = 3.4 Hz, H}), 3.55-3.69 (3H, m, Bland_k6), 3.52 (1H, dd,) =
9.9, 3.4 Hz, 13), 3.42 (1H, ddJ = 9.9, 7.8 Hz, 1) ppm;*°*C NMR (125 MHz, BO): 6 =
145.47 (-GHCHB(OH),), 124.11 (-GiB(OH),), 102.01 (@), 75.14 (&), 72.74 (@), 71.05 (-
CH,CH=CH), 70.75 (@), 68.61 (@), 60.93 (®) ppm; HRMSn/z (ESI+): Found: 287.0909
(M+Na) Calc: 287.0910; M.p: >300 °C; IRy, solid):3364, 1641, 1419, 1362, 1323, 1266,

1204, 1034 ci; [o]p= -12 (c = 1.0, HO);

HO H AcO—, OAc
H O,o Ac,O AcO -0
fo DABCO  AcO
OH 7Man OAc

The synthesis was adapted from &tal.* b-Mannose (1.8 g, 10 mmol) was suspended in
acetic anhydride (5.7 mL, 60 mmol) and DABCO (1d,.2.0 mmol) was added, causing a
large exotherm. After stirring for 18 hrs, the rémat light brown solution was poured into
ice/water (100 mL). The product was extracted idttM (2 x 100 mL) and the combined

organics washed with sat. NaHE®0 mL), dried with Nag5O,, filtered and concentrated



ChemComm Page 20 of 53

S13

vacuo. The DP was obtained as a colourless oil. A y@l8.62 g, 9.3 mmol (93 %) was
obtained. Spectroscopic data matched that preyimighined® 'H NMR (400 MHz, CDCJ):
§=6.08 (1H, dJ = 1.9 Hz, H), 5.33-5.37 (2H, m, Bland_H}), 5.26 (1H, t] = 2.2 Hz, ),
4.28 (1H, ddJ = 12.3, 5.0 Hz, 8), 4.10 (1H, ddJ = 12.5, 2.4 Hz, B), 4.03-4.06 (1H, m,
H5), 2.22 (3H, s, -OAg 2.18 (3H, s, -OA%; 2.17 (3H, s, -OAx 2.10 (3H, s, -OAL 2.05

(3H, s, -OAg, 2.01 (3H, s, -OAcppm;
AcO OAc

AcO OAc
'S HO " BPin AO -0
AcO > 1O BPin
AcO AcO
TMSOTf, DCM |
9Man (o)

OAc

D-Mannose pentaacetate (3.2 g, 8.2 mmol) and vitoghal 6 (2.02 g, 11 mmol) were
dissolved in dry DCM (50 mL) under nitrogen and ledoto O °C. Trimethylsilyl
trifluoromethanesulfonate (1.99 mL, 11 mmol) waernttadded drop-wise and the reaction
allowed to warm to rt. After stirring for 18 hrsetlieaction was washed with water (20 mL)
and the organics dried with Mg@filtered and concentrateish vacuo. The residue was
purified by flash column chromatography eluting w5 % EtOAc:Petrol. Pure fractions
were concentrated to give the DP as a light yebbdwA yield of 1.1 g, 2.1 mmol (26 %) was
obtained'H NMR (400 MHz, CD(J): 6 = 6.60 (1H, dtJ = 18.0, 4.7 Hz, -CBHBPIn), 5.73
(1H, dt,J = 18.0, 1.6 Hz, -CBPin), 5.37 (1H, ddJ = 10.1, 3.5 Hz, H), 5.26-5.30 (1 and
H4), 4.85 (1H, dJ = 1.6 Hz, H), 4.25-4.30 (2H, m, 6land —CHCHCHBPIn), 4.07-4.14
(2H, m, 6 and —CHCHCHBPIn), 3.97-4.02 (1H, m, %), 2.15 (3H, s, -OA% 2.10 (3H, s, -
OAC), 2.04 (3H, s, -OAX 1.99 (3H, s, -OA; 1.28 (12H, s, -BPin) ppnt°C NMR (125
MHz, CDCk): & = 170.63 (-OAc) 169.97 (-OAc), 169.74 (-OAc), 17&.(-CHCHBPIn),
120.69 (-GiBPin), 96.92 (@), 83.44 (-BORs), 69.47 (@), 69.18 (-&G,CHCHBPIN), 69.05

(C3), 68.55 (), 66.09 (@), 62.38 (), 24.75 (-BOCR(El),), 20.87 (-OAc), 20.72 (-



Page 21 of 53 ChemComm

S14

OAC), 20.68 (-OAc), 20.65 (-OAc) ppm; HRM8z (ESI+): Found: 537.2111 (M+Na) Calc.:

537.2118; IR {max solid): 1743, 1367, 1359, 1217, 1045%rfu]p = +26 (¢ = 1.0, CHG);

AcO OA(\)C H AcO O,g:
. ) LA NG -
ACAOC& BPin __HO OH, Aa\%& B(OH),
| i) HCI |
0] 13Man 0]

Pinacol esteBMan (900 mg, 1.75 mmol) was dissolved in ether (30 subg diethanolamine
(273 mg, 2.6 mmol) was added. After stirring fohia, the intermediate DEA ester was
collected by filtration and dried under suction. RMconfirmed the presence of the
intermediate DEA estetH NMR (400 MHz, DMSO0)35 =6.59 (1H, br s, -NH 5.79 (1H, dt,
J=17.6. 5.8 Hz, -CBHBRy), 5.64 (1H, dJ = 17.6 Hz, -CHBR3), 5.07-5.15 (2H, m, Bland
H4), 4.88 (1H, dJ = 1.2 Hz, H), 4.02-4.20 (3H, m, 5l and 6), 3.89-3.97 (2H, m, -
CH,CHCHBRs), 3.69-3.77 (2H, m, -BOCH), 3.58-3.65 (2H, m, -BOCH), 2.95-3.05 (2H,
m, -NHCH-), 2.69-2.77 (2H, m, -NHCH), 2.11 (3H, s, -OAc), 2.04 (3H, s, -OAc), 2.03
(3H, s, -OAc), 1.95 (3H, s, -OAc) ppm; The DEA esteas suspended in ether and
hydrochloric acid (10 %, 50 mL) was added. Afteristg for 1 hr the aqueous was washed
with ether (100 mL) and the combined organics dn&th MgSQ,, filtered and concentrated
in vacuo to give the DP as white crystals. A yield of 32%9,n0.76 mmol (44 %) was

obtained. The product was used in the subsequenmtadection step without further analysis.

AcO OA(\)C HO Ol-é
- i) NaOMe -
ACAOC& B(OH), ———— Hﬂm B(OH),
| i) Dowex-H* |
0] 10Man 0]

Boronic acidl3Man (300 mg, 0.69 mmol) was dissolved in methanol ifil) and sodium

methoxide (150 mg, 2.76 mmol) was added. Afterisgrfor 1 hr, pre-activated Dowex-
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50WX8was added in small portions until the pH was néu8trring was continued for 30
min and the reaction mixture was then filtered @odcentratedn vacuo. The resultant
brown oil was azeotroped with DCM (4 x 20 mL) tegthe DP as a light pink solid. A yield
of 132 mg, 0.5 mmol (72 %) was obtaindd. NMR (400 MHz, DO): & = 6.42 (1H, dtJ =
18.3, 4.8 Hz, -CBHB(OH),), 5.59 (1H, dtJ = 18.3, 1.5 Hz, -CB(OH),), 4.78 (1H, dJ =
1.7 Hz, HL), 4.19 (1H, dddJ = 14.3, 4.6, 1.7 Hz, -C}€HCHB(OH)) 4.04 (1H, ddd, =
14.3, 5.1, 1.5 Hz, -C}CHCHB(OHY)), 3.89 (1H, ddJ = 3.5, 1.6 Hz, 12) 3.79 (1H, dd, =
12.3, 1.3 Hz, ) 3.73-3.76 (1H, m, B), 3.64-3.69 (1H, m, 6) 3.55-3.60 (2H, m, ¥ and
H5) ppm;*C NMR (125 MHz, BO): & = 148.38 (-GICHB(OH),), 123.68 (-GiB(OH),),
99.11 (@), 72.83 (@), 70.54 (G), 69.95 (@), 68.48 (-G1,CHCHB(OH)), 66.70 (@),
60.85 (&) ppm; HRMSnm/z (ESI+): Found: 287.0908 (M+Na) Calc: 287.0910; M.p: >300

°C: IR (vmay SOlid): 3334, 2917, 1643, 1328, 1029t rfu]p = +20 (c = 0.5, KO);

8Glu
Aed %
AcO OAc BF3 OEtz AcO

D-Glucose penta-acetate (5 g, 12.8 mmol) was disdoimedry DCM (100 mL) under
nitrogen and cooled to 0 °C. Propargyl alcohol (82715.4 mmol) was added, followed by
drop-wise addition of boron trifluoride diethyl etfate (2.41 mL, 19.2 mmol). After warming
to rt, the reaction was stirred for 18 hrs. Potasscarbonate (2 g) was added to quench the
reaction and stirred for 30 min. After filterindyet reaction was washed with water (2 x 50
mL) and the aqueous extracted with DCM (100 mL)e Tombined organics were dried with
NaSQ,, filtered and concentrateish vacuo. The residue was re-crystallised from 10 mL

petrol: 10 mL DCM. The DP was obtained as whitestalg. A yield of 2.4 g, 6.2 mmol (49
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%) was obtained. Spectroscopic data matched teatqusly reported.'H NMR (400 MHz,
CDCL): 6 = 5.25 (1H, ddJ = 9.6, 9.4 Hz, B), 5.11 (1H, ddJ = 9.7, 9.6 Hz, K), 5.02 (1H,
dd,J = 9.4, 8.0 Hz, K), 4.78 (1H, dJ = 8.0 Hz, H), 4.37 (2H, d,J = 2.4 Hz, -CHCCH),
4.28 (1H, ddJ = 12.3, 4.6 Hz, 8), 4.15 (1H, ddJ = 12.3, 2.4 Hz, 8), 3.74 (1H, dddJ =
9.7, 4.6, 2.4 Hz, B), 2.48 (1H, tJ = 2.4 Hz, -CCH, 2.09 (3H, s, -OA); 2.06 (3H, s, -OA)

2.03 (3H, s, -OA}; 2.01 (3H, s, -OAcppm;

OAc OAc

HBPin o 9Glu
AcO Q . ————= A©D
AcO 0.7  CpyziHCI AcO O._~_BPin
OAc NEt, OAc

Pinacolborane (838L, 5.83 mmol) was added to glucose deriva8@u (1.5 g, 3.89 mmol)
and Schwartz’s reagent (100 mg, 0.39 mmol) undeogen. Triethylamine (5%, 0.39
mmol) was then added and the reaction heated tt&C6for 18 hrs. After cooling to rt, the
reaction was diluted with DCM (10 mL), filtered anpurified by flash column
chromatography eluting with 30-50 % EtOAc:Petroliré® fractions were concentratéal
vacuo to give the DP as a colourless oil. A yield of 58, 1.0 mmol (26 %) was obtained.
Spectroscopic date matched that previously repSrtedNMR (400 MHz, CDCY): § = 6.58
(1H, dt,J = 18.1, 4.8 Hz, -CEBHBPIn), 5.66 (1H, dtJ = 18.1, 1.7 Hz, -CBPin), 5.25 (1H,
dd,J; =J, = 9.7 Hz, ), 4.98-5.06 (2H, m, ), 4.57 (1H,J&& 8.0 Hz, H.), 4.38 (1H, dddJ =
14.5, 4.6, 1.9 Hz, -C}€HCHBPIn), 4.22 (1H, ddd = 14.5, 5.0, 1.5 Hz, -CI€HCHBPIn),
3.72 (1H, ddJ = 12.5, 2.4 Hz, K), 3.60 (1H, ddJ = 12.5, 5.0 Hz, &), 3.50 (1H, dddJ =
9.9, 5.0, 2.4 Hz, H), 2.07 (3H, s, -OAG 2.05 (3H, s, -OA; 2.01 (3H, s, -OAG 1.27 (12H,

s, Pin) ppm;
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OAc OAc
o ' H 13Glu
Ao 0.~ _BPin L HOT>""~""0H_ AcO °
OAG ~T i HCI > AcO v O._ X B(OH),

Pinacol ester9Glu (500 mg, 0.97 mmol) was dissolved in diethyl etlf2®d mL) and
diethanolamine (153 mg, 1.45 mmol) was added. Adtaring for 18 hrs the resultant
precipitate was collected by filtration and dri@dvacuo,. The residue was then resuspended
in ether (20 mL) and hydrochloric acid (10 %, 10)mias added. After stirring for 1 hr the
agueous was extracted with ether (20 mL) and ttmebawed organics dried with MgS0O
fillered and concentratesh vacuo. The resultant white solid was used in the subseiqu

deprotection without further purification or anasys

OAc OH
. 10Glu
AcO >~ O._ X B(OH), ii) Dowex-H* HO O._ X B(OH),
(o] OH

Boronic acid13Glu (240 mg, 0.55 mmol) was dissolved in methanol ifil) and sodium
methoxide (120 mg, 2.22 mmol) was added. Afterriatir for 2 hrs the reaction was
guenched through the addition of pre-activated De®@WVX8 until the pH was
approximately neutral. After stirring for a furth@® min, the solid was removed by filtration
and washed with methanol (20 mL). The filtrate wascentratedn vacuo to give the DP as
an off white solid. A yield of 125 mg, 0.46 mmoW(86) was obtainedH NMR (400 MHz,
D,O): & = 6.43 (1H, dtJ = 18.2, 5.1 Hz, -CBHB(OH),), 5.64 (1H, d,J = 18.2 Hz, -
CHB(OH),), 4.38 (1H, d,J = 8.1 Hz, H), 4.36 (1H, dd,J = 14.2, 4.3 Hz, -
CH,CHCHB(OHY)), 4.21 (1H, dd)) = 14.1, 5.3 Hz, -CWCHCHB(OH),), 3.80 (1H, app dJ
=11.6 Hz, 16), 3.60 (1H, ddJ = 11.6, 5.8 Hz, i), 3.23-3.41 (3H, m, B H4 and_I5), 3.19

(1H, dd,J = 8.8, 8.1 Hz, ) ppm;**C NMR (125 MHz, RO): § = 145.35 (-GICHB(OH),),
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124.26 (Weak, -BB(OH),), 101.41 (@), 75.89 (G), 75.72 (@), 73.10 (@), 71.08 (-
CH,CHCHB(OHY)), 69.62 (@), 60.71 (&) ppm; HRMSmz (ESI+): Found: 287.0912
(M+Na) Calc: 287.0910; M.p: >300 °C; IRy solid): 3351, 2910, 1643, 1319, 1262, 1070,

1000 cn; [a]p = -18 (c = 1.0, HO);

AcO OAc AcO OAc
HO 8Gal
S o i o
AcO OAC  BF,.OFEt,, DCM AcO o _#Z

OAc OAc

D-Galactose pentaacetate (3.91 g, 10 mmol) was ldeskan dry DCM (50 mL) under
nitrogen and cooled to 0 °C. Propargyl alcohol (42012 mmol) was added, followed by
drop-wise addition of boron trifluoride diethyl etlate (1.88 mL, 15 mmol). After warming
to rt, the reaction was stirred for 18 hrs. To girethe reaction, potassium carbonate (2 g)
was added and stirred for 30 min. After filtratitine mixture was washed with water (2 x 75
mL) and the agueous extracted with DCM (75 mL). Thmbined organics were dried with
MgSQ,, filtered and concentrated vacuo to give the DP as a light yellow oil. A yield 0f93

g, 10 mmol (100 %) was obtained. Spectroscopic nethed that previously reportddd
NMR (400 MHz, CDCJ): & = 5.40 (1H, dd)J = 3.4, 1.0 Hz, K), 5.22 (1H, ddJ = 10.6, 8.0
Hz, H2), 5.06 (1H, ddJ = 10.6, 3.4 Hz, H), 4.74 (1H, dJ = 8.0 Hz, H), 4.39 (2H, d,) =
2.4 Hz, -CHCCH), 4.14-4.22 (2H, m, 6), 3.94 (1H, tdJ = 6.8, 1.0 Hz, B), 2.47 (1H, tJ) =
2.4 Hz, -CCH, 2.16 (3H, s, -OA% 2.08 (3H, s, -OAx 2.06 (3H, s, -OA% 1.99 (3H, s, -

OAC) ppm;
AcO OAc

A .
AcO  OAe _HBPin _ , o

0 . CpyZrHCl
AcO o7 Nt AcO O._~_BPin

OAc OAc
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B-Propargylgalactose tetra-aceta@&al, (0.5 g, 1.3 mmol) and Schwartz’s reagent (84 mg,
0.33 mmol) were charged under nitrogen and pinacate (745uL, 5.2 mmol) was added.
Triethylamine (46.L, 0.33 mmol) was then added and the mixture hetat&® °C for 18 hrs.
The mixture was then cooled to rt, diluted withygthcetate (10 mL) and filtered through a
short plug of silica. The flow-through was concated in vacuo and purified by flash
column chromatography, eluting with 25-30 % EtOAatrBl. Pure fractions were
concentratedn vacuo to give the DP as a colourless oil. A yield of 27@, 0.53 mmol (40

%) was obtained. Spectroscopic data matched tkatqusly obtained.

AcO AcO—  OAc
oo s HO™ ACQ% 8Man
AcO BF,OEt,  ©

OAc DCM o\///

D-Mannose pentaacetate (1.5 g, 3.84 mmol) was dsgoiv dry DCM (20 mL) under
nitrogen and cooled to 0 °C. Propargyl alcohol 21miL, 19.21 mmol) was added, followed
by boron trifluoride diethyl etherate (4.86 mmo8.8 mmol) dropwise. After warming to rt,
the reaction was stirred for 18 hrs. DCM (50 mL)swiaen added and the mixture washed
sequentially with water (30 mL), sat. NaH&@ x 30 mL) then water (50 mL). The organics
were dried with NgSQ,, filtered and concentratad vacuo. The residue was purified by flash
column chromatography eluting with 30 % EtOAc:PetRure fractions were concentraied
vacuo to give the DP as an off white solid. A yield o271, 3.11 mmol (81 %) was obtained.
Spectroscopic data matched that previously repdriddNMR (400 MHz, CDCY): 6 = 5.27-
5.37 (3H, m,_ R, H3 and H), 5.04 (1H, dJ = 1.5 Hz, H), 4.27-4.33 (3H, m, 6l and —
CH,CCH), 4.12 (1H, ddJ = 12.3 Hz, 2.4 Hz, B, 4.03 (1H, dddJ = 9.0, 5.1, 2.4 Hz, B),
2.48 (1H, tJ = 2.4 Hz, -CCH, 2.17 (3H, s, -OAE, 2.11 (3H, s, -OAx; 2.05 (3H, s, -OA)

2.00 (3H, s, -OALppm,;
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9Man

AcO OAc AcO OAc
-0 i -0
AcO M» AcO BPin
AcO CpoZrHCI  AcO
_ 1|

0O \// NEt;

a-Propargylmannose tetra-acetéd®an, (1 g, 2.6 mmol) and Schwartz’s reagent (134 mg,
0.52 mmol) were charged under nitrogen and pinacate (518.L, 3.9 mmol) was added.
Triethylamine (73uL, 0.52 mmol) was then added, and the reactioneldett 65 °C for 18
hrs. After cooling to rt, the mixture was dilutedthvDCM (30 mL) and washed with water
(10 mL). The organics were dried with J$2,, filtered and concentrateish vacuo. The
residue was purified by flash column chromatographuting with 25-50 % EtOAc:Petrol.
Pure fractions were concentratedvacuo to give the DP as a yellow oil. A yield of 190 mg,

0.37 mmol (14 %) was obtained. Spectroscopic datidentical to that previously obtained.
I nduction of Protein Expression

Cell line JW2203-1-pEvotiPhe)-OmpC(Y232-) was generated as a glycerol stock
previous reporf.The cell line codes for the expression of OmpGait amber stop codon at
position 232, with a pEVOL plasmid fpiPhe incorporation in response to the amber codon.

The plasmids are carried by an OmpC-knockout ol |

Overnight cultures were grown from the above glgtestock in LB media containing
ampicillin and chloramophenicol. 0.2 mL of this ttue was then diluted in fresh media (30
mL) and grown to an O4g ~ 0.6 at 37 °C. Protein production was then induteough the
addition of 1 mM IPTG, 0.02 %-arabinose, and 2 mMp-iodophenylalanine. Cells were

then incubated at 30 °C for 14 hrs.
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General Procedurefor Cell Labelling

Induced cells were collected by centrifugation {® min, 3000 rpm) and re-suspended in
phosphate buffer (20 mL, 50 mM NaCl, 20 mM N&Q,, pH 8.0). This process was
repeated twice in order to remove residual LB meala any residual unincorporated
unnatural amino acid. The O;§3 was then measured, and the culture diluted witisphate
buffer to give an O.R = 0.2. In a standard experiment, a 200 pL aliguext then added to a
1.5 mL Eppendorf tube. A stock solution of sugarooac acid was prepared by dissolving 5
mg of the boronic acid with 5 mg of pPO, in 300 pL of water at 37 °C (18,8mol
boronic acid, 35.2umol NgHPQy). A 12 pL aliquot was added to the cells (Owfol),
followed by a 10 pL aliquot of stock palladium dgsh 1 (0.1 umol). After the cells were
incubated with shaking at 37 °C for 1 hr they weollected by centrifugation (rt, 5 min,
10,000 rpm) and re-suspended in a 0.85 % salinatieol (400 pL). This process was
repeated 5 times, to ensure complete removal afeaated boronic acid and palladium.
Finally, the cells were re-suspended in 200saline solution and fluorescein-labelled lectins
were added to a final concentration of @FmL. Cells were then visualised by fluorescence

microscopy.

Glucosce Galactose Mannose

Lens culinaris
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Glucosce Galactose

Griffonia Simplicifolia

Glucosce Galactose Mannose

Concanavalin A

Labelling in the Absence of Palladium

Experiments were run as described above, replaahgdium with the addition of phosphate

buffer. Cells were then visualised by fluorescemieroscopy.
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Glucosce Galactose Mannose

Lens culinaris

Glucosce

Griffonia Simplicifolia

Glucosce Galactose Mannose

Labelling in the Absence of Boronic Acid

Concanavalin A

Experiments were run as described above, repldbmgugar boronic acid with the addition

of phosphate buffer. Cells were then visualiseduxyrescence microscopy.
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Lens Culinaris Griffonia Simplicifolia Concanavalin A

-

Labelling in the Absence of Amino Acid

Cells were grown as described above, omitting thditian of p-iodophenylalanine during
the induction step, to generate cells deficientamgl halide display on the cell surface.
Coupling reactions were then run as described abodehe cells visualised by fluorescence

microscopy.

Glucosce Galactose Mannose

Lens culinaris
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Glucosce Galactose Mannose

Griffonia Simplicifolia

Glucosce Galactose Mannose

Concanavalin A

Cdllsin the Absence of Fluorescein-L abelled L ectins

Experiments were run as described above, with gtaaspbuffer being added in place of

fluorescent lectin conjugate. The cells were thisnalised by fluorescence microscopy.

Glucosce Galactose Mannose

No Lectin
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"H NMR (400 MHz, CDCl,)
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Number of Transients 16
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"*C NMR (100 MHz, CDCl,)

100.0
4
a

Freqguency (MHz) 10063
Nucleus 13C
i Number of Transients 256
Origin av400
Pulse Sequence 2gpg30
Receiver Gain 32765.00
SWicyclical) (Hz) 26176.01
Solvent CHLORO
FORM-d
Spectrum Offset (Hz) 10021.29
39
Sweep Width (Hz) 26177.21

Temperature (degree ¢) 27.000

190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)



S29

JUl25-2012-13.001.001.1r.esp

|'r =

AN/

.BPin

ChemComm

'H NMR (400 MHz, CDCls)
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*C NMR (100 MHz, CDCl,)
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Number of Transients 2586
Origin avd DD
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FORM-d
Spectrum Offset (Hz) 10021.29
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10 0



31

ChemComm

'H NMR (400 MHz, CDCl)
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Freguency (MHz) 50030
Nucleus 1H
Number of Transients 16

Origin aveS0D
Pulse Sequence zg30
Receoiver Gain 4 00
SWicyclical) (Hz) 10330.58
Solvent DMSO-ds
Spectrum Offset (Hz) 3089.5557
Sweep Width (Hz) 10330.26

Temperature (degree C) 24.970
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O,ﬂ.c OAc
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*C NMR (100 MHz, CDCl,)
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OH OH

__i 5 \/@/B{OH}Q
HO. i3 'H NMR (400 MHz, CDCl,)

OH
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cs11291508.004.001.1r.esp
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'H NMR (400 MHz, CDCl,)
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”C NMR (100 MHz, CDCl,)
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'"H NMR (400 MHz, CDCl,)
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OAc OAc

% 0
AcO- 0 -~ _B(OH)
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C NMR (100 MHz, CDCl,)
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'"H NMR (400 MHz, CDCl,)
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