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Abstract

A novel series of 1,2,3-triazole oseltamivir detivas, which could simultaneously
occupy the classical NA catalytic site and the ryewdported 430-cavity, were
designed, synthesized, and evaluated for theiriaffitienza activitiesThe results
demonstrated that four compound,(6l, 6y and 8¢) showed robust anti-influenza
potencies against H5N1, H5N2 and H5N6 strains th bozymatic assay and cellular
assay. Especiallygl was proved to possess the most potent and broatHsmpe
anti-influenza activity, with 16 values of 0.121M, 0.049uM and 0.16uM and EG
values of 2.45M, 0.43 uM and 2.8uM against H5N1, H5N2 and H5N6 strains,
respectively, which were slightly weaker than aseivir carboxylate. In additionin
the embryonated egg modél, achieved the similar protective effect against 29N
strain with oseltamivir carboxylate in the testedneentrations. Preliminary

structure-activity relationships (SARs), moleculanodeling, and calculated



physicochemical properties of selected compounds aiso discussed.
Keywords: Influenza virus, Neuraminidase inhibitors, 43®itga Oseltamivir

derivativesBroad-spectrum anti-influenza activity.

1. Introduction

Influenza A and B viruses (FIUA and FluB) are restary pathogens that cause
an infectious disease annually associated with(2@0to 650,000 deaths and 3 to 5
million hospitalizations worldwide, especially among higdk people such aslder
and patient with immunocompromised aardiovascular diseases [1]. FIUA can also
confer recurring pandemics, which caused devagtatifects on global population in
terms of prevalence and morbidity in the past (4918 H1N1, 1968 H3N2 and 2009
H1N1pdm09) [2]Additionally, HSN1 and H7N9 avian FIuA have crosskd species
barrier and lead to thousands of documented zaooatbreaks in humans with high
mortality (e.g., HSN1: 63%, H7N9: 40%) in recenty® [3-5].Although there is no
established evidence of efficient human-to-humangamission, their pandemic
potential is clear and poses a serious and coristiaat to global public health.

Vaccination is the main method to prevent influenm&ections, but the
continuous evolution of influenza virus to avoidshdetection system by changing its
antigenicity on hemagglutinin (HA), render existivaccines useless. And a 6-month
time gap between WHO recommendation and the a&pplication of vaccines

dramatically decrease its effectiveness againsstitaéns in influenza circulation [6].



Therefore, using antiviral drugs bbock the functional proteins of virus is the most
efficient method for managing influenza infections.

Neuraminidase (NA), a surface glycoprotein thatlitates the releasing and
propagating of newly formed virions, is a promisitagget for anti-influenza drugs
design [7]. Moreover, attributing to their low toky, high selectivity and potent
anti-influenza potency, neuraminidase inhibitorsA® oseltamivir, zanamivir,
peramivir and laninamivir octanoat€ig. 1) function as the only class of antiviral
available clinically [8].However, the rapid emergence and spread of drustaies
influenza strains seriously compromised their chiiapplication. Among them,
H274Y is the most prevalent resistance-associatathtions towards oseltamivir
which was widely used as preferred drug in clinfcs its approval in 1999 [9, 10].
Additionally, E119G and R292K are also observedstasce mutations in the
treatment of zanamivir angkeramivir, respectively [11, 12], and one isolatgti7 T
mutation of NA shows cross-resistance to both aseitir and zanamivir [13].

Consequently, there is a clear need to developawgal NAls for effective influenza

therapy.
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Fig. 1. Structures of approved NA inhibitors

On the basis of the X-ray crystallographic studmswly reported 150-cavity
(formed by 150-loop) and 430-cavity (formed by 480p) which directly connect
with the classical NA catalytic site are revealed @wvo broad regions for
accommodating further NAIs design [14-19]. In faotrecent years, the breakthrough
has been made in our lab by modifying the C5;NH oseltamivir for probing
150-cavity, and several obtained compourkdg.(S1) have displayed dozens of times
greater anti-influenza activity than oseltamivirlmaxylate (OSC, the active form of
oseltamivir), including against oseltamivir-resigta strains [20-22]. Our previous
work supported the idea well that addition of sitbetts to the oseltamivir core
could result in strong interactions with the 15@igaand increase the affinity with
NA. However, most of the oseltamivir derivativesgiting 150-cavity cannot exert a
broad-spectrum anti-influenza activity, because-d®dty only exists in group-1 NAs
(containing N1, N4, N5, and N8,). This is influeddsy the conformation of 150-loop,
that is, the 150-cavity will not be formed when 460p is at a close stati@. contrast,
430-loop is always in a stably opened conformatresulting in 430-cavitiy widely
existing in all group-1 and group-2 NAs (containidg, N3, N6, N7, and N%ig. 2).
Therefore, in theory, modifications of NAls targeti430-cavity have better prospects

than targeting 150-cavity.
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Fig. 2.Comparison of the crystal structures of the GriudA (a, b) and Group-2 NA (c, d)
subtypesStructures of N1 (H1IN1, PDB code: 3BEQ; H5N1, PRile: 2HUO), N2 (H3N2, PDB
code: 4GZP) and N6 (H5N6, PDB code: 5HUM) are infame representation. The catalytic

pocket, 430-cavity and opened 150-cavity are labeleed arrows.

Close examination of the crystal structure of O®0ral to the NA indicated that
the C-1carboxyl group of OS@as well exposed towards the 430-cavidyven the
attractiveness of the 430-cavity as an additionadlibg pocket, and the wealth of
co-crystal structures available, we chose C-1 positof OSC to focus our
optimization efforts upon.Specifically, the Cu(l)-catalyzed azide and alkyne
1,3-dipolar cycloaddition (CuAAC), commonly knowrs ahe “click reaction”,
facilitates the formation of 1,4-disubstituted B;Bjazole ring which is usually used
as linker in drug optimization [23,24]. Moreovewmviag to the unique properties of
1,2,3-triazole ring, such as rigidity and stabilityvivo, hydrogen bonding capability
and suitable length ( about 5A), this unit is cdesed as decisive factor for
improving the biological activities of the compownd medicinal chemistry [25].
Therefore, we decided to introduce 1,2,3-triazolé as a linker to connect various
substituents with suitable shape, size, and/or dpltrbicity at the C-1 position of
OSC. And we hoped that the modified C-1 side ckairid extend into the 430-cavity

and engender potentially additional interactionthwhe surrounding residue in the



cavity to enhance the affinity, the broad-spectamd anti-resistance properties of the
compounds Kig. 3). Eventually, 33 novel oseltamivir analogues welesigned,

synthesized and evaluated for their biologicahatotis.
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Fig. 3The design of novel C-1 modified oseltamivir detivas targeting 430-cavity

2. Results and discussion

2.1. Chemistry

The general synthetic steps adopted to obtain #nget compounds were
straightforwardly outlined irScheme 1These target compounds were synthesized
from the commercially available starting materiaelbamivir phosphatel). Firstly, 1
reacted with Boc anhydride in methanol angNEtto produce?2, which was
hydrolyzed by NaOH to give the intermedi&8€[26]. In the presence of HATU,
intermediate3 reacted with different ynamines to affetdAnd then5 was generated
by CuAAC “click chemistry” reaction between the stituted azides and intermediate
4. Finally, intermediates was directly deprotected with 12 M HCI in methanol
afford the target compound6a-6z 7a-7c and 8a-8c The newly synthesized

compounds were characterized by HRMS and NMR spectr
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Scheme 1Reagents and conditions: (i) (Be®) E&N, methanol, RT; (i) 4 M NaOH, RT; (iii)
corresponding ynamines, HATU, 3Bt CH,Cl,, RT; (iv) RNs, CuSQ, L-ascorbic acid sodium salt,

THF, H,0, RT; (v) 12 MHCI, methanol, RT.

2.2. Biological activity
2.2.1.Invitro inhibitory activities on NAs

All the newly designed oseltamivir derivatives wemeened for NA inhibitory
activities using a fluorescence-based assay wittNMNA as the substrate [20-22,
26]. For broad-spectrum NA inhibition screening, we @bd (H5N1) from group-1,
N2 (H5N2) and N6 (H5N6) from group-@&s representatives for testing. OSC and
zanamivir (ZA) were run in parallel as control dsughe measured inhibition
potencies ofhe synthesized compounds are summarizeable 1 It was clear that
OSC showed great inhibitory potency toward wildeygAs with 1Go values of 20
nM, 7 nM and 18 nM against H5N1, H5N2 and H5NG6,pessively. Zanamivir,
another positive control drug, displayed comparaaiévity with oseltamivir against

H5N1 (ICso = 12 nM), H5N2 (IGo = 21 nM) and H5N6 NAs (1§ = 22 nM),which



was consistent with reported data [21, 22].
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Table 1 Structures anth vitro inhibitory effects of test compounds against iafiga NAs.

IC 50 (uM)
Compds R b so(i C) a
H5N1 H5N2 H5N6
6a :w@ >10 0.86+0.069 >10
NO,
6b . /CL 0.58+0.033 1.19+0.06 2.85+0.34
;‘ NO,
NO,
6c \f/@ 0.98+0.035 0.86+0.07 1.1740.09
6d ;ev@ 1.5940.15 >10 1.67+0.26
F
6e ?;/@L 1.08+0.17 2.240.11 2.040.18
F
F
61 \;/(j 2+0.18 2.1140.16 3.240.15
69 \;/Q 0.48+0.08 0.14+0.03 0.13+0.01
Cl
6h \;¢© 7.15+1.05 0.92+0.35 2.56+0.03
Cl
Cl
6i \;/@f 3.17+0.29 1.27+0.06 3.28+0.12
6] ;v@ 0.64+0.02 2.29+0.38 >10
Br
6k ;»v@ 4.1+0.33 2.3240.11 4.3+0.9
Br
Br
6l \;/Ej 0.12+0.002  0.049+0.007  0.16x0.007



6m

6n
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6p

6q

6r

6s

6t

6u

6v

6w

6X

6y

6z

7a

7b

7c

8a

8b

2.45+0.5

4.05+0.07

1.53+0.11

2.14+0.17

2.72+0.14

3.86+0.14

1.41+0.15

3.12+0.26

3.17+0.03

3.96+0.22

1.58+0.07

1.89+0.06

0.53+0.05

0.44+0.07

4.63+0.33

>10

7.69+0.25

7.8+0.5

>10

0.66+0.008

0.36+0.024

0.82+0.1

2.42+0.27

1.96+0.15

2.18+0.19

1.13+0.06

2.78+0.17

3.44+0.16

4.54+0.1

1.6+0.16

0.78+0.007

0.38+0.04

0.69+0.082

3.48+0.22

8.86+1.12

5.66+0.27

5.23+0.4

4.05+1.2

1+0.19

0.57+0.02

2.8+0.7

2.4+0.08

2.86+0.03

5.5+0.24

2.2+0.43

3.1+0.12

4.59+0.2

6.34+0.66

2.01+0.1

1.4+0.16

0.79+0.01

0.29+0.05

7.6+0.55

>10

>10

>10

>10



L —
8c X 0 0.46+0.06 0.49+0.03 0.58+0.13

ocsc 0.020+0.002 0.007+0.001 0.018+0.001
A 0.012+0.001 0.021+0.00008  0.022+0.001

%Concentration required to reduce NA activity to 5@¥control NA activity (IGy). Data are
shown as mean * SD of three experiments.

IDA/Goose/Guangdong/SH7/2013 (H5N1).

°A/Chicken/Hebei/LZF/2014 (H5N2).

dA/Duck/Guangdong/674/2014 (H5N®6).

As shown inTable 1, the biological results clearly showed that moksthe
newly synthesized compounds exhibited anti-NAsvédes from micromolar to
sub-micromolar rangesmpressively, several of the designed compoulds€g, 6l,
6n, 6y and 62) displayed robust inhibitory potencies againstthibe NAs, and in
particular,6l achieved the most potent activity with thed@alues of 0.12M, 0.049
uM and 0.16uM against H5N1, H5N2 and H5N6 NAmgspectively, being slightly
weaker than that of OSC and ZA. On the basis ofath@ve results, the preliminary
SARs could be concluded in terms of different tehisubstitution groups and the
length of the side chain.

For the former, an aromatic ring might be stericaind electronically
complementary to the 430-cavity, and compoudaév were designed with various
substituted benzene rings. Detailed comparisomefdata of compounda-6l, we
found that variation of the position of the ideatisubstituent in the benzene (from
the ortho-position to thepara-position) resulted in different inhibitory activeg. As
for fluorine atom substituent, compoun@d-6f had similar inhibition against three
NAs with the 1G, values ranging from &M to 3 uM no matter which position the

fluorine atom was introduced. However, in the casdearing a nitro group or a



chlorine atomthe order of potencies against NAs v@ds(3-NO,) = 6¢ (4-NO,) > 6a
(2-NO,) and & (2-Cl) > 6i (4-Cl) > 6h (3-Cl). Surprisingly, compounél with a
bromine atom apara-position of benzene ring showed the greatest dietsvior all
NAs in this series, but the activities decreaseatdl when moved the bromine atom
to ortho- (6]) or meta-position @k). Likewise, replacing 4-Br o8l with 4-nitrile (6q),
4-methyl 6r), 4-phenyl 6s) or non-substituenB(Mm) also resulted in activities decline
against all the NAsNext, comparison of activities ddg and 6l with 60 (ICso =
0.82-2.8uM) and6p (ICsp = 2.14-2.4uM) indicated that mono-substituted derivatives
of halogen atomwere preferred than di-substituted ones distincly.addition,
pairwise comparison of the activities (compoulds vs 6n and6l vs 6v) suggested
that the length of side chain at the end of 1,8g&ble could not govern the anti-NA
activities proportionally or inversely.

To extend the SAR information, we designed compe@ivad6z by replacing the
benzene ring with heteroatomic naphthem@mong them, compound6y and 6z
bearing amorpholine ring and a Zidovudine motif, respectyelwere more
advantageous for inhibitory activities againstthliee NAs tharbenzene-contained
derivatives except for compound and 6l. Thus, it appeared that a moderately
flexible group at the end of side chain might megasitive to NA.

Inspired by the result @a-6z, we further designed two subseries of compounds
7a-7c and 8a-8c with the C-1 modification at the position betwetbe amide bond
and 1,2,3-triazole linker. However, with a negativgact on the anti-NA activities,

most of the compounds lost the potencys¢20 uM) against HSN1 and H5N6 NAs,



and as for H5N2 NA, their inhibition were also vemeak. But encouragingly,
compound8c exhibited considerably enhanced anti-NA activitytmthe 1Gof 0.46
uM, 0.49uM and 0.58:M against H5N1, H5N2 and H5N6 NAs, respectively.

Next, we selected compounés, 6g, 61, 6n, 6y, 6z and8c as representatives to
investigate their potencies against HSN1-H274Y Kécause the clinical strain with
this NA mutant exhibits high-level resistance teltamivir, which is presently of a
great concernlVe used the same assay as above and the dataavas ishiTable 2
In agreement with previous reports [21, 22], thistant conferred resistance to OSC
with the potency (I6=3.38uM) over 160-fold weaker than that of wild-type HS5N1
NA, but its susceptibility to zanamivir (§g= 0.013uM) was not altered. Apart from
6g and6l, all the tested compounds showed weak inhibitotiiies (1C50>100uM)
against HS5SN1-H274Y mutatioiBut notably, compoun@l| displayed robust activity
against H5N1-H274Y, with 1§ values of 23.8.M, which was 7 times weaker
relative to OSCThese results were in consistent with the inhilyiteffects against
wild-type H5N1 NA, but their potencies did not soppthe design strategy well that
modification at C-1 side chain targeting 430-caeityild improve their anti-resistance

profiles.

Table 2.NA (H5N1-H274Y) inhibitory activities of selectedmpound$

1C 50 (LM)
Compds H5N1-H274Y
6¢ >150
69 79.241.9

6l 23.8+2.1



6n >150

6y 106.1+5.1

6z >150

8c 122.7+3.7
0SC 3.38+0.07
ZA 0.013+0.00035

®Data are shown as mean + SD of three experiments.

2.2.2 Molecular modeling analysis

In order to obtain further insight into the bindin§ 1,2,3-triazole oseltamivir
derivatives to the biologically relevant chemicphse of NA, by means of software
SYBYL-X 2.0, the most potent compouBtiwas subjected to further docking studies
utilizing the structures of co-crystal of NA (PDBde: 2HUO (Group-1, N1) and
5HUM (Group-2, N6)) [26,27]. The amino acid sequeEnof tested NAs are highly
similar to that of PDBs (N1>90% and N6>99%, showrsupplementary material),
and these inconsistent amino acid residues aré&dar NA catalytic center or the
430-cavity, which greatly increases the credibildaf the docking analysis. Our
docking results were visualized by PyMOL.

As shown inFig. 4a the docking simulations o8l with N1 revealed that the
binding mode resembled its lead compound OSC iveacenter, and of particular
note was that the elongated C-1 side chain wa®gey toward the 430-cavitin
Fig. 4b, compound6! developed four hydrogen bonds with Arg371, Tyr40&l
Argl52 in active center, and the 1,2,3-triazoleugr@also formed additional double
hydrogen bonds with Argl118. Meanwhile, the 1,2i8zble linked 4-bromobenzyl

group stretched into the 430-cavity and occupiednaall hydrophobic pocket



consisted of Pro431, Lys432, Ser370 and the baeklmdrArg371.These docking
results showed th&l could simultaneously occupy the classical NA cditakite and
430-cavity which was consistent with our originasiyn intention and thereby
displaying great NA inhibition.

As observed in the X-ray crystal structure of N&iha to6l (Fig. 40, this binding
mode resembled OSC in parent scaffold and the dbbenzyl group also extended
into the 430-cavity as the fragment located. SirtyiJacompound6l maintained the
typical hydrogen bonds with the same residues af@ative center and 430-cavity
like that of N1, though their residue serial numiere different in 2HUO and 5HUM
(Fig. 4d). Comparing the above two binging modes, we found tthe modified C-1
amide bond developed four hydrogen bonds with vesidrg214, Arg293 and
Tyr327 in N6, but only threleydrogen bonds were observed in the same regibid.in
However, the 1,2,3- triazole group of compowiccould form one more hydrogen
bond with Arg118 in N1 than in N6, which might coemsate for affinity loss at the
amide bond. Therefore, the similar binding modespsetl and the same number of
hydrogen bonds formed in the binding pockets cputvide a rational explanation of
the equally broad-spectrum NA inhibitory activitgrfthis molecule. On the other
hand, compared with OSC, the hydrogen bonds witj2®2 and Tyr347 were not
observed in the modes 6f, which might the main reason for the reduced kblti-
activity of 6l relative to OSCHKig. S2. To sum up, the molecular modeling analysis
explained the theoretical binding mode and thergaetivity of compoundl, which

was consistent with our design and would assishénrstructural optimization.
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2.2.3In vitro anti-influenza virus activity
To validate theefficacy of the synthesized compounds against émha virus

infection, we employed cell-based assay (chickemrgm fibroblasts, CEFs) that



addressed the cytopathic effect (CPE) of influewzas infection using the same

virus strains with anti-NA assay [21, 27-28]. Wetlier choseg, 6l, 6y and8c as

representatives, and used oseltamivir carboxyl@®Q) as reference compound in

parallel. The results were expressed asoEhd CGy summarized inTable 3

Notably, all the tested compounds exhibited no egipble cytotoxicity at the highest

tested concentrations (G 1000uM) in CEFs.

Table 3 Invitro anti-influenza virus activities in CEFs

ECso(UM)® ECso(UM) ECso(UM) SI?
Compds CCso(UM)"
H5N1° H5N2¢ H5N6° (H5N1)
69 3.32+0.07 0.47+0.06 8.61+4.2 >1000 >300
6l 2.45+0.2 0.43+0.04 2.840.5 >1000 >400
6y 3.1+0.2 1+0.15 3.78+0.2 >1000 >330
8c 6.28+0.8 0.53+0.02 >20 >1000 >160
0osC 0.22+0.01 0.18+0.02 0.43+0.12 >1000 >4500

®ECs0: concentration required to achieve 50% proteciigainst virus-induced cytopathic effect.

bC050: concentration of 50% cellular toxicity.
‘A/Goose/Guangdong/SH7/2013 (H5N1).
da/Chicken/HebeilLZF/2014 (H5N2).

°A/Duck/Guangdong/674/2014 (H5N6)

9SI: selectivity index, the ratio of GEECso.

In the case of the H5N1 viru8| displayed the greatest activity (G 2.45uM),

which was about 11 folds weaker than OSCHE€0.22uM), and the values of other

compounds were 15-30 times lower than positive robnAdditionally, we obtained

similar results against H5N6 virus, théitalso exerted the best activity (G 2.8



uM) which however was 6 folds weaker than OSC {E€ 0.43 uM), and the
potencies of other compounds were sharply redutkeese results were in line with
the data in enzymatic assay and compagirgtill displayed the best antiviral potency
towards H5N1 and H5NG6 strains.

Surprisingly, against H5N2 virus, compoundg, 6l, and 8c shown great
antiviral activities, with EGvalues of 0.43.M, 0.47 uM and 0.53uM, which was
comparable to OSC (k&= 0.18uM). And the weakest compound tested also exerted
moderate antiviral activity6y, EG, = 1 uM)). The results indicated that these
1,2,3-triazole derivatives were more sensitive &NB virus than other two strains at
least in cellular level.

Overall, the antiviral activities of oseltamivir riatives 6g, 6l, 6y and 8c
against H5SN1 and H5N6 were consistent with theiriNBbitory potencies and their
activities against HSN2 were comparable to OSC.ddwer, it was worth noting that
compoundél displayed the best inhibition towards all thremusistrains, reflecting a
great broad-spectrum anti-influenza ability with nimal cytotoxicity and high

selectivity index values (S1>400).

2.2.41n silico prediction of physicochemical properties
An overall assessment of the physicochemical ptigseof compound§g, 6h,
6y and 8z were further conducted by using free molinspiratisoftware

(http://www.molinspiration.com/). As depicted irafile 4 the results suggested that

compounds6g and 6l could theoretically meet the general requiremédatsuseful



drugs,since size, polarity, volume and potentially resetgroups were consistent
with the Lipinski’'s “rule of five” except for thelight deviation of molecular weight
of 6l. However, the parameters 6% and 8z, especially hydrogen bond acceptors
(nON) and tPSA, go beyond the normal scope andatetindesired physicochemical
properties. Of note, the topological polar surfacea (tPSA), which is characterized
by the absorption and membrane permeability of oudss, showe@dg and6l had a
value of both 124.17 A, confirming their advantage for intestinal absiom (<140
A? and inability to penetrate the blood-brain barri@verting the central nervous

system toxicity (>60 A) [29].

Table 4. Physicochemical properties of representative camgs

Parameter items 69 6l 6y 8z
natoms 34 34 35 44
MW (< 500 Da) 489.02 533.47 491.59 616.72
nON (<10) 9 9 12 15
NOHNH (< 5) 4 4 4 6
Nrotb (<10) 10 10 10 11
tPSA (<140 X) 124.17 124.17 153.71 208.50
MV 446.47 451.01 458.84 564.28
miLog p (< 5) 15 1.68 -1.53 -0.83
nViol 0 1 2 5

natoms = noof normlhydrogen atoms; MW= molecular weight; nON = no.hgtirogen bond
acceptors; nOHNH = no. of hydrogen bond donorsibnro no. of rotatable bonds; tPSA =
topological polar surface area; MV = molar volumaiogP = molinspiration predicted LogP;

nViol = number of violations.

2.2.51n vivo anti-influenza activity in Specific Pathogen Free(SPF) chicken
embryonated egg

Based on the results of above experiments, in darttudy, we used an



embryonated egg model which was regarded to hawemitict with ethical and legal
aspects of animal protection to test the anti-grilza activity of compounél [22, 26,
30].We infected the embryonated eggs with HSN2s/and another N2 subtype virus
(HON2) and treated them with injecting differenhcentrations o06l. Also, OSC was
administrated as control. After 72 h, we recordezlrtumber of the survival and death
of the embryonated eggs Trable 5 Unexpectedly, as for HSN2 virus, treating with
the concentration of 10 mM resulted in 80 % sunvigarvived/dead = 4/1) of OSC
and only 20 % survival (survived/dead = 1/4) of pmund 6l, and other lower
concentrations had no protective effects for cmc&mbryos with both tested drugs.
By contrast, compound! could alleviate mortality in this infection modehs
demonstrated by against HON2 strain. The resu#iarigl showed that the protective
potency of6l for chicken embryos was comparable to OSC atadhsesconcentration

with over 80 % survival achieved.

Table 5. Survival number of chick embryos after inoculat@membryonated eggs with influenza

virus and administration @& or OSC.

Therapeutic Chick Embryos
Virus Strain Drug Concentration Survived/ Dead
(mM) Number
no Without infection 10/0
H5N2 no Without treatment 0/5
6l 10 1/4
25 0/5
0.625 0/5
0.156 0/5
0osC 10 4/1
25 0/5
0.625 0/5
0.156 0/5
HONZ no Without treatment 2/3

6l 10 5/0



2.5 4/1

0.625 4/1
0.156 4/1
OSsC 10 5/0
2.5 5/0
0.625 4/1
0.156 3/2

®The 200 TCIQ, virus solution was mixed with an equal volume edtéd compounds and then
incubated for 1 h before inoculation.
®A/Chicken/Hebei/LZF/2014 (H5N2).

°A/Chicken/China/415/2013 (HON2).

3. Conclusions

We designed and expeditiously synthesized a sefi@2,3-triazole oseltamivir
derivatives via CUAAC “click reaction” targetingegmewly reported 430-cavity. The
biological assays demonstrated that the majoritytledse compounds showed
moderate NA inhibition and four compoundsg, 6l, 6y and 8c) showed robust
anti-influenza potencies against H5N1, H5N2 and BlIStrains in both enzymatic
assay and cellular ass&specially,6l possessed the most potent and broad-spectrum
anti-influenza activity, with 16 values of 0.121M, 0.049uM and 0.16uM and EG
values of 2.45uM, 4.3 uM and 2.8uM against H5N1, H5N2 and H5N6 strains,
respectively, which were slightly weaker than tldit OSC. Besides, molecular
modeling revealed that the 1,2,3-triazole linkedestchain could extend into the
430-cavity and interact with the amino acid resgl@ound this region in both
Group-1 and Group-2 NAs as our original design. éencouragingly6l could
achieve the similar protective effect against H3MNRs with OSC in the embryonated

egg model and possessisirable druglike properties silico prediction. To sum up,



the biological activities and docking studies iradés that the 430-cavity of NA can
accommodate various substituents and are wortheurexploring for discovering

novel and broad-spectrum NAls.

4. Experimental section

4.1 Chemistry

'H NMR and**C NMR spectra were acquired on a Bruker AV-400 speteter using
ds-DMSO and DO as solvents. Chemical shifts were reportedl walues (ppm) with
TMS as the internal standard, ahdalues were reported in hertz (Hz). Melting points
(mp) were determined on a micromelting point apperaTian Jin Analytical
Instrument Factory, Tianjin, China). High-resolutionass spectra (HRMS) were
measured using an Agilent 6520 Q-TOF LC/MS speattem(Agilent, Germany).
Reaction progress was routinely monitored using-kayer chromatography (TLC)
analysis on silica gel GF254, and spots were \ige@lby irradiation with UV lightX

= 254 nm). Flash column chromatography was perfdrime columns packed with
silica gel (200-300 mesh), purchased from Qingdaty&hg Chemical Company. The
key reactants oseltamivir phosphate was provide8hgndong Qidu Pharmaceutical.
Solvents were of reagent grade and were purifiedl daed by standard methods
when necessary. The solvents of LH, THF and MeOH were obtained from

Sinopharm Chemical Reagent Co., Ltd (SCRC).

4.1.1 General procedure for the synthesis of compound



ethyl(3R,4R,59)-4-acetamido-5-{ért-butoxycarbonyl)amino)-3-(pentan-3-yloxy)cycl
ohex-1-ene-1-carboxylat@)(

To a solution of commercially available oseltampirosphatel)) (5 g, 12.2 mmol) in
MeOH (50 mL) was added drt-butoxycarbonyl anhydride ((Bof), 5 g, 22.3
mmol) and triethylamine (TEA, 2 mL), and the mixumwas stirred at room
temperature for 12 h. Subsequently, the reactioturg was transferred to a separator
funnel, and the residue was washed with water flarch2 as a white solid, yield
96.3 %, mp: 149-150 °C

'H NMR (400 MHz, DMSOY 7.80 (d,J = 9.1 Hz, 1H), 6.61 (d] = 6.9 Hz, 2H), 4.21

- 3.99 (m, 3H), 3.75 - 3.61 (m, 1H), 3.57 (fl= 15.6, 10.1 Hz, 1H), 3.38 (dd,=
10.9, 5.5 Hz, 1H), 2.46 (d,= 4.7 Hz, 1H), 2.25 (dd] = 17.5, 10.3 Hz, 1H), 1.78 (s,
3H), 1.52 - 1.28 (m, 13H), 1.22 (t= 7.1 Hz, 3H), 0.80 (df] = 26.5, 7.3 Hz, 6H)}°C
NMR (100 MHz, DMSO) 169.66 (s), 165.99 (s), 155.78 (s), 138.66 (s,02(s),
81.49 (s), 78.04 (s), 75.44 (s), 60.88 (s), 5461 49.31 (s), 30.61 (s), 28.65 (s),
26.17 (s), 25.65 (), 23.31 (s), 14.52 (s), 9.88943 (s).HRMS: m/z 413.2644 [M +

H]*, Co1H36N20g (412.2573).

4.1.2 General procedure for the synthesis of compourf@R, 4R,
59)-4-acetamido-5-(ért-butoxycarbonyl)amino)-3-(pentan-3-yloxy)cyclohexede-1
-carboxylic acid 8)

Intermediate2 (5 g, 12.1 mmol) was dissolved in 50 mL MeOH, ahd/1 NaOH

agueous solution was added umti to 13. Then the solution was stirred at room



temperature for 2 h. The reaction solution was eratpd under reduced pressure to
remove MeOH, and then 3M HCI was added until noemmecipitate formed. The
precipitate was filtrated and washed witpCHo afford3 as white solid, yield 93.3 %,
mp: 208-209 °C

'H NMR (400 MHz, DMSOY 12.55 (s, 1H), 7.81 (d,= 9.1 Hz, 1H), 6.65 - 6.52 (m,
2H), 4.06 (dJ = 7.5 Hz, 1H), 3.69 (dd] = 19.4, 9.2 Hz, 1H), 3.56 (di,= 16.1, 10.2
Hz, 1H), 3.37 (ddJ = 11.4, 5.9 Hz, 1H), 2.46 (dd= 17.9, 4.9 Hz, 1H), 2.21 (dd=
17.5, 10.3 Hz, 1H), 1.78 (s, 3H), 1.52 - 1.28 (8H), 0.80 (dtJ = 26.1, 7.3 Hz, 6H);
%C NMR (100 MHz, DMSO) 169.71 (s), 167.70 (s), 155.80 (s), 138.13 (s9, AP
(s), 81.44 (s), 78.04 (s), 75.55 (s), 54.70 (s)449s), 30.73 (s), 28.66 (s), 26.19 (),
25.63 (s), 23.32 (s), 9.89 (s), 9.42 (dRMS: m/z 385.2338 [M + H] CigH3sN,0s

(384.2260).

4.1.3General procedure for the synthesis of compatnd

To a solution of aci® (0.38 g, 1mmol), HATU (0.38 g, 1 mmol), and&t(1mL) in
20 mL dry CHCI, was added an equimolar amount of the appropriatamine
(Immol). The mixture was kept stirring at room temgture for 12 h. After TLC
detection to show no starting materials, the mixtwas extracted with 100 mL ethyl
acetate and washed with saturated Nakl(303x 30 mL) and saturated NaCl (1 x 50
mL). The organic layers were dried over MgSQiltered and evaporated under
vacuum. The crude product was purified by colummroetatography with

MeOH:CHCI, = 1:30 to obtain intermediate



4.1.4General procedure for the synthesis of compdund

The key intermediaté (1.0 equiv), azide compounds (1.2 to 1.5 equisgpéebic acid
sodium (0.6 equiv) and Cu®H,O (0.3 equiv) were dissolved in the solution of
THF/water (V:V= 1:1). The resulting mixture wasrstd at room temperature for 6 h.
After TLC detection to show no starting materidl8Q mL saturated NaCl was added
and the reaction mixture was washed with ethylaeef3 x 50 mL). The combined
organic phase was dried over Mgs@iltered, and concentrated under reduced
pressure to give the corresponding crude produathwvas purified by flash column

chromatography MeOH:Ci€l, = 1:30 to afford produdi.

4.1.5General procedure for the synthesis of target camg®

The intermediat® (0.2 g, about 0.4 mmol) was dissolved in 3 mL Me@hid then 3
mL of 12 M HCI was added. The mixture was stirréedamm temperature for 1 h.
After TLC detection to show no starting materidlse solvent was evaporated and
purified by column chromatography with MeOH:gE, = 1:10 to get target

compound$a-6z 7a-7cand8a-8cas white or pale yellow solid.

(3R,4R,5S5)-4-acetamido-5-amino-N-((1-(2-nitrobenzyl)-1H-1,3-triazol-4-yl)met
hyl)-3-(pentan-3-yloxy)cyclohex-1-ene-1-carboxamidg6a). Recrystallized from

isopropyl ether as a yellow solid, yield 64 %, mp5-156 °C*H NMR (400 MHz,



D,0)  8.03 (ddJ = 8.2, 1.1 Hz, 1H), 7.86 (s, 1H), 7.61 (i 7.6, 1.1 Hz, 1H), 7.55

- 7.45 (m, 1H), 7.12 (d] = 7.6 Hz, 1H), 6.33 (s, 1H), 5.83 (s, 2H), 4.432d), 4.20
(d, J = 8.9 Hz, 1H), 3.96 (dd] = 11.7, 9.0 Hz, 1H), 3.51 (td,= 10.8, 5.6 Hz, 1H),
3.39 (dd,J = 11.1, 5.6 Hz, 1H), 2.80 (dd,= 16.8, 5.6 Hz, 1H), 2.54 - 2.39 (m, 1H),
2.00 (s, 3H), 1.38 (dtd] = 28.1, 14.2, 7.0 Hz, 4H), 0.73 (d#i= 13.1, 7.3 Hz, 6H);
13C NMR (100 MHz, DO) § 175.23 (s), 168.88 (s), 147.20 (s), 144.63 (s3,4B3(s),
132.78 (s), 131.03 (s), 130.25 @@= 29.5 Hz), 130.11 - 129.92 (m), 129.50 (s),
125.54 (s), 124.71 (s), 84.27 (s), 75.07 (s), 52§751.32 (s), 49.13 (s), 34.60 (S),
28.38 (s), 25.42 (s), 25.05 (s), 22.36 (s), 8.7 &44 (s). HRMS: m/z 500.2611

[M+H] ", Co4H33N70s (499.2543).

(3R,4R,5S9)-4-acetamido-5-amino-N-((1-(3-nitrobenzyl)-1H-1,3-triazol-4-yl)met
hyl)-3-(pentan-3-yloxy)cyclohex-1-ene-1-carboxamidg6b): Recrystallized from
isopropyl ether as a yellow solid, yield 74 %, Mp7-160°C*H NMR (400 MHz,
D,0) 7.89 (t,J = 7.7 Hz, 3H), 7.53 (d] = 7.6 Hz, 1H), 7.38 (] = 7.9 Hz, 1H), 6.24
(s, 1H), 5.54 (s, 2H), 4.40 (d,= 15.9 Hz, 2H), 4.12 (d] = 8.6 Hz, 1H), 3.89 (dd] =
11.5, 9.1 Hz, 1H), 3.45 (td,= 11.0, 5.5 Hz, 1H), 3.36 - 3.23 (m, 1H), 2.9262(m,
1H), 2.57 - 2.24 (m, 1H), 1.95 (s, 3H), 1.45 - 1(&R 4H), 0.64 (dt) = 17.9, 7.4 Hz,
6H); 3C NMR (100 MHz, DO) & 175.19 (s), 168.73 (s), 147.82 (s), 136.55 (s),
134.64 (s), 132.84 (s), 130.28 (s), 130.20 (s),2@4s), 123.49 (s), 122.70 (s), 84.17
(s), 74.97 (s), 52.84 (s), 52.61 (s), 49.08 (s)584s), 28.33 (s), 25.37 (s), 25.00 (5),

22.34 (s), 8.46 (s), 8.38 (s). HRMS: m/z 500.28W8 ], Co4H33N7Os (499.2543).



(3R,4R,5S9)-4-acetamido-5-amino-N-((1-(4-nitrobenzyl)-1H-1,3-triazol-4-yl)met
hyl)-3-(pentan-3-yloxy)cyclohex-1-ene-1-carboxamideg(6¢c). Recrystallized from
isopropyl ether as a yellow solid, yield 58 %, mMp9-171 °C*H NMR (400 MHz,
D,0) § 7.94 (dd,J = 8.0, 3.1 Hz, 3H), 7.29 (d,= 8.2 Hz, 2H), 6.28 (s, 1H), 5.59 (s,
2H), 4.42 (s, 2H), 4.16 (d,= 8.5 Hz, 1H), 3.92 (ddl = 11.6, 9.0 Hz, 1H), 3.49 (td,
=10.9, 5.6 Hz, 1H), 3.43 - 3.26 (m, 1H), 2.78 (dd& 17.0, 5.2 Hz, 1H), 2.51 - 2.33
(m, 1H), 1.97 (s, 3H), 1.34 (tdl,= 21.5, 14.2, 7.0 Hz, 4H), 0.77 - 0.57 (m, 6L
NMR (100 MHz, DO) & 175.21 (s), 168.78 (s), 147.35 (s), 142.10 (sp.9B(s),
130.28 (s), 128.78 (s), 124.00 (s), 84.21 (s), T%s), 53.00 (s), 52.64 (s), 49.10 (s),
34.54 (s), 28.36 (s), 25.40 (s), 25.03 (s), 2296 §.48 (s) 8.41 (s). HRMS: m/z

500.2611 [M+H], CoaHaaN;Os (499.2543).

(3R,4R,5S5)-4-acetamido-5-amino-N-((1-(2-fluorobenzyl)-1H-1,3-triazol-4-yl)me
thyl)-3-(pentan-3-yloxy)cyclohex-1-ene-1-carboxami (6d: Recrystallized from
isopropyl ether as a white solid, yield 70 %, mpo102 °C*H NMR (400 MHz,
D,0) 8 7.79 (s, 1H), 7.36 - 7.06 (m, 2H), 6.94 (@t 18.6, 8.3 Hz, 2H), 6.24 (s, 1H),
5.40 (s, 2H), 4.12 (d] = 8.4 Hz, 1H), 4.01 - 3.73 (m, 1H), 3.62 - 3.38 (i), 3.38 -
3.19 (m, 1H), 2.87 - 2.58 (m, 1H), 2.52 - 2.23 (H), 1.95 (s, 3H), 1.31 (tdf,= 21.3,
14.2, 6.9 Hz, 4H), 0.86 - 0.44 (m, 6H}C NMR (100 MHz, BO) § 175.20 (s),
168.66 (s), 160.48 (d,J cr = 246.7 Hz), 132.90 (s), 131.22 (k= 8.4 Hz), 130.73 (d,

J=3.1Hz), 130.27 (s), 124.82 @= 3.6 Hz), 124.19 (s), 121.42 @ = 14.8 Hz),



115.74 (s), 115.54 (s), 84.10 (s), 74.97 (s), 52%549.11 (s), 48.03 (s), 34.47 (s),
28.39 (s), 25.41 (s), 25.01 (s), 22.40 (s), 8.48 KRMS: m/z 473.2676 [M+H]

Ca4H33FNgO3 (472.2598).

(3R,4R,5S5)-4-acetamido-5-amino-N-((1-(3-fluorobenzyl)-1H-1,3-triazol-4-yl)me
thyl)-3-(pentan-3-yloxy)cyclohex-1-ene-1-carboxami (6e) Recrystallized from
isopropyl ether as a white solid, yield 67 %, mp0-162 °C*H NMR (400 MHz,
D,0) & 7.84 (s, 1H), 7.28 (dd,= 14.4, 7.5 Hz, 1H), 6.99 (,= 8.0 Hz, 2H), 6.92 (d,
J=9.7 Hz, 1H), 6.32 (s, 1H), 5.48 (s, 2H), 4.422(d), 4.19 (d,J = 8.9 Hz, 1H), 3.96
(dd,J = 11.7, 9.0 Hz, 1H), 3.51 (td,= 10.9, 5.6 Hz, 1H), 3.43 - 3.32 (m, 1H), 2.79
(dd,J=17.1, 5.2 Hz, 1H), 2.54 - 2.37 (m, 1H), 2.003), 1.50 - 1.27 (m, 4H), 0.73
(td, J = 7.4, 4.7 Hz, 6H)**C NMR (100 MHz, BO) § 175.23 (s), 168.88 (d,J cr =
245.2 Hz), 163.84 (s), 161.41 (s), 132.78 (s), 88Qd, J = 8.4 Hz), 130.37 (s),
123.73 (dJ = 2.9 Hz), 115.55 (s), 115.34 (s), 114.81 (s),.384s), 53.21 (s), 52.64
(s), 49.12 (s), 34.61 (s), 28.35 (s), 25.41 (s)0R%s), 22.35 (s), 8.45 (d,= 4.6 Hz).

HRMS: m/z 473.2673 [M+H] Co4H33FNOs (472.2598).

(3R,4R,5S5)-4-acetamido-5-amino-N-((1-(4-fluorobenzyl)-1H-1,3-triazol-4-yl)me
thyl)-3-(pentan-3-yloxy)cyclohex-1-ene-1-carboxamel (6f) Recrystallized from
isopropyl ether as a white solid, yield 71 %, m@8130 °C*H NMR (400 MHz,
D,0) § 7.79 (s, 1H), 7.19 (dd} = 8.4, 5.5 Hz, 2H), 6.96 (§, = 8.8 Hz, 2H), 6.28 (s,

1H), 5.41 (s, 2H), 4.37 (s, 2H), 4.16 (= 8.8 Hz, 1H), 3.93 (dd] = 11.6, 9.1 Hz,



1H), 3.57 - 3.41 (m, 1H), 3.41 - 3.26 (m, 1H), 2(@8,J = 17.0, 5.4 Hz, 1H), 2.52 -
2.33 (m, 1H), 1.97 (s, 3H), 1.36 (&t,= 21.1, 7.2 Hz, 4H), 0.88 - 0.56 (m, 6IC
NMR (100 MHz, BO) § 175.20 (s), 168.82 (s), 162.47 tdl cr = 245.0 Hz), 132.78
(s), 130.63 (d)) = 3.1 Hz), 130.31 (s), 130.14 (s), 130.05 (s),.823s), 115.85 (s),
115.63 (s), 84.27 (s), 75.02 (s), 53.16 (s), 529149.08 (s), 34.53 (s), 28.32 (s),
25.37 (s), 25.01 (s), 22.32 (s), 8.45 (s), 8.39 KBMS: m/z 473.2672 [M+H]

CaaH33FNgO5 (472.2598).

(3R,4R,5S5)-4-acetamido-5-amino-N-((1-(2-chlorobenzyl)-1H-1,3-triazol-4-yl)me
thyl)-3-(pentan-3-yloxy)cyclohex-1-ene-1-carboxamigl (6g} Recrystallized from
isopropyl ether as a white solid, yield 73 %, mp4147 °C*H NMR (400 MHz,
D,0) § 7.82 (s, 1H), 7.33 - 7.10 (m, 4H), 6.28 (s, 1HBA(S, 2H), 4.40 (s, 2H), 4.17
(d, J = 8.8 Hz, 1H), 3.94 (dd] = 11.7, 9.0 Hz, 1H), 3.49 (td,= 11.0, 5.6 Hz, 1H),
3.40 - 3.27 (m, 1H), 2.78 (dd,= 16.8, 5.4 Hz, 1H), 2.53 - 2.38 (m, 1H), 1.993(d),
1.46 - 1.26 (m, 4H), 0.72 (t = 9.7, 4.9 Hz, 6H)**C NMR (100 MHz, BO) &
175.23 (s), 168.79 (s), 133.45 (s), 132.78 (s),.8BXs), 130.96 (s), 130.62 (s),
130.36 (s), 129.84 (s), 127.65 (s), 124.39 (sR®4s), 75.01 (s), 52.65 (s), 51.78 (s),
49.10 (s), 34.53 (s), 28.37 (s), 25.42 (s), 25€)4 22.36 (s), 8.47 (s). HRMS: m/z

489.2379 [M+H], Co4H33CINgOs (488.2303). HPLC purity: 99.99%.

(3R,4R,5S9)-4-acetamido-5-amino-N-((1-(3-chlorobenzyl)-1H-1,3-triazol-4-yl)me

thyl)-3-(pentan-3-yloxy)cyclohex-1-ene-1-carboxamel (6h) Recrystallized from



isopropyl ether as a white solid, yield 70 %, mp0152 °C.*H NMR (400 MHz,
D,0) & 7.81 (s, 1H), 7.31 - 6.95 (m, 4H), 6.26 (s, 1H315(s, 2H), 4.38 (s, 2H), 4.13
(d,J=8.1 Hz, 1H), 3.98 - 3.83 (m, 1H), 3.46 (ics 10.9, 5.6 Hz, 1H), 3.37 - 3.23 (m,
1H), 2.84 - 2.67 (m, 1H), 2.52 - 2.33 (m, 1H), 1(863H), 1.47 - 1.18 (m, 4H), 0.68
(dd,J = 17.3, 7.4 Hz, 6H)**C NMR (100 MHz, DO) 5 175.20 (s), 168.78 (s), 136.66
(s), 134.05 (s), 132.76 (s), 130.40 Jct 12.8 Hz), 128.61 (s), 127.77 (s), 126.35 (s),
124.05 (s), 84.17 (s), 74.97 (s), 53.15 (s), 529149.08 (s), 34.55 (s), 28.33 (s),
25.38 (s), 25.00 (s), 22.32 (s), 8.51 (s). HRMS9.2874 [M+H], CosH3sCINeOs

(488.2303).

(3R,4R,5S5)-4-acetamido-5-amino-N-((1-(4-chlorobenzyl)-1H-1,3-triazol-4-yl)me
thyl)-3-(pentan-3-yloxy)cyclohex-1-ene-1-carboxamel (6i): Recrystallized from
isopropyl ether as a white solid, yield 74 %, mp54137 °C."H NMR (400 MHz,
D,0) & 7.81 (s, 1H), 7.30 - 6.99 (m, 4H), 6.26 (s, 1HAB(S, 2H), 4.38 (S, 2H), 4.23
- 4.07 (m, 1H), 4.01 - 3.83 (m, 1H), 3.46 (&= 10.9, 5.6 Hz, 1H), 3.39 - 3.23 (m,
1H), 2.75 (dd,) = 16.5, 4.5 Hz, 1H), 2.57 - 2.30 (m, 1H), 1.963d), 1.51 - 1.18 (m,
4H), 0.86 - 0.48 (m, 6H)°C NMR (100 MHz, BO) § 175.22 (s), 168.79 (s), 144.72
(s), 133.89 (s), 133.35 (s), 132.79 (s), 130.331489.56 (s), 128.95 (s), 123.97 (s),
84.22 (s), 75.00 (s), 53.16 (s), 52.63 (s), 4999 34.54 (s), 28.34 (s), 25.40 (s),
25.03 (s), 22.34 (), 8.46 (3,= 2.6 Hz), 8.44 (s). HRMS: m/z 489.2376 [M+H]

C24H33CINeO3 (488.2303).



(3R,4R,5S5)-4-acetamido-5-amino-N-((1-(2-bromobenzyl)-1H-1,3;triazol-4-yl)me
thyl)-3-(pentan-3-yloxy)cyclohex-1-ene-1-carboxamig (6)): Recrystallized from
isopropyl ether as a pale yellow solid, yield 74 ##): 162-163 °C*H NMR (400
MHz, MeOD)3 8.27 (s, 1H), 7.69 (d = 8.1 Hz, 1H), 7.42 (] = 7.2 Hz, 1H), 7.33 (s,
2H), 6.54 (s, 1H), 5.79 (s, 2H), 4.57 (s, 2H), 4@7) = 7.6 Hz, 1H), 4.11 - 3.88 (m,
1H), 3.54 (s, 1H), 3.50 - 3.43 (m, 1H), 2.90J¢& 16.1 Hz, 1H), 2.52 (s, 1H), 2.06 (s,
3H), 1.54 (ddtJ = 21.1, 14.0, 6.8 Hz, 4H), 0.91 &= 6.9 Hz, 6H);**C NMR (100
MHz, MeOD) & 188.57 (s), 173.38 (s), 133.77 (s), 133.02 (sp.33 (s), 131.32 -
130.89 (m), 130.66 (d} = 25.7 Hz), 128.02 (s), 123.40 (s), 82.34 (s)234s), 54.40
(s), 53.03 (s), 49.49 (s), 34.21 (s), 28.35 (s)7@%s), 25.10 (s), 21.80 (s), 8.39 (s),

8.16 (s)HRMS: m/z 533.1875 [M+H] CosH33BrNeOs (532.1798).

(3R,4R,5S)-4-acetamido-5-amino-N-((1-(3-bromobenzyl)-1H-1,3;triazol-4-yl)me
thyl)-3-(pentan-3-yloxy)cyclohex-1-ene-1-carboxamig (6k): Recrystallized from
isopropyl ether as a pale yellow solid, yield 77 ##: 155-157 °C*H NMR (400
MHz, D,0) 8 7.79 (s, 1H), 7.19 (dl = 12.4 Hz, 2H), 7.07 (d} = 7.4 Hz, 1H), 7.00 (t,
J=7.7 Hz, 1H), 6.22 (s, 1H), 5.33 (s, 2H), 4.352(d), 4.10 (d,J = 8.3 Hz, 1H), 4.02

- 3.78 (m, 1H), 3.45 (td] = 11.0, 5.7 Hz, 1H), 3.33 - 3.17 (m, 1H), 2.75,(@ld 17.0,
4.7 Hz, 1H), 2.54 - 2.29 (m, 1H), 1.87 (= 65.3 Hz, 3H), 1.42 - 1.08 (m, 4H), 0.66
(tt, J = 22.4, 7.1 Hz, 6H)°C NMR (100 MHz, DO) 5 175.15 (s), 168.58 (s), 136.88
(s), 132.84 (s), 131.52 (s), 130.73 (s), 130.6913D.29 (s), 126.92 (s), 124.01 (s),

122.24 (s), 83.93 (s), 74.89 (s), 53.09 (s), 5294 49.07 (s), 34.52 (s), 28.40 (s),



25.43 (s), 24.99 (s), 22.36 (s), 8.56 (s), 8.47 KRMS: m/z 533.1885 [M+H]

C,4H33BrNgO3 (5321798)

(3R,4R,5S5)-4-acetamido-5-amino-N-((1-(4-bromobenzyl)-1H-1,3;triazol-4-yl)me
thyl)-3-(pentan-3-yloxy)cyclohex-1-ene-1-carboxamig (6l): Recrystallized from
isopropyl ether as a pale yellow solid, yield 77 ##: 148-150 °C*H NMR (400
MHz, D,0) § 7.84 (s, 1H), 7.24 (d} = 8.2 Hz, 2H), 7.02 (d] = 2.9 Hz, 2H), 6.25 (s,
1H), 5.37 (s, 2H), 4.39 (s, 2H), 4.14 (= 8.7 Hz, 1H), 3.98 - 3.84 (m, 1H), 3.48 (td,
J=11.0, 5.6 Hz, 1H), 3.30 (s, 1H), 2.82 - 2.70 (iH), 2.45 (dd,J = 15.0, 12.3 Hz,
1H), 1.98 (s, 3H), 1.43 - 1.19 (m, 4H), 0.75 - 0(54 6H); *°*C NMR (100 MHz,
DMSO0)§ 171.03 (s), 166.40 (s), 145.74 (s), 136.02 (s2,8(B(s), 132.12 (s), 130.73
(s), 130.70 (s), 123.60 (s), 121.85 (s), 81.5374)69 (s), 52.95 (s), 52.41 (s), 49.58
(s), 34.95 (s), 29.10 (s), 26.13 (s), 25.40 (s)823s), 9.84 (s), 9.38 (s). HRMS: m/z

533.1874 [M+H], CoaH33BrNgOs (532.1798). HPLC purity: 96.52%.

(3R,4R,5S9)-4-acetamido-5-amino-N-((1-benzyl-1H-1,2,3-triazed-yl)methyl)-3-(p
entan-3-yloxy)cyclohex-1-ene-1-carboxamid€éém): Recrystallized from isopropyl
ether as a white solid, yield 90 %, mp: 145-146 *CNMR (400 MHz, DO) § 7.85
(s, 1H), 7.34 - 7.09 (m, 5H), 6.31 (s, 1H), 5.462), 4.40 (s, 2H), 4.18 (d,= 9.0
Hz, 1H), 3.94 (dd) = 11.7, 9.0 Hz, 1H), 3.49 (td,= 11.0, 5.6 Hz, 1H), 3.38 (g,=

5.5 Hz, 1H), 2.77 (dd] = 16.9, 5.3 Hz, 1H), 2.54 - 2.38 (m, 1H), 1.9838), 1.37



(ddd,J = 21.1, 13.6, 6.7 Hz, 4H), 0.72 (t#= 7.3, 1.6 Hz, 6H)*C NMR (100 MHz,

D;0) § 175.23 (s), 169.05 - 168.85 (m), 134.62 (s), 132§, 130.32 (s), 129.11 (s),
128.78 (s), 128.05 (s), 84.29 (s), 75.05 (s), 549)652.63 (s), 49.11 (s), 34.51 (s),
28.34 (s), 25.41 (s), 25.04 (s), 22.36 (), 8.6 @44 (s). HRMS: m/z 455.2761

[M+H] *. CoaH34NgO3 (454.2692).

(3R,4R,55)-4-acetamido-5-amino-3-(pentan-3-yloxy)-N-((1-phesthyl-1H-1,2,3-tri
azol-4-yl)methyl)cyclohex-1-ene-1-carboxamide  (6n) Recrystallized from
isopropyl ether as a white solid, yield 81 %, mp5447 °C. '"H NMR (400 MHz,
D,0) 8 7.51 (s, 1H), 7.23 - 7.05 (m, 3H), 7.00 - 6.82 &), 6.31 (s, 1H), 4.57 (§,=
6.5 Hz, 2H), 4.32 (s, 2H), 4.23 (d= 8.7 Hz, 1H), 3.97 (dd] = 11.6, 9.1 Hz, 1H),
3.52 (td,J = 11.0, 5.6 Hz, 1H), 3.47 - 3.35 (m, 1H), 3.068)( 6.5 Hz, 2H), 2.77 (dd,
J=16.9, 5.3 Hz, 1H), 2.54 - 2.37 (m, 1H), 1.993H), 1.52 - 1.28 (m, 4H), 0.75 (dd,
J=16.0, 7.6 Hz, 6H}*C NMR (100 MHz, RO) & 175.26 (s), 168.61 (s), 137.24 (s),
132.91 (s), 130.25 (s), 128.69 (= 4.6 Hz), 126.91 (s), 124.66 (s), 84.28 (s), 65.0
(s), 52.69 (s), 52.03 (s), 49.15 (s), 35.66 (S)234s), 28.37 (s), 25.48 (s), 25.06 (s),

22.38 (s), 8.55 (s) 8.47 (s). HRMS: m/z 469.2927 [M+H[CasHz6NeOs (468.2849).

(3R,4R,5S5)-4-acetamido-5-amino-N-((1-(4-chloro-3-fluorobenzy-1H-1,2,3-triazo
[-4-yl)methyl)-3-(pentan-3-yloxy)cyclohex-1-ene-1larboxamide (60):
Recrystallized from isopropyl ether as a whitedofield 81 %, mp: 117-118 °CH

NMR (400 MHz, BO) & 7.79 (d,J = 14.0 Hz, 1H), 7.17 (] = 7.9 Hz, 1H), 6.91 (dd,



J=20.9, 9.1 Hz, 2H), 6.30 (d,= 61.3 Hz, 1H), 5.38 (s, 2H), 4.35 (s, 2H), 4.80J

= 8.0 Hz, 1H), 3.96 - 3.78 (m, 1H), 3.43 (dds= 16.1, 10.9 Hz, 1H), 3.35 - 3.17 (m,
1H), 2.73 (dd,) = 18.5, 5.5 Hz, 1H), 2.48 - 2.31 (m, 1H), 1.9334), 1.40 - 1.12 (m,
4H), 0.80 - 0.46 (m, 6HJ°C NMR (100 MHz, RO) 5 175.19 (s), 168.75 (s), 157.56
(d, ' J cp= 247.7 Hz), 135.64 (d] = 6.9 Hz), 132.78 (s), 130.96 (s), 130.33 (s),
124.71 (dJ = 3.5 Hz), 120.52 (s), 120.32 (s), 116.20 (s),.985s), 84.15 (s), 74.95
(s), 52.67 (d,J = 8.5 Hz), 49.08 (s), 34.53 (s), 28.34 (s), 2%9825.00 (s), 22.33 (S),

8.45 (s), 8.40 (s). HRMS: m/z 507.2285.2 [M+HT,4H3,CIFNsOs (506.2208).

(3R,4R,5S9)-4-acetamido-5-amino-N-((1-(2-chloro-4-fluorobenzy-1H-1,2,3-triazo
I-4-yl)methyl)-3-(pentan-3-yloxy)cyclohex-1-ene-larboxamide (6p):

Recrystallized from isopropyl ether as a white gsojiield 78 %, mp: 160-162 °¢H
NMR (400 MHz, BO)  7.79 (s, 1H), 7.34 - 7.16 (m, 1H), 7.18 - 7.03 {H), 6.94

(t, J=7.4 Hz, 1H), 6.25 (s, 1H), 5.50 (s, 2H), 4.4626 (m, 2H), 4.14 (d] = 8.3 Hz,
1H), 3.93 (dd, = 25.8, 14.4 Hz, 1H), 3.46 (td,= 11.1, 5.6 Hz, 1H), 3.40 - 3.22 (m,
1H), 2.72 (dJ = 4.4 Hz, 1H), 2.57 - 2.27 (m, 1H), 1.95 (s, 3HR5 - 1.10 (M, 4H),
0.68 (dd,J = 14.4, 7.2 Hz, 6H}’C NMR (100 MHz, BO) & 175.22 (s), 168.83 (s),
162.45 (d}J cr = 249.3 Hz), 144.50 (s), 134.56 (s), 132.73 (32.45 (d,J = 9.4 Hz),
130.38 (s), 128.09 (s), 124.23 (s), 117.28 (s),03.7s), 84.26 (s), 75.02 (s), 52.62 (s),
51.11 (s), 49.09 (s), 34.53 (s), 28.34 (s), 2553925.02 (s), 22.32 (s), 8.45 (s), 8.41

(S). HRMS: m/z 507.2284 [M+H] Co4H3,CIFNO3 (506.2208).



(3R,4R,5S9)-4-acetamido-5-amino-N-((1-(4-cyanobenzyl)-1H-1 2-triazol-4-yl)met
hyl)-3-(pentan-3-yloxy)cyclohex-1-ene-1-carboxamidg6q): Recrystallized from
isopropyl ether as a white solid, yield 87 %, mp8130 °C!H NMR (400 MHz,
D,0) § 7.84 (s, 1H), 7.56 (dl = 8.2 Hz, 2H), 7.27 () = 12.1 Hz, 2H), 6.28 (s, 1H),
5.54 (s, 2H), 4.46 - 4.28 (m, 2H), 4.15 Jc= 8.7 Hz, 1H), 3.92 (dd] = 11.6, 9.0 Hz,
1H), 3.47 (tdJ = 11.0, 5.6 Hz, 1H), 3.41 - 3.28 (m, 1H), 2.75,(@d 17.6, 6.1 Hz,
1H), 2.51 - 2.29 (m, 1H), 1.95 (s, 3H), 1.48 - 1(&1, 4H), 0.83 - 0.48 (m, 6H)'C
NMR (100 MHz, DO) & 175.22 (s), 168.88 (s), 144.89 (s), 140.31 (sP.938 (s),
132.80 (s), 130.36 (s), 128.38 (s), 124.25 (s),1M9s), 111.12 (s), 84.31 (s), 75.05
(s), 53.22 (s), 52.62 (s), 49.10 (s), 34.59 (s)328s), 25.39 (s), 25.04 (s), 22.32 (5),

8.46 (s), 8.40 (SHRMS: m/z 480.2717 [M+H] CosH3sN;05 (479.2645).

(3R,4R,5S9)-4-acetamido-5-amino-N-((1-(4-methylbenzyl)-1H-1,3-triazol-4-yl)m
ethyl)-3-(pentan-3-yloxy)cyclohex-1-ene-1-carboxame (6r): Recrystallized from
isopropyl ether as a white solid, yield 69 %, mpo132 °C!H NMR (400 MHz,
D,0) § 7.44 (s, 1H), 6.71 (s, 4H), 5.94 (s, 1H), 5.012(), 4.03 (s, 2H), 3.83 (d,=

7.1 Hz, 1H), 3.71 - 3.45 (m, 1H), 3.15 (s, 1H),2B(6, 1H), 2.43 (dJ = 15.7 Hz, 1H),
2.25 - 1.98 (m, 1H), 1.79 (s, 3H), 1.65 (s, 3HR11- 0.85 (m, 4H), 0.59 - 0.21 (m,
6H); °C NMR (100 MHz, DO) § 175.20 (s), 168.90 (s), 138.96 (s), 132.78 (s),
131.63 (s), 130.31 (s), 129.57 (s), 128.05 (s), 128s), 84.14 (s), 74.95 (s), 53.66 (S),
52.62 (s), 49.06 (s), 34.50 (s), 28.33 (s), 2553724.99 (s), 22.33 (s), 20.14 (s), 8.43

(s).HRMS: m/z 469.2717 [M+H] CosH36N¢Os (468.2849).



(3R,4R,55)-N-((1-([1,1'-biphenyl]-4-ylmethyl)-1H-1,2,3-triazol-4-yl)methyl)-4-ace
tamido-5-amino-3-(pentan-3-yloxy)cyclohex-1-ene-lacbhoxamide (69: Recrystallize

d from isopropyl ether as a white solid, yield 50 #p: 168-171 °CH NMR (400
MHz, MeOD)3 8.11 (s, 1H), 7.64 (dd,= 15.5, 7.7 Hz, 4H), 7.45 (d,= 5.0 Hz, 4H),
7.36 (t,J = 7.2 Hz, 1H), 6.52 (s, 1H), 5.68 (s, 2H), 4.542d), 4.24 (dJ = 8.3 Hz,
1H), 3.98 (dd,) = 24.6, 14.2 Hz, 1H), 3.51 (s, 1H), 3.49 - 3.41 {iH), 2.87 (dJ =
12.7 Hz, 1H), 2.51 (d] = 10.1 Hz, 1H), 2.05 (s, 3H), 1.53 (ddds 21.0, 13.9, 7.1 Hz,
4H), 0.90 (t,J = 6.3 Hz, 6H)*C NMR (100 MHz, DMSO) 171.03 (s), 166.40 (s),
140.48 (s), 140.06 (s), 135.73 (s), 132.50 (s),.ABQs), 129.42 (s), 129.14 (s),
128.08 (s), 127.51 (s), 127.18 (s), 123.60 (sBBLs), 74.69 (s), 52.95 (s), 52.88 (s),
49.59 (s), 34.98 (s), 29.11 (s), 26.13 (), 2553923.82 (s), 9.84 (s), 9.38 (S). HRMS:

m/z 531.3081 [M+H], CagHzsNeOs (530.3005).

(3R,4R,5S9)-4-acetamido-5-amino-N-((1-(naphthalen-2-ylmethyhLH-1,2,3-triazol
-4-yl)methyl)-3-(pentan-3-yloxy)cyclohex-1-ene-1-choxamide (6t): Recrystallize

d from isopropyl ether as a white solid, yield 46 #p: 158-160 °C‘H NMR (400
MHz, D,0) & 7.56 (s,1H), 6.95 (ddd,= 20.6, 18.6, 12.7 Hz, 7H), 6.01 (s,1H), 5.06 (s,
2H), 4.18 (dJ = 49.9 Hz, 2H), 4.04 - 3.72 (m, 2H), 3.36 Jd= 5.8 Hz, 1H), 2.89 (d,

J = 20.1 Hz,1H), 2.71 (d] = 8.0 Hz, 1H), 2.39 (s, 1H), 1.96 (@= 17.6 Hz, 3H),
1.24 - 0.77 (m, 4H), 0.40 (df, = 82.4, 6.8 Hz, 6H}°C NMR (100 MHz, BO) &

174.96 (s), 168.09 (s), 132.92 (s), 132.66 (s),.4B4s), 132.08 (s), 130.08 (s),



128.45 (s), 127.69 (s), 127.29 (s), 127.08 (s),2ARgs), 125.29 (s), 83.15 (s), 74.65
(s), 53.64 (), 52.63 (s), 49.01 (s), 34.48 (s)424s), 25.31 (s), 24.88 (s), 22.45 (S),

8.50 (s), 8.41 (s). HRMS: m/z 505.2921 [M+HT,sHseN6Os (504.2849).

(3R,4R,5S9)-4-acetamido-5-amino-3-(pentan-3-yloxy)-N-((1-((pénylthio)methyl)-
1H-1,2,3-triazol-4-yl)methyl)cyclohex-1-ene-1-carbaamide (6u): Recrystallized
from isopropyl ether as a white solid, yield 41 ftp: 155-158 °C'*H NMR (400
MHz, D,0) & 7.62 (s, 1H), 7.48 - 6.95 (m, 5H), 6.33 (s, 1HH45(d,J = 38.1 Hz, 2H),
4.34 (s, 2H), 4.22 (1] = 13.4 Hz, 1H), 4.09 - 3.92 (m, 1H), 3.54 (dd: 11.0, 5.6 Hz,
1H), 3.46 -3.30 (m, 1H), 2.81 (dd= 16.9, 4.9 Hz, 1H), 2.61 - 2.39 (m, 1H), 2.03 (s,
3H), 1.40 (ddd)] = 21.1, 13.5, 6.7 Hz, 4H), 0.77 &= 6.9 Hz, 6H):*C NMR (100
MHz, D,O) § 175.23 (s), 168.52 (s), 144.74 (s), 133.31 (sp.4B (s), 130.69 -
130.54 (m), 130.40 (s), 129.47 (s), 129.15 (s), 223s), 84.19 (s), 75.01 (s), 53.89
(s), 52.70 (s), 49.14 (s), 34.45 (s), 28.40 (S)42%s), 25.05 (s), 22.38 (s), 8.59 (s),

8.49 (s). HRMS: m/z 487.2486 [M+H]C,4HsNOsS (486.2413).

(3R,4R,5S9)-4-acetamido-5-amino-N-((1-(4-bromophenethyl)-1H-2,3-triazol-4-yl
)methyl)-3-(pentan-3-yloxy)cyclohex-1-ene-1-carboxaide (6v): Recrystallized
from isopropyl ether as a white solid, yield 72 ftp: 150-152 °C'*H NMR (400
MHz, D,0) § 7.41 (s, 1H), 7.14 (d = 7.5 Hz, 2H), 6.71 (d] = 7.8 Hz, 2H), 6.25 (s,
1H), 4.43 (s, 2H), 4.27 (s, 2H), 4.19 (M= 7.3 Hz, 1H), 4.11 - 3.81 (m, 1H), 3.65 -

3.44 (m, 1H), 3.34 (s, 1H), 2.90 @@= 18.6 Hz, 2H), 2.77 (d} = 12.4 Hz, 1H), 2.60 -



2.31 (m, 1H), 1.96 (s, 3H), 1.27 (dbi= 37.8, 30.7 Hz, 4H), 0.68 (d,= 3.9 Hz, 6H);
13C NMR (100 MHz, DO) § 175.19 (s), 168.41 (s), 144.25 (s), 136.45 (s2,8B3(s),
131.39 (s), 130.59 (s), 130.36 (s), 124.21 (s),120s), 84.01 (s), 74.97 (), 51.31 (),
49.16 (s), 35.19 (s), 34.39 (s), 28.46 (s), 259525.09 (s), 22.40 (s), 8.67 (67

13.7 Hz), 8.53 (s). HRMS: m/z 547.2032 [M+HT,sH3sBrNeOs (546.1954).

(3R,4R,5S9)-4-acetamido-5-amino-N-((1-cyclohexyl-1H-1,2,3-tazol-4-yl)methyl)-
3-(pentan-3-yloxy)cyclohex-1-ene-1-carboxamide (6w): Recrystallized from
isopropyl ether as a white solid, yield 33 %, mp5168 °C*H NMR (400 MHz,
D,0) & 7.88 (s, 1H), 6.32 (s, 1H), 4.38 (s, 3H), 4.161(3), 3.99 - 3.81 (m, 1H), 3.46
(s, 1H), 3.37 (s, 1H), 2.74 (d= 13.5 Hz, 1H), 2.47 (dl = 34.6 Hz, 1H), 1.93 (s, 5H),
1.71 (d,J = 10.6 Hz, 2H), 1.59 (d] = 12.4 Hz, 3H), 1.46 - 1.20 (m, 6H), 1.10 Jc=
11.2 Hz, 1H), 0.69 (dJ = 7.5 Hz, 6H);**C NMR (100 MHz, BO) & 175.20 (s),
168.94 (s), 132.98 (s), 130.22 (s), 122.58 (sBB4s), 75.07 (s), 61.26 (s), 52.60 (s),
49.08 (s), 47.08 (s), 34.25 (s), 32.63 (s), 2891 25.38 (s), 25.01 (s), 24.49 (s),

22.31 (), 8.44 (s), 8.41 ($§)RMS: m/z 447.3083 [M+H] CpsHaagNgOs (446.3005).

(3R,4R,5S9)-4-acetamido-5-amino-N-((1-(2-oxo-2-(pyrrolidin-1yl)ethyl)-1H-1,2,3-
triazol-4-yl)methyl)-3-(pentan-3-yloxy)cyclohex-1-ae-1-carboxamid€6x):
Recrystallized from isopropyl ether as a whitedojield 43 %, mp: 136-138 °CH
NMR (400 MHz, BO) § 7.81 (s, 1H), 6.35 (s, 1H), 5.28 (s, 2H), 4.42(3), 4.20 (d,

J=8.5Hz, 1H), 3.94 (dd] = 11.5, 9.1 Hz, 1H), 3.52 - 3.37 (m, 4H), 3.31)(t 6.8



Hz, 2H), 2.77 (ddJ = 16.8, 5.2 Hz, 1H), 2.51 - 2.40 (m, 1H), 1.9634), 1.88 (dd]

= 13.3, 6.7 Hz, 2H), 1.82 - 1.72 (m, 2H), 1.48 241(m, 4H), 0.72 (dt) = 11.2, 7.4

Hz, 6H);**C NMR (100 MHz, RO) § 175.20 (s), 168.68 (d, = 47.2 Hz), 168.35 -
168.23 (M), 165.39 (s), 132.93 (s), 130.27 (s),82%d,J = 6.4 Hz), 84.34 (s), 75.09
(s), 52.60 (s), 51.63 (s), 49.11 (s), 46.62 (s)3A€s), 34.57 (s), 28.34 (s), 25.39.4d,
= 4.8 Hz), 25.01 (s), 23.63 (s), 22.35 (s), 8.45 HRMS: m/z 476.2982 [M+H]

CaaH37N704 (475.2907).

(3R,4R,5S9)-4-acetamido-5-amino-N-((1-(2-morpholino-2-oxoethy-1H-1,2,3-triaz
ol-4-yl)methyl)-3-(pentan-3-yloxy)cyclohex-1-ene-tarboxamide (6y): Recrystallize

d from isopropyl ether as a white solid, yield 569fp: 129-131 °C*H NMR (400
MHz, D,0) & 7.82 (s, 1H), 6.35 (s, 1H), 5.43 (s, 2H), 4.42), 4.20 (d,) = 8.7 Hz,
1H), 3.95 (ddJ = 11.6, 9.0 Hz, 1H), 3.75 - 3.66 (m, 2H), 3.62, (@& 11.3, 6.2 Hz,
2H), 3.57 - 3.44 (m, 5H), 3.40 (dd= 11.0, 5.5 Hz, 1H), 2.77 (di,= 17.2, 8.6 Hz,
1H), 2.55 - 2.30 (m, 1H), 1.96 (s, 3H), 1.48 - 1(86 4H), 0.72 (dt) = 11.2, 7.4 Hz,
6H); °C NMR (100 MHz, DO) § 175.20 (s), 168.89 (s), 165.88 (s), 132.98 (s),
130.24 (s), 125.77 (s), 84.33 (s), 75.09 (s), 66s)165.90 (s), 52.61 (s), 51.14 (s),
49.12 (s), 45.16 (), 42.53 (s), 34.51 (s), 2853525.42 (s), 25.02 (s), 22.38 (), 8.47

(s).HRMS: m/z 492.2934 [M+H] CsHaN7Os (491.2856).HPLC purity: 95.59%.

(3R,4R,5S9)-4-acetamido-5-amino-N-((1-(2-(hydroxymethyl)-5-(Emethyl-2,4-diox

0-3,4-dihydropyrimidin-1(2H)-yDtetrahydrofuran-3-y 1)-1H-1,2,3-triazol-4-yl)met



hyl)-3-(pentan-3-yloxy)cyclohex-1-ene-1-carboxamidg62): Recrystallized from
isopropyl ether as a white solid, yield 40 %, mp8-200 °C!H NMR (400 MHz,
D,0) 8 7.94 (s, 1H), 7.63 (s, 1H), 6.45 - 6.25 (m, 2H306(dd,J = 14.3, 5.8 Hz, 1H),
4.42 (s, 2H), 4.34 (d = 5.1 Hz, 1H), 4.20 (d] = 8.7 Hz, 1H), 3.95 (ddl = 11.5, 9.1
Hz, 1H), 3.78 (ddJ = 12.7, 3.1 Hz, 1H), 3.68 (dd= 12.7, 4.2 Hz, 1H), 3.48 (dd=
11.2, 5.7 Hz, 1H), 3.40 (d, = 5.4 Hz, 1H), 2.93 - 2.62 (m, 3H), 2.46 (dd= 15.2,
12.2 Hz, 1H), 1.96 (s, 3H), 1.79 (s, 3H), 1.36 (dild 21.4, 13.6, 6.9 Hz, 4H), 0.73
(dt,J = 10.1, 7.4 Hz, 6H)*C NMR (100 MHz, BO) § 175.21 (s), 168.94 (s), 166.47
(s), 151.53 (s), 137.68 (s), 132.86 (s), 130.31 18B.34 (s), 85.47 (s), 84.38 (s),
84.20 (s), 75.08 (s), 60.49 (s), 59.54 (s), 521 49.10 (s), 36.83 (s), 34.62 (s),
28.33 (s), 25.39 (s), 25.01 (s), 22.31 (s), 1150 §.45 (s), 8.41 (SHRMS: m/z

589.3093 [M+H], CorHaoNsO7 (588.3020).

(3R,4R,5S9)-4-acetamido-5-amino-N-(2-(1-(4-nitrobenzyl)-1H- B, 3-triazol-4-yl)et
hyl)-3-(pentan-3-yloxy)cyclohex-1-ene-1-carboxamidg7a): Recrystallized from
isopropyl ether as a white solid, yield 67 %, mpo123 °C!H NMR (400 MHz,
D,0) § 7.75 (d,J = 8.5 Hz, 2H), 7.57 (s, 1H), 6.99 @@= 8.5 Hz, 2H), 5.73 (s, 1H),
5.32 (s, 2H), 3.79 (d] = 8.6 Hz, 1H), 3.64 - 3.50 (m, 1H), 3.15 (dd&; 15.5, 10.0 Hz,
3H), 2.97 (ddJ = 15.3, 9.9 Hz, 1H), 2.57 (8, = 5.9 Hz, 2H), 2.45 - 2.31 (m, 1H),
2.09 (dd,J = 15.0, 12.4 Hz, 1H), 1.69 (d,= 18.8 Hz, 3H), 1.16 - 0.88 (m, 4H), 0.39
(tt, J = 19.4, 7.4 Hz, 6H)C NMR (100 MHz, BO) 5 175.19 (s), 168.99 (s), 147.42

(s), 142.18 (s), 131.94 (s), 130.72 (s), 128.57 X&%.51 (s), 124.06 (s), 84.16 (s),



74.95 (s), 53.05 (s), 52.66 (s), 49.05 (s), 388 28.39 (s), 25.38 (s), 25.03 (s),
24.49 (s), 22.31 (), 8.46 (s), 8.42 (S). HRMS: Bil#.2775 [M+H], CosHasN7Os

(513.2700).

(3R,4R,5S9)-4-acetamido-5-amino-N-(2-(1-(4-bromobenzyl)-1H-2,3-triazol-4-yl)e
thyl)-3-(pentan-3-yloxy)cyclohex-1-ene-1-carboxami (7b): Recrystallized from
isopropyl ether as a white solid, yield 70 %, mp5128 °C!H NMR (400 MHz,
D,0) § 7.69 (s, 1H), 7.14 (d] = 8.0 Hz, 2H), 6.91 (d] = 8.1 Hz, 2H), 5.99 (s, 1H),
5.26 (s, 2H), 4.04 (d] = 8.2 Hz, 1H), 3.94 - 3.63 (m, 1H), 3.42 (dd&; 16.6, 10.9 Hz,
1H), 3.32 (s, 2H), 3.23 - 3.10 (m, 1H), 2.73 (s) 2865 (d,J = 13.1 Hz, 1H), 2.47 -
2.21 (m, 1H), 1.90 (s, 3H), 1.35 - 1.06 (m, 4HHD(dt,J = 24.1, 7.2 Hz, 6H}*C
NMR (100 MHz, BO) & 175.00 (s), 168.68 (s), 133.72 (s), 132.25 (s1.88 (s),
130.57 (s), 129.90 (s), 122.20 (s), 83.67 (s), 749, 53.45 (s), 52.67 (s), 49.09 (s),
38.64 (s), 28.48 (s), 25.51 (s), 25.13 (S), 24)522.45 (S), 8.77 (S), 8.56 (S). HRMS:

M/z547.2053 [M+H], CosH3sBrNeOs (546.1954).

(3R,4R,5S9)-4-acetamido-5-amino-N-(2-(1-(2-(hydroxymethyl)-55-methyl-2,4-dio
x0-3,4-dihydropyrimidin-1(2H)-yl)tetrahydrofuran-3- yl)-1H-1,2,3-triazol-4-yl)et
hyl)-3-(pentan-3-yloxy)cyclohex-1-ene-1-carboxamidg7c): Recrystallized from
isopropyl ether as a white solid, yield 57 %, mp22205 °C!H NMR (400 MHz,
D,0) § 7.88 (s, 1H), 7.63 (s, 1H), 6.30 Jt= 6.5 Hz, 1H), 6.13 (s, 1H), 5.28 (dii=

5.7, 2.7 Hz, 1H), 4.30 (dd,= 8.9, 4.0 Hz, 1H), 4.14 (d,= 8.7 Hz, 1H), 3.91 (dd] =



11.6, 9.0 Hz, 1H), 3.77 (dd,= 12.6, 3.1 Hz, 1H), 3.66 (dd,= 12.6, 4.3 Hz, 1H),
3.44 (ddd,J = 18.9, 12.4, 6.4 Hz, 3H), 3.35 (dbz 11.0, 5.5 Hz, 1H), 2.85 (@,= 6.3
Hz, 2H), 2.78 (dJ = 6.4 Hz, 1H), 2.74 - 2.59 (m, 2H), 2.49 - 2.31, (thl), 1.94 (s,
3H), 1.77 (s, 3H), 1.51 - 1.20 (m, 4H), 0.70 @t 15.0, 7.4 Hz, 6HJ*C NMR (100
MHz, D;0) § 175.24 (s), 168.98 (s), 166.45 (s), 151.50 (s5.29! (s), 137.63 (s),
132.17 (s), 130.71 (s), 123.40 (s), 111.51 (s)iB%s), 84.34 (dJ = 6.0 Hz), 75.08
(s), 60.60 (s), 59.73 (s), 52.68 (), 49.15 (s)83%s), 36.99 (s), 28.41 (S), 25.48 (),
25.11 (s), 24.58 (s), 22.37 (s), 11.54 (s), 8.53 KRMS: m/z 603.3252 [M+H]

CasH2NgO7 (602.3176).

(3R,4R,5S5)-4-acetamido-5-amino-N-(2-(1-(4-nitrobenzyl)-1H-2,3-triazol-4-yl)pr
opan-2-yl)-3-(pentan-3-yloxy)cyclohex-1-ene-1-carkamide (8a): Recrystallized
from isopropyl ether as a white solid, yield 74 ftp: 155-157 °C'*H NMR (400
MHz, D,0) & 8.18 (dd,J = 42.6, 8.5 Hz, 2H), 7.90 (s, 1H), 7.35 {c= 8.7 Hz, 2H),
6.26 (s, 1H), 5.64 (s, 2H), 4.20 @@= 8.7 Hz, 1H), 3.96 (dd] = 11.5, 9.0 Hz, 1H),
3.62 - 3.33 (m, 2H), 2.69 (di,= 25.6, 12.9 Hz, 1H), 2.57 - 2.31 (m, 1H), 2.003(),
1.59 (s, 6H), 1.52 - 1.27 (m, 4H), 0.76 (@t 10.5, 7.4 Hz, 6H}°C NMR (100 MHz,
D,0) § 175.23 (s), 168.77 (s), 153.50 (s), 147.51 (s2.3@ (s), 131.81 (s] = 41.9
Hz), 131.40 (s), 128.60 (s), 124.13 (s), 122.7488)35 (s), 75.07 (s), 53.35 - 53.12
(m), 52.82 (d,J = 24.1 Hz), 51.02 (s), 49.11 (s), 28.41 (s), 21)727.07 (s), 25.44
(s), 25.01 (s), 22.34 (s), 8.47 (s), 8.43 (s). HRM% 528.2930 [M+H], CosH37N7Os

(527.2856).



(3R,4R,5S5)-4-acetamido-5-amino-N-(2-(1-(4-bromobenzyl)-1H-2,3-triazol-4-yl)
propan-2-yl)-3-(pentan-3-yloxy)cyclohex-1-ene-1-choxamide (8b): Recrystallize

d from isopropyl ether as a white solid, yield 70 #p: 165-167 °CH NMR (400
MHz, D,0) 5 7.54 (s, 1H), 7.14 (s, 2H), 6.83 (s, 2H), 5.961¢3), 5.15 (s, 2H), 3.91
(s, 1H), 3.67 (s, 1H), 3.14 (s, 2H), 2.40 (s, 113 (s, 1H), 1.71 (s, 3H), 1.22 (=
44.6 Hz, 6H), 1.10 (d] = 50.5 Hz, 4H), 0.47 (s, 6H)°C NMR (100 MHz, DMSOY»
171.00 (s), 166.42 (s), 153.57 (s), 136.12 (s),.1BZs), 131.87 (s), 131.56 (s),
130.63 (s), 122.01 (s), 121.78 (s), 81.49 (s), Z4sh, 53.02 (s), 52.36 (s), 51.16 (5),
49.63 (s), 29.12 (s), 28.59 (s), 28.55 (s), 265)525.48 (s), 23.82 (s), 9.86 (s), 9.46

(s). HRMS: m/z 561.2195[M+H] CpeHa7BrNgOs (560.2111).

(3R,4R,5S9)-4-acetamido-5-amino-N-(2-(1-(2-(hydroxymethyl)-55-methyl-2,4-dio
x0-3,4-dihydropyrimidin-1(2H)-yl)tetrahydrofuran-3- yl)-1H-1,2,3-triazol-4-yl)pr
opan-2-yl)-3-(pentan-3-yloxy)cyclohex-1-ene-1-carkamide (8c): Recrystallized
from isopropyl ether as a white solid, yield 40%p:rh80-183 °C*H NMR (400 MHz,
D,0) § 7.94 (s, 1H), 7.63 (s, 1H), 6.45 - 6.12 (m, 2HR7- 5.19 (m, 1H), 4.35 (s,
1H), 4.18 (dJ = 8.5 Hz, 1H), 4.03 - 3.81 (m, 1H), 3.79 {¢= 12.3 Hz, 1H), 3.68 (dd,
J=12.5, 3.7 Hz, 1H), 3.44 (dd~= 12.4, 5.6 Hz, 2H), 2.92 - 2.76 (m, 1H), 2.7858
(m, 2H), 2.47 - 2.31 (m, 1H), 1.96 (s, 3H), 1.792), 1.64 - 1.44 (m, 6H), 1.38 (ddd,

J=21.1, 13,5, 6.8 Hz, 4H), 0.88 - 0.56 (m, 6HE NMR (100 MHz, DMSO)



171.02 (s), 166.44 (s), 164.21 (s), 153.54 (s),.95(s), 136.75 (s), 131.90 (s),
131.54 (s), 121.53 (s), 110.09 (s), 85.03 (s), B4s3}, 81.49 (s), 74.61 (s), 61.23 (S),
59.55 (s), 53.02 (s), 51.17 (s), 49.64 (s), 37$1 29.14 (s), 28.66 (s), 28.50 (s),
26.15 (s), 25.46 (s), 23.81 (s), 12.71 (s), 9.86 445 (s). HRMS: m/z 617.3402

[M+H] ¥, CoeHaaN5O+ (616.3333). HPLC purity: 94.43%.

4.2.1n vitro NA Inhibitory Assay
The NA inhibition assay was carried out accordmghie standard method [20-22, 26].

Influenza virus A/Goose/Guangdong/SH7/2013 (HSMUE hicken/Hebel/LZF/2014
(H5N2) and A/Duck/Guangdong/674/2014 (H5N6) wenedky provided by Institute
of Poultry Science, Shandong Academy of Agricult@aences. The H5N1-H274Y
NA was obtained from Sino Biological Inc. The suwhtt used in the enzyme
inhibition assay, MUNANA (M8639) which could be alked by NA to yield a
qguantifiable fluorescent product, was purchasedmfr@igma. Influenza virus
suspensions were obtained from the allantoic fafithe chicken embryo layer. The
tested compounds were dissolved and diluted ta@oneesponding concentrations in
MES buffer (32.5 mM 2-(N-morpholino)ethanesulfomicid, 4 mM CaGl pH 6.5).

In a 96-well plate, 1QL of the diluted virus supernatant, @Q of MES buffer, and
10 pL of compounds at different concentrations were ealdduccessively and
incubated at 37 °C for 10 min. Then the reactios started by the addition of the 10
uL of substrate. After incubation for 40 min, 1pD of 0.2 M glycine-NaOH (pH =
10.2) were added in the solution to terminate #setion solution. Fluorescence was

recorded (excitation at 365 nm and emission at @8, and substrate blanks were



subtracted from the sample readings. The 50% itdmpiconcentration (1) was
calculated by plotting the percent inhibition of Nectivity versus the inhibitor

concentration.

4.3. Molecular docking

Molecular simulations of moleculél was performed using the Tripos molecular
modeling package Sybyl-X 2.0. CompouBidwas optimized using the Tripos force
field for 1000-generations until the maximum detivea of energy became 0.005
kcal/(mol*A). Charges were computed and added aogrto Gasteiger-Huckel
parameters. The flexible docking method (SurflexcKo docked the ligand
automatically into the ligand-binding site of trexeptor by the use of protocol-based
approach and an empirically derived scoring fumcti@he published three
dimensional crystal structures of NA complexes (PR2BIUO and 5HUM)) were
retrieved from the Protein Data Bank, and the jpnstevere prepared by removing the
ligand, water molecules, and other unnecessaryl snodécules; then polar hydrogen
atoms and charges were added to the protein. Afeeprotomol was generated, the
optimized molecule was surflex-docked into the mgdpocket of NAs, with the
relevant parameters set as defaults. Top-scorisg p@s shown by the software of

PyMOL version 1.5 (www.pymol.org.) [26, 27].

4.4.1n vitro anti-influenza virus assay and cytotoxicity assaiyn chicken embryo
fibroblast (CEFs)
The anti-influenza activity (Efg) and cytotoxicity (CGy) of the newly synthesized

oseltamivir derivatives were evaluated with H5N15N2 and H5NG6 strains in



Chicken Embryo Fibroblasts (CEFs) using Cell CauntKit-8 (CCK-8, Dojindo
Laboratories) method as described by Zhang et &| P7-28]. EGy are the
concentrations of compound required for 50% prataciof the influenza virus
infection-mediated cytopathic effects (CPE). Thetdd compounds and positive
control were dissolved in DMSO and serially diluted3-fold in media (1 % FBS in
DMEM). Mixture of 100uL diluted influenza virus (100 TCHg) and equal volumes
of solutions of the test compounds at differentosmrations was added to the cells
and incubated at 37 °C under 5% L@fter incubation for 48 h, 10QL Cell
Counting Kit-8 reagent solution (1. CCK-8 in 90uL media) was added according
to the manufacturer’s manual. After incubating at@G for 90 min, the absorbance at
450 nm was read on a microplate reader. Thg E&lues were determined by fitting
the curve of percent cytopathic effect (CPE) velistghitor concentration. The Gg
values (50% cytotoxic concentrations) of newly sgsized inhibitors to CEFs were

determined by the procedure similar to the;getit without virus infection.

4.5 In vivo anti-influenza activity in Specific Pathogen Free(SPF) chicken
embryonated egg.

Specific Pathogen Free (SPF) chicken embryonatgd wegre incubated horizontally
at 37 °C and a relative humidity of 50 % for 9-1dydl and then were candled to
eliminate infertile eggs and dead embryos. A 1 nameéter hole was drilled into the
egg shell on the side where the embryo was located,avoided accidental damage

of the underlying shell membrane. Then the mixtwk®.2 ml virus (200 TCIg)



and equal volume of different concentrations ofeé@sompounds were incubated for
1 h, and injected into the eggs from the hole. Nthe¢ hole was sealed by wax and
the eggs were incubated horizontally under standanditions described above. After
72 h, the viability of the chick embryos was chethey candling the eggs. At the
same timeto study the effect of the operational procedurg¢henviability of the chick
embryos, eggs were handled as the same as thenérgaexperiments, but only
treated with 0.9 % NaCl (no virus and compoundsyl as control experiments, the
eggs were inoculated by the mixture of virus artl%. NaCl. Finally, the number of
the survival and death were recorded to evaluageatiti-influenza activity of the

compounds [22, 26, 30].
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Highlights

® By exploiting the 430-cavity of influenza virus neuraminidase, a series of
1,2,3-triazole oseltamivir derivatives were reported.

® Compound 6l possessed the most potent and broad-spectrum anti-influenza
activity in both enzymatic assay and cellular assay.

® Molecular docking studies showed that 61 adopted the similar binding modes with
Group-1 and Group-2 neuraminidases.

® Compound 6l achieved the similar protective effect against HON2 strain with

OSC in the embryonated egg model.



Declaration of interests

I The authors declare that they have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.

[(IThe authors declare the following financial interests/personal relationships which may be considered
as potential competing interests:




