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ABSTRACT: Human neuraminidases (NEU) are associated with human diseases including
cancer, atherosclerosis, and diabetes. To obtain small molecule inhibitors as research tools for the
study of their biological functions, we designed a library of 2-deoxy-2,3-didehydro-N-
acetylneuraminic acid (DANA) analogues with modifications at C4 and C9 positions. This library
allowed us to discover selective inhibitors targeting the human NEU3 isoenzyme. Our most
selective inhibitor for NEU3 has a K; of 320 + 40 nM and a 15-fold selectivity over other human
neuraminidase isoenzymes. This inhibitor blocks glycolipid processing by NEU3 in vitro. To
improve their pharmacokinetic properties, various esters of the best inhibitors were synthesized
and evaluated. Finally, we confirmed that our best compounds exhibited selective inhibition of

NEU orthologs from murine brain.



Introduction

Neuraminic acids (also known as sialic acids) form a large family of a-keto acid
monosaccharides containing a nine-carbon backbone.! They are diverse in structure and widely
distributed among organisms in nature. The most common form of neuraminic acid in humans is
NeuSAc  (5-acetamido-3,5-dideoxy-D-glycero-D-galacto-non-2-ulosonic ~ acid).> Generally,
neuraminic acids are the terminal residues in glycan chains, playing crucial roles in molecular
recognition.® The neuraminic acid content in human cells is controlled by enzymes including
sialyltransferases and neuraminidases (NEU; also known as sialidases).* In humans, four
neuraminidase isoenzymes have been identified: NEU1, NEU2, NEU3, and NEU4.° They exhibit
different subcellular localization and show different preferences towards glycan substrates.’
Abnormal activity of human neuraminidases has been linked to diseases including lysosomal
storage disorders,® 7 cardiovascular diseases,® ° and cancer.!%!2 Selective inhibitors of NEU4 have
been used to investigate the role of NEU4 in glioblastoma,'* and NEUI inhibitors have been
employed to study epithelial migration and bacterial adhesion.!* Thus, isoenzyme-selective
inhibitors of human neuraminidases are potential tools to study the biological function of these
enzymes. '

Although there has been significant efforts to develop potent inhibitors of viral neuraminidases, '°
inhibitors of human neuraminidases are not as thoroughly explored,!”> and most viral
neuraminidase inhibitors have only weak or limited activity for the human neuraminidases.!> !7- 18
The most active viral inhibitor against the human isoenzymes is zanamivir (6, Figure 1), which
has low micromolar activity for NEU2 and NEU3.!”- ! Most human neuraminidase inhibitors
reported to-date are based on 2-deoxy-2,3-didehydro-N-acetylneuraminic acid (DANA, 1; Figure

1).1%20 Magesh et al. investigated a series of C9-amide analogues of DANA, and reported a NEU1-



selective inhibitor containing a C9-pentylamide with an ICso of 10 uM (C9-BA-DANA?!, 2; Figure
1).22 Modifications of the C5 and C9 positions of DANA improved potency for DANA analogues
against NEU2.!> 2 Selective inhibitors for NEU2 (3, Figure 1) and NEU3 (4, Figure 1) were
identified in a library of DANA analogs when the glycerol side chain was replaced by oxime- and
amino-linked aromatic groups.?* Inhibitor 3 has a reported ICso of 86 pM against NEU2 with 12-
fold selectivity. Inhibitor 4 was the most selective compound reported to date for NEU3 with a 38-
fold selectivity (ICso= 24 uM). We previously examined triazole modifications at the C5 and C9
positions in DANA, and found improved potency of C9-triazolyl DANA analogues toward
NEU3.% When evaluated against the full panel of NEU isoenzymes, C9-4-hydroxymethyltriazolyl
DANA (C9-4HMT-DANA, 5; 500-fold selective, K; = 30 nM, Figure 1) turned out to be the most
selective inhibitor for NEU4 identified to date. This compound has remained the only reported
inhibitor with sub-micromolar activity for any human NEU.?® We, therefore, considered that a
more extensive library of triazole analogs might take advantage of the hypothesized large C9-
pocket of NEU3, and could provide selective inhibitors of NEU3 with further improvements in
potency. Furthermore, the activity of zanamivir 6 against NEU3 suggested that an appropriate C4
moiety could contribute to increased activity.

In this work, we designed and synthesized a series of compounds featuring a C9-triazolyl group
combined with guanidino and other groups at C4. The first series of C9-triazolyl DANA
derivatives exhibited remarkably increased potencies relative to the parent compound 1 towards
NEU3 and NEU4 (7, Figure 1). Although the combination of the best C9-triazolyl fragments with
a guanidino group at C4 provided only small gains in potency for NEU3, we found that selectivity

for NEU3 over NEU4 was remarkably improved (8, Figure 1). The inhibitors presented here



constitute the most potent and selective compounds identified for NEU3 so far. In addition, we
have established a rationale for the development of future selective inhibitors of NEU3.

Results

Inhibitor Design and Synthesis. To date, X-ray crystal structure data is only available for
human NEU2, including co-crystal data with inhibitors.?” 28 Homology models for NEU3?°3! have
suggested that its glycerol binding pocket is larger than in NEU2. The homology models of NEU3
also indicate that the glycerol side chain interacts with Y179 and Y 181. Earlier work reported that
large groups, such as a C9-phenyltriazolyl, were tolerated by the C9 pocket of NEU3,?* but no
fragment has been identified which substantially improved potency. We first hypothesized that an
appropriate aromatic group at C9 would provide additional interactions and could improve NEU3
potency over other isoenzymes. We therefore explored C9-4-aryl-triazolyl DANA derivatives with
variations in electron-donating groups, charge, as well as larger phenyl and phenoxyl groups (7,
Figure 1). We also considered that a guanidino group at C4 could improve activity for NEU2 and
NEU3!"- 1% and, therefore, investigated C9-triazolyl DANA derivatives with nitrogen-containing
groups at C4, including guanidino, azido, and amino groups.

To prepare analogs with substituted phenyltriazolyl groups at C9, we started from the reported
C9-azido-DANA methyl ester (9, Scheme 1), which was synthesized from Neu5Ac in 6 steps.?
The library of triazolyl derivatives 10a-j was obtained by CuAAC (Cu-catalyzed azide—alkyne
cycloaddition) following reported conditions (Scheme 1).2>3% 33 Finally, deprotection yielded the
test compounds 7a-j, in moderate to good yields.

For compounds with combined C4,C9-modifications (8, Figure 1), two strategies were adopted.
Starting from the C9-triazolyl DANA analogue 10h, a C4-azido group was introduced according

to a reported procedure via nucleophilic ring opening of an oxazoline intermediate 11 to yield



compound 12 (Scheme 2).>*> Reduction of the C4-azido of compound 12 via Staudinger reduction
provided the C4-amino compound 14.3* 3° After deprotection, the C4-azido and C4-amino
intermediates 12 and 14 gave the test compounds 13 and 15. Furthermore, the amino group in 14
was converted to a guanidino group using N,N'-di-Boc-1H-pyrazole-1-carboxamidine, yielding the
final C4, C9-modified test compound 8a after deprotection. To obtain an alternative polar group
at C4, a C4-N-alkyl urea compound was prepared by treatment of 14 with 1,1'-carbonyldiimidazole
and B-alanine methyl ester. Finally, hydrolysis provided test compound 18.

An alternative strategy (Scheme 3) allowed preparation of compound 8b by reversing the order
of the modifications at the 4- and 9-position. First, O-acetyl protected C4-amino-DANA 19 was
prepared as reported.>* Protection of the amino group with Boc, followed by acetate deprotection
(20) and subsequent tosylation at C9 (21) allowed for displacement to the C9-azido group (22).%
Next, the guanidino group was introduced at C4 to provide compound 23. Subsequent CuAAC
with a biphenyl ethyne allowed for installation of the C9-triazolyl group, forming compound 24,
which gave test compound 8b after deprotection.

Additional compounds for testing included a small series of C4-amides, prepared starting from
compound 19 by treatment with the appropriate anhydride or acyl chloride to yield the amido
compounds 25a-d (Scheme 4) after hydrolysis of the Cl1-methyl ester with sodium hydroxide.
Compounds 1, 2, and 6 were also prepared for use in the inhibition assays.

Inhibition Assays. To determine the inhibitory potency of the panel of inhibitors against NEU,
isoenzymes were prepared either recombinantly or by purification.?* 2>?° For the determination of
enzyme activity (see Table 1), the fluorogenic neuraminidase substrate, 2’-(4-methylumbelliferyl)-
a-D-N-acetylneuraminic acid (4AMU-NANA) was used.>® 3’ We confirmed that compound 2 acted

as a selective inhibitor of NEU1 (ICs0 of 3.4 + 0.2 uM).?? Compounds 7a-j with C9-phenyltriazolyl



groups were significantly more potent inhibitors of NEU3 and NEU4 compared to NEU1 and
NEU?2. For virtually all compounds containing a C9-phenyltriazolyl group we observed single-
digit micromolar or better ICso values towards NEU3. Compounds with an acidic group (7h) or
larger aromatic groups (7i and 7j) showed improved activity against NEU3 over those with basic
groups (7a and 7¢) or neutral electron-withdrawing groups (7f). Among all C9-modified DANA
analogues, the C9-biphenyltriazolyl DANA 7i showed the highest potency with an ICso of 0.70 +
0.10 uM and 0.52 + 0.10 uM towards NEU3 and NEU4, respectively. The activity of 7i showed
distinct preferences, with 40-fold greater potency against NEU3 and NEU4 than for NEUI or
NEU2.

Our library of C4 modifications revealed the importance of the guanidino group for NEU3
selectivity. The comparison of DANA (1) and zanamivir (6) was consistent with previous reports'”
19 with potency of 37 + 6 uM and 7.8 + 2.0 uM for NEU2 and 7.7 = 0.8 uM vs 4.0 = 0.6 uM for
NEUS3. Decreased potency of 49 = 8 uM and > 500 uM was found for NEU1 and 8.3 £ 1.0 uM vs
47 £ 6 uM for NEU4. Other nitrogen-containing groups at C4, like azido, amino, or amido moieties
(13, 15, 18, 25), decreased potency for all isoenzymes. These results are in agreement with
previously reported findings as C4-azido- and C4-amino-DANA showed improved potency
towards NEU2, and significantly decreased potency towards other isoenzymes.>* We therefore
concluded that a positively charged group of appropriate size at C4 was critical for NEU3
selectivity. Thus, a guanidino group at C4 combined with C9-modification conferred selectivity
for NEU3 over NEU4. Selective and potent inhibitors for NEU3 were identified, where compound
8a (NEU3 ICs00f 0.6 £ 0.1 uM) showed 40-fold selectivity, and compound 8b (NEU3 ICsp 0f 0.58
+ (.14 uM) had 10-fold selectivity. Although both 8a and 8b demonstrated unprecedented potency

for NEU3, we selected 8b for further studies due to its reduced polarity.



Next, we determined the inhibition constants (K;) of the best inhibitors for their active targets
(Table 2). The K results showed a trend similar to the ICso values. When zanamivir 6 was tested
against NEU2, NEU3, and NEU4, we found K; values of 5.7 = 1.5 uM, 0.62 + 0.09 uM, and 26 +
4 uM, respectively. Whereas compound 7i showed similar K; values for NEU3 and NEU4 (0.28 +
0.04 uM and 0.26 = 0.04 puM, respectively), the 4-guanidino derivative 8b exhibited 15-fold
selectivity for NEU3 (K; for NEU3 0.32 + 0.04 uM; and 5 = 1 uM for NEU4). Since NEU3 is
known to favor glycolipid substrates over 4MU-NANA,® we also tested the inhibitory activity of
the best NEU3 inhibitors to block GM3 hydrolysis by the enzyme (Table 3). In comparison with
DANA 1, 7i showed a higher inhibitory potency for GM3 cleavage catalyzed by NEU3 (12 + 2
UM vs 54 = 10 uM) and NEU4 (3.7 £ 0.7 uM vs 26 = 8 uM), and 8b was 14-fold more potent than

DANA (1) (3.8 = 0.5 M vs 54 = 10 uM).

Pharmacokinetic Evaluation of Active Inhibitors. For planning future in vivo experiments
with this series of potent NEU3 inhibitors, their pharmacokinetic properties are critical.
Carbohydrate mimetics are typically hydrophilic and are, therefore, often delivered as lipophilic
ester prodrugs to improve membrane permeability, where the active principle is released via
hydrolysis by esterases.*> *° Therefore, Cl-esters of inhibitors 1, 2, 5, 7i and 8b were prepared.
The methyl ester of each compound was obtained after CuAAC as described earlier, whereas
elongated aliphatic esters of 7i were prepared from the C1 methyl ester of 7i (7i-OMe) via
transesterification catalyzed by LiBr and DBU.*! The octanol-water partition coefficients (logP),
membrane permeation (logPe), kinetic solubility, and metabolic stability of the selected
compounds were determined.*’ The logP values were determined at pH 7.4 using a shake-flask

procedure.**** Membrane permeation logP. was determined using a parallel artificial membrane



permeability assay (PAMPA).*> A summary of the pharmacokinetic parameters is provided in
Table 4. A plot of the measured logD7.4 against logPe is shown in Figure 2 with indications for
moderate and high absorption potential.*® Passive permeability (logPe) of ester prodrugs is
dependent on lipophilicity. In general, the ester prodrugs showed consistently low solubility and
time-dependent precipitation. While the solution of the dissolved esters appeared clear after the
initial dilution of the DMSO stock with water, turbidity developed after several hours, indicating
the formation of precipitates. Because PAMPA required 16 h incubation time, measurements were
performed with 10% DMSO.

The passive permeation (logPc) of all compounds was below the threshold of -6.3, predicting
moderate absorption potential (Figure 2). Only the largest aliphatic ester prodrug (7i-OBu) reached
the lower limit of this threshold. In combination with the low solubility, the compounds are
classified as class IV compounds in the biopharmaceutical drug classification system.*” This class
of compounds is highly susceptible to individual transport mechanisms and therefore,*® we further
explored the permeability of the n-butyl ester of 7i (7i-OBu) using a colon carcinoma (Caco2)
cell-based permeation assay.*” The threshold for a moderate absorption potential is 2.0 x 10 cm
s! in the absorptive direction (apical to basolateral; a-b)** and was not reached by 7i-OBu.
Additionally, the compound had an efflux ratio of 6.7, predicting active efflux. When the metabolic
stability of the prodrug in rat liver microsomes was assessed (Table 5), the hydrolysis of the ester
was slow in rat liver microsomes, limiting the release of the active principle. We also determined
the stability of 7i-OBu in human liver microsomes, and found a t, > 90 min (see Supporting
information). A slow release of the active principle can be beneficial, especially for hydrophilic
carbohydrate mimetics to overcome the common problem of fast renal excretion, but in our case

the active principle is already lipophilic and the biphenyl moiety is likely prone to oxidation by



cytochromes. In summary, the lead compound 7i-OBu showed insufficient solubility, a suboptimal
efflux ratio and slow permeability in a cell permeation assay, and slow metabolic release of the
active principle. Together, these results predict low oral bioavailability without further

modification.

Active Site Models of Human NEUs. To gain structural insight into the selectivity of active
inhibitors, we ran 50-ns molecular dynamics (MD) simulations of 8b in complex with NEU2,
NEU3, and NEU4. NEU models were based on reported X-ray or homology models.?”23!:3% The
starting structures for each simulation are shown in the Supporting Information. Inhibitor 8b
remained bound in the three active sites throughout the MD simulations (Figure 3), and the parent
DANA ring in 8b maintained the ring conformation that mimics the proposed transition state of
the oxocarbenium ion intermediate. We analyzed ring conformations of 8b in the simulations using
standard nomenclature for six membered monosaccharides, with C2 being the anomeric carbon
(Figure 1, 1).>! The population of ring conformations®! observed for 8b were found over Es-SHs-
®F, and were similar for all three enzymes — with NEU2 centered at 94° (°Hs), NEU3 centered at
106° (°Hs/°E), and NEU4 centered at 82° (Es/°Hs).>? For comparison, the ring conformation of
DANA 1 bound to NEU2 is Es in the co-crystal structure (PDB ID: 1VCU).%

We had predicted that large groups at C9 would provide better inhibitors of NEU3 and NEU4 —
based on previous inhibitor studies,? as well as on previous MD simulations.>* One reason for this
difference in the C9 binding pocket is found in the P267-G275 loop of NEU2, which contains an
extra amino acid in comparison to the same loops in NEU3 and NEU4. In Figure 3, a key residue
on this loop is shown for each enzyme — Q270 for NEU2, H277 for NEU3, and W274 for NEU4.

In NEU2, Q270 forms a H-bond with the triazole of 8b for 10% of the simulation (Figure 3-A,

10



Supporting Information). Furthermore, the triazole is within 7 A of Q270 for 30% of the
simulation (6.4 + 0.6 A, average distance between triazole N3 of 8b and carbonyl oxygen of Q270).
To accommodate the large biphenyl-triazole, the P267—G275 loop changes position, and moves
Q270 in closer contact with the carboxylate of 8b (5.5 £ 0.8 A, average distance between
carboxylate of 8b and terminal amide of Q270, as shown in Figure 3-A). The comparable residue
in NEU3 — H277 — forms a H-bond with the triazole for 17% of the simulation and is within 7 A
of the triazole for 100% of the time (Figure 3-B, 4.7 + 0.4 A, average distance between triazole
N3 of 8b and carbonyl oxygen of H277). While W274 in NEU4 does not form any H-bonds with
8b, it remains within 7 A of the biphenyl group of 8b for 100% of the simulation (Figure 3-C, 3.8
+ 0.6 A, average distance between carbonyl oxygen of W274 and the carbon ortho to the triazole
in 8b). However, this relatively close contact is not sufficient to prevent rotation of the biphenyl-
triazole substituent. The flexibility of 8b in the active site of NEU4 could be one reason for the
higher inhibitory potency for NEU3 over NEU4.

Looking at the ICso values for 1 and 6, we sought an explanation from our MD simulations for
the selectivity the C4 guanidine provides for NEU3 over NEU4. The C4 guanidine of 8b forms
the most highly populated H-bonds between the inhibitor and NEU3. The H-bond to E43 is
populated for 92% of the simulation (Figure 3-B), whereas the comparable H-bonds in NEU2 and
NEU4 are only populated for 47% (to E39, Figure 3-A) and 52% (to E41, Figure 3-C) of the
simulation, respectively (see Supporting Information). Additionally, there is a water bridge
between 8b and D50 of NEU3 that is populated for 88% of the simulation. None of the water
bridges in simulations with 8b and NEU2 or NEU4 are occupied for as much of the simulation

time (Supporting Information). Thus, we propose that the guanidine moiety displaces an ordered
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water from the C4 pocket in the NEU3 active site. In contrast, NEU2 and NEU4 are not able to

maintain contacts to this group.

Activity of Inhibitors Against Murine NEU Orthologs. In order to confirm the selectivity of
our active NEU3 inhibitors in vivo against the mouse orthologues; we assayed neuraminidase
activity in the tissues of previously described gene-targeted mouse strains deficient in NEU1 (neu !
"), NEU3 (neu3”") and NEU4 (neud”),3% 37 respectively. We also produced a mouse line with a
double NEU3/NEU4 deficiency (neu3” neu4”") by cross-breeding the individual knockouts. As
expected, the expression levels of both neu3 and neu4 were below the detection limit in the tissues
of the neu3” neu4”" mice.>

We assayed neuraminidase activity in the mouse brain tissues, where comparable amounts of
NEUI1, NEU3, and NEU4 (and only negligible amounts of NEU2) were previously described in
the WT mice.’® Acidic neuraminidase activity in the WT brain homogenate, assayed using the
4AMU-NANA substrate, was reduced to ~85% in the presence of 10 uM 8b and to ~60% in the
presence of 50 uM 7i, suggesting that both NEU3 and NEU4 isoenzymes contribute approximately
10-15% of the net brain neuraminidase activity against 4AMU-NANA. Further increase of 7i to 150
uM did not reduce activity, indicating that even at this concentration the compound did not inhibit
mouse NEU1 (Figure 4-A). In contrast, the residual neuraminidase activity levels measured in the
brain tissues of NEU1-deficient mice in the presence of saturating concentrations of 8b and 7i
were drastically different: 8b reduced the activity to about ~60% of that measured in the absence
of inhibitors, whereas 7i completely inhibited the activity (Figure 4-D). In the brain of NEU3-
deficient mice only 7i could reduce the activity by approximately 20%, which corresponded to the

NEU4 fraction of the activity, the rest being NEU1 (Figure 4-B). Finally, both 8b and 7i failed to

12



cause any inhibition of neuraminidase activity in the brain homogenates of NEU3/NEU4 double
knockout mice where all activity was presumed to come from the NEU1 isoenzyme (Figure 4-C).
Together, our data confirm that the 8b and 7i can discriminate between isoforms of mammalian

neuraminidases in tissues and could be used to target the specific isozymes in vivo.

Discussion

In glycobiology, human neuraminidases constitute an important family of enzymes,> since they
play crucial roles in numerous biological processes through the control of sialoglycoconjugate
catabolism. Potent and selective chemical inhibitors represent valuable tools for investigating the
biological functions of these enzymes. Viral neuraminidase inhibitors with low nanomolar
activities have seen successful clinical application as anti-viral drugs.!® However, there remains a
need for strategies to generate selective and potent inhibitors for human neuraminidases.

In this work, we identified selective inhibitors of NEU3 from a small library of DANA analogues
with modifications at C4 and C9. Based on previously reported structure-activity relationship
studies (SAR) and protein structures, we hypothesized that large aromatic groups at C9 could
improve potency against NEU3. In our study, C9 modifications not only significantly improved
the potency towards NEU3 but also for NEU4. Furthermore, the inhibitory profile of zanamivir 6
towards human neuraminidases encouraged us to also study the effects of C4-modifications.
Surprisingly, among all the nitrogen-containing groups we tested, only the guanidino group
showed significant improvements. Although compounds bearing a C4-guanidino group and C9-
modification only slightly improved potency towards NEU3, this modification substantially
decreased the potency towards NEU4. Moreover, compound 8b, with a biphenyltriazolyl group at

C9 and a guandino group at C4, showed slightly improved potency over 7i, which had only a
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biphenyltriazolyl group at C9. The selectivity of compound 8a, which bears a 4-
carboxylphenyltriazolyl group at C9 and a guanidino group at C4, for NEU3 may be due to the
presence of a carboxylate on the aryl group.

Analysis of the pharmacokinetic properties of our lead compounds 7i and 8b suggested that they
are unlikely to be orally bioavailable. Permeability assays using artificial membranes (PAMPA)
showed that the parent compounds 7i and 8b, and most of the Cl-ester prodrugs were not
sufficiently permeable for oral bioavailability. The lower threshold of sufficient permeability in
PAMPA to predict moderate oral bioavailability is a logP. of -6.3.%¢ Only the most lipophilic n-
butyl ester 7i-OBu reached this limit with a logP. =-6.5 = 0.4. The low solubility of 3 to 5 pg mL"
! further contributes to poor pharmacokinetic properties. Furthermore, cell permeability data for
7i-OBu suggested that the compound was likely subject to active efflux, which adds to the
limitation of its bioavailability. Finally, the examination of the liver microsome stability of 7i-
OBu showed that the ester was only slowly hydrolyzed. In summary, esterification did not improve
pharmacokinetic properties sufficiently to allow for oral bioavailability. Future studies should
implement modifications of the active principle to reduce the risk of insufficient permeability and
solubility.

Molecular modeling studies provided insight into the structural elements responsible for
selectivity between NEU3 and NEU4 relative to other isoenzymes. Since only crystal structures
for NEU2 were available, we used homology models to study NEU3 and NEU4. Our previous
hypothesis of larger C9-pockets available on both NEU3 and NEU4 explained the activity of
compounds such as 7i, which gained substantial activity over DANA (1) for both NEU3 and NEU4.
Inhibitors of both NEU3 and NEU4 could be useful agents as these enzymes are known to act on

similar substrates and may compensate for each other in vivo.®® The selectivity over NEU1 and
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NEU2 can be attributed to the limited size of their C9-pockets. Furthermore, our models provided
a rationale for the observed selectivity of inhibitors with a C4-guanidino group (6, 8a, 8b) for
NEUS3. The inclusion of the C4-guanidino group confers a notable improvement in activity against
NEUS3, and our data suggested this could be due to the displacement of an ordered water in the
active site.%! The absence of a comparable ordered water molecule prevented these compounds
from gaining similar activity against NEU4. In general, the C4-guanidino modification reduced
NEU4 activity relative to the parent structures (compare 1 and 6; 7h and 8a; 7i and 8b). This

finding provides an important design principle for future NEU3 inhibitor design.

Conclusion

In this study, we demonstrated that the scaffold of the neuraminidase inhibitor DANA 1 can be
used as a starting point for the generation of new potent and selective inhibitors of human
neuraminidase isoenzymes. First, aryltriazolyl groups at C9 greatly improved the potency of
inhibitors towards NEU3 and NEU4; and second, the inclusion of a guanidino group at C4
provided selectivity between NEU3 and NEU4 revealing a clear strategy for the design of
inhibitors with improved selectivity for NEU3 with sub-micromolar potencies. These inhibitors
may be adapted as useful tools to study the biological function of human neuraminidases. In
summary, our data confirmed that divergent structural features of the active site of human
neuraminidase isoenzymes allowed identification of selective and potent inhibitors of this
important family of human glycosidases. Future studies will address the activity of these
compounds in vivo, and provide new tools for dissecting the specific biological roles of NEU

isoenzymes.
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Experimental Section

General Synthetic Procedures. All reagents and solvents were purchased from Sigma-Aldrich
unless otherwise noted and used without further purification. Reactions were monitored with TLC
(Merck TLC Silica gel 60 F2s4) and spots were visualized under UV light (254 nm) or by charring
with 0.5 % H2SO4/EtOH. Compounds were purified by flash column chromatography with silica
gel (SiliCycle SiliaFlash® F60, 40-63 um particle size) or recrystallization with solvents specified
in the corresponding experiments. Proton (‘H) and carbon (!3C) NMR spectra were recorded on
Varian 400 (400 MHz for 'H; 100 MHz for '*C), Varian 500 (500 MHz for 'H; 125 MHz for '3C)
or Varian 700 (700 MHz for 'H; 175 MHz for '*C). High-resolution mass spectrometry (HR-MS)
analysis was performed on Agilent Technologies 6220 TOF spectrometer. Purity of all final
products used for inhibitor assays and pharmacokinetic studies was determined to be >95% by
HPLC or LC-MS (see Supporting Information for details).

5-Acetamido-2,6-anhydro-3,5-dideoxy-D-glycero-D-galacto-non-2-enonic acid (DANA, 1)
was synthesized as previously reported.?> 'H NMR (500 MHz, CDsOD) & 5.67 (d, J=2.3 Hz, 1H,
H-3),4.36 (dd, J=8.6, 2.3 Hz, 1H, H-4), 4.10 (dd, J=10.9, 1.1 Hz, 1H, H-6), 3.99 (dd, /= 10.9,
8.6 Hz, 1H, H-5), 3.87 (ddd, J=9.1, 5.4, 3.1 Hz, 1H, H-8), 3.80 (dd, /= 11.4, 3.1 Hz, 1H, H-9),
3.65 (dd, J=11.4, 5.4 Hz, 1H, H-9°), 3.52 (dd, J=9.1, 1.1 Hz, 1H, H-7), 2.02 (s, 3H, COCHa).
3C NMR (125 MHz, CDs0D) & 174.68, 170.02 (2 x C=0), 149.95 (C-2), 108.34 (C-3), 77.24 (C-
6), 71.29 (C-8), 70.22 (C-7), 68.70 (C-4), 64.94 (C-9), 51.96 (C-5), 22.82 (COCH3). HR-MS (ESI)
caled. for C11H16NOg [M-H]", 290.0876; found 290.0879

Methyl-5-acetamido-2,6-anhydro-3,5-dideoxy-D-glycero-D-galacto-non-2-enonate (DANA-
OMe, 1-OMe) was synthesized as previously reported.?> "H NMR (500 MHz, D20) § 6.13 (d, J =

2.4 Hz, 1H, H-3), 4.60 (dd, J = 9.0, 2.4 Hz, 1H, H-4), 4.36 (d, J = 10.9 Hz, 1H, H-6), 4.17 (dd, J
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=10.8, 9.0 Hz, 1H, H-5), 4.00 (ddd, /=9.0, 6.0, 2.7 Hz, 1H, H-8), 3.95 (dd, J=11.9, 2.7 Hz, 1H,
H-9), 3.90 (s, 3H, COOCH3), 3.77 — 3.71 (m, 2H, H-7, H-9), 2.15 (s, 3H, COCH3)."*C NMR (125
MHz, D;0) 6 175.78, 165.30 (2 x C=0), 144.37 (C-2), 113.54 (C-3), 77.09 (C-6), 70.84 (C-8),
68.92 (C-7), 68.02 (C-4), 63.99 (C-9), 53.91 (COOCH3), 50.59 (C-5), 23.07 (COCH3). HR-MS
(ESI) caled. for C12H19NNaOg [M+Na]", 328.1008; found 328.1006.
5-Acetamido-9-pentanamido-2,6-anhydro-3,5-dideoxy-D-glycero-D-galacto-non-2-enonic
acid (C9-BA-DANA, 2) was synthesized as previously reported.?> 'H NMR (500 MHz, CD;0D)
0593 (d,J=1.7Hz, 1H, H-3),4.43 (dd, J=8.6, 1.7 Hz, 1H, H-4), 4.18 (d, /= 10.8 Hz, 1H, H-
6),4.02 —3.95 (m, 1H, H-5), 3.95 - 3.87 (m, 1H, H-8), 3.59 (dd, J=13.9, 2.9 Hz, 1H, H-9), 3.43
(d,/J=9.0Hz, 1H, H-7), 3.32 - 3.27 (m, 1H, H-9°), 2.22 (t, J=7.6 Hz, 2H, a-CH>), 2.03 (s, 3H,
COCH3), 1.64 — 1.54 (m, 2H, B-CH»), 1.35 (dd, J=15.0, 7.5 Hz, 2H, y-CH>), 0.92 (t, /= 7.4 Hz,
3H, §-CH3).'*C NMR (126 MHz, CD;0D) & 177.26, 174.88 (N-C=0), 165.81 (C-1), 145.81 (C-
2), 113.17 (C-3), 77.79 (C-6), 71.50 (C-7), 70.24 (C-4), 68.03 (C-8), 51.97 (C-5), 44.40 (C-9),
36.87 (C-a), 29.28 (C-B), 23.44 (C-y), 22.86 (COCH3), 14.22 (C-6). HRMS (ESI) calcd. for
Ci6H25sN20g [M-H], 373.1616; found 373.1614.
Methyl-5-acetamido-9-pentanamido-2,6-anhydro-3,5-dideoxy-D-glycero-D-galacto-non-2-
enonate (C9-BA-DANA-OMe, 2-OMe) was synthesized as previously reported.?'H NMR (500
MHz, CD;0D) 6 5.93 (d,J=2.4 Hz, 1H, H-3), 4.43 (dd, /J=8.8, 2.4 Hz, 1H, H-4),4.19 (d, J=
10.6 Hz, 1H, H-6), 3.98 (dd, J=10.6, 8.8 Hz, 1H, H-5), 3.94 — 3.89 (m, 1H,H-8), 3.77 (s, 3H,
COOCH3), 3.59 (dd, J=14.0, 3.1 Hz, 1H, H-9), 3.42 (d, /=9.1 Hz, 1H, H-7), 3.31 (m, 1H, H-
9),2.23 (t,J=7.6 Hz, 2H, a-CH>), 2.03 (s, 3H, COCH3), 1.64 — 1.54 (m, 2H, B-CH>), 1.40 —
1.30 (m, 2H, y-CH>), 0.93 (t, J = 7.4 Hz, 3H, §-CH3). *C NMR (125 MHz, CD3;0D) § 177.31,

174.90, 164.34 (3 x C=0), 145.18 (C-2), 113.65 (C-3), 77.97 (C-6), 71.50 (C-7), 70.19 (C-4),
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67.90 (C-8), 52.90 (COOCH3), 52.01 (C-5), 44.49 (C-9), 36.86 (C-a), 29.27 (C-B), 23.44 (C-y),
22.85 (COCH3), 14.24 (C-8). HRMS (ESI) calcd. for C17H20N205 [M +H]", 389.1924; found
389.1909.

5-Acetamido-2,6-anhydro-4-guanidino-3.,4,5-trideoxy-D-glycero-D-galacto-non-2-enonic
acid (zanamivir, 6) was synthesized as previously reported.®> % "TH NMR (500 MHz, D,0) § 5.70
(d,/=1.9 Hz, 1H, H-3), 4.54 (dd, /=9.3, 1.9 Hz, 1H, H-4), 4.46 (m, 1H, H-6), 4.29 (dd, J=10.5,
9.3 Hz, 1H, H-5), 4.02 (ddd, J=9.1, 6.2, 2.5 Hz, 1H, H-8), 3.96 (dd, /=11.9, 2.5 Hz, 1H, H-9),
3.77-3.69 (m, 2H, H-7, H-9°), 2.11 (s, 3H, COCH3). 1*C NMR (125 MHz, D,0) § 175.38, 170.10
(2 x C=0), 157.99 (C=N), 150.19 (C-2), 104.79 (C-3), 76.33 (C-6), 70.74 (C-8), 69.11 (C-7),
64.03 (C-9), 52.11 (C-4), 48.71 (C-5), 22.93 (COCHs). HR-MS (ESI) calcd. for Ci12H21N4O7
[M+H]", 333.1405; found 333.1400

General Procedure of CuAAC Reaction and Hydrolysis of Methyl Ester. To a solution of
methyl 5-acetamido-9-azido-2,6-anhydro-3,5-dideoxy-D-glycero-D-galacto-non-2-enonate (9)*
(1 eq) and the corresponding alkyne (1.5 eq) in THF-H>O (2:1), sodium L-ascorbate (0.5 eq) and
copper (II) sulfate (0.5 eq) were added sequentially. The reaction mixture was kept stirring at room
temperature and monitored by TLC until no azide remained. Silica gel was then added to the
reaction mixture and the solvent was removed under reduced pressure. The residue was separated
by flash chromatography to provide the desired products with yields of 42%-88%. To hydrolyze
the Cl-methyl ester, the product was dissolved in MeOH, and 0.5 M NaOH was added. The
mixture was kept stirring at room temperature. After completion, the pH of the solution was
adjusted to 2 with Amberlite IR-120 (H"). The solution was filtered, concentrated and purified by

flash chromatography or recrystallization to provide the desired products with yields of 45%-88%.
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5-Acetamido-9-(4-(dimethylamino)phenyl)-2,6-anhydro-3,5-dideoxy-D-glycero-D-galacto-
non-2-enonic acid (7a). Compound 7a was prepared as described above in 62% yield (two steps,
86 mg). '"H NMR (500 MHz, CD;0D) & 8.11 (s, 1H, triazole-H), 7.64 (d, J = 8.9 Hz, 2H, Ar-H),
6.81 (d, /= 8.9 Hz, 2H, Ar-H), 5.90 (d, J= 2.3 Hz, 1H, H-3), 4.49 (dd, J = 14.0, 7.5 Hz, 1H, H-
9),4.40 (dd, /= 8.7, 2.3 Hz, 1H, H-4), 4.31 —4.25 (m, 1H, H-8), 4.14 (dd, /=10.9, 1.0 Hz, 1H,
H-6), 3.99 (dd, J = 10.9, 8.7 Hz, 1H, H-5), 3.41 (dd, J = 9.2, 1.0 Hz, 1H, H-7), 2.96 (s, 6H,
N(CH3)2), 1.99 (s, 3H, COCHj3). *C NMR (125 MHz, CD;0D) & 175.16 (C=0), 152.12, 127.59,
120.10, 113.93 (Ar-C), 149.18 (triazole-C4), 121.83 (triazole-C5), 77.67 (C-6), 71.23 (C-7), 69.79
(C-4),68.01 (C-8),55.13 (C-9),51.96 (C-5), 40.78 (N-CH3), 22.65 (COCH3). HR-MS (ESI) calcd.
for C21H26N507 [M-H], 460.1832; found 460.1834.

5-Acetamido-9-(4-acetamidophenyl)-2,6-anhydro-3,5-dideoxy-D-glycero-D-galacto-non-2-
enonic acid (7b). Compound 7b was prepared as above in 65% yield (two steps, 90 mg). 'H NMR
(500 MHz, CD30D) 6 8.28 (s, 1H, triazole-H), 7.76 (d, /= 8.2 Hz, 2H, Ar-H), 7.62 (d, /= 8.2 Hz,
2H, Ar-H), 5.70 (s, 1H, H-3), 4.50 (dd, J=13.5, 7.7 Hz, 1H, H-9’), 4.35 (d, J = 8.6 Hz, 1H, H-4),
4.30-4.27 (m, 1H, H-8), 4.10 (d, /= 10.7 Hz, 1H, H-6), 4.04 —3.96 (m, 1H, H-5),3.39(d,J="7.7
Hz, 1H, H-7), 2.13, 1.98 (2 x s, 3H, 2 x COCH3). '*C NMR (125 MHz, ds-DMSO) § 172.10,
168.34, 168.25, 165.18 (4 x C=0), 147.63 (C-2), 145.74 (triazole-C4), 121.67 (triazole-C5),
138.80, 138.69, 125.72, 125.44, 119.20, 119.11 (Ar-C), 108.60 (C-3), 75.66 (C-6), 69.95 (C-7),
68.10 (C-4), 65.90 (C-8), 53.70(C-9), 50.81 (C-5), 22.97, 22.49(2 x COCH3z). HR-MS (ESI) calcd.
for C21H24N505 [M-H], 474.1625; found 474.1636.

5-Acetamido-9-(4-amidophenyl)-2,6-anhydro-3,5-dideoxy-D-glycero-pD-galacto-non-2-
enonic acid (7c). Compound 7c¢ was prepared as above in 63% yield (two steps, 80 mg). '"H NMR

(500 MHz, CD30D) § 8.09 (s, 1H, triazole-H), 7.55 (d, J= 8.6 Hz, 2H, Ar-H), 6.79 (d, J= 8.6 Hz,
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2H, Ar-H), 5.88 (d, J=2.4 Hz, 1H, H-3), 4.82 (dd, /= 14.1, 2.6 Hz, 1H, H-9), 4.48 (dd, J = 14.1,
7.6 Hz, 1H, H-9°), 4.41 (dd, J=8.7, 2.4 Hz, 1H, H-4), 4.28 (ddd, /= 9.5, 7.6, 2.6 Hz, 1H, H-8),
4.14 (dd, J=10.9, 1.0 Hz, 1H, H-6), 4.00 (dd, J = 10.9, 8.7 Hz, 1H, H-5), 3.41 (dd, J=9.5, 1.0
Hz, 1H, H-7), 1.98 (s, 3H, COCH3). *C NMR (125 MHz, CD;0D) & 175.13, 166.94 (2 x C=0),
149.13, 148.42 (Ar-C, triazole-C4), 146.69 (C-2), 127.77, 116.96 (Ar-C), 122.01, 121.94 (Ar-C,
triazole-C5), 112.19 (C-3), 77.57 (C-6), 71.24 (C-7), 69.81 (C-4), 68.08 (C-8), 55.14 (C-9), 51.93
(C-5), 22.72 (COCH3s). HR-MS (ESI) calcd. for C19H22NsO7 [M-H], 432.1529; found 432.1513.
5-Acetamido-9-(4-methylphenyl)-2,6-anhydro-3,5-dideoxy-D-glycero-D-galacto-non-2-
enonic acid (7d). Compound 7d was prepared as above in 75% yield (two steps, 100 mg). 'H
NMR (500 MHz, CDs;0D) 6 8.24 (s, 1H, triazole-H), 7.68 (d, J = 8.0 Hz, 2H, Ar-H), 7.22 (d, J =
8.0 Hz, 2H, Ar-H), 5.79 (s, 1H, H-3), 4.50 (dd, J = 13.9, 7.4 Hz, 1H, H-9’), 4.39 (d, J = 8.2 Hz,
1H, H-4), 4.29 (brs, 1H, H-8), 4.13 (d, J=10.9 Hz, 1H, H-6), 4.06 —3.97 (m, 1H, H-5),3.42 (d, J
=9.0 Hz, 1H, H-7), 2.34 (s, 3H, PhCH3), 1.98 (s, 3H, COCHj3). 1*C NMR (125 MHz, CD30OD) §
175.00 (C=0), 148.64 (triazole-C4), 123.08 (triazole-C5), 139.31, 130.58, 129.01, 126.62 (Ar-C),
110.40 (C-3), 77.27 (C-6), 71.24 (C-7), 69.84 (C-4), 68.35 (C-8), 55.16 (C-9), 51.95 (C-5), 22.76
(COCH3), 21.31 (PhCH3). HR-MS (ESI) caled. for C0H23N4O7 [M-H], 431.1567; found
431.1568.
5-Acetamido-9-(4-methoxyphenyl)-2,6-anhydro-3,5-dideoxy-D-glycero-D-galacto-non-2-

enonic acid (7e). Compound 7e was prepared as above in 59% yield (two steps, 80 mg). '"H NMR
(500 MHz, CD30D) 6 8.20 (s, 1H, triazole-H), 7.72 (d, /= 8.9 Hz, 2H, Ar-H), 6.97 (d, /= 8.9 Hz,
2H, Ar-H), 5.77 (d, /= 2.0 Hz, 1H, H-3), 4.49 (dd, /= 14.0, 7.6 Hz, 1H, H-9’), 4.39 (dd, J = 8.7,
2.0 Hz, 1H, H-4), 4.32 —4.25 (m, 1H, H-8), 4.12 (d, /= 10.8 Hz, 1H, H-6), 4.00 (dd, /= 10.8, 8.7

Hz, 1H, H-5), 3.81 (s, 3H, PhOCH3), 3.41 (d, J = 9.2 Hz, 1H, H-7), 1.98 (s, 3H, COCH3). 13C
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NMR (125 MHz, CD;0OD) 6 174.96 (COCH3), 161.27, 128.00, 124.40, 115.37 (Ar-C), 148.49
(triazole-C4), 122.59 (triazole-C5), 109.95 (C-3), 77.20 (C-6), 71.26 (C-7), 69.86 (C-4), 68.38 (C-
8), 55.80 (PhOCHs;), 55.15 (C-9), 51.97 (C-5), 22.74 (COCHs). HR-MS (ESI) caled. for
C20H23N4Og [M-H], 447.1516; found 447.1527.
5-Acetamido-9-(4-fluorophenyl)-2,6-anhydro-3,5-dideoxy-D-glycero-D-galacto-non-2-
enonic acid (7f). Compound 7f was prepared as above in 62% yield (two steps, 80 mg). '"H NMR
(500 MHz, CD30D) 6 8.28 (s, 1H, triazole-H), 7.87 — 7.80 (m, 2H, Ar-H), 7.20 — 7.13 (m, 2H, Ar-
H), 5.92 (d,J=2.4 Hz, 1H, H-3), 4.86 (dd, /= 14.0, 2.6 Hz, 1H, H-9), 4.51 (dd, /= 14.0, 7.7 Hz,
1H, H-9°), 4.41 (dd, J= 8.7, 2.4 Hz, 1H, H-4), 4.29 (ddd, J=9.6, 7.7, 2.6 Hz, 1H, H-8), 4.14 (dd,
J=10.8, 1.1 Hz, 1H, H-6), 3.99 (dd, /= 10.8, 8.7 Hz, 1H, H-5), 3.43 (dd, /=9.6, 1.1 Hz, 1H, H-
7), 1.99 (s, 3H, COCH3). 1*C NMR (125 MHz, CD30D) § 175.15 (C=0), 164.09 (d, J = 245.9 Hz,
Ar-C), 147.63 (triazole-C4), 123.31 (triazole-C5), 128.61 (d, J= 8.2 Hz, Ar-C), 128.34 (d,J=3.2
Hz, Ar-C), 116.77 (d, J = 22.0 Hz, Ar-C), 112.86 (C-3), 77.70 (C-6), 71.30 (C-7), 69.80 (C-4),
67.95 (C-8), 55.25 (C-9), 51.96 (C-5), 22.64 (COCH3). HR-MS (ES]J) calcd. for C19H20FN4O7 [M-
HJ, 435.1316; found 435.1324.
5-Acetamido-9-(4-(trifluoromethyl)phenyl)-2,6-anhydro-3,5-dideoxy-D-glycero-nD-galacto-

non-2-enonic acid (7g). Compound 7g was prepared as above in 19% yield (two steps, 40 mg).
"H NMR (500 MHz, CD3;0D) & 8.44 (s, 1H, triazole-H), 8.02 (d, J= 8.2 Hz, 2H, Ar-H), 7.72 (d, J
= 8.2 Hz, 2H, Ar-H), 5.95 (d, /J=2.4 Hz, 1H, H-3), 4.90 (dd, J = 14.0, 2.6 Hz, 1H, H-9), 4.53 (dd,
J=14.0, 7.7 Hz, 1H, H-9°), 442 (dd, J = 8.7, 2.4 Hz, 1H, H-4), 437 — 4.21 (m, 1H, H-8), 4.16
(dd,J=10.8, 1.0 Hz, 1H, H-6), 4.00 (dd, /= 10.8, 8.7 Hz, 1H, H-5), 3.45 (dd, J=9.1, 1.0 Hz, 1H,
H-7), 1.99 (s, 3H, COCH3). 1*C NMR (125 MHz, CDs0D) § 175.20 (C=0), 147.04 (triazole-C4),

124.50 (triazole-C5), 135.81 (Ar-C), 130.90 (q, J = 32.3 Hz, Ar-C), 127.01 (Ar-C), 126.89 (q, J =
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3.8 Hz, Ar-C), 113.43 (C-3), 77.81 (C-6), 71.35 (C-7), 69.80 (C-4), 67.88 (C-8), 55.34 (C-9), 51.95
(C-9), 22.65 (COCH3). HR-MS (ESI) calced. for C20H20F3N4O7 [M-H]", 485.1284; found 485.1282.
5-Acetamido-9-(4-carboxyphenyl)-2,6-anhydro-3,5-dideoxy-D-glycero-nD-galacto-non-2-
enonic acid (7h). Compound 7h was prepared as above in 74% yield (two steps, 100 mg). 'H
NMR (500 MHz, CDs;0D) 6 8.42 (s, 1H, triazole-H), 8.06 (d, J = 8.5 Hz, 2H, Ar-H), 7.90 (d, J =
8.5 Hz, 2H, Ar-H), 5.84 (d, /= 1.9 Hz, 1H, H-3), 4.88 (dd, /= 14.0, 2.1 Hz, 1H, H-9), 4.54 (dd, J
=14.0, 7.6 Hz, 1H, H-9’), 4.43 (dd, /= 8.7, 1.9 Hz, 1H, H-4), 4.31 (t, /= 7.6 Hz, 1H, H-8), 4.15
(d, /J=10.9 Hz, 1H, H-6), 4.03 (dd, /=10.9, 8.7 Hz, 1H, H-5), 3.44 (d,/J=7.6 Hz, 1H, H-7), 1.99
(s, 3H, COCH3). 3C NMR (125 MHz, CD;0D) § 175.08, 169.69, 167.90 (3 x C=0), 147.50
(triazole-C4), 124.53 (triazole-C5), 136.19, 131.49, 126.44 (Ar-C), 111.19 (C-3), 77.37 (C-6),
71.31 (C-7), 69.84 (C-4), 68.24 (C-8), 55.29 (C-9), 51.90 (C-5), 22.82 (COCH3). HR-MS (ESI)
calcd. for C20H21N4O9 [M-H], 461.1309; found 461.1316.
Methyl-5-acetamido-9-(4-biphenyl)-2,6-anhydro-3,5-dideoxy-D-glycero-D-galacto-non-2-

enonate acid (7i-OMe). C1-Methyl ester of 7i was obtained via CuUAAC as described. 69% (71
mg). '"H NMR (500 MHz, ds-DMSO) § 8.46 (s, 1H, triazole-H), 8.19 (d, ] = 7.4 Hz, 1H, Ar-H),
7.93 (d, J =7.4 Hz, 2H, Ar-H), 7.74 (d, J = 7.6 Hz, 2H, Ar-H), 7.70 (d, J = 7.0 Hz, 2H, Ar-H),
7.49-7.42 (m, 2H, Ar-H), 7.38-7.32 (m, 1H, Ar-H), 5.81 (s, 1H, H-3), 5.41 (d, J=5.4 Hz, 1H, OH),
5.36 (d,J=4.7 Hz, 1H, OH), 5.10 (s, 1H, NH), 4.77 (d, J = 13.4 Hz, 1H, H-9), 4.38-4.25 (m, 2H,
H-9°, H-4), 4.09-3.95 (m, 2H, H-8, H-6), 3.80 — 3.72 (m, 1H, H-7), 3.69 (s, 3H, COOCH3), 1.90
(s, 3H, COCHj3). 3C NMR (126 MHz, ds-DMSO) & 172.06, 162.12 (2 x C=0), 145.50 (triazole-
C4), 143.15 (C-2), 139.56, 139.21, 130.05, 128.92, 127.47, 127.04, 126.45, 125.59 (Ar-C), 122.56

(triazole-C5), 113.36 (C-3), 76.40 (C-6), 69.85 (C-7), 68.00 (C-4), 65.47 (C-8), 53.82 (C-9), 52.06
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(a-CH2), 50.26 (C-5), 22.52 (COCH3). HR-MS (ESI) calcd. for C26H2sN4O7 [M-H], 509.2031;
found 509.2034.

General Procedure of Transesterification for elongated esters of 7i. Compound 7i-OMe was
dissolved in corresponding alcohol, then LiBr (5 eq) and DBU (0.5 eq) was added. After stirring
at room temperature overnight, solvents were removed under reduced pressure and the residue was
purified by flash chromatography to give the desired products (43% - 62%).

Ethyl-5-acetamido-9-(4-biphenyl)-2,6-anhydro-3,5-dideoxy-D-glycero-D-galacto-non-2-
enonate (7i-OEt). 10 mg (62%). '"H NMR (700 MHz, ds-DMSO) § 8.48 (s, 1H, triazole-H), 8.22
(d, J=8.1 Hz, 1H, Ar-H), 7.95 (d, J = 8.2 Hz, 2H, Ar-H), 7.76 (d, ] = 8.2 Hz, 2H, Ar-H), 7.72 (d,
J=7.7Hz, 2H, Ar-H), 7.48 (t, ] = 7.6 Hz, 2H, Ar-H), 7.37 (t, ] = 7.4 Hz, 1H, Ar-H), 5.82 (d, ] =
2.4 Hz, 1H, H-3), 5.42 (d,J= 6.2 Hz, 1H, OH), 5.38 (d, ] = 6.5 Hz, 1H, OH), 5.12 (d, J = 4.8 Hz,
1H, NH), 4.80 (dd, J=13.9, 2.3 Hz, 1H, H-9), 4.38 —4.31 (m, 2H, H-9°, H-4), 4.19 - 4.13 (m, 2H,
a-CHz), 4.06 (ddd, J =14.8, 8.7, 2.6 Hz, 1H, H-8), 3.99 (d, ] = 10.9 Hz, 1H, H-6), 3.79 —3.73 (m,
1H, H-5), 3.35 (dd, J =8.7, 5.1 Hz, 1H, H-7), 1.92 (s, 3H, COOCH3), 1.21 (t,J = 7.1 Hz, 3H, B-
CHs). '3C NMR (175 MHz, ds-DMSO0) § 172.09, 161.55 (2 x C=0), 145.49 (triazole-C4), 143.26
(C-2), 139.57, 139.21, 130.08, 128.94, 127.48, 127.06, 126.46, 125.59 (Ar-C), 122.55 (triazole-
CS5), 113.18 (C-3), 76.47 (C-6), 69.95 (C-7), 68.13 (C-4), 65.49 (C-8), 60.82 (a-CH>), 53.77 (C-
9), 50.31 (C-5), 22.53 (COCH3), 13.98 (B-CH3). HR-MS (ESI) caled. for C27H31N4O7 [M-H],
523.2187; found 523.2186.

Propyl-5-acetamido-9-(4-biphenyl)-2,6-anhydro-3,5-dideoxy-D-glycero-D-galacto-non-2-
enonate (7i-OPr). 10 mg (63%). 'H NMR (700 MHz, ds-DMSO) & 8.47 (d, J = 5.6 Hz, 1H,
triazole-H), 8.22 (d, J =8.2 Hz, 1H, Ar-H), 7.95 (d, J =8.2 Hz, 2H, Ar-H), 7.76 (d, J = 8.2 Hz, 2H,

Ar-H), 7.72 (d, ] = 7.5 Hz, 2H, Ar-H), 7.48 (t, ] = 7.7 Hz, 2H, Ar-H), 7.37 (t, ] = 7.4 Hz, 1H, Ar-
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H), 5.83 (d, J=2.3 Hz, 1H, H-3), 5.41 (d, J=6.2 Hz, 1H, OH), 5.38 (d, J = 6.5 Hz, 1H, OH), 5.12
(d,J=4.7Hz, 1H,NH), 4.80 (dd, J=13.9, 2.1 Hz, 1H, H-9), 4.39 - 4.31 (m, 2H, H-9°, H-4), 4.10-
4.04 (m, 3H, a-CHz, H-8), 3.99 (d, J = 10.8 Hz, 1H, H-6), 3.77 (dd, J = 10.8, 8.6 Hz, 1H, H-5),
1.92 (s, 3H, COOCHa), 1.61 (dd, J = 14.1, 7.2 Hz, 2H, B-CH>»), 0.88 (t, J = 7.2 Hz, 3H, y-CH3).
3C NMR (175 MHz, ds-DMSO) § 172.09, 161.59 (2 x C=0), 145.49 (triazole-C4), 143.23 (C-2),
139.57, 139.21, 130.08, 128.94, 127.48, 127.06, 126.46, 125.59 (Ar-C), 122.49 (triazole-C5),
113.14 (C-3), 76.47 (C-6), 69.96 (C-7), 68.20 (C-4), 66.14 (C-8), 65.51(a-CH2), 53.76 (C-9), 50.31
(C-5), 22.53 (B-CH>), 21.42 (COCH3), 10.19 (y-CHs). HR-MS (ESI) calcd. for C2sH33N407 [M-
HJ, 537.2344; found 537.2345.
Butyl-5-acetamido-9-(4-biphenyl)-2,6-anhydro-3,5-dideoxy-D-glycero-D-galacto-non-2-

enonate (7i-OBu). 7 mg (43%). 'H NMR (700 MHz, ds-DMSO) § 8.47 (s, 1H, triazole-H), 8.22
(d, J=8.2 Hz, 1H, Ar-H), 7.97 — 7.93 (m, 2H, Ar-H), 7.78 — 7.74 (m, 2H, Ar-H), 7.73 — 7.70 (m,
2H, Ar-H), 7.49 — 7.46 (m, 2H, Ar-H), 7.39 — 7.35 (m, 1H, Ar-H), 5.82 (d, J = 2.5 Hz, 1H, H-3),
540(d,J=6.2Hz, 1H, OH), 5.38 (d,J =6.5 Hz, 1H, OH), 5.12 (d, J =4.8 Hz, 1H, NH), 4.81 (dd,
J=13.9,2.5 Hz, 1H, H-9), 4.39 —4.31 (m, 2H, H-9°, H-4), 4.11 (td, J = 6.5, 1.1 Hz, 2H, a-CH>),
4.07 (tdd, J =8.7, 6.3, 2.5 Hz, 1H, H-8), 3.99 (d, J = 10.6 Hz, 1H, H-6), 3.77 (dt, ] = 10.6, 8.5 Hz,
1H, H-5), 3.36 (dd, J = 8.6, 5.8 Hz, 1H, H-7), 1.92 (s, 3H, COOCH3), 1.60 — 1.55 (m, 2H, B-CH>),
1.32 (dq, J = 14.7, 7.4 Hz, 2H, y-CHz), 0.86 (t, ] = 7.4 Hz, 3H, §-CH3). '*C NMR (175 MHz, ds-
DMSO0) 6 172.10, 161.58 (2 x C=0), 145.49 (triazole-C4), 143.23 (C-2), 139.84, 139.57, 139.20,
130.09, 128.94, 127.48, 127.05, 126.46, 125.59 (Ar-C), 122.48 (triazole-C5), 113.15 (C-3), 76.50
(C-6), 69.99 (C-7), 68.27 (C-4), 65.49 (C-8), 64.42 (a-CH2), 53.74 (C-9), 50.32 (C-5), 30.03 (B-
CH»), 22.53 (COCH3), 18.59 (y-CH>), 13.48 (8-CH3). HR-MS (ESIJ) caled. for C29H35N407 [M-

H]J, 551.2500; found 551.2509.
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5-Acetamido-9-(4-biphenyl)-2,6-anhydro-3,5-dideoxy-D-glycero-nD-galacto-non-2-enonic
acid (7i). Compound 7i was obtained after hydrolysis of 7i-OMe as described above in 75% (52
mg). '"H NMR (500 MHz, CD;0D) § 8.34 (s, 1H, triazole-H), 7.88 (d, J = 8.1 Hz, 2H, Ar-H), 7.67
(d, J=8.1 Hz, 2H, Ar-H), 7.62 (d, J = 7.8 Hz, 2H, Ar-H), 7.42 (t, J= 7.6 Hz, 2H, Ar-H), 7.32 (t,
J=7.4Hz, 1H, Ar-H), 5.74 (d, J = 1.9 Hz, 1H, H-3), 4.88 (dd, J =13.9, 2.2 Hz, 1H, H-9), 4.52
(dd,J=13.9,7.7 Hz, H-9), 4.39 (dd, /= 8.7, 1.9 Hz, H-4), 437 — 4.21 (m, 1H, H-8),4.13 (d, J =
10.8 Hz, 1H, H-6), 4.02 (dd, J=10.8, 8.7 Hz, 1H, H-5), 3.42 (d, /=9.3 Hz, 1H, H-7), 2.00 (s, 3H,
COCH3). 3C NMR (125 MHz, CDs0D) & 174.93, 169.51 (2 x C=0), 149.28 (triazole-C4), 123.47
(triazole-C5), 148.20 (C-2), 142.24, 141.76, 130.84, 129.94, 128.54, 128.48, 127.86, 127.10 (Ar-
C), 77.14 (C-6), 71.34 (C-7), 69.83 (C-4), 68.49 (C-8), 55.25 (C-9), 52.00 (C-5), 22.77 (COCH3).
HR-MS (ESI) calcd. for C25H2sN4O7 [M-H], 493.1723; found 493.1729.
5-Acetamido-9-(4-phenoxyphenyl)-2,6-anhydro-3,5-dideoxy-D-glycero-D-galacto-non-2-

enonic acid (7j). Compound 7j was prepared as above in 40% (two steps, 40 mg). 'H NMR (500
MHz, CD3;0D) 6 8.24 (s, 1H, triazole-H), 7.78 (d, J= 8.7 Hz, 2H, Ar-H), 7.35 (dd, /=8.7, 7.4 Hz,
2H, Ar-H), 7.12 (t, /= 7.4 Hz, 1H, Ar-H), 7.05 — 6.98 (m, 4H, Ar-H), 5.93 (d, /= 2.4 Hz, 1H, H-
3),4.85(dd, J = 14.0, 2.5 Hz, 1H, H-9), 4.50 (dd, J = 14.0, 7.7 Hz, 1H, H-9’), 4.42 (dd, J = 8.7,
2.4 Hz, 1H, H-4),4.30 (ddd, J=10.0, 7.7, 2.5 Hz, 1H, H-8), 4.16 (m, 1H, H-6), 4.01 (dd, J=10.8,
8.8 Hz, 1H, H-5), 3.47 — 3.41 (m, 1H, H-7), 2.00 (s, 3H, COCHj3). *C NMR (125 MHz, CD30D)
0 175.18,166.12 (2 x C=0), 158.95, 158.31, 131.00, 128.28, 126.98, 124.77, 120.19, 119.98 (Ar-
C), 148.06 (triazole-C4), 123.10 (triazole-C5), 145.90 (C-2), 113.04 (C-3), 77.73 (C-6), 71.32 (C-
7), 69.83 (C-4), 67.95 (C-8), 55.25 (C-9), 51.95 (C-5), 22.70 (COCH3). HR-MS (ESI) calcd. for

C25H25N4Os [M-HT, 509.1672; found 509.1674.
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5-Acetamido-9-(4-carboxyphenyl)-2,6-anhydro-4-guanidino-3.,4,5-trideoxy-D-glycero-D-
galacto-non-2-enonic acid (8a). To a solution of compound 16 (40 mg) in 1 mL DCM, 100 pL
TFA was added. The solution was then stirred at room temperature for 2 h. After completion, DCM
and TFA were removed under reduced pressure. The residue was dissolved in 2 mL 0.1 N NaOH,
and stirred at room temperature for 1 h. After completion, Amberlite IR 120 (H") was added to the
reaction mixture to adjust the pH of the solution to 2. The suspension was then filtered, and the
filtrate was concentrated and dissolved in minimum methanol. The desired product was
precipitated with ethyl acetate. 10 mg (41%). "H NMR (500 MHz, D-0) § 8.49 (s, 1H, triazole-H),
8.02 (d, J=8.2 Hz, 2H, Ar-H), 7.93 (d, /= 8.2 Hz, 2H, Ar-H), 5.68 (d, /= 2.1 Hz, 1H, H-3), 4.91
(dd, /=144, 2.8 Hz, 1H, H-9), 4.72 (dd, J = 14.4, 6.7 Hz, 1H, H-9’), 4.48 (dd, J=9.5, 2.1 Hz,
1H, H-4), 446 — 4.41 (m, 1H, H-8), 4.40 (d, J=11.0 Hz, 1H, H-7), 4.26 (t, /= 9.5 Hz, 1H, H-5),
3.53(d, J=9.5 Hz, 1H, H-6), 1.99 (s, 3H, COCH3). *C NMR (125 MHz, D,0) § 175.37, 169.94,
163.66 (3 x C=0), 157.96 (C=N), 150.14 (C-2), 147.81 (triazole-C4), 124.65 (triazole-C5), 133.00,
130.62, 126.33 (Ar-C), 104.76 (C-3), 76.02 (C-6), 69.79 (C-8), 69.00 (C-7), 54.41 (C-9), 51.83
(C-4), 48.65 (C-5), 22.75 (COCH3).HR-MS (ESI) caled. for C21H24N70g [M-H]", 502.1686; found
502.1683.

Methyl 5-acetamido-9-(4-biphenyl-1H-1,2,3-triazol-1-yl))-4-guanidino-2,6-anhydro-4-
[2,3-bis(tert-butoxycarbonyl)guanidino]-3,4,5-trideoxy-D-glycero-D-galacto-non-2-enonate
(8b-OMe). A solution of compound 24 (150 mg) in 3 mL DCM was charged with TFA (300 pL)
and the solution was stirred at room temperature for 2 h. After completion, DCM and TFA were
removed under reduced pressure. The residue was dissolved in 5 mL methanol and cooled to 0 °C,
followed by addition of NaOMe (54 mg, 5eq). The reaction mixture was stirred at 0 °C for 1 h.

After completion, Amberlite IR 120 (H") was added to neutralize the solution. The suspension was
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then filtered, and the filtrate was concentrated and purified by flash chromatography to give the
desired product. 50 mg (45%). 1H NMR (500 MHz, CD;0D) ¢ 8.31 (s, 1H, triazole-H), 7.84 (d, J
= 8.1 Hz, 2H, Ar-H), 7.62 (d, J = 8.1 Hz, 2H, Ar-H), 7.57 (d, J = 7.5 Hz, 2H, Ar-H), 7.38 (t, ] =
7.5 Hz, 2H, Ar-H), 7.29 (t, ] = 7.3 Hz, 1H, Ar-H), 5.87 (d, J = 2.0 Hz, 1H, H-3), 4.58 — 4.47 (m,
2H, H-9°, H-6), 4.43 (d, J = 10.2 Hz, 1H, H-4), 4.33 — 4.20 (m, 2H, H-8, H-5), 3.72 (s, 3H,
COOCH3), 3.58 (d, J =9.0 Hz, 1H, H-7), 1.97 (s, 3H, COCH3). 13C NMR (125 MHz, CD30D)
174.57, 163.86 (2 x C=0), 158.95 (C=N), 148.23 (triazole-C4), 146.33, 142.29, 141.69, 130.72,
129.94, 128.58, 128.50, 127.84, 127.11 (Ar-C), 123.71 (triazole-C5), 109.28 (C-3), 77.93 (C-6),
71.21 (C-8), 70.11 (C-7), 55.15 (C-9), 53.07 (COOCHz), 51.51 (C-5), 22.69(COCH3).HR-MS
(ESI) calcd. for C27H32N706 [M+H]", 550.2414; found 550.2395.
5-Acetamido-9-(4-biphenyl-1H-1,2,3-triazol-1-yl))-4-guanidino-2,6-anhydro-4-[2,3-

bis(tert-butoxycarbonyl)guanidino]-3,4,5-trideoxy-D-glycero-D-galacto-non-2-enonic  acid
(8b). A solution of compound 24 (180 mg) in 3 mL DCM was charged with 300 uLL TFA and the
solution was stirred at room temperature for 2 h. After completion, DCM and TFA were removed
under reduced pressure. The residue was dissolved in 3 mL 0.1 N NaOH, and stirred at room
temperature for 1 h. After completion, Amberlite IR 120 (H") was added to adjust the pH of the
solution to 2. The suspension was then filtered, and the filtrate was concentrated and dissolved in
minimum methanol. The desired product was precipitated with ethyl acetate. 10 mg (31%). 'H
NMR (500 MHz, CDs;0D) 6 8.34 (s, 1H, triazole-H), 7.87 (d, J = 8.1 Hz, 2H, Ar-H), 7.66 (d, J =
8.1 Hz, 2H, Ar-H), 7.61 (d, J=7.5 Hz, 2H, Ar-H), 7.41 (t, /= 7.6 Hz, 2H, Ar-H), 7.32 (t, J=7.3
Hz, 1H, Ar-H), 5.89 (s, 1H, H-3), 4.88 (d, /= 14.3 Hz, 1H, H-9), 4.60 — 4.47 (m, 2H, H-9’, H-6),
4.42 (d,J=10.0 Hz, 1H, H-4), 4.28 (m, 2H, H-5, H-8), 3.57 (d, /=9.0 Hz, 1H, H-7), 1.98 (s, 3H,

COCH3). *C NMR (125 MHz, CD;OD) § 174.56, 165.08 (2 x C=0), 158.96 (C=N), 148.25 (C-
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2), 146.68 (triazole-C4), 123.70 (triazole-C5), 142.30, 141.70, 130.71, 129.95, 128.58, 128.50,
127.85, 127.12 (Ar-C), 109.14 (C-3), 77.79 (C-6), 71.21 (C-8), 70.06 (C-7), 55.19 (C-9), 51.53
(C-5), 22.72 (COCH3s). HR-MS (ESI) calcd. for C26H2sN7O6 [M-H], 534.2101; found 534.2105.
2-Methyl-4,5-dihydro-(methyl(7,8-di-O-acetyl-9-(4-(methoxycarbonyl)phenyl)-2,6-

anhydro-3,4,5-trideoxy-D-glycero-D-talo-non-2-en)onate)[5,4-d]-1,3-oxazole (11). A solution
of compound 10h (250 mg, 1 eq) in anhydrous pyridine was cooled to 0 °C, followed by dropwise
addition of acetic anhydride (230 uL, 4.5 eq). The reaction mixture was allowed to warm to room
temperature and kept stirring overnight. After completion, the reaction was quenched with
methanol and the solvents were removed under reduced pressure. The residue was dissolved in
ethyl acetate and carefully washed with 0.05 M HCI, water, and brine sequentially and dried over
Na>SOs. The solution was then concentrated and purified by flash chromatography, providing a
crude fully protected product, which was used in the next step without further purification. 370 mg
(quant., crude product). The obtained crude protected product (800 mg, 1 eq, several batches’
product of last step) was dissolved in 10 mL ethyl acetate. The solution was warmed to 40 °C and
TMSOTT (408 uL, 3 eq) was added dropwise. The resulting solution was kept stirring at 50 °C for
4 hours. After completion, the solution was added to a vigorously stirred cold saturated sodium
bicarbonate solution. The aqueous phase was separated and extracted with ethyl acetate. The
organic phase was combined, dried over Na>SOs, concentrated and purified by flash
chromatography to give the desired product (430 mg, 60%). 'H NMR (500 MHz, CD;0D) & 8.49
(s, 1H, triazole-H), 8.03 — 7.97 (d, J = 8.5 Hz, 2H, Ar-H), 7.88 (d, /= 8.5 Hz, 2H, Ar-H), 6.39 (d,
J=4.0 Hz, 1H, H-3), 5.65 — 5.57 (m, 2H, H-7, H-8), 5.22 (dd, J = 14.8, 2.6 Hz, 1H, H-9), 4.94
(dd,J=9.5,4.0 Hz, 1H, H-4), 4.79 (m, 1H, H-9°), 4.02 (t, J=9.5 Hz, 1H, H-5), 3.87,3.79 (2 x s,

2 x 3H, 2 x COOCH3), 3.60 (dd, J=9.5, 2.3 Hz, 1H, H-6), 2.17 (s, 3H, oxazole-CH3), 1.97, 1.95
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(2 x's,2 x 3H, 2 x COOCHj3). 3C NMR (125 MHz, CDs0D) § 171.55, 171.32, 168.03, 163.34 (4
x C=0), 170.12 (oxazole-O-C=N), 148.09 (triazole-C4), 124.39 (triazole-C5), 147.66 (C-2),
136.30, 131.27, 130.78, 126.55 (Ar-C), 109.05 (C-3), 78.35 (C-6), 74.22 (C-4), 73.52 (C-8), 70.86
(C-7), 62.68 (C-5), 53.27, 52.81 (2 x COOCHj3), 51.09 (C-9), 20.73, 20.67 (COCHs), 14.06
(oxazole-CH3). HR-MS (ESI) calcd. for C26H2sN4sNaOjo [M+Na]", 579.1703; found 579.1697
Methyl S-acetamido-7,8-di-O-acetyl-9-(4-(methoxycarbonyl)phenyl)-2,6-anhydro-4-azido-
3,4,5-trideoxy-D-glycero-D-galacto-non-2-enonate (12). To a solution of compound 11 (430 mg,
1 eq) in dry ‘BuOH, TMSN3 (507 uL, 5 eq) was added and the resulting solution was stirred at 80
°C under a nitrogen atmosphere for 12 hours. After completion, the solution was cooled to room
temperature, concentrated and purified by flash chromatography to give the desired product. 470
mg (quant.). '"H NMR (500 MHz, CD;0D) & 8.51 (s, 1H, triazole-H), 8.07 — 8.02 (m, 2H, Ar-H),
7.92 -17.87 (m, 2H, Ar-H), 5.97 (d, J=2.2 Hz, 1H, H-3), 5.57-5.56 (dd, J= 3.3, 2.2 Hz, 1H, H-4),
5.52(dt,J=9.1,2.9 Hz, 1H, H-8), 5.29 (dd, J=14.8, 2.7 Hz, 1H, H-9), 4.71 (dd, J=14.8, 9.1 Hz,
1H, H-9’), 4.49 (dd, J=10.3, 1.9 Hz, 1H, H-6), 4.27 — 4.18 (m, 2H, H-5, H-7), 3.89, 3.80 (2 x s,
2x 3H, 2 x COOCH3), 2.13,1.93,1.92 (3 x s, 3 x 3H, 3 x COCH3). 3C NMR (125 MHz, CD;0D)
0 173.49, 171.83, 171.42, 168.09, 163.07 (5 x C=0), 147.64 (triazole-C4), 124.51 (triazole-C5),
146.32 (C-2), 136.25, 131.26, 130.85, 126.54 (Ar-C), 109.74 (C-3), 78.44 (C-6), 73.96 (C-8),
69.60 (C-7), 60.46 (C-4), 53.21, 52.74 (2 x COOCH3), 51.17 (C-9), 48.39 (C-5), 22.89, 20.88,
20.63 (3 x COCH3). HR-MS (ESI) calcd. for C26H290N7NaO1o [M+Na]’, 622.1874; found 622.1866
5-Acetamido-9-(4-(methoxycarbonyl)phenyl)-2,6-anhydro-4-azido-3,4,5-trideoxy-D-
glycero-pD-galacto-non-2-enonic acid (13). A sample of 60 mg of compound 12 was dissolved in
2 mL 0.5 N NaOH, the solution was stirred under room temperature for 1 hour. After completion,

Amberlite IR 120 (H") was added to adjust the pH of the solution as 2. The suspension was then
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filtered, and the filtrate was concentrated and purified by flash chromatography to give the desired
product. 32 mg (66%). '"H NMR (500 MHz, CD3OD) & 8.43 (s, 1H, triazole-H), 8.06 (d, J = 8.2
Hz, 2H, Ar-H), 7.91 (d, J=8.2 Hz, 2H, Ar-H), 5.73 (s, 1H), 4.53 (dd, /= 14.0, 7.6 Hz, 1H, H-9’),
4.32 - 4.25 (m, 2H, H-4, H-8), 4.23 (d, /= 10.8 Hz, 1H, H-6), 4.18 — 4.10 (m, 1H, H-5), 3.45 (d,
J=9.3Hz, 1H, H-7), 1.98 (s, 3H, COCH3). 3C NMR (125 MHz, CD;0D) § 174.32 (C=0), 147.53
(triazole-C4), 124.47 (triazole-C5), 136.17, 131.48, 126.42 (Ar-C), 104.50 (C-3), 77.02 (C-6),
71.03 (C-8), 69.86 (C-7), 60.23 (C-4), 55.25 (C-9), 48.53 (C-5), 22.78 (COCH3). HR-MS (ESI)
calcd. for C20H20N70g [M-H], 486.1373; found 486.1378

Methyl 5-acetamido-7,8-di-O-acetyl-9-(4-(methoxycarbonyl)phenyl)-2,6-anhydro-4-
amino-3,4,5-trideoxy-D-glycero-D-galacto-non-2-enonate (14). To a solution of compound 12
(50 mg, 1 eq) in THF (2 mL), 0.5 N HCI1 (200 uL, 2 eq) was added, followed by triphenylphosphine
(29 mg, 1.1 eq). The resulting mixture was stirred at room temperature overnight. After completion,
solvents were removed under reduced pressure and the residue was purified by flash
chromatograph, providing the desired product 39 mg (84%). '"H NMR (500 MHz, CD;0D) & 8.57
(s, 1H, triazole-H), 8.05 (d, /= 8.4 Hz, 2H, Ar-H), 7.92 (d, /= 8.4 Hz, 2H, Ar-H), 6.06 (d, J=2.3
Hz, 1H, H-3), 5.63 — 5.55 (m, 2H, H-7, H-8), 5.29 — 5.21 (m, 1H, H-9), 4.74 (dd, J = 14.7, 8.4 Hz,
1H, H-9°), 4.64 (dd, J=10.0, 1.1 Hz, 1H, H-6), 4.35 (t, J=10.0 Hz, 1H, H-5), 4.15 (dd, /= 10.0,
2.3 Hz, 1H, H-4), 3.90, 3.81 (2 x s, 2 x 3H, 2 x COOCH3), 2.12, 1.97, 1.95 (3 x s, 3 x 3H, 3 x
COCH3). *C NMR (125 MHz, CD;0OD) & 174.28, 171.71, 171.31, 168.15, 162.80 (5 x C=0),
147.66 (triazole-C4), 124.59 (triazole-C5), 147.29, 136.28, 130.84, 126.56 (Ar-C), 107.15 (C-3),
77.96 (C-6), 73.34 (C-8), 69.49 (C-7), 53.34, 52.78 (2 x COOCH3), 51.67 (C-4), 51.31 (C-9),
46.73 (C-5), 23.14, 20.89, 20.66 (3 x COCH3). HR-MS (ESI) calcd. for C26H31NsNaO1o [M+Na]",

596.1969; found 596.1967.
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5-acetamido-7,8-di-O-acetyl-9-(4-(methoxycarbonyl)phenyl)-2,6-anhydro-4-amino-3,4,5-
trideoxy-D-glycero-D-galacto-non-2-enonic acid (15). A sample of 35 mg of compound 14 was
dissolved in 400 uL. 1N NaOH and the solution was kept stirring at r.t. for 1 h. After completion,
the reaction mixture was adjusted to pH 2 with Amberlite IR 120 (H"). The suspension was then
filtered, and the filtrate was concentrated and dissolved in minimum methanol. The desired product
was precipitated with ethyl acetate. 20 mg (71%). '"H NMR (500 MHz, CD;OD) & 8.47 (s, 1H,
triazole-H), 8.08 (d, J = 8.2 Hz, 2H, Ar-H), 7.94 (d, /= 8.2 Hz, 2H, Ar-H), 5.84 (s, 1H, H-3), 4.89
(d, J=14.4 Hz, 1H, H-9), 4.56 (dd, J=14.0, 7.5 Hz, 1H, H-9°), 4.41 — 4.26 (m, 3H, H-8, H-6, H-
5),4.18 (d, J=7.1 Hz, 1H, H-4), 3.56 (d, J = 9.1 Hz, 1H, H-7), 2.03 (s, 3H, COCH3). *C NMR
(125 MHz, CD30D) 6 174.86, 169.48 (2 x C=0), 147.50 (triazole-C4), 124.66 (triazole-C5),
136.29,131.48, 131.25, 126.45 (Ar-C), 103.03 (C-3), 77.01 (C-6), 70.71 (C-8), 70.03 (C-7), 55.19
(C-9), 51.29 (C-4), 47.54 (C-5), 23.03 (COCH3). HR-MS (ESI) caled. for C20H22NsOs [M-HT,
460.1468; found 460.1482.

Methyl S5-acetamido-9-(4-(methoxycarbonyl)phenyl-1H-1,2,3-triazol-1-yl))-4-[2,3-bis(tert-
butoxycarbonyl)guanidino]-7,8-di-O-acetyl-2,6-anhydro-3,4,5-trideoxy-D-glycero-D-galacto-
non-2-enonate (16). To a solution of compound 14 (40 mg, 1 eq) in 2 mL anhydrous DCM, TEA
(40 pL, 4 eq) was added. The solution was cooled to 0 °C and N, N'-Di-Boc-1H-pyrazole-1-
carboxamidine (42 mg, 2 eq) was added. The reaction mixture was allowed to warm to room
temperature and kept stirring overnight. After completion, the reaction was quenched with water
and extracted with ethyl acetate. The organic phase was washed with brine, dried over Na>SOs,
concentrated, and purified by flash chromatography to give the desired product. 40 mg (crude
product, 72%). 'H NMR (500 MHz, CD;0D) § 8.55 (s, 1H, triazole-H), 8.06 (d, J = 8.3 Hz, 2H,

Ar-H), 7.92 (d, J = 8.3 Hz, 2H), 6.00 (d, J=2.3 Hz, 1H, H-3), 5.58 (d, J = 1.5 Hz, 1H, H-7), 5.56
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—5.52 (m, 1H, H-8), 5.31 (dd, J = 14.8, 2.4 Hz, 1H, H-9), 5.02 (dd, /= 10.2, 2.3 Hz, 1H, H-4),
4.74 (dd, J = 14.8, 9.0 Hz, 1H, H-9’), 4.53 (dd, J = 10.2, 1.5 Hz, 1H, H-6), 4.27 (t, J = 10.2 Hz,
1H, H-5), 3.91, 3.80 (2 x s, 2 x 3H, 2 x COOCH3), 2.12, 1.94, 1.85 (3 x s, 3 x 3H, 3 x COCH3),
1.51, 1.46 (2 x s, 2 x 9H, 2 x Boc). *C NMR (125 MHz, CD;0D) § 173.57, 171.77, 171.41,
168.07, 164.32, 163.39, 158.01 (7 x C=0), 153.82 (C=N), 147.64 (triazole-C4), 124.50 (triazole-
CS), 145.61 (C-2), 136.34, 131.27, 131.27, 126.55 (Ar-C), 111.83 (C-3), 84.84, 80.57 (2 x
'‘Boc—C(CH3)3), 78.89 (C-6), 74.00 (C-8), 69.87 (C-7), 53.07, 52.74 (2 x COOCH3), 51.27 (C-9),
50.84 (C-4),47.90 (C-5), 28.59, 28.26 (2 x 'Boc—C(CHa)3), 22.77, 20.86, 20.65 (3 x COCH3). HR-
MS (ESI) caled. for C37H49N7NaO 14 [M+Na]", 838.3235; found 838.3226.

Methyl 5-acetamido-9-(4-(methoxycarbonyl)phenyl-1H-1,2,3-triazol-1-yl))-4-(3-(3-
methoxy-3-oxopropyl)ureido)-7,8-di-O-acetyl-2,6-anhydro-3,4,5-trideoxy-D-glycero-D-
galacto-non-2-enonate (17). A solution of compound 14 (100 mg, 1 eq) and TEA (56 mg, 2 eq)
in anhydrous DCM was cooled to 0 °C, and charged with 1,1'-Carbonyldiimidazole (39 mg, 1.2
eq). The reaction mixture was then warmed to room temperature and kept stirring for 2 h until
TLC showed consumption of the amine. The solution was then cooled to 0 °C, and the methyl
ester of B-alanine (56 mg, 2 eq) was added. The solution was warmed to room temperature and
kept stirring overnight. After completion, the reaction was quenched with water, and extracted by
ethyl acetate. The organic layer was washed with water, brine, and dried over Na,SOs4. After
subsequent concentration, the residue was purified by flash chromatography to give the desired
product. 140 mg (quant.). '"H NMR (500 MHz, CD;0D) & 8.54 (s, 1H, triazole-H), 8.07 (d, J= 8.7
Hz, 2H, Ar-H), 7.92 (d, J = 8.7 Hz, 2H, Ar-H), 5.92 (d, J = 2.5 Hz, 1H, H-3), 5.55 (m, 2H, H-8,
H-4),5.31 (dd, J=14.8, 2.6 Hz, 1H, H-9), 4.73 (dd, J=14.8, 8.9 Hz, 1H, H-9°), 4.55 (dd, /=9.9,

2.5 Hz, 1H, H-7), 4.46 (dd, J=10.2, 2.0 Hz, 1H, H-6), 4.10 (t, /= 10.2 Hz, 1H, H-5), 3.91, 3.78,
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3.66 (3 x's,3 x 3H, 3 x COOCHa), 3.36 (td, J = 6.6, 1.9 Hz, 2H, CH>), 2.48 (t, J = 6.5 Hz, 2H,
CH>),2.10,1.93,1.87 (3 xs,3 x 3H, 3 x COCH3). >*C NMR (125 MHz, CD30D) § 174.12, 173.59,
171.79, 171.41, 168.13, 163.56, 160.42 (7 x C=0), 147.66 (C-2), 145.10 (triazole-C4), 124.46
(triazole-C5), 136.30, 131.26, 130.88, 126.54 (Ar-C), 114.06 (C-1), 79.10 (C-6), 73.99 (C-8),
69.97 (C-7), 52.96, 52.70, 52.15 (3 x COOCH3), 51.26 (C-9), 50.38 (C-5), 36.92, 35.64 (CH2CH>),
22.85,20.84,20.59 (COCH3). HR-MS (ESI) calcd. for C31H30N7NsO13 [M+Na]*, 703.2575; found
703.2571.

5-Acetamido-9-(4-carboxyphenyl)-2,6-anhydro-4-(3-(2-carboxyethyl)ureido)-3.4,5-
trideoxy-D-glycero-D-galacto-non-2-enonic acid (18). A sample of 140 mg of compound 17 was
dissolved in 5 mL 0.1 N NaOH, and stirred at room temperature for 1 h. After completion, the
reaction mixture adjusted to pH 2 with the addition of Amberlite IR 120 (H"). The suspension was
then filtered, and the filtrate was concentrated and dissolved in minimum methanol. The desired
product was precipitated with ethyl acetate. 88 mg (77%). 'H NMR (500 MHz, CD;0D) § 8.44 (s,
1H, triazole-H), 8.07 (d, J = 8.4 Hz, 2H, Ar-H), 7.93 (d, J = 8.4 Hz, 2H, Ar-H), 5.66 (d, /J=1.9
Hz, 1H, H-3),4.57 (dd, J=9.8, 1.9 Hz, 1H, H-4), 4.52 (dd, J = 14.0, 7.7 Hz, 1H, H-9’), 4.30 (dd,
J=12.1,4.8 Hz, 1H, H-8), 4.19 (d, J=10.8 Hz, 1H, H-6), 4.02 (t, /= 10.3 Hz, 1H, H-5), 3.44 (d,
J=9.3 Hz, 1H, H-7), 3.37 (t, J = 6.4 Hz, 2H, CH»), 2.46 (t, J = 6.4 Hz, 2H, CH>), 1.94 (s, 3H,
COCH3). *C NMR (125 MHz, CD;0D) & 175.74, 174.73, 160.76, 169.64 (4 x C=0), 147.51
(triazole-C4), 124.40 (triazole-C5), 136.24, 131.68, 131.45, 126.42 (Ar-C), 109.35 (C-3), 77.81
(C-6), 71.36 (C-8), 69.80 (C-7), 55.31 (C-9), 37.00, 35.78 (CH2CH>), 22.74 (COCH3). HR-MS
(ES]) calced. for C24H27N6O11 [M-H], 575.1738; found 575.1738

Methyl S-acetylamino-4-(zert-butoxycarbonyl)amino-2,6-anhydro-3,5-dideoxy-D-glycero-

D-galacto-non-2-enonate (20). To a solution of compound 19 (600 mg, 1 eq) and TEA (389 uL,
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2 eq) in 20 mL anhydrous DCM at 0 °C, di-tert-butyl dicarbonate (456 mg, 1.5 eq) was added
dropwise. The mixture was them warmed to room temperature and kept stirring overnight. After
completion, solvent was removed and the residue was purified by flash chromatography to give
the desired compound in 350 mg (crude product, 47%). The crude product (350 mg, 1 eq) was
dissolved in 10 mL methanol, and cooled to 0 °C, followed by addition of NaOMe (92 mg, 3 eq).
The solution was kept stirring at 0 °C for 1 h until no starting material remained. The solution was
adjusted to pH 2 by addition of Amberlite IR 120 (H"). The suspension was then filtered, and the
filtrate was concentrated and purified by flash chromatography to give the desired product. 190
mg (71%). '"H NMR (500 MHz, CDs0D) § 5.82 (d, J=2.2 Hz, 1H, H-3), 4.46 (d,J=10.1 Hz, 1H,
H-4),4.23 (d, J=10.1 Hz, 1H, H-6), 4.05 (t, J=10.1 Hz, 1H, H-5), 3.88 (ddd, J=9.2,5.4,2.9
Hz, 1H, H-8), 3.81 (dd, J=11.4,2.9 Hz, 1H, H-9), 3.65 (dd, J=11.4, 5.4 Hz, 1H, H-9’), 3.58 (dd,
J=9.3,1.1 Hz, 1H, H-7), 1.98 (s, 3H, COOCH3), 1.44 (s, 9H, ‘Boc-C(CH3)3). *C NMR (125 MHz,
CD30D) & 174. 65, 164.26, 158.35 (3 x C=0), 145.71 (C-2), 112.19 (C-3), 80.56 (‘Boc-C(CHz3)3),
78.62 (C-6),71.13 (C-8), 70.00 (C-7), 64.90 (C-9), 52.79 (C-4), 50.26 (C-5), 28.70 (‘Boc-C(CH3)3),
22.70 (COCH3). HR-MS (ESI) calcd. for Ci17H20N209 [M+H]", 405.1873; found 405.1875
Methyl 4-(tert-butoxycarbonyl)amino-5-acetylamino-9-(4-methylbenzenesulfonate) -2,6-
anhydro-3,5-dideoxy-D-glycero-D-galacto-non-2-enonate (21). A solution of compound 20 (190
mg, 1 eq) in anhydrous pyridine was cooled down to 0 °C, TsCl (98 mg, 1.1 eq) was then added
slowly under stirring. The solution was warmed to room temperature and kept stirring overnight.
After completion, the reaction was quenched by methanol. The solution was concentrated and
purified by flash chromatography to give the desired product. 200 mg (76%). 'H NMR (500 MHz,
CDCl3) 6 7.78 (d, J=8.1 Hz, 2H, Ar-H), 7.33 (d, /= 8.1 Hz, 2H, Ar-H), 6.93,5.23,5.11,3.59 (4

xd, 4H, 2 x NH, 2 x OH), 5.82 (d, J= 2.3 Hz, 1H, H-3), 4.55 (td, /= 9.6, 2.2 Hz, 1H, H-8), 4.40-
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431 (m, 1H, H-6), 4.21-4.17 (m, 1H, H-5), 4.15-4.11 (m, 2H, H-9°, H-4), 4.01-3.95 (m, 1H, H-
9°), 3.71 (s, 3H, COOCH3), 3.56 — 3.48 (m, 1H, H-7), 2.43 (s, 3H, PhCHs), 2.00 (s, 3H, COCHs),
1.42 (s, 9H, ‘Boc-C(CHs)s). '3C NMR (125 MHz, CDCls) § 174.01, 162.21, 156.80 (3 x C=0),
145.07 (C-2), 144.86, 132.59, 129.91, 128.02 (Ar-C), 109.92 (C-3), 80.60 (‘Boc-C(CHs)3), 72.56
(C-9), 68.53 (C-7), 67.90 (C-8), 52.38 (C-6), 50.19 (C-4), 48.68 (C-5), 28.26 (‘Boc-C(CHs)s),

22.86, 21.63 (COCH3, PhCH3). HR-MS (ESI) caled. for C24H3sN2011S [M+H]", 559.1962; found

559.1966.
Methyl 5-acetamido-7,8-di-O-acetyl-9-azido-2,6-anhydro-4-[2,3-bis(tert-
butoxycarbonyl)guanidino]-3,4,5-trideoxy-D-glycero-D-galacto-non-2-enonate (23).

Compound 21 (200 mg, 1 eq) was dissolved in 3 mL acetone-water (2:1) and NaN3 (117 mg, 5 eq)
was added. The solution was heated at 67 °C under N for two days. After completion, the solution
was concentrated and purified by flash chromatography to give 100 mg compound 22 (crude
product, 75%) which was used in the next step without further purification. The crude product was
dissolved in 2 mL anhydrous DCM, and 200 pL. TFA was added. The solution was kept stirring at
room temperature until no starting material remained. Solvent was then removed under vacuum
and the residue was dissolved in 2 mL anhydrous DCM, and TEA (140 pL, 4 eq) was added. After
the solution was cooled down to 0 °C, N,N'-Di-Boc-1H-pyrazole-1-carboxamidine (150 mg, 2 eq)
was added. The reaction mixture was allowed to warm up to room temperature and kept stirring
overnight. After completion, the reaction was quenched with water and extracted with ethyl acetate.
The organic phase was washed with brine, dried over Na>SOs, concentrated and purified by flash
chromatography to give the desired product. 108 mg (82%). '"H NMR (500 MHz, CDCls) § 8.63,
8.15,7.70,6.43 (2 xd, 2 x brs, 4 H, 2 x NH, 2 x OH), 5.82 (d, J= 2.4 Hz, 1H, H-3), 5.20 (ddd, J

=10.2,8.1, 2.4 Hz, 1H, H-4), 4.22 — 4.15 (m, 2H, H-6, H-5), 4.02 (td, /= 10.2, 6.1 Hz, 1H, H-8),
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3.72 (dd, J = 12.6, 2.8 Hz, 1H, H-9), 3.60 — 3.53 (m, 2H, H-9°, H-7), 2.04 (s, 3H, COCH3), 1.52
(2 x's,2 x 9H, 2 x 'Boc-C(CHs)3 ). *C NMR (125 MHz, CDCl3) 6 174.04, 162.29, 162.08, 157.56
(4 x C=0), 152.70 (C=N), 146.31 (C-2), 107.51 (C-3), 84.39, 80.11 (2 x ‘Boc-C(CH3)3), 69.14 (C-
6), 54.89 (C-9), 52.53 (C-7), 51.53 (C-8), 48.33 (C-5), 28.23, 28.04 (2 x ‘Boc-C(CHz3)3), 22.96
(COCH3). HR-MS (ESI) calcd. for C23H3gN7O10 [M+H]", 572.2680; found 572.268]1.

Methyl 5-acetamido-9-(4-biphenyl-1H-1,2,3-triazol-1-yl))-4-[2,3-bis(tert-
butoxycarbonyl)guanidino]-2,6-anhydro-4-[2,3-bis(tert-butoxycarbonyl)guanidino|-3,4,5-
trideoxy-D-glycero-D-galacto-non-2-enonate (24). Compound 23 (200 mg, 1 eq) and 4-
ethynylbiphenyl (32 mg, 1.5 eq) were reacted following the protocol above to provide the desired
product. 180 mg (69%). 'H NMR (700 MHz, CDCls) § 8.55, 8.06 ( 2 x d, 2H, 2 x NH), 7.94 (s,
1H, triazole-H), 7.81 (d, /= 8.3 Hz, 2H, Ar-H), 7.57 (dd, J=13.1, 7.8 Hz, 4H, Ar-H), 7.39 (t, /=
7.7 Hz, 2H, Ar-H), 7.31 (t, J = 7.4 Hz, 1H, Ar-H), 5.75 (d, J = 2.3 Hz, 1H, H-3), 5.51 (brs, 1H,
OH), 5.16 — 5.10 (m, 1H, H-4), 4.90 (dd, J = 14.0, 1.7 Hz, 1H, H-9), 4.54 (dd, J = 14.0, 6.7 Hz,
1H, H-9), 4.48 — 4.43 (m, 1H, H-8), 4.20 (d, /= 10.4 Hz, 1H, H-6), 3.96 (td, J=10.4, 6.2 Hz, 1H,
H-5), 3.69 (s, 3H, COOCH3), 3.34 (d, /= 9.0 Hz, 1H, H-7), 1.90 (s, 3H), 1.47 , 1.43 (2 x s, 2 X
9H, 2 x ‘Boc-C(CHs)3). 1*C NMR (176 MHz, CDCl3) § 174.10, 162.26, 162.03, 157.37 (4 x C=0),
152.66 (C=N), 146.98 (C-2), 146.26 (triazole-C4), 121.69 (triazole-C5), 140.63, 140.43, 129.41,
128.77, 127.37, 126.86, 125.99 (Ar-C), 107.54 (C-3), 84.22, 79.96 (2 x ‘Boc-C(CH3)3), 69.33 (C-
6), 68.54 (C-4), 53.90 (C-9), 52.42 (C-8), 51.58 (C-7), 48.37 (C-5), 28.17, 27.99 (‘Boc-C(CH3)3),
22.86 (COCH3). HR-MS (ESI) calcd. for C37H4sN7O10 [M+H]", 750.3463; found 750.3454.

General Procedure for Synthesis of Compounds 25a-d. A solution of compound 19 (1 eq)
and TEA (3 eq) in anhydrous DCM was cooled to 0 °C and the corresponding anhydride or acyl

chloride (3 eq) was added dropwise. The resulting mixture was warmed to room temperature and
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kept stirring overnight. After completion, the reaction was quenched with water and extracted with
ethyl acetate. The organic layer was collected and washed with saturated NaHCOs3, brine, and
sequentially and dried with NaSO4. Solvents were removed under reduced pressure and the residue
was separated by flash chromatography to give the desired crude products. For hydrolysis of the
Cl-methyl ester, the crude product was dissolved in MeOH, and 0.5 M NaOH was added. The
mixture was kept stirring at room temperature. After completion, the pH was adjusted to 2 with
Amberlite IR-120 (H"). The solution was then filtered and purified by flash chromatography to
provide the desired products with yields of 42%-68% (over two steps).
5-Acetamido-2,6-anhydro-4-propionamido-3,4,5-trideoxy-D-glycero-D-galacto-non-2-
enonic acid (25a). 28 mg (68%, over two steps). 'H NMR (500 MHz, CDs0D) § 5.49 (d, J=2.0
Hz, 1H, H-3), 4.75 (dd, J = 9.7, 2.0 Hz, 1H, H-4), 4.20 (d, J = 10.8 Hz, 1H, H-6), 4.10-4.06 (m,
1H, H-5), 3.86-3.85 (m, 1H, H-8), 3.79 (dd, /= 11.4, 3.0 Hz, 1H, H-9), 3.63 (dd, J=11.4, 5.4 Hz,
1H, H-9’), 3.55 (d, J=9.0 Hz, 1H, H-7), 2.17 (q, J = 7.6 Hz, 2H, a-CH>), 1.93 (s, 3H, COCH3),
1.09 (t,J="7.6 Hz, 3H, B-CH3). *C NMR (125 MHz, CDs0D) § 177.40, 174.17 (2 x C=0), 106.15
(C-3), 77.49 (C-6), 71.46 (C-8), 70.05 (C-7), 64.88 (C-9), 49.64 (C-5), 30.40 (a-CH2), 22.78
(COCH3), 10.59 (B-CHs). HR-MS (ESI) caled. for C14H21N20g [M-H], 345.1298; found 345.1302
5-Acetamido-2,6-anhydro-4-pentanamido-3,4,5-trideoxy-D-glycero-D-galacto-non-2-

enonic acid (25b). 25mg (56%, over two steps). 'H NMR (500 MHz, CD;0D) & 5.47 (d, J=2.2
Hz, 1H, H-3), 4.76 (dd, /= 9.8, 2.2 Hz, 1H, H-4), 4.19 (d, J=10.8 Hz, 1H, H-6), 4.09 -4.05 (m,
1H, H-5), 3.87-3.85 (m, 1H, H-8), 3.78 (dd, J=11.5, 3.1 Hz, 1H, H-9), 3.66 (dd, J=11.5, 5.1 Hz,
1H, H-9), 3.57 (t, J = 7.8 Hz, 1H, H-7), 2.17 (t, J = 7.5 Hz, 2H, a-CH>), 1.94 (s, 3H, COCH3),
1.60 — 1.51 (m, 2H, B-CHz), 1.34-1.29 (m, 2H, y-CHz), 0.90 (t, J = 7.4 Hz, 3H, §-CH3). *C NMR

(125 MHz, CD;0D) § 176.55, 174.18, 170.01 (3 x C=0), 151.02 (C-2), 105.96 (C-3), 77.51 (C-
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6), 71.55 (C-8), 69.91 (C-7), 64.71 (C-9), 49.60 (C-4), 49.00 (C-5), 37.02 (a-CH2), 29.24 (B-CH>),
23.31 (y-CH»), 23.31 (COCH3), 14.19 (8-CH3). HR-MS (ESI) calcd. for Ci6H2sN2Os [M-HT,
373.1611; found 373.1612.

5-Acetamido-2,6-anhydro-4-cyclopropanecarboxamido-3,4,5-trideoxy-D-glycero-D-
galacto-non-2-enonic acid (25c¢). 22 mg (44%, over two steps). 'H NMR (500 MHz, CD;0D) §
5.54 (d,J=2.1 Hz, 1H, H-3), 4.77 (dd, J=9.8, 2.1 Hz, 1H, H-4), 4.20 (d, /= 10.7 Hz, 1H, H-6),
4.11-4.07 (m, 1H, H-5), 3.90 — 3.82 (m, 1H, H-8), 3.79 (dd, J=11.4, 3.0 Hz, 1H, H-9), 3.66 (dd,
J=11.4,52Hz, 1H,H-9°),3.57 (d, /=9.0 Hz, 1H, H-7), 1.94 (s, 3H, COCH3), 1.58-1.53 (m, 1H,
a-CH), 0.88-0.78 (m, 2H, B-CH>), 0.74-0.72 (m, 2H, p-CH>). *C NMR (125 MHz, CDs;OD) §
176.90, 174.36, 169.54 (3 x C=0), 150.41 (C-2), 106.92 (C-3), 77.64 (C-6), 71.52 (C-8), 69.95
(C-7), 64.77 (C-9), 49.92 (C-4), 49.28 (C-5), 22.87 (COCH3), 15.05 (a-CH), 7.57, 7.49 (2 x B-
CHz). HR-MS (ESI) calcd. for C15H21N20g [M-H]", 357.1298; found 357.1305.

5-Acetamido-2,6-anhydro-4-cyclobutanecarboxamido-3,4,5-trideoxy-D-glycero-D-galacto-
non-2-enonic acid (25d). 19 mg (42%, over two steps). 'H NMR (500 MHz, CDs;OD) § 5.49 (d,
J=2.2Hz, 1H, H-3), 4.75 (dd, J=9.8, 2.2 Hz, 1H, H-4), 4.21 (d, J = 10.8 Hz, 1H, H-6), 4.10-
4.06 (m, 1H, H-5), 3.88-3.84 (m, m, 1H, H-8), 3.78 (dd, J=11.5, 3.1 Hz, 1H, H-9), 3.66 (dd, J =
11.5,5.2 Hz, 1H, H-9’), 3.56 (d, J = 9.3 Hz, 1H, H-7), 3.09-3.02 (m, 1H, a-CH), 2.27 -1.77 (m,
6H, 3 x CHy), 1.93 (s, 3H, COCH3). 3C NMR (125 MHz, CD3;0D) § 178.06, 174.20, 169.63 (3 x
C=0), 150.52 (C-2), 106.54 (C-3), 77.53 (C-6), 71.55 (C-8), 69.94 (C-7), 64.77 (C-9), 49.57 (C-
4),49.14 (C-5),40.90 (a-CH), 26.44,26.02, 19.09 (3 x CH3), 22.88 (COCH3). HR-MS (ESI) calcd.
for C16H23N20g [M-H], 371.1454; found 371.1458.

Inhibition Assay. Inhibition assays against 4MU-NANA cleavage and GM3 cleavage was

performed using protocols reported previously.?* NEU3 and NEU2 were expressed as N-terminal
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MBP fusion proteins in E. coli and purified as previously reported.?” NEU4 was expressed as an

MBP fusion protein in E. coli and purified (see Supporting Information).'8

NEUI1 was overexpressed as a (His)s fusion protein in HEK293 cells, and used as a crude
preparation from cell lysate.* The CathA-IRES-NEU1(His)s biscistronic recombinant plasmid
was constructed by removing the hIL12 and CD19tmpk from pDy.hIL12.IRES.CD19tmpk.WS
vector kindly provided J. Medin (University of Toronto Health Network) and replaced respectively
by human Cathepsin A (CathA) and NEU1(His)s cDNA. The NEUI1(His)s cDNA was PCR-
amplified and inserted in the MCS of the pDy.hIL12.IRES.CD19tmpk.WS between the Xbal and
BamHI sites. The CathA cDNA was PCR-modified and inserted into the MCS of
pDy.hIL12.IRES.NEU1-GFP and pDy.hIL12.IRES.NEU1 between the EcoRI and AsclI sites. All
constructs were verified by PCR, enzymatic digestions and DNA sequencing. The final CathA-
IRES-NEU1(His)s construct was assessed for sialidase activity in transfected HEK293T
cells. The CathA-IRES-NEU1(His)s biscistronic HIV-1-based recombinant vesicular stomatitis
virus glycoprotein-pseudotyped (VSVg) LV was generated by transient transfections of HEK293T
cells by LV plasmid construct, packaging plasmid pPCMVDRS.91 and the VSV-g envelope-coding
plasmid pMD.G as described previously.®> HEK293T cells were cultured in DMEM
supplemented with 10% FBS, 1% streptomycin-penicillin at 37 °C in a humidified 5%
CO» atmosphere. To overexpress NEU1, cells were transduced with CathA-IRES-NEU1(His)s
lentivirus at 6 MOI inthe presence of polybrene (8 pg mL™'). Five, 8 and 10 days
after transduction, a portion of the cells was harvested to verify NEU1 expression by measuring
acidic neuraminidase activity in the cell lysate. The transduced cells showed significantly higher
neuraminidase activity in the cell lysates (76-85 nmol h! mg! of protein) as compared with the

lysate of wild-type HEK293T cells (1.7-2.0 nmol h'! mg™! of protein).
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All assays were conducted in 0.1 M sodium acetate buffer at optimum pH for each enzyme (pH
4.5 for NEU1, NEU3 and NEU4; pH 5.5 for NEU2).2* To get comparable ICso values among the
four isoenzymes, similar activity of each enzyme were used in the assay based on 4MU-NANA
activity.

For assays using 4MU-NANA as the substrate, inhibitors in 3-fold serial dilutions were
incubated with enzyme at 0 °C for 15 min. 4MU-NANA was then added to the mixture, making
the final concentration of 4MU-NANA as 50 uM and the total volume of the reaction mixture as
20 uL. After incubation at 37 °C for 30 min, the reaction was quenched with 100 uL of 0.2 M
sodium glycine buffer (pH 10.2). The reaction mixture was transferred to 386-well plate and the
enzyme activity was determined by measuring fluorescence (Aex = 365 nm; Aem = 445 nm) using a
plate reader (Molecular Devices, Sunnyvale CA). Assays were performed with duplicates for each
point and ICso was obtained by plotting the data with Graphpad Prism 7.0. For curves that showed
less than a 50% decrease in signal, fits were conducted using maximum inhibition values found
for DANA.

For inhibition assays against GM3 cleavage, a method developed by Markely and coworkers
was adopted.®® The assay was conducted in 0.1 M sodium acetate buffer (pH 4.5). After inhibitors
in serial dilutions were incubated with enzyme at 0 °C for 15 min, GM3 was added, making the
final concentration of GM3 500 uM and the total volume of the reaction mixture 20 uL. The
reaction mixture was incubated at 37 °C for 30 min and quenched with 100 pL of freshly made 0.2
M sodium borate buffer (pH 10.2). 0.8% malononitrile solution (40 pL) was added to form a
fluorescent adduct with the free sialic acid. Fluorescence was obtained (Aex = 357 nm; Aem = 434
nm) and the data were processed using Graphpad Prism 7.0. For curves that showed less than a

50% decrease in signal, fits were conducted using maximum inhibition values found for DANA.
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Ki Determinations. Enzymes were incubated with inhibitors in serial dilutions at 0 °C for 15
min and serial concentrations of 4MU-NANA were added. The reaction mixture was transferred
to a 386-well plate immediately and the rate of product formation was obtained by measuring
fluorescence (Aex = 315 nm; Aem = 450 nm) every 1 min for 30 min. The obtained data were
processed with Graphpad Prism 7.0 for K; determination.

clogD7.4 calculation. The clogD74 was calculated using MarvinSketch (Chemaxon, version
16.10.10.0). The consensus method was used with 0.1 M Cl"and 0.1 M Na" ions and pKa, correction
library.

LogD7.4 determination (shake-flask method). Equal amounts of TRIS-HCI buffer (0.1 M, pH
7.4) and 1-octanol were mixed and vigorously shaken for 5 minutes to saturate the phases. The
mixture was left until complete separation of the phases occurred and the buffer was retrieved. The
stock solutions of test compounds (DMSO, 10 mM) were diluted to 10 uM in saturated buffer
(final DMSO concentration; 0.1 %). The buffer was transferred to a 96-well plate and saturated 1-
octanol was added, resulting in a 40/140 and 30/150 1-octanol to water ratio, respectively (140/40
and 150/30 for compounds with clogD74 below 0). Each ratio was measured in triplicate and
simultaneous measurements were conducted with codeine as control. The plate was sealed with
aluminum foil, shaken (1350 rpm, 25 °C, 2 h) on a Heidolph Titramax 1000 plate-shaker (Heidolph
Instruments GmbH & Co. KG, Schwabach, Germany) and centrifuged (2000 rpm, 25 °C, 5 min,
5804 R Eppendorf centrifuge, Hamburg, Germany). The aqueous phase was transferred to a 96-
well plate for analysis by liquid chromatography-mass spectrometry (LC-MS, see below). The
logD7 4 coefficients were calculated from the 1-octanol:buffer ratio (o:b), the initial concentration
of the analyte in buffer (10 uM), and the concentration of the analyte in buffer (c») with equation

1:
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1pM=cp 1 ) (eq. 1)

logD,, = log ( o —

Parallel artificial membrane permeation assay. Effective permeability (logP.) was
determined in a 96-well format with parallel artificial membrane permeation assay (PAMPA).*
For each compound, measurements were performed at pH 7.4 in quadruplicate. Four wells of a
deep well plate were filled with 500 pL. PRISMA HT buffer (pH 7.4, pION P/N 110 151). Then,
analyte dissolved in DMSO (10 mM) was added to the buffer to yield 50 uM solutions (containing
0.5 % DMSO). Afterwards, 200 pL was transferred to each well of the donor plate of the PAMPA
sandwich (plon Billerica, USA, P/N 110 163). The filter membranes at the bottom of the acceptor
plate were infused with 5 uL of GIT-0 Lipid Solution (plon, P/N 110 669) and 200 uL of Acceptor
buffer (pION, P/N 110 139) was filled into each acceptor well. The experiment was conducted
with 10 % DMSO in PRISMA HT buffer and Acceptor buffer for compounds with insufficient
solubility. The sandwich was assembled, placed in the GutBoxTM (pION), and left undisturbed
for 16 h. Then, it was disassembled and the compound concentration of donor, acceptor and
reference compartment was measured by LC-MS (see below). Effective permeability (log Pe) was
calculated from the compound flux deduced from the concentration in the donor and acceptor
compartment as well as the retention in the filter area with the aid of the PAMPA Explorer
Software (plon, version 3.5).

Metabolic stability in human liver microsomes. Incubations were performed in triplicate in a
96-well format on an Eppendorf Thermomixer Comfort. The reaction mixture (270 uL) consisting
of liver microsomes, TRIS-HCI buffer (0.1 M, pH 7.4) and MgCl> (2 mM) was preheated (37 °C,
500 rpm, 10 min), and the incubation was initiated by adding 30 pL of compound solution (200
uM) in TRIS-HCI buffer. The final concentration of the compound was 20 uM, including 0.5 mg

mL™! human liver microsomes. At the beginning of the experiment (t = 0 min) and after an
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incubation time of 10, 30, 60, and 90 min, samples (40 uL) were transferred to 120 puL of ice cold
MeOH and centrifuged (3700 rpm, 4 °C, 10 min). Then, 80 pL of supernatant was transferred to a
96-well plate for analysis by LC-MS (see below). The metabolic half-life (t1,) was calculated from
the slope of the linear regression from the log percentage remaining compound versus incubation
time relationship. Control experiments were performed in parallel with control substance as
positive control or containing 1 mM bis(4-nitrophenyl) phosphate (esterase inhibitor, negative
control). Compounds with t,> 90 min were considered to be metabolically stable.

Colorectal adenocarcinoma (Caco-2) cell permeation assay. Cultivation, splitting, seeding of
Caco-2 cells as well as the assay protocol previously described by Schonemann et al.*® Permeation
assays were conducted in triplicate at a concentration of 62.5 uM containing 0.6% DMSO.
Samples (40 uL) were withdrawn after 30 min, analyzed by LC-MS (see below) and the apparent
permeation (Papp) was calculated according to equation 4. The compound flux (mol/s) is dQ/dt, A

is the surface area of the monolayer (cm?) and ¢ is the initial concentration.]

_dQ 1
Papp = = X Yo (eq. 2)

Compounds with a Payp < 2 x 10 cm/s are considered as low permeable according to Hou et al.

(2007) .42 46

Solubility. A sample of 5 uL of predesolved compounds (DMSO, 10 mM) were added to 500 uL
of buffer (Tris-HCI 0.1 M pH7.4; uL PRISMA HT buffer; pH 7.4, pION P/N 110 151) and water
containing 0.9% NaCl) ending in 1 % DMSO. The vials were put into super-sonic bath (Branson
2510, Danbury, USA) for 30 min at 25 °C and then left at 25 °C for 24 h to equilibrate. The

dispersion was filtered (0.2 pm), diluted in MeOH and analyzed by LC-MS (see below).
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Liquid chromatography-mass spectrometry measurements (LC-MS). Analyses were
performed using a 1100/1200 Series HPLC System coupled to a 6410 Triple Quadrupole mass
detector (Agilent Technologies, Inc., Santa Clara, CA, USA) equipped with electrospray
ionization. The system was controlled with the Agilent MassHunter Workstation Data Acquisition
software (version B.03.01). The column used was an Atlantis® T3 CI18 column (2.1 x 50 mm)
with a 3 pm-particle size (Waters Corp., Milford, MA, USA). The mobile phase consisted of eluent
A: 0.1 % formic acid in water and eluent B: MeCN containing 0.1% formic acid. The flow rate
was maintained at 0.6 mL/min. The gradient was ramped from 95% A/5% B to 5% A/95% B over
1 min, and then hold at 5% A/95% B for 0.1 min. The system was then brought back to 95% A/5%
B, resulting in a total duration of 4 min. Fragmentor voltage and collision energy were optimized
for the analysis of compounds in multiple reaction monitoring mode in positive mode. The
concentrations of the analytes were quantified by the Agilent Mass Hunter Quantitative Analysis

software (version B.04.00).

Molecular Dynamics (MD) Simulations. MD simulations were run for the inhibitor 8b bound to
NEU2, NEU3, and NEU4. Inhibitor 8b was simulated in its zwitterionic form, i.e. as a carboxylate
at C1 and as a guanidinium at C4. For simulations with NEU2, we used the crystal structure of
NEU2 bound to 1 (PDB: 1VCU)?’ as a starting structure for the enzyme. The non-terminal residues
G227, E228, S284, G295, P286, and G287 were added to the crystal structure for NEU2 using
Modeller in Chimera.>* 7%° We used our previously reported homology model for NEU3,%-3% and
we used the SWISS-MODEL website’"" to generate a homology model for NEU4 based on the
1VCU structure.?’” The portion of NEU4 between N289 and F368 is not homologous to NEU2;
therefore, residues 290-367 (78 in total) were removed from the NEU4 model before running MD

simulations. The coordinates for 8b were based on those of 6 bound to NEU2 (PDB ID: 2F0Z)*°
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with the biphenyl-triazole and hydrogens added in Avogadro.”>7® To obtain the initial position for
8b in the active site of Neu2, we aligned it to 6 in the crystal structure 2F0Z,>* and we kept the
active site waters for our simulations. For simulations with NEU3 and NEU4, each enzyme was
aligned separately with the starting structure for NEU2 using the MatchMaker tool in Chimera.>*
68,69 The starting positions for 8b in the active sites of NEU2, NEU3, and NEU4 are shown in

Supporting Information.

All simulations were run in AMBER 15”7 using pmemd.cuda (GPU acceleration) on Nvidia
GeForce GTX 980 GPUs. The ff14SB force field’® was used for NEU2, NEU3, and NEU4, while
the general AMBER force field (GAFF)" was used for 8b. Partial charges for 8b were assigned
using the AM1 with bond charge correction (AM1-BCC) model® in the antechamber module of
AmberTools15.”7 The enzyme-inhibitor complexes with NEU2 and NEU3 were neutralized with
the addition of Na ions, and that for NEU4 were neutralized with the additions of C1™ ions. All
complexes were solvated in a box of TIP3P water®! with 10 A between the solute and the edges of
the box in all three dimensions. For all systems, the water was first minimized using 100 steps of
steepest decent, followed by 4900 steps of conjugate gradient. Then the entire system was
minimized with 100 steps of steepest decent, followed by 4900 steps of conjugate gradient. The
systems were further equilibrated by heating from 5 K to 300 K over 50 ps, followed by cooling
back to 5 K over an additional 50 ps. After the annealing step, the systems were again heated from
5K to 300 K over 100 ps, then allowed to run at 300 K for 100 ps before the production simulations
were started. Production was run for 50 ns. The time step was 2 fs, bonds to hydrogen were
constrained with the SHAKE® algorithm, and the cutoff for non-bonded interactions was 8.0 A.

The temperature was maintained with the Berendsen thermostat®® (ntf = 1) with velocities rescaled
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every 1 ps. The final 25-ns of the simulations were used for analysis with the cpptraj module of
AmberTools15.77- 8

Neuraminidase Assay in Mouse Brain Tissue. Mice with targeted disruption of the neul
(neul™), neu3 (neu3™ ) and neud (neud™") genes have been previously described®>>” 85, Mice with
a combined deficiency of NEU4 and NEU3 were obtained by intercrossing neu4 and neu3
knockout (KO) mouse strains.®> Mice were housed in an enriched environment with continuous
access to food and water, under constant temperature and humidity, on a 12 h light:dark cycle.
Approval for the animal care and the use in the experiments was granted by the Animal Care and
Use Committee of the Ste-Justine University Hospital Research Center.

At the age of 12 weeks, mice were sacrificed using a CO> chamber and their brains extracted,
snap-frozen with liquid nitrogen and kept at -80 °C. For measurement of neuraminidase activity
100 mg of frozen brain tissue was homogenized in water in a ratio of 100 mg of tissue per 500 pL
of water in the 1.5 mL Eppendorf tubes using Kontes Pellet motorized pestle. Protein concentration
in the homogenate was measured by the Bradford method using the Bio-Rad reagent. Acidic a-
neuraminidase activity was assayed at pH 4.6 using fluorogenic 4-methylumbelliferyl-N-acetyl
neuraminic acid (4MU-NANA) substrate as previously described.”> The reaction mixture
contained an aliquot of homogenate corresponding to 300 pg of total protein, neuraminidase
inhibitor in a concentration of 0-150 uM and substrate in a final concentration of 200 uM. The
reaction was carried on at 37 °C for 30 min after which it was terminated by the addition of 1900
uL of 0.4 M glycine buffer, pH 10.5. For blank samples, the reaction mixture contained buffer,
inhibitor and substrate only but the same volume of homogenate was added after the termination

of reaction.
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Figure 4. Inhibition of NEU activity in murine brain homogenate. Brains were extracted from WT
C57B16 mice and those KO for the NEU1 (neul”"), NEU3 (neu3""), NEU4 (neu4”"), or double KO
(DKO) for the NEU3/4 genes (neu3”; neu4’"). Brain homogenates were assayed for inhibition of
neuraminidase activity against 4MU-NANA. The WT brain homogenates (A) showed partial
inhibition (up to 70% at 10 pM) of neuraminidase activity by both 8b and 7i, while the NEU3 KO
brain homogenate (B) showed no inhibition with 8b and NEU3/4 DKO brain homogenate (C)
showed no significant inhibition with either compound 8b nor 7i. The NEU1 KO brain homogenate
(D) was the only sample to show dramatic inhibition for both compounds 8b and 7i, consistent
with specificity of these compounds for the NEU3/4 isoenzymes. Importantly, all homogenates
showed a complete inhibition of neuraminidase activity at 150 uM of DANA 1 (data not shown).
Points are labeled as significantly different (*, p < 0.05; **, p <0.01; and ***, p <0.001) from the
activity in the absence of the inhibitors according to t-test with a Dunlett post-test. Data are shown

as mean values + SD of 6 to 12 independent experiments.
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TABLES

Table 1. ICso data for NEU using 4MU-NANA as the substrate

Structure ICso [pM]
Compound | C4 C9 NEU1 NEU2 NEU3 NEU4
1 (DANA) Ho-- Ho-. | 49 +8 3746 7708 83+ 1.0
2 (C9-BA- N
DANA) Ho-- Y 34202 >500 110 + 40 220 %50
H
6 . N Ho-- | >500 7.8+2.0 4.0%0.6 47+6
(zanamivir) H
N,
7a v O—CR 190240 250 + 40 934038 2843
No
7b Ho | AcH SRR 78 £20 5520.5 =1
N,
7e Ho | HN Ch_ | 76£16 350 £ 90 87209 1241
N
7d Ho-- SREEY 290 £ 50 82413 39404
N
Te v | w0 Y} 4726 430£200 | 5904 26403
N_
7 Ho-- j CA_ | 100:£40 >500 1742 13402
N
7g bon | R Ch | 14030 360 £ 50 33205 5.0£09
No
7h wo | Hooe— N | 24090 11010 L140.1 30403
N
7i wo- | I IR >500 3245 0.70£0.10 | 0.5240.10
N
7 wo | { o~ Dk | 500 84+ 24 10£0.1 0.97 %024
H N
PN N | Hooc =N
8a T —@—Q\,.u\ >500 45+5 0.61+0.10 |24+2
H N
HN__N_ =N
8h 1 OO~k | >50 59+ 1.1 058+0.14 | 59+1.4
N
13 v | H00e— (R =500 >500 2046 400 £ 70
N
15 waee | Moo~ Ny | =500 >500 >500 >500
H H N.
18 HOOC’\/"F"\ Hooe— H—"} | >500 430£300 | >500 66+ 16
H
25a % Ho- | >500 >500 >500 >500
H
25b Y Ho | >500 >500 >500 >500
H
25¢ Ag"\ Ho-. | >500 >500 >500 >500
N
25d % - o | >500 >500 >500 >500

64




Table 2. K; determinations

Structure Ki [pM]*
Compound | C4 C9 NEU2 | NEU3 NEU4
1 (DANA) Ho.- ho | 25+4 | 16203 |58=0.6
H,N H
6 (zanamivir) | T Ho-- | 5.7+ 1.5 | 0.62+0.09 | 26 +4
N_
T v | I ICh | 4849 | 0282004 | 0.26+0.04
H,N H NN
8b - ,{.\ 1744 | 0324004 |51
N:N
5 Ho.- k| ND ND 0.030 £ 0.02

¢ None of these compounds showed significant activity towards NEU1, so only NEU2, NEU3,
and NEU4 determinations were made.

b Previously reported data.2¢

Table 3. Inhibition of GM3 cleavage

Structure ICso [pM]
Compound | C4 ) NEU3 NEU4 ReUNEU3* | Rel/NEU4“
DANA (1) Ho-- Ho. | 54%10 26+8 ND ND
7i o | YD :‘E 1242 3.7£0.7 4.1 7.0
8b ”2"7]/“\ O 38405 ND 14 ND
$ N

¢ Relative activity as compared to DANA.
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Table 4. Pharmacokinetic evaluation of C1-esters.

Parent compound | C1(O)R clogD7.4* | logD7.4®> | logP. [log cm s'[° | Solubility [pg mL"]“
DANA, 1 OMe -3.31 <-1.5 nd nd
2 OMe -2.01 | -1.0£0.1 -8.3+0.1 nd
5 OMe -3.49 <-1.5 nd nd
8b OMe -1.95 | 1.2+0.1 -74£0.1 nd
Tris pH 7.4: 1.5
7i OMe 091 | 23+0.1 -7.8 +£0.4% Prism pH 6.5: > 1.0
NaCl 0.9%: > 1.0
Tris pH 7.4: 13.8
7i OEt 1.27 | 3.4+0.1 -8.3+0.3*% Prism pH 6.5: 3.2
NaCl 0.9%: 3.7
Tris pH 7.4: 2.8
7i OPr 1.79 nd -82+0.3*% Prism pH 6.5: 1.7
NaCl 0.9%: 2.4
Tris pH 7.4: 3.9
7i OBu 223 | 3.8+0.1 -6.5£0.4* Prism pH 6.5: 3.2
NaCl 0.9%: 5.0

“ clogD7.4 was calculated using Marvin Sketch software (Version 16.10.10.0)

b Octanol-water distribution coefficients (logD7.4) were determined at pH 7.4 by a miniaturized
shake flask procedure in sextuplicate in Tris buffer (0.1 M).

¢ Pe = effective permeability: diffusion through an artificial membrane was determined by the
parallel artificial membrane permeability assay (PAMPA) in quadruplicate at pH 6.5 in Prism
buffer. Measurements indicated with * indicate inclusive 10 % DMSO.

4 The kinetic solubility was measured in singlet measurements in 3 different buffer systems (Tris
0.1 M, pH 7.4; Prism pH 6.5; 0.9 % NacCl in water).

Table 5. Cell permeability of 7i-OBu.

Caco2 MetStab HLM
Papp after 30 min 0.5 mg mL"!
[10° cm s71]“ [min]?
a-b b-a b-a/a-b
7i-OBu | 0.32+0.09 | 2.2+0.2 6.7 >90

¢ Papp = apparent permeability: permeation through a Caco-2 cell monolayer was assessed in the
absorptive (a—b) and secretory (b—a) direction in triplicate. The initial compound
concentration (co) in the donor chamber was 62.5 puMm.

b The metabolic stability assay was performed in human liver microsomes (HLM 0.5 mg mL™) in

triplicate.
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