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N-SUBSTITUTED OSELTAMIVIR DERIVATIVES WITH ANTIMICROBIAL
ACTIVITY
CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of priority of United States Provisional Application
Number 62/865,347, filed on June 24, 2019, the contents of which being hereby

incorporated by reference in their entirety for all purposes.
TECHNICAL FIELD

[001] The present disclosure generally relates to compounds with antiviral activity,
More particularly, the present disclosure velates to  oseltamivir  derivatives,
pharmaceutical compositions comprising the same, and methods of use thereof,
BACKGROUND

[002] Infloenza, commmonly known as flu, remains a severe viral infection which can
outbreak with several characteristic symptoms such as fever, chills, pains, efc. The first
isolation of influenza virus from fowls was in 1901, However, it was until the 1950s that
the relationship of this and other bird-flu viruses with mammalian influenza A virus was
first demonstrated. Particularly, influenza viruses are unigue among the viruses with
regard to their antigenic variability, seasonality, and impact on the general population.
The continmal emergence of new strains of inflhuenza virus presents an ongoing threat to

humankind.

{003] Influenza A viruses contain two important surface antigenic glycoproteins,
hemagghitinin (HA) and neuraminidase (NA). NA is an integral membrane glycoprotein
which functions to free virus particles from host cell receptors. As NA has a major role in
the virus’ life cycle by promoting the release of virus progeny from the infected cell, so
they are promising targets for anti-influenza drugs. NA inhibitors (NAIs) can prevent
nascent viruses infecting intact cells by inhibiting their release from host cells. The most
successful in clinical using NAIs including oseltamivir for oral administration, a prodrug
of the corresponding oseltamivir carboxylate (C) and zanamivir for inhalation,
Laninamivir, and peramivir (4}, However, various influenza virus nutants with resistance

to these four drugs have been identified.
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{004] Thus, there is an urgent need to discover novel NAIs for influenza therapy.
SUMMARY

{005] Accordingly, it is an object of the present disclosure to provide compounds that
can inhibit viruses, in particular influenza viruses. In particular, the object of the present
disclosure is to provide compounds that can inhibit neuraminidase, in particular can
selectively inhibit viral neuraminidases.

{006] An additional object of the present disclosure is to provide neuwraminidase
inhibitors that have enough oral biocavailability to be therapeutically effective. A stll
further object is to provide improved methods for administration of known and novel

neuraminidase inhibitors.

f007] In a first aspect, provided herein is a compound of Formula §:

{008] o1 a pharmaceutically acceptable salt thereof, wherein

[009] AisO, S, or Hy;

[010] Ar' is an optionally substituted 5 membered heteroaryl containing 1, 2, or 3 ring
heteroatorus selected from the group consisting of O, C, N, P, 5, and Se; and

[011] R' is bydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl.

{012] In afirst embodiment of the first aspect, provided herein is the compound of the

first aspect, wherein the compound has Formula H:
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[013] wherein each of X', X2, X7, and X' are independently selected from the group
consisting of O, S, NR?, and CR’, wherein R” for each instance is mdependently a lone
pair, hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, aralkyl,
heteroaryl, -(C=0)R, ~(C=0)0OR, -(C=0)NR,, ~(C=NR)NR;, ~(S=0)R, -S(O}R, -
S(OROR, -S(OpNR,, ~(P=0OYOR}, or -(CRy},Y; and R’ for each instance is
independently hydrogen, alkyl, alkenvl, alkynyl, cyeloalkyl, heterocyeloabkyl, aryi,
aralkyl, heteroaryl, OR, SR, NR,, -(C=0)R, -(C=0)0R, -O{C=0)R, -O{C=00R, -
(C=0)NRz, -(NRYC=0)R, ~(NRYC=0)OR, -O(C=0)NR,;, -~O(C=NRINR,, -
(NRYC=0)NR:, -(C=NRINRz, ~(NR}C=NRINR,, ~(S=0)R, -S{OpR, -S(OROR, -
S{ORNR,, -OS{ORR, -(NR)S(ORR, -OS{0)R0R, -OS(ORpNR;, -(NRIS(OpNR., -
(NROS(O)ROR, -(P=0)}OR),, halide, nitrile, nitro, or -{(CR,),Y, wherein m for each
occurrence is a whole number selected from 1-10; R for each occurrence is independently
selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, cycloalkyi,
heterocycloalkyl, arvl, and heteroaryl; and Y for each occurrence is selected from the
group consisting of OR, SR, NR,, «(C=0)R, (C=(00OR, -O{C=0)R, -O{C=0)0R, -
(C=0OINR,, -~(NRYC=0)R, -~(NRYC=0)OR, -O{(C=0O)NR,;, -O(C=NR)NR;, -
(NRYC=0)NR,, -(C=NRINR,, -(NRYC=NRINR,, -(8=0)R, -S(O}R, -S{O)0R, -
S{ORNR,, -OS{(ORR, ~(NR)S(ORR, -0OS{(O)0R, -OS(ORpNR,, -(NRIS(ORNR,, -
(NRIS{O»OR, and -(P=0)(OR),.

{014] In a second embodiment of the first aspect, provided herein is the compound of
the first embodiment of the first aspect, wherein X° is CR” or NR”.

[015] In athird embodiment of the first aspect, provided herein is the compound of the
first embodiment of the first aspect, wherein A 1s O or Hy; and X?is CR? or NR%

[016] In a fourth embodiment of the first aspect, provided herein is the compound of the

first aspect, wherein Ar' is selected from the group consisting of:
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{017] wherein R” is hydrogen, aikvl, aikenvi, alkynyl, cycloalkyl, heterocvyeloalkyl, arvi,
araltkyl, heteroaryl, {C=0)R, -(C=0}0OR, -(C=0INR,, {C=NR)NR;, -(S=0)R, -5{(O):R, -
S(O»0OR, -S{(OpNR,, -{(P=0O}OR}), or -(CRy.Y: and R’ for each instance is
independently hydrogen, alkyl, alkenvyl, alkynyl, cyecloaikyl, heterocycloaliyl, aryl,
aralkvl, heteroaryl, OR, SR, NR,, -(C=0)R, -(C=0)OR, -O(C=0)R, -O(C=0)OR,
(C=WNRs,  ~(NR}C=0JR, -(NRYC=0)0R, -O{(C=0O)NR,;, -O{C=NRJNR;,,
(NRYC=0)NR,, -(C=NRINR,, -(NRYC=NRINR,, -(8=0)R, -S(O}R, -S{O)O0R,
S{ORNR,, -OS{(ORR, ~(NR)S(ORR, -0OS{(O)0R, -OS(ORpNR,, -(NRIS(ORNR,, -
(NRIS(OROR, ~(P=0)YOR),, halide, nitrile, nitro, or -(CRy),Y, wherein m for each

occurrence is a whole number selected from 1-10; R for each occurrence is independently
selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl; and Y for each occurrence is selected from the
group consisting of OR, SR, NR;, -(C=0)R, (C=0)OR, -O(C=0)R, -O{C=0)OR,
(C=OINR,, -(NRYC=0)R, -(NRXC=0)OR, -O(C=0)NR; -O(C=NR)NR,,
(NRYC=0O)NR,, -(C=NRINR,, -(NRYC=NRNR,, -(53=0)R, -5(O}R, -S(O)0R,
S{OpNR,, -OS(ORR, ~(NR)S(ORR, -OS{O)0R, -OS(O)nNR,, -{(NR)S(ORNR,,
(NRYS(OROR, and -(P=0)OR ).
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{018] In a fifth embodiment of the first aspect, provided herein is the compound of the

first aspect, wherein Ar' is selected from the group consisting of’
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[019] wherein R? is hydrogen, aikyi,, aikc—:nyL alkynyl, cycloalkyl, heterocyeloalkyl, arvi,
aralkyl, heteroaryl, (C=0)R, -(C=0)OR, -(C=0INR,, (C=NRINR;, -(5=0)R, -S(O)R, -
S(O»OR, -S(ORNR,;, -(P=OXOR); or -(CRy)nY:; and R’ for each instance is
independently hydrogen, alkyl, alkenvl, alkynyl, cycloalkyl, heterocycloalkyl, aryl,
aralkyl, heteroaryl, OR, SR, NR,, -(C=0)R, (C=0)OR, -O(C=0)R, -O(C=0)0OR, -
(C=OINR,, -~-(NRYC=0)R, -~NRYC=0)OR, -O{C=0)NR,;, -O(C=NR)NR;, -
(NRYC=0INR,, ~(C=NRINR,, -(NRYC=NR)NR,, -(3=0)R, -5{O)R, -S(O},0R, -
S{ORNR,, -OS(ORR, ~(NR)S(ORR, -0OS{O)0R, -OS(O)nNR,, -{(NR)S(ORNR,, -
(NRIS(OROR, ~(P=0O)YOR),, halide, nitrile, nitro, or ~(CRz)nY, wherein m for each
occurrence is a whole number selected from 1-10; R for each occurrence is independently
selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl,
heterocyeloalkyl, aryl, and hetercaryl; and Y for each occwrrence is selected from the
group consisting of OR, SR, NRz, ~(C=0R, «(C=0)OR, -O{C=0)R, -O(C=0)0R,
(C=0)NR,,  -(NRYC=0)R, -~-(NRYC=0)OR, -O(C=0)NR., -O(C=NR)NR;,
(NRYC=0)NR,, -(C=NRINR,, -(NRYC=NR)NR,, -(8=()R, -S{O}RR, -S{0}0R,
S{O}NR,, -OS(O)R, ~(NRIS(ORR, -OS{(0):0R, -OS(O)NR,, -(NR)S(O):NR,,
(NRYS{OROR, and -(P=0)OR).

1
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{020] In a sixth embodiment of the first aspect, provided herein is the compound of the

first aspect, wherein the compound has the Formmula HI:

111}
[021] or a pharmaceutically acceptable salt thereof, wherein
10221 A OorHy

[023] Ar' is selected from the group consisting of:

Q3 R3 3 R2
N-O rR2 R -
R N W \/Q g3
R %O : R® | R® | and N ;

[024] wherein R? is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl,
aratkyl, heteroaryl, {(C=0)R, ~(C=0)0OR, -(C=0NR,, {C=NRNR;, -(8=0)R, -S(O)R, -
S(OROR, -S(ORNRy, -(P=0¥OR),, or ~(CRynY; and R’ for each instance is
ndependently bhydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocyeloalkyl, aryl,
aralkyl, heteroaryl, OR, SR, NR,, -(C=0)R, (C=0)YOR, -O(C=0)R, -O(C=0)OR,
(C=0)NR,,  -(NRYC=0)R, -~-(NRYC=0)OR, -O(C=0)NR;, -O(C=NR)NR;,

(NRYC=0)NR,, -(C=NRINR,, -(NRYC=NR)NR,, -(8=(3)R, -S{(O}R, -S{0)0R,
S{O}NR,, -OS(O)R, ~(NRIS(ORR, -OS{(0):0R, -OS(O)NR,, -(NR)S(O):NR,,
(NRYS(OROR, ~(P=0O}0OR}),, halide, nitrile, nitro, or ~{CR2),Y, wherein m for each

occurrence is a whole number selected from 1-10; R for each occurrence is independently
selected from the group consisting of hydrogen, alkyl, alkenvl, alkynyl, cyeloalkyl,
heterocycloalkyl, aryl, and hetercaryl; and Y for each occurrence is selected from the
group consisting of OR, SR, NR., {(C=(0R, «(C=0C)YOR, -O(C=0)R, -O{C=0)OR,
(C=0NR,,  -(NRNC=0)R, -(NRYC=0)OR, -O{C=0)NR;, -O(C=NRINR,,

(NRYC=0)NR,, -«(C=NRINR,, -(NRYC=NR)NR,, -(5=0)R, -S{OpR, -S(OROR,
S{OPRNR,, -OS(OpR, -(NRIS(ORR, -O5(0)0R, -OS(0)NR,;, -(NR)S(O)NR,,
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(NR)S(O),0R, and ~(P=0}OR),; and R’ is hydrogen, alkyl, alkenyl, alkynyl, cycloaliyl,
heterocycloalkyl, aryl, or heteroaryl.

1025] In a seventh embodiment of the first aspect, provided herein is the compound of
the sixth embodiment of the first aspect, wherein Ar' is selected from the group
consisting of:

R3
RZ

W
M N N~-O
N’ - i
3 3 N ! P 3
%/K,%R X/& >\R 2 ’W ’and \{kN}‘R
[026] wherein R? is hydrogen, batemcycioaikyi, aryl, aralkyl, or heteroaryl; and R is
heterocycloalkyl, aryl, aralkyl, or hetercaryl.

{027] In an eighth embodiment of the first aspect, provided herein is the compound of

the first aspect, wherein the compound is selected from the group consisting of’

i 3 (R )
)J\N R ) i )\ N -0 O

et /____ i
"o AL o ,L_Ni’*@m“)pﬁ

/(R4)p
N0 N:\ (R4) HNV’[\
Mo N f~«§\H A
TN , and NOp

[028] whereinnis 0, [, or2; pis 0, 1, or 2; and each of R? and R* for each occurrence is
independently alkyl, alkenvl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, aralkyl,
heteroaryl, OR, SR, NR;, -(C=0)R, -(C=0)OR, -O(C=0)R, -O(C=0)0OR, «(C=0)NR,, -
(NRYC=0)R, -(NRHC=0JOR, -O{(C=0)NR;, ~O(C=NR)NR,, -~{NRY}C=0)NR,, -
{(C=NR)NR:, -(NRYC=NRINR,, (S=0)R, ~S(O}:R, -5{(O)0R, -S(ORNR,, -OS(OnR, -
(NRIS{ORR, ~-OS(O0)0R, ~OS{ORNR;, {NRIS(O)NR,, -(NR)S(OROR, -(P=0)}0OR),,
halide, nitrile, nitro, or <{(CHh, Y, wherein m for each occurrence is a whole number
selected from 1-10; R for each occwrrence is independently selected from the group

consisting of hydrogen, alkyl, alkenvl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, and
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heteroaryl; and Y for each occurrence is selected from the group consisting of OR, SR,
NRy, -{(C=0R, ~(C=0)0R, -O(C=0)R, -O(C=0)OR, -(C=0)NR,, -(NR}C=0O)R, -
(NRYC=0)OR, -O(C=0)NR,, -O(C=NR)NR;, -(NR}HC=0O)NR,, -{C=NR)NR,
{(NRYC=NRJNR;, -(S=0)R, ~S(O)R, -S(O)OR, -S{ORNR,, -OS(ORR, -(NR}S(ORR, -
OS(O),0R, ~OS{O1NR,, -(NRIS(O)NR,, (NR}IS(CHOR, and (P=0C}OR),.

[029] The compound of claim 9, wherein n is 0; and R* for each occurrence is
independently alkyl, cycloalkyl, heterocycloalkyl, arvl, aralkyl, heteroaryl, OR, NR,,
(C=0)R, ~{C=0)0OR, -O(C=0)R, -O(C=0)0R, -(C=0)NR; -(NR}C=0)R,
(NRYC=0)OR, -~O{(C=0)NR,, -O(C=NR)NR;, -(NRYC=0O)NR,, -~{C=NR)NR,, -
(NRYC=NRINR7, ~(S=0)R, -S(OnR, -5(0)LO0R, -S{ORNR,, -OS(OpR, (NR)S(ORR,
OS{0ROR, -OS(ORNR,, (NRIS(O)RNR,, -(NRIS(O)OR, -(P=0)OR),, halide, mtrile,

nitro, or ~-{CHz)mY, wherein m s i-6; and R for each occurrence is independently
hydrogen, alkyl, cycloalkyl, aryl, or heteroaryl.
{030] In a ninth embodiment of the first aspect, provided herein is the compound of the

first aspect, wherein the compound is selected from the group consisting of:
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{031] In atenth embodiment of the first aspect, provided herein is the compound of the

first aspect, wherein the compound is selected from the group consisting of:

12



WO 2020/259471 PCT/CN2020/097602

o o G;@)L “CH

o Ol(j/u\% )\N . N"O% Wan

Mo i
)J\N T OND Mas HN\/*\N/ N\ 4
H i, 2 -4 /} o
N N/ _and NO,

{032] In a second aspect, provided herein is a pharmaceutical composition comprising a
compound of the first aspect and at least one pharmaceutically acceptable carrier.

{033] In a third aspect, provided herein is a method of preparing a compound of claim 1,

the method comprising: contacting a compound of Formula [V:

v
[034] wherein R’ is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryi,
or heteroaryl; with a compound Formula V:
A
Rﬁ'u\Ar*

v
[035] wherein A is O, S, or Hy; R is a leaving group; and Ar' is an optionally
substituted S membered heteroaryl containing 1, 2, or 3 ring heteroatoms selected from
the group consisting of O, C, N, P, S, and Se; or contacting the compound of Formula 3
with a compound Formula VI

A

L3 Art
Vi

13
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[036] wherein Ar' is an optionally substituted 5 membered heteroaryl containing 1, 2, or
3 ring heteroatoms selected from the group consisting of O, C, N, P, S, and Se; and a
reducing agent; thereby forming the compound of claim 1.

{037] In a first embodiment of the third aspect, provided herein is the method of the
third aspect, wherein R” is a halide; and the reducing agent is NaCNBH;.

{038] In a fourth aspect, provided herein is a method of treating a viral infection in a
subject in need thereof comprising the step of administering a therapeutically effective
amount of the compound of claim 1 to the subject.

[039] In a first embodiment of the fourth aspect, provided herein is the method of the
first aspect, wherein the viral infection is an influenza viral infection,

[040] In asecond embodiment of the fourth aspect, provided herein is the method of the
first aspect, wherein the viral infection 1s a HINI or H3N2 infection.

[041] In a third embodiment of the fourth aspect, provided herein 1s the method of the

first aspect, wherein the compound is selected from the group consisting of:

N

O, P
3 (R) ? O)LOR!
R) P )‘\ N«O

/}“< : i %-Q\;—---(R“)p

i ' Y O

I é; /’u\.
k( o Q ﬁ OR!
/a*i O /\\\/lL‘ OR’ /LN ~ N-—Q
.,\/‘ -0 .
G PN
Hi A 7/ cand NOZ ,

{042] whereinnis 0,1, 0r2; pis 0, 1, or 2; and each of R* and R* for each occurrence is
independently alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, aralkyl,
heteroaryl, OR, SR, NRy, «(C=0)R, (C=0)0OR, -O{C=0}R, -O{C=0)0OR, -(C=0)NR,, -
(NRYC=0)R, -(NR}{C=(HOR, -O(C=0)NR,, -O{C=NRINR;, -(NR}C=0INR,,

{C=NRINR,, -(NR}C=NRINR:, -(5=0)R, -S5{O}R, -S(O);0OR, -S(OpNR,, -OS(ORR, -
(NROS(ORR, -OS(0)0R, ~OS(0O)NR;,, «(NRIS(ORNR,, {(NRIS(OROR, -(P=0)}0OR),,
halide, nitrile, nitro, or -(CHj), Y, wherein m for each occurrence is a whole number

selected from 1-10; R for each occurrence is independently selected from the group
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consisting of hydrogen, alkyl, alkenvl, abicynyl, cycloalkyl, heterocycloalkyl, aryi, and
heteroaryl; and Y for each occwrrence is selected from the group consisting of OR, SR,
“C=0}R, -(C=0)OR, -O(C=0)R, -O{(C=0)0R, ~-(C=0NR,, ~(NRYC=0)R, -
(NRYC=0)0OR, -O(C=0O)NR,, -O(C=NR)NR,, -(NRY(C=0O)NR;, -{C=NR)NR,,
(NRYC=NR)NR;, -(5=0)R, -S(O}R, -S(O}0R, -S{OpNR;, -OS{(ORR, (NR}S(ORR, -
OS{OROR, ~-OS(ORNR,, -(NRYS(ONR,, {(NRIS(OLOR, and (P=0}OR)-.
{043] In a fourth embodiment of the fourth aspect, provided herein is the method of the
second embodimnent of the first aspect, wherein wherein the compound is selected from

the group consisting of:

a (R) D)L
R) o /L\ Nﬂ@

HN\/‘"\ % K/; (R“)

.

O f\ OR‘!
o GMMOW N’O . (R4)p
/U\N"'\/ N 0} 5 HN\//L
H 5 I {
HN‘\/L\N hﬁ(i‘;_/ , iﬁd NOg ,

{044] whereinnis O, 1, 0r2; pis 0, 1, or 2; and each of R? and R* for each ocowrrence is
independently alkyl, alkenvl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, aralkyl,
heteroaryl, OR, SR, NR;, {(C=()R, «{(C=0)OR, -OH{C=0)R, -O(C=0)0R, «(C=0)NR,, -
(NRYC=0O)R, -(NRYC=0)OR, -O(C=0)NR., -O{C=NR)NR, -(NR}C=0)NR,, -
(C=NRINR;, -(NRYC=NR)NRy, «(5=0)R, -S(O}:R, -S{0)R0R, -S{ORLNR,, -OS{ORR, -
(NROS{ORR, -OS(OR0R, -OS{ORNR,, -(NRIS(O)NR,, -(NRIS(O)0OR, -(P=0)}0OR),,
halide, nitrile, nitro, or «(CH,)w Y, wherein m for each occurrence is a whole number
selected from 1-10; R for each occurrence is independently selected from the group
consisting of hydrogen, alkyl, alkenvl, abicynyl, cycloalkyl, heterocycloalkyl, aryi, and
hetercaryl; and Y for each occurrence is selected from the group consisting of OR, SR,
“C=0}R, -(C=0)OR, -O(C=0)R, -O{(C=0)0R, ~-(C=0NR,, ~(NRYC=0)R, -
(NRYC=0)0OR, -O(C=0O)NR,, -O(C=NR)NR,;, -(NRYC=0O)NR,;, -{C=NR)NR,, -
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(NRYC=NRINR,, -(5=0)R, -S(O}R, -S{O)HOR, -S{ORNR;, -OS(ORR, «(NR}S(ORR, -
OS{OROR, -OS(0O)NR,, -(NRYS(O)NR,, {(NRIS(ORLOR, and (P=0}OR)s.
{045] These and other objects will be apparent from consideration of the present

disclosure as a whole.

{046] Those skilled in the art will appreciate that the disclosure described herein is

susceptible to variations and modifications other than those specifically described.

{047] Other aspects and advantages of the disclosure will be apparent to those skilled in

the art from a review of the ensuing description.
BRIEY DESCRIPTION OF BRAWINGS

048] The above and other objects and features of the present disclosure will become
apparent from the following description of the disclosure, when taken in conjunction with

the accompanying drawings, in which:

{049] Figure 1 depicts a schematic illustration of the preparation of the compound S1.
{050] Figure 2 depicts a schematic illustration of the preparation of the compound S2.
{051] Figure 3 depicts a schematic illustration of the preparation of the compound S3.

{052] Figare 4 depicts representative scans of plaque assay result using seasonal HIN1
virus {(A/OK/447/2008) on day 3 post infection. MDCK cells were treated with the
corresponding novel compounds at two concentrations for 72 hours after infected with 70
PFU virus, Upon the treatment of oseltamivir, S7 and S22, a reduction in plaque size of

A/OK/447/2008 (HIN1) but not plague count was seen.

[053] Figure 5 depicts representative scans of plaque assay result using seasonal HIN1
virus resistant strain 09v71923 on day 3 post infection. MDCK cells were treated with the
corresponding novel compounds at two concentrations for 72 hours after infected with 70
PFU virus. Upon the treatment of oseltamivir, 87 and S22, a reduction in plague size of

A/OK/447/2008 (HIN1) but not plague count was seen.

{054] Figure 6 depicts A) influenza A virus A/OK/447/08 (HINL), B) oseltamivir-
resistant strain 09v71923, C) oseltamivir-resistant strain 11v17178, B) influenza B virus

(IBV) 12v28393, E) IBV 12v33261 and F) IBV [2v33280. Plague size differences m
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each treatment was tested using one-way ANOVA compared to DMSO vehicle control
followed by Tukey’s multiple comparison tests, Dotted line in the middle shows the
median and the thinner lines show interguartile range and the whiskers show 95%

confidence interval, Key: * p <0.05, ¥*: p <0.01, *¥¥*: p <0.005, *¥**: p <0.001.

{055] Figure 7 depicts Bar-chart representing the percentage change of plaque count
recorded in each treatments when compared to DMSO vehicle control. A) influenza A
virus A/OK/447/08 (HIN1), B) oseltamivir-resistant strain 09v71923, ) oseltamivir-
resistant strain 11v17178, B) nfluenza B virus (IBV) 12v28393, £) IBV 12v33261 and F)
IBY 12v33280. Plague size differences in each treatment was tested using one-way
ANOVA compared to DMSO vehicle control followed by Tukey’s multiple comparison

tests. (n=3 for [V As, and n=2 for [VBs)
[056] DETAILED DESCRIPTION

DEFINITIONS

{057] The following terms shall be used to describe the present invention. In the
absence of a specific definition set forth herein, the terms used to describe the present
mmvention shall be given their common meaning as understood by those of ordinary skill
in the art.

[058] As used herein, unless otherwise indicated, the term “treating” means reversing,
alleviating, mhibiting the progress of, or preventing the disorder or condition to which
such term applies, or one or more symptoms of such disorder or condition. The term
“treatment”, as used herein, refers to the act of treating, as “ireating” is defined
immediately above.

{059] The term "subject” as used herein, refers to an animal, typically a mammal or a
human, that will be or has been the object of treatment, observation, and/or experiment.
When the term is used in conjunction with admunistration of a compound described
herein, then the subject has been the object of treatment, observation, and/or
administration of the compound described herein.

{060] The terms "co-administration” and "co-administering” refer to both concurrent
administration {administration of two or more therapeutic agents at the same time)} and

time varied administration {(administration of one or more therapeutic agents at a time
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different from that of the administration of an additional therapeutic agent or agents), as
long as the therapeutic agents are present in the patient to some extent at the same time.
{061] The term "therapeutically effective amount” as used herein, means that amount of
active compound or pharmaceutical agent that elicits a biological, medicinal, or imaging
response in a cell culture, tissue system, subject, animal, or human that is being sought by
a researcher, veterinarian, clinician, or physician, which includes alleviation of the
symptoms of the disease, condition, or disorder being treated and/or achieving the desired
degree of magnetic resonance imaging contrast enhancerment.

[062] The term "composition” is intended to encompass a product comprising the
specified ingredients in the specified amounts, as well as any product that results, directly
or indirectly, from combinations of the specified mgredients in the specified amounts,
{063] The term "pharmaceutically acceptable carrier” refers to a medium that 1s used to
prepare a desired dosage form of a compound. A pharmaceutically acceptable carrier can
inchade one or more solvents, difuents, or other hiquid vehicles; dispersion or suspension
aids; surface active agents; isotonic agents; thickening or emulsifyving agents;
preservatives; solid binders; lubricants; and the like. Remington's Pharmacentical
Sciences, Fifteenth Edition, E. W. Martin (Mack Publishing Co., Easton, Pa., 1875) and
Handbook of Pharmaceutical Excipients, Third Edition, A. H. Kibbe ed. {(American
Pharmaceutical Assoc. 2000), disclose various cariers wused in  formulating
pharmaceutical compositions and known technigues for the preparation thereof.

{064] As used herein, unless otherwise indicated, the term “halo” or “halide” includes
tluoro, chloro, bromo or iodo. Preferred halo groups are fluoro, chioro and bromo.

{065] The term "alkyl” is art-recognized, and includes saturated aliphatic groups,
including straight-chain alkyl groups, branched-chain alkyl groups, cyveloalkyl (alicyclic)
groups, alkyl substituted cycloalkyl groups, and cycloalkyl substituted alkyl groups. In
certain embodiments, a straight chain or branched chain alkyl has about 30 or fewer
carbon atoms in its backbone (e.g., C;-Csp for straight chain, C3-Cag for branched chain),
and alternatively, about 20 or fewer. Likewise, cycloalkyls have from about 3 to about 10
carbon atoms in their ring structure, and alternatively about 5, 6 or 7 carbons in the ring
structure.

[066] As used herein, unless otherwise indicated, the term “alkenyi”, as used herein,
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unless otherwise indicated, includes alkyl groups as defined above having at least one
carbon——carbon double bond at some point in the alkyl chain.

{067] As used herein, unless otherwise indicated, the term “alkynyl”, as used herein,
unless otherwise indicated, includes alkyl groups as defined above having at least one
carbon——carbon triple bond at some point in the alkyl chain.

{068] The term "aralkyl” is art-recognized and refers to an alkyl group substituted with
an aryl group (e.g., an aromatic or heteroaromatic group).

[069] The term “aryl” as used herein include substituted or unsubstitoted single-ring
aromatic groups in which each atom of the ring is carbon. Preferably the ring is a 5~ to
t0-membered ring, more preferably a 6- to 10-membered ring or a2 6~-membered ring. The
terrn “aryl” also includes polycyclic ring systerus having two or more cyclic rings m
which two or more carbons are common to two adjoining rings wherein at least one of the
rings is aromatic, e.g., the other cyclic rings can be cycloalkyls, cycloalkenyls,
cvcloalkynyls, aryls, heteroaryls, and/or heterocyclyls. Aryl groups include benzene,
naphthalene, phenanthrene, phenol, aniline, and the like. The arvl group can be optionally
substittited. Exemplary substitution on an aryl group can include, for example, a halogen,
a haloalky! such as triflnoromethyl, a hvdroxyl, a carbonyl (such as a carboxyl, an
alkoxycarbonyl, a formyl, or an acyl such as an alkylC{()), a thiocarbony! (such as a
thioester, a thioacetate, or a thioformate), an alkoxvyl, a phosphoryl, a phosphate, a
phosphonate, a phosphinate, an amino, an amido, an amidine, an imine, a cyano, a nitro,
an azido, a silyl ether, a sulthydryl, an alkylthio, a sulfate, a suifonate, a sulfamoyl, a
sulfonamido, a sulfonyl, a heterocyclyl, an aralkyl, or an aromatic or heteroaromatic
moiety. The aromatic ring may be substituted at one or more ring positions with such
substituents as described above, for example, halogen, azide, alkyl, aralkyl, alkenyl,
alkynyl, cycloalkyl, hydroxyl, alkoxyl, amino, nitro, sulthydryl, imino, amido,
phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether, alkylthio, sulfonyl,
suifonamido, ketone, aldehyde, ester, heterocyelyl, aromatic or heteroaromatic moieties, -
CF;, -CN, or the like. The term "aryl" also includes polycyclic ring systems having two
or more cyclic rings in which two or more carbons are common to two adjoining rings
(the rings are "fused rings") wherein at least one of the rings is aromatic, ¢.g., the other

cyclic rings may be cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls.
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{070] As used herein, "heteroaryl" refers to an aromatic monocyclic ring system
containing at least one ring heteroatom selected from oxyvgen (O), nitrogen (N}, sulfur (S),
stlicon (Si), and selenium (Se) or a polycyelic ring system where at least one of the rings
present in the ring system is aromatic and contains at least one ring heteroatom.
Polycyelic heteroaryl groups include those having two or more heteroaryl rings fused
together, as well as those having at least one monocyclic heteroaryl ring fused to one or
more aromatic carbocyclic rings, non-aromatic carbocyclic rings, and/or non-aromatic
cycloheteroalkyl rings. A heteroaryl group, as a whole, can have, for example, 5 to 24
ring atoms and contain 1-5 ring heteroatoms (i.e., 5-20 membered heteroaryl group). The
heteroaryl group can be attached to the defined chemical structure at any heteroatom or
carbon atom that results in a stable structure. Generally, heteroaryl rings do not contain
-0, 3-8, or S-0O bonds. However, one or more N or 3 atoms in a heteroaryl group can be
oxidized (e.g., pyridine N-oxide thiophene S-oxide, thiophene $,S-dioxide). Examples of
heteroaryl groups include, for example, the 3- or 6-membered monocyclic and 5-6
bicyclic ring systems shown below: where T is O, 5, NH, N-alkyl, N-aryl, N-(arvialkyl}
(e.g., N-benzyl), SiH,, SiH{alkvl), Si(alkyl);, SiH(arylalkyl), Si(arylalivl},, or
Si(alkyi)arylalkyl). Examples of such heteroary] rings include pyrrolyl, furyl, thienyl,
pyridyl, pyrimidyl, pyridazinyl, pyrazinyl, triazolyl, tetrazolyl, pyrazolvl, imidazolyl,
isothiazolyl, thiazolvl, thiadiazolvl, isoxazolyl, oxazolyl, oxadiazolyl, indolyl, iscindolyl,
benzofuryl, benzothienyl, quinolyl, Z-methyiguinolyl, isoquinolyl, guinoxalyl, quinazolyl,
benzotriazolyl, benzimidazolyl, benzothiazolyl, benzisothiazolyl, benzisoxazolyl,
benzoxadiazolyl, benzoxazolyl, cinnolinyl, IH-indazolyl, ZH-indazolyl, indolizinyl,
isobenzotuyl, wnaphthyridinyl, phthalazinyl, pteridinyl, purinyl, oxazolopyridinyi,
thiazolopyridinyl, imidazopyridinyl, furopyridinyl, thienopyridinyl, pyridopyrimidinyl,
pyridopyrazinyl, pyridopyridazinyl, thienothiazolyl, thienoxazolyl, thienoimidazolyl
groups, and the like. Further examples of heteroaryl groups include 4.5,6.7-
tetrahydroindolyl, tetrahydroquinolinyl, benzothienopyridinyl, benzofuropyridinyl groups,
and the like. In some embodiments, heteroaryl groups can be optionally substituted as
described herein. The heterocyclic ring may be substituted at one or more positions with

such substituents as described herein, as for example, halogen, alkyl, aralkyl, alkenyl,

alkynyl, cycloalkyl, hydroxyl, amino, nitro, sulfhydryl, imino, amido, phosphonate,
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phosphinate, carbonyl, carboxyl, silyl, ether, alkylthio, sulfonyl, ketone, aldehyde, ester, a
heterocycelyl, an aromatic or heteroaromatic moiety, -CF;, -CN, or the like. A “nitrogen
containing heteroaryl” is a hetoeraryl as defined herein with an aromatic ring system

having at least one ring nitrogen {N).

{071] The term "optionally substituted" refers to a chemical group, such as alkyl,
cycloalkyl, aryl, heteroaryl, and the like, wherein one or more hydrogen may be replaced
with a substituent as described herein, for example, halogen, azide, alkyl, aralkyl, alkenyl,
altkynyl, cycloalkyl, hydroxyl, aryloxy, heteroaryloxy, alkoxyl, amino, nitro, sulthydryl,
imino, amido, phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether, alkylthio,
sulfonyl, sulfonamido, ketone, aldehyde, ester, heterocyclyl, aromatic or heteroaromatic

moieties, -CF;5, -CN, or the like.

{072] The term "therapeutically effective amount” as used herein, means that amount of
the compound or a pharmacentical composition that elicits a biological or medicinal
response m a cell culture, tissue system, amimal, or human that is being sought by a
researcher, veterinarian, clinician, or physician, which includes alleviation of the

symptoms of the disease, condition, or disorder being treated.

{073] As used herein, the terms “treat”, "treating”, "treatment”, and the like refer to
reducing or ameliorating a disorder/disease and/or symptoms associated therewith, It will
be appreciated, although not precluded, treating a disorder or condition does not require
that the disorder, condition, or symptoms associated therewith be completely eliminated.
In certain embodiments, treatment inchides prevention of a disorder or condition, and/or
symptoms associated therewith. The term “prevention” or “prevent” as used herein refers
to any action that inhibits or at least delays the development of a disorder, condition, or
symptoms associated therewith. Prevention can include primary, secondary and tertiary
prevention levels, wherein: a) primary prevention avoids the development of a disease; b)
secondary prevention activities are aimed at early disease treatment, thereby increasing
opportunities for interventions to prevent progression of the disease and emergence of
symptoms; and ¢} tertiary prevention reduces the negative impact of an already

established disease by restoring function and reducing disease-related complications.
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{074] As used herein, the term “subject” refers to any animal (e.g, a mammal),

including, but not limited to, humans, non-human primates, canines, felines, and rodents,

{075] The phrases "parenteral administration” and "administered parenterally” as used
herein means modes of administration other than enteral and topical administration,

i
1
¥

usually by injection, and inchides, without limitation, intravenous, intramuscular,
intraarterial,  intrathecal, intracapsular, intraorbital, intracardiac, intradermal,
intraperitoneal, transtracheal, subcutaneous, subcuticular, intraarticulare, subcapsular,
subarachnoid, intraspinal and intrasternal injection and infusion,

{076] The phrases "systemic administration,” "administered systemically," "peripheral
administration” and "administered peripherally” as used herein mean the administration
of a compound, drug or other material other than directly into the central nervous system,
such that it enters the patient's system and, thus, is subject to metabolism and other like

processes, for example, subcutaneous administration.

{077] The present disclosure provides a compound of Formula T

{078] or a pharmaceutically acceptable salt thereof, wherein
(079] A0, 5, or Hy

[080] Ar' is an optionally substituted five-membered heteroaryl containing 1, 2, or 3

ring heteroatoms selected from the group consisting of O, C, N, P, S, and Se; and

[081] R' is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, or

heteroaryl.

[082] In instances in which A is Hp, the compound of Formula 1 can have the structure:
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[083] Exemplary five-membered heteroaryls include, but are not limited to furan,
pyrrole, thiophene, selenophene, pyrazole, oxazole, isoxazole, thiazole, isothiazole,
imidazole, 1,2.3-triazole, 1,2,4-triazole, 1,3-selenazole, 1,2,3-oxadiazole, 1,24~
oxadiazole, 1,2,5-oxadiazole, 1,3 4-oxadiazole, 1,2,3-thiadiazole, 1,2.4-thiadiazole, 1,2,5-

thiadiazole, 1,3,4-thiadiazole, and the like.

{084] The five-membered heteroaryl may covalently bonded to —{C=A)- at any position
of the heteroaryl permitted by wvalency. In certain embodiments, the five-membered
heteroaryl is covalently bonded to (C=A)- at the 1, 2, 3, 4, or 5 position of the five-

membered heteroaryl.
{085] The five-membered heteroaryl can be represented by the moiety:

XK
[ X2

%
[086] wherein £ represents a covalent bond to —(C=A)-; each of X', X%, X°, and X" are
independently selected from the group consisting of O, S, NR”, and CR”, wherein R for
each instance is independently a lone pair, hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, aralkyl, heteroaryl, -(C=0)R, ~(C=0)OR, -(C=0)NR,, -
(C=NRINR,, «(S=0)R, -S(ORR, -5{OROR, -S(O):NRy, «(P=0}OR), or -{(CR:},Y; and
R’ for each instance is independently bydrogen, alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkvl, arvl, aralkyl, heteroaryl, OR, SR, NR,, -(C=0)R, ~-(C=0)OR,
C{C=0)R, -O{C=0)OR, -(C=0INR,, ~(NRYC=0O)R, -(NR}{C=0)YOR, -O{C=0)NR,,
C{C=NRINR,, -(NRYC=0O)NR,, -(C=NRINR,, (NRYC=NRINR,, -(5=0R, -S(O)R,
S{OROR, -S{ORpNR,, -OS(ORR, -(NRIS(O}pR, -OS(OROR, -OS(0O)nNR,,
(NROS{ORNR,, «(NRIS{OROR, -(P=0)0OR),, halide, nitrile, nitro, or -{(CRy), Y, wherein

m for each occurrence is a whole number selected from 1-10; R for each occurrence is
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independently selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, heterocycloalkyl, aryl, and hetercaryl; and Y for each occurrence is selected
from the group consisting of OR, SR, NR,, -({C=0)R, -(C=0)OR, -O(C=0)R, -
O(C=0)0R, -{(C=0)NR,, -(NRYC=0}R, -(NR}C=0}OR, -O{(C=0NR,, ~-O(C=NRINR,,
SNRYC=0INR,, -{(C=NRINR;, -(NRYC=NR}NR;, ~(8=0)R, -5(OnR, -S{O»OR, -
S(O¥NR,, ~OS(ORR, -(NRIS(ORR, -OS(0)»0OR, -OS(O}nNR;, -(NRIS(O)HNR,, -
(NROS(OYOR, and ~(P=0O}OR ).

[087] In instances in which any one of X', X% X, and X' is NR® having an sp’
hybridized nitrogen, R” may be a lone pair. However, the present disclosure also
couternplates embodiments, in which any one of X', X7, X°, and X" is NR? having an sp”
hybridized nitrogen, and R? is not a lone pair, which results in a cationic species. Such
species are well known in the art and can exist together with one or more counter ions,

e.g., as a salt.

L. . . . 3 . . 7. .

{088] In certain embodiments, X~ is CR” or NR?, wherein R? is not a lone pair. In

certain embodiments, X' is O or NR%, wherein R” is a long pair; and X% is CR”. In certain
. 1. 2 . 2. . 2. 2 . 7.

embodiments, X s NR®, wherein R” is not a lone pair; and X~ is NR~, wherein R is a

lone pair.

{089] In certain embodiments, R for each occurrence is independently selected from the
group consisting of hydrogen, alkyl, alkenyl, alkynyvl, cycloalkyl, heterocycloalkyl, aryl,
and heteroaryl. Tn certain embodiments, R for each occurrence is independently selected
from the group consisting of hydrogen, alkyl, cycloaliovl, heterocycloalkyl, aryl,
heteroaryl. and In certain embodiments, R for each occurrence is independently selected
from the group consisting of hydrogen, C1-Cy alkyl, C1-Cs alkyl, C3-Cs cycloalkyl, Cs4-Ca
cveloatkvl, C:-Cy heterocyeloalkyl, Cs-Cs heterocycloalkvl, Ce-Cyp aryl, and Ce-Cig

heteroarvl.

[090] In certain embodiments, R! s hydrogen, Ci-Cip alkyl, C1-Cg alkyl, Ci-Cy alkyl,
Cy-Cy alkvl, or C-Cs alkyl

[091] In certain embodiments, R” for each occurrence is independently selected from
the group consisting of a lone pair, hydrogen, alkyl, cycloalkvl, heterocycloalkyl, aryl,

aralkyl, and heteroaryl. In certain embodiments, R for each occurrence is independently
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selected from the group consisting of a lone pair, hydrogen, heterocycloalkyl, aryl,

aralkvl, and heteroaryl.

{092] In certain embodiments, R’ for each ocourrence is independently selected from
the group consisting of hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl, aralkyl,
heteroaryl, halide, nitrile, and nitro. In certain embodiments, R’ for each occurrence is
independently selected from the group consisting of hydrogen, aryl, aralkyl, and

heteroaryl.

[093] In certain embodiments, Ar' can be represented by a moiety selected from the

group consisting of:

RS RS R? R

R3
O 8 - N—Q N—B O
] i
R® ) R3 Re R® rR® ) R3

--Ni \(E“/?\E R3 R2 RZ Rg R%
/ ; - - 1
R R?
R? R 7 1 R 3 R 3
N....
\ e A b
J R® N \(&0\ R ( S { R3 4 )‘*R?*
3 3 AN <R3 R AN
N j N / & Y
Y Y i‘(AN’ N R jN)\ R?
o s R2 R2 .and R2

{094] wherein R and R® are as defined herein.
[095] In certain embodiments, Ar' can be represented by a moiety selected from the
group consisting of:

RZ

NN \ ! N

7N wm%\ /i N
3 Iz 3 3 :
VIQ)\R ’\{*\N R R MR , Elﬂd , Rz
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096] wherein R and R” are as defined herein,
[096]

{097] In certain embodiments, the compound has the Formula I

o
0 OOR"

HoZ
HN._Ar
A

111
[098] or a pharmaceutically acceptable salt thereof, wherein
(099] AisQorHy
[100] Ar' s selected from the group consisting of:
, rR® R® RY O RP
- 3 .
e T L L e

3 ,‘% 0’>\R3, R e R and X/&N‘)\RS;
[101] wherein R', R* and R’ are as defined herein.
[102] In alternative embodiments, provided herein are compounds of Formula A

provided herein:

{103] wherein
{104] =n1is zero, one, two or three;

[105] R’ is hydrogen, (C1 — Cig)-alkyl, or (C; — Cia)-cycloalkyl;
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{106] A is independently heterocycle, or heteroaryl, including but not restricted to furan,
pyrrole, imidazole, pyrazole, triazole, pyridine, pyrimidine, pyridazine, pyrazine,

thiophene, oxazole, thiazole, azepine, 1,4-dizaepine, 1,2,4-oxidarole, isoxarole; and

[107] R’ is independently (Cy — Cyq)-alkyl, (Cs — Cia)-eveloalkyl, (Cs — Cra)-aryl or (Cs

— Ciy)-heteroaryl,

{108] In certain embodiments, the compound has Formula [FA;

{109] wherein

{110] nis zero, one, two or three;

{111] m is zero, one or two;

[112] R'is hydrogen, (C — Cie)-alkyl, or (T — Cia)-cycloalkyl;
{113] XisC,CH, N,NH, Qor 5;

{114] YisC,CH, N,NH, Cor §;

{115] ZisC,CH, N, NH, O or 5; and

[116] R is {C; — Cigalkyl, (T3 — Cueycloalkyl, (Cs — Crg)-aryl or (Cs — Cu)-

heteroaryl.

{117] In certain embodiments, the compound is selected from the group consisting of a

compound of Formula 1A, EVA and IVA:
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[118] wherein
[119] R'is or hydrogen, (Cy — Cig)-alkyl, (T — Ca)-cycloalkyl;

[120] R* is (C1 — Cig)alkyl, (C3 — Cra)-eyeloalkyl, (Cs — Ca)-aryl and (Cs — Cia)-

heteroaryl.

[121] In certain emnbodiments, the compound is selected from:
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{122] In certain embodiments, the compound is selected fron:
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{123] The present disclosure also provides methods for preparing the compounds

described herein. In certain embodiments, the method for preparing the compounds

described herein comprises: contacting a compound of Formula IV:
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[124] wherein R' is hydrogen, alkyl, alkenyl, alkynyl, cyeloalkyl, heterocycloalkyl, aryl,
or heteroaryl; with a compound Formula V:
Y

R A

v
[125] wherein A is O, S, or Hy; R is a leaving group; and Ar is an optionally
substituted 5 membered heteroaryl containing 1, 2, or 3 ring heteroatoms selected from

the group consisting of O, C, N, P, 5, and Se¢; or contacting the compound of Formula 3

with a compound Formula VI

O
H/IL‘AF’
Vi
[126] wherein Ar' is an optionally substituted 5 membered heteroaryl containing 1, 2, or
3 ring heteroatoms selected from the group consisting of O, C, N, P, S, and Se; and a

reducing agent; thereby forming the compound described herein,

{127] In instances in which A is O or 8, the compound of Formula V can be prepared

beforehand or in sifu.

{128] In instances in which the compound of formula V is prepared beforchand, the
leaving group can be any leaving group known in the art, such as chloride, bromide, or

1odide.

[129] In instances in which the compound of Formula V is prepared in sifu it can be
prepared by the reaction of the corresponding carboxylic acid {(wherein R” is OH) and a
coupling agent optionally in the presence of a coupling additive. The coupling agent can
be a carbodiimide, such as DCC, DIC, EDC, CIC, BMC, CPC, BDDC, PIC, PEC, and
BEM, a wranium/aminium salt, such as HATU, HBTU, TATU, TBTU, HAPyU, TAPipU,
HAPipU, HBPipU, HAMBU, HBMDU, HAMTU, 5,6-B(HATU), 4,5-B(HATU), HCTU,
TCTU, and ACTU, phosphonium salts, such as AOP, BOP, PyAOP, PyBOP, PyOxm,
PyNQOP, PyFOP, NOP, and PyClock, immonium salts, such as BOMI, BDMP, BMMP,
BPMP, and AOMP.
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{130] The coupling additive can be any coupling additive known in the art, such as
HOBt, 6-NO2-HOBt, 6-CI-HOBt, 6-CF3-HOBt, HOAt, HODhbt, HODhat, NHS, and

Oxyma.

[131] In instances in which A is H,, R® can be any leaving group known in the art useful
in primary amine alkylations. Such leaving groups are well known in the art. The
selection of which is well within the skill of a person of ordinary skill in the art.
Exemplary leaving groups for amine alkylations include, but are not limited to, chloride,

bromide, iodide, mesylate, triflate, tosylate, nosylate, and the like,

[132] Alternatively, in instances in which A is Hj, the compounds described herein can
be prepared by reduction alkylation of the compound of Formula IV and an aldehyde (i.2.,
the compound of Formula V¥V, wherein R’ is H and A is (). In such instances, any
reducing agent that is known to be useful as a reducing agent in reductive aminations can
be used in the methods described herein. In certain embodiments, the reducing agent is

NaCNBH3 or NABH4.

{133] The step of contacting contacting the compound of Formula IV with the
compound of Formula ¥V can take place in any solvent. The selection of the appropriate
solvent can depend on the chemical structure of the starting materials and the nature of
the chemical reaction required to prepare the compound described herein. The selection
of the appropriate solvent is well within the skill of a person of ordinary skill in the art,
The solvent can be an aprotic or protic organic solvent. In certain embodiments, the
solvent is selected from the group consisting of alcohols, alkyl halides, ethers, esters,
ketones, formamides, alkyinitriles, alkyisulfoxides, and aromatic solvents. Exemplary
solvents include, but are not limited to, tetrahvdrofuran, tetrahvdropyran, dioxane,
dichloromethane, dichloroethane, chloroform, dimethylformamide, dimethylsulfoxide,

and mixtures thereof.

{134] The step of contacting countacting the compound of Formula IV with the
compound of Formuila V can be conducted in the presence of a base. The base can be an
organic or inorganic Bronsted base. In certain embodiments, the base is an organic amine,
metal hyvdroxide, metal carbonate, metal alkoxide, and mixtures thereof. Exemplary bases

include, but are not limited to, Hunig’s base, pyridine, pyrazine, trimethylamine,
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morpholine, N-methyl morpholine, piperdine, piperazine, pyrrolidine, DABCO,
quinuclidine, TBD, DBU, DBN, DMAP, NaOH, CsOH, KOH, Na,CO;, K,CO3, Cs-C0O;,
and the like,

{135] The methods described herein can comprise one or more additional synthetic
steps before or after the steps described herein. Such synthetic steps may be necessary to
prepare more complex compounds of Formula 1. The one or more additional synthetic
steps can include, but are not limited to, reductions, oxidations, substitution reactions,
metal catalysed carbon-carbon forming reactions, alkylations, acylations, electrophilic
aromatic substitution reactions, nucleophilic aromatic substitution reactions, hydrolysis

reactions, condensation reactions, and the like,

[136] In certain embodiments, the method of preparing the compound described herein
are characterized as shown in Schemes 1-3.

Schame 3

L(J K/ o LT/E ﬁi
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in which R~ is as defined herein,

{137] Oseltamivir phosphate (A) was reacted with oxadiazole methylene chlonde (Bin
N, N-Dimethyvlformamide (DMF) with N, N-Diisopropylethvlamine (DIPEA) to give C,
followed by hydrolysis with sodium hydroxide (NaOH) to provide T

Schame 2
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-

{138] Oseltamivir phosphate (A} was reacted with the aldehyde (¥} in the presence of
Sodium triacetoborohydride to afford intermediate (E) which were hydrolyzed with

NaOH to give compounds IV,

Scheme 3
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in which R is defined above.

[139] Oseltamivir phosphate (A) was reacted with ¥ under 70°C in DMF with DIPEA to

provide G, which were hydrolyzed to give V.

{140] The present disclosure also provides a pharmaceutical composition comprising
one or more of the compounds described herein and at least one pharmaceutically

acceptable excipient and/or pharmaceutically acceptable carrier.

{141] The compounds described herein and their pharmaceutically acceptable salts can
be adminmistered o a subject etther alone or i combimation with pharmaceutically
acceptable carriers or diluents in a pharmaceutical composition according to standard
pharmaceutical practice. The compounds can be admunistered orally or parenterally.
Parenteral administration includes intravenous, intramuscular, intraperitoneal,

subcutaneous and topical, the preferred method being intravenous administration.

{142] Accordingly, the present disclosure provides pharmaceutically acceptable
compositions, which comprise a therapeutically-effective amount of one or more of the
compounds described herein, formulated together with one or more pharmaceutically
acceptable carriers (additives) and/or diluents. The pharmaceutical compositions of the
present disclosure may be specially formulated for administration in solid or hgud form,
including those adapted for the following: (1) parenteral administration, for example, by
subcutaneous, intramuscular, infravenous or epidural imjection as, for example, a sterile
solution or suspension, or sustained-release formulation; and (2} oral administration, for

example, drenches (agueous or non-agueous solutions or suspensions), tablets, e.g., those
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targeted for buccal, sublingual, and systemic absorption, boluses, powders, granules,

pastes for application to the tongue.

{143] As set out herein, certain embodiments of the compounds described herein may
contain a basic functional group, such as amino, and are, thus, capable of forming
pharmaceutically-acceptable salts with pharmaceutically-acceptable acids. The term
"pharmaceutically-acceptable salts" in this respect, refers to the relatively non-toxic,
inorganic and organic acid addition salts of compounds of the present disclosure. These
salts can be prepared im sifu in the administration vehicle or the dosage form
manufacturing process, or by separately reacting a purified compounds of the invention
in its free base form with a suitable organic or inorganic acid, and isolating the salt thus
formed during subsequent purification. Representative salts inclode the bromude,
chloride, sulfate, bisulfate, carbonate, bicarbonate, nitrate, acetate, valerate, oleate,
pahmitate, stearate, laurate, benzoate, lactate, phosphate, tosylate, citrate, maleate,
fumarate, succinate, taritrate, napthylate, mesylate, glucoheptonate, lactobionate, and

laurylsulphonate salts and the like.

{144] The pharmaceutically acceptable salts of the compounds of the present disclosure
include the conventional nontoxic salts or quaternary ammonium salts of the compounds,
e.g., from nontoxic organic or inorganic acids. For example, such conventional nontoxic
salts include those derived from inorganic acids such as hydrochloride, hydrobromic,
sulfuric, sulfamie, phosphoric, nitric, and the like; and the salts prepared from organic
acids such as acetic, propionic, succinic, glyeolie, stearic, lactic, malic, tartaric, ciiric,
ascorbic, palmitic, maleic, hydroxymaleic, phenylacetic, ghutamic, benzoic, salicyelic,
sulfanilic, 2-acetoxybenzoic, fumaric, toluenesulfonic, wmethanesulfonic, ethane

disulfonic, oxalic, isothionic, and the like.

{145] In other cases, the compounds described herein may contain one or more acidic
functional groups and, thus, are capable of forming pharmaceutically-acceptable salts
with pharmaceutically-acceptable bases. The term "pharmaceuticaliy-acceptable salts” in
these instances refers to the relatively non-toxic, inorganic and organic base addition salts
of compounds of the present invention. These salts can likewise be prepared in situ in the

administration vehicle or the dosage form manufacturing process, or by separately
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reacting the purified compound in its free acid form with a suitable base, such as the
hydroxide, carbonate or bicarbonate of a pharmaceutically-acceptable metal cation, with
ammonia, or with a pharmaceutically-acceptable organic primary, secondary or tertiary
amine. Representative alkali or alkaline earth salts include the lithium, sodium,
potassium, calcium, magnesium, and aluminum salts and the like. Representative organic
amines useful for the formation of base addition salts include ethylamine, diethylamine,

ethylenediamine, ethanolamine, diethanolamine, piperazine and the like.

[146] Wetting agents, emulsifiers and lubricants, such as sodivm lauryl sulfate and
magnesium stearate, as well as coloring agents, release agents, coating agents,
sweetening, flavoring and perfuming agents, preservatives, solubilizing agents, buffers

and antioxidants can also be present in the compositions.

{147] Methods of preparing the pharmaceutical comprising the compounds inclade the
step of bringing mto association a compound described herein with the camrier and,
optionally, one or more accessory ingredients. Tn general, the formulations are prepared
by uniformly and intimately bringing into association a compounds described herein with
liquid carriers (liguid formulation), hiquid carriers followed by lyophilization (powder
formulation for reconstitution with sterile water or the like), or finely divided solid

carriers, or both, and then, if necessary, shaping or packaging the product.

[148] Pharmaceutical compositions of the present disclosure suitable for parenteral
administration comprise one or more compounds described herein in combination with
one or more pharmaceutically-acceptable sterile isotonic agueous or non-agueous
solutions, dispersions, suspensions or emulsions, or sterile powders which may be
reconstituted into sterile injectable solutions or dispersions just prior to use, which may
contain sugars, alcohols, antioxidants, buffers, bacteriostats, chelating agents, solutes
which render the formulation isotonic with the blood of the intended recipient or
suspending or thickening agents. In the examples, the active ingredients are brought
together with the pharmaceutically acceptable carriers in solution and then lyophilized to
vield a dry powder. The dry powder is packaged in unit dosage form and then
reconstituted for parental administration by adding a sterile sclution, such as water or

normal saline, to the powder.
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{149] Examples of suitable aqueous and non-aqueous carriers which may be employed
in the pharmaceutical compositions of the disclosure include water, ethanol, polyols
(such as glycerol, propyvlene glycol, polyethylene glycol, and the like), and suitable
mixtures thereof, vegetable oils, such as olive oil, and injectable organic esters, such as
ethyl oleate. Proper fluidity can be maintained, for example, by the use of coating
materials, such as lecithin, by the maintenance of the required particle size in the case of

dispersions, and by the use of surfactants.

{150] These compositions may also contain adjuvants, such as preservatives, wetting
agents, emulsifying agents and dispersing agents. Prevention of the action of
microorganisms upon the compounds of the present disclosure may be ensured by the
inclusion of various antibacterial and antifimgal agents, for example, paraben,
chlorobutanol, phenol sorbic acid, and the like. It may also be desirable to inchude
isotonic agents, such as sugars, sodium chloride, and the hike into the compositions. In
addition, prolonged absorption of the injectable pharmaceutical form may be brought
about by the inclusion of agents which delay absorption such as aluminum monostearate

and gelatin,

[151] The present disclosure therefore also relates to the compounds of the Formula |
and/or their physiologically tolerable salts and/or their prodrugs for use as
pharmaceuticals, to the use of the compounds of the Formula I and/or their
physiologically tolerable salts and/or their prodrags for the production of pharmaceuticals

for the therapy and prophylaxis of the diseases.

[152] The present disclosure furthermore relates to pharmaceutical compositions (or
pharmaceutical preparations} which contain an efficacious dose of at least one compound
of the Formula I and/or its physiologically tolerable salts and/or its prodrugs and a
customary pharmaceutically acceptable carrier.

{153] The compounds of the Formula I are inhibitors of neuraminidases. They have, for
example, the ability to fimetion as antiviral agents. The action of the compounds the
Formula I can be demonstrated, for example, in an assay in which neuraminidases were

used as the substrates. Details of such assav are given below.
) o
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{154] Apart from use as antiviral agents, the compounds of the Formula I and their
physiclogically tolerable salts and their prodrugs can be used for example, as inhibitors of
tmor growth and tumor metastasis, as anti-inflammatories, for the therapy bacterial

infections, efc.

{155] The present disclosure also provides methods for treating a viral infection.
Treatment of the viral infection can occur in virro, e.g., in a cell culture comprising the
infected cells, or in vive in a subject, such as a human. In certain embodiments, the
method comprises administering a therapeutically effective amount of a compound
described herein to the subject. In certain embodiments, the viral infection is an influenza

viral nfection.

[156] The compounds, pharmaceutical compositions, and therapeutic methods described
herein are useful for preventing, treating, or ameliorating infections caused by influenza
virases, including but not himited to: any of the subtypes of influenza A, influenza B, or

nfluenza C.

[157] In certain embodiments, the compounds, pharmaceutical compositions, and
therapeutic muethods disclosed herein are useful for preventing, treating, or ameliorating
infections caused by influenza A viruses, including but not limited to, any of the strains
of HINI, HINZ, HIN3, HIN4, HINS, HING, HIN7, HINg, HINS, H2N1, H2N2, HZN3,
HIN4, HIN5, H2ZN6, H2N7, H2NR, H2N9, H3N1T |, H3N2, H3N3, H3N4, [I3N5. H3N6,
H3NT, H3NR, H3Ng, H4ANI, HSN2, H5N3, H5N4, HSN5, H5N6, HSN7, HSNE, HANG,
H6NIT, 1I6N2, HON3, H6N4, HONS, HONG, H6NT, HONS, H6NG, HTNI, H7N2, H7N3,
H7N4, H7NS, H7N6, H7TN7, H7NE, H7N9, HENT, H8N2, HEN3, HE8N4, HINS, HENS,
HEN7, H8NE, HENG, HONI, H9NZ, HON3, HON4, HONS. HONG, HON7, HINR, HONG,
HIONI, HIONZ, HION3, HiON4, HIONS, HIONG, HION7, HIONS, HIONG, HIINT,
HIINZ, HIIN3, HEIN4, HIINS, HIING, HIIN7, HIINS, H1ING, HIZNT, HI2NZ,
HIZN3, H1ZN4, HIZNS, HIZN6, HIZN7, HI2NE, HI2NS, HI3NI, H13N2, HI3N3,
HI3N4, HI3NS5, HI3NG, HI3N7, HI13N8, HI3NG, HI4NT |, H14N2, HI4N3, Hi4N4,
HI4NS, H14N6, HI4N7, HI4NE, HI4NG, HISNI, HISNZ, HI5N3, H15N4, HISNS
HISNG, HIN7, HISNS, and HISNS.

2
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[158] In certain embodiments, the compounds, pharmaceutical compositions, and
therapeutic methods disclosed herein are useful for preventing, treating, or ameliorating
infections caused by HINI1 and H3N2. In certain embodiments, the influenza virus is an

oseltamivir-resistant influenza A virus.

[159] In certain embodiments, the compounds described herein can be co-administered

with one or more antivirals.

[160] In certain embodiments, the compounds described herein can be co-administered

with a second antiviral.

{161] The compounds described herein can be administered according to therapeutic
protocols well known in the art. It will be apparent to those skilled in the art that the
administration of the compounds described herein and the second antiviral can be varied
depending on the disease being treated and the known eftects of the second antiviral on
that disease. Alse, in accordance with the knowledge of the skilled clinician, the
therapeutic protocols {e.g., dosage amounis and times of administration) can be varied in
view of the observed effects of the administered therapeutic agents (i.e., second antiviral)
on the patient, and in view of the observed responses of the disease to the administered

therapeutic agents.

[162] Also, in general, compounds described herein and the second antiviral do not have
to be administered in the same pharmaceutical composition, and may, becanse of
different physical and chemical characteristics, have to be administered by different
routes. For example, compounds described herein may be administered intravenously to
generate and maintain good blood levels, while the second antiviral may be administered
orally. The determination of the wmode of admunistration and the advisability of
administration, where possible, in the same pharmaceutical composition, is well within
the knowledge of the skilled clinician. The mitial administration can be made according
o established protocols known in the art, and then, based upon the observed effects, the
dosage, modes of administration and times of administration can be modified by the

skilled clinician.
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{163] The particular choice of second antiviral will depend upon the diagnosis of the
attending physicians and their judgment of the condition of the patient and the

appropriate treatment protocol.

{164] A compound described and second antiviral may be administered concurrently
(e.g., simultaneously, essentially simultaneously or within the same treatment protocol)
or sequentially, depending upon the nature of the viral infection, the condition of the
patient, and the actual choice of second antiviral to be administered in conjunction (i.e.,

within a single treatment protocol) with a compound described herein.

[165] If a compound described herein and the second antiviral are not administered
stmultancously or essentially simultaneously, then the optimum order of adnunistration
of the compound described herein and the second antiviral, may be different for different
viral infections. Thus, in certain situations the compound described herein may be
administered first followed by the administration of the second antiviral; and in other
situations the second antiviral may be administered first followed by the administration of
a compound described herein. This alternate administration may be repeated during a
single treatment protocol. The determination of the order of administration, and the
number of repetitions of administration of each therapeutic agent during a freatment
protocol, is well within the knowledge of the skilled physician after evahuation of the

disease being treated and the condition of the patient. For example, the second antiviral.

[166] may be administered first and then the ftreatment continued with the
administration of a compound described herein  followed, where determined
advantageous, by the administration of the anti-viral, and so on until the treatment

protocol is complete.

{167] Thus, in accordance with experience and knowledge, the practicing physician can
modity each protocol for the administration of a component {compound described herein
and the second antiviral) of the treatment according to the individual patient's needs, as
the treatment proceeds.

[168] The disclosure is further illustrated by the following examples, which are not to
be construed as limiting this disclosure in scope or spirit to the specific procedures herein

described. 1t’s to be understood that any embodiments listed in the examples section are
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embodiments of the oseltamivir derivatives, as such, are suitable for use in the methods

and compositions described above.
[169] Example 1

(170] (QR4R.58)-4-acctamido-3-(pentan-3-yloxy)}-3-(({(5-(thiophen-2-y1)-1,2,4-

oxadiazol-3-vhmethylhamino)eyclohex-1-ene-1-carboxylic acid (81)

[171] The preparation of S1 is illustrated in Figure 1.
(172] Synthesis of intermediate 2

{1731 A round bottom flask was charged a magnetic stirring, chloroacetonitrile {132
mmol, 10 g}, hydroxylamine (9.2 g, 132 mmol) and 100 ml water in ice bath. Na,COs
was added portion wise to the mixture, then warm to room temperature. After 2 h, sodium
chloride aqueous solution was added, extracted with Et;0, combined organic phase,
washed by NaCl solution and filtered, the filtration was evaporated, and the residue was
dried in vacuum to provide the titled compound as white solid, 5 g, 35 % vield.

{174] Synthesis of intermediate 3

{175] To a solution of compound 2a (1 eq.) in acetone was added 2-thiophenecarbonyl
chloride dropwise at 0°C. Subseguently, the mixture was warmed to room temperature.
After 4 h, the volatiles were removed in vacuum and the residue was partitioned between
water and EA, the organic phase was washed with brine and dried with anhydrous
NapSO4. The mixture was filtered, and the filtration was evaporated to afford crude
product as pale-yellow solid.

[176] Synthesis of intermediate 4

[177] Compound 3 and acetic acid were added to a round bottom flask and heated to

reflux. When TLC indicated that the reaction was completed, it was cooled to 1.t. and the
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solvents was removed in vacuum. NaHCOs aqueous solution was added to the residue,
extracted by EA. The organic phase was combined and washed with brine and dried by
anhydrous Na,SO,; and the crude mixture was evaporated and purified by column

chromatography to provide the titled compound.
[178] Synthesis of intermediate S

{179] To a round-botiom flask were added Oseltamivir phosphate (1eq), compound (4)
(1.2 eq.) and DMF. DIPEA (3 eq.) was added at r.t. and then heated to 70"C. After {2 h,
water was added to the reaction mixture followed by extracting with EA. The combined
organic phase was washed with NaCl solution, dried by Na;SO; and evaporated to

provide the titled compounds.
{I80] Synthesis of 81

[181] Compound (8) (1 eq.) was dissolved in methanol and water (v: v=15: 1), NaOH (5
eq.) was added. The reaction mixture was heated to 50°C overnight. Methano!l was
removed i vacuum and a small amount of water was added to the reaction mixture. The

aqueous phase was washed by CH,(Cl, twice, then acidified to precipitate 81,

[182] White solid. "H NMR (400 MHz, DMSO) § 8.08 (d, /= 4.8 Hz, 1H), 8.01 (d,J =
3.5 Hz, 1H), 7.75 (d, J = 9.0 Hz, 1H), 7.42 — 7.25 (m, 1H), 6.60 (s, 1H), 3.99(d, /=79
Hz, 1H), 3.87 (dd, J=31.2, 15.1 Hz, 2H), 3.64 (dd, J=18.7, 9.1 Hz, 1H), 3.35 — 3.30 (i,
2H), 2.79 — 2.65 (m, 2H), 1.85 — 2.06 (m, 1H), 1.84 (s, 3H), 1.35 — 1.45 (m, 4H), 0.83 (¢,
J=7.3Hz, 3H), 0.78 (t, J= 7.4 Hz, 3H). PC NMR (101 MHz, DMSO) & 171.07, 170.19,
170.14, 168.10, 137.64, 134.25, 132.95, 129.82, 129.66, 125.25, 81.29, 75.73, 54.80,
54.63, 41.38, 30.94, 26.10, 25.60, 23.48, 9.92, 9.38. HRMS (ESI, mv/z) caled for
CoiHarN2OsS, 447.1708 [M-H']; found, 447.1699.

[183] Example 2

[184] (3R 4R 58)-4-acetamide-3-{pentan-3-yloxy)}-5-{{{5-(4-
{triflusromethyliphenyi}-1,2,4-0xadiazol-3-ymethyaminojeyelghex-1-ene-1-

carboxylic acid (52}
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HE@\/)\N} \ /CF,

52

[185] The same experimental procedure detailed in the preparation of (3R,4R.58)-4-
acetamido-3-(pentan-3-yloxy)-5-({{5-(thiophen-2-yi)-1,2 4-oxadiazol-3-
yhmethyhamino)cyclohex-1-ene-1-carboxylic acid (81} (Example 1)was used. 4-
(Trifluoromethyl}benzoyl chloride was used to instead of 2-Thiophenecarbonyl chloride.
[186] White solid. "H NMR (400 MHz, DMSO) 5 8.33 (d, J = 8.1 Hz, 2H), 8.02 (d, J =
8.2 Hz, 2H), 7.72 (d, /=89 Hz, 1H), 6.38 (s, 1H), 3.93 (dd, /= 34.1, 153 Hz, 3H), 3.62
(d, /=91 Hz, ZH), 3.30 (s, 1H), 2.72 (d, /= 18.2 Hz, 2H), 2.02 — 1.89 (m, 1H), 1.48 —
1.30 {m, 4H), 0.83 (t, J = 7.3 Hz, 3H), 0.77 (t, J = 7.3 Hz, 4H). °C NMR (101 MHz,
DMSO) 8 174.2, 170.6, 170.2, 133.2, 1329, 129.2, 127.7, 127.0 (g, J = 3.6 Hz), 125.4,
122.7,81.1,76.2,55.0,41.4,39.7,39.5,39.3, 31.6, 26.2,25.6, 23.5, 9.9, 9.4. HRMS (E5],
m/z) caled for CyaHagF3N4Os, 509.2017 [M-H]; found, 509.2009.

[187] Example 3

[188] (BR,4R.58)-4-acetamide-5-({((5-(4-fluorophenyl)-1,2,4-oxadiazel-3-
yimethyDamino)-3-(pentan-3-yloxyjeyclohex-1-ene-i-carboxylic acid (53)

O
)* v
83

[189] The same experimental pmcedure detailed in the preparation of (3R, 4R,55)-4-

nnnnn
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yhimethyhaminojcyclohex-1-ene-1-carboxylic acid {S1) (Example 1) was used. 4-

Fluorobenzoyl chloride was used to instead of 2-Thiophenecarbonyl chloride.

[190] White solid. 'H NMR (400 MHz, DMSO) 5 8.18 (dd. /= 8.5, 5.4 Hz, 2H), 7.76 (d,
J=9.0Hz, 1H), 7.49 (t, /= 8.8 Hz, 2H), 6.60 (s, 1H), 3.99 (d, J = 7.7 Hz, 1H), 3.90 (dd,
J=29.6,152 Hz, 2H), 3.65(dd, /= 18.2, 9.0 Hz, 1H), 2.81 — 2.65 (m, 2H), 2.01 (dd, J =
16.3, 8.7 Hz, 1H), 1.40(dd, J=11.6, 5.5 Hz, 4H), 0.83 (1, /=73 Hz, 3H), 0.78 (t, /=73
Hz, 3H). "C NMR (101 MHz, DMSO) 3 174.54, 170.39, 170.13, 168.01, 166.57, 164.07,
137.69, 131,19, 131.10, 129.77, 12076, 117.43, 117.21, 81.29, 75.71, 54.74, 54.66, 41 .47,
30.90, 26.09, 25.60, 23.47, 991, 9.37. HRMS (ESL, m/z) caled for CyuHygFNLOs,
459.2049 [M-H; found, 459.2035,

i

HN\/i:Q ”{b

{191] Example 4

[192] The same experimental pmcedure detailed in the preparation of (3R, 4R,55)-4-
yhymet 1yi}amum}cyck)hex~'i~ene~i~carbm<yhc acid (Si) (Example 1) was used

Picolinoyl chloride was used to instead of 2-Thiophenecarbonyl chloride.

[193] White solid. "H NMR (400 MHz, DMSO) 6 8.83 (d, J=4.5 Hz, 1H), 8.26 (d, J =
7.8 Hz, 1H), 811 (td, J= 7.8, 1.5 Hz, 1H), 7.71 (dd, J= 7.1, 5.0 Hz, 1H), 7.66 (d, J =
16.5 Hz, 1H), 7.01 (s, 1H), 6.28 {s, 1H}, 3.83 — 4.05 (m, 3H), 3.64 — 3.57 (m, 1H), 3.25 —
3.33 (m, 1H), 2.78 — 2.60 (m, 2H}, 1.92 (dd, J = 17.5, 8.9 Hz, 1H), 1.82 (s, 3H), 1.44 —
1.33 (m, 4H), 0.83 (t, J = 7.3 Hz, 3H), 0.77 (t, J = 7.4 Hz, 3H). “C NMR (101 MHz,
DMSO) 8 174.4, 170.5, 170.1, 151.0, 143.5, 143.4, 138.6, 130.9, 127.8, 124.8, 80.9, 76.7,
55.3,55.2,41.5,32.3,26.2, 25.6,23.5, 9.9, 9.4, HRMS (ESI, m/z) caled for CaaHagNsOs,
442 20396 [M-H}; found, 442.2090.
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[194] Example 8

(195] (BR4R.58)-4-acctamide-5-(({(5-(4-bromophenyl)-1,2.4-0xadiazel-3-

yhmethyDamino)-3-(pentan-3-vioxylevelohex-1-ene-i-carboxylic acid (85}

[196] The same experimental procedure detailed in the preparation of (3R,4R.58)-4-
acetamido-3~-(pentan-3-yloxy}-5-({{S-(thiophen-2-y1}-1,2 4-oxadiazol-3-
yhmethyDaminoeyelohex-1-ene-1-catboxylic acid (81} {(Example 1)was used. 4-

Bromobenzoyl chloride was used to instead of 2-Thiophenecarbonyl chloride.

[197] White solid. "H NMR (400 MHz, DMSO) 3 12.57 (s, 1H), 805 (d, /= 8.4 Hz,
2H), 7.87 (d, /= 8.4 Hz, 2H), 7.80 (d, /= 6.9 Hz, 1H}, 6.62 (s, TH), 4.02 (5, 3H), 3.69 (s,
tH), 2.93 - 2.65 (m, 2H), 2.09 (s, I1H), 1.84 (5, 3H), 1.50 - 1.31 (m, 4H), 0.84 (1, /=73
Hz, 3H), 0.78 (t, /= 7.3 Hz, 3H). 13C NMR. HRMS (ESL, m/z) caled for CaaHasBrNOs,
519.1249 [M-H'}; found, 519.1234,

[198] Example 6

(199] (R4R.55)-4-acetamido-5-(((5-3-nitrophenyl)-1,2.4-oxadiazol-3-

yhmethyDamino}-3-(pentan-3-viexyjeyclohex-1-ene-1~carboxylic acid {(56)

{200] The same experimental procedure detailed i the preparation of (3R, 4R,55)-4-

acetamido-3-(pentan-3-yloxy}-5-(((5-(thiophen-2-y1)-1.2 4-oxadiazol-3-
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yhimethyhaminojcyclohex-1-ene-1-carboxylic acid {S1) (Example 1) was used. 3-

Nitrobenzoyl chloride was used to instead of 2-Thiophenecarbonyl chloride.

[201] White solid. "H NMR (400 MHz, DMSO) & 8.80 (s, 1H), 8.61 ~ 847 (m, 2H),
797 (t,/=79Hz, 2ZH), 6.64 (s, 1H), 4.15 (d. /= 46.0 Hz, 3H), 3.80 (s, 1H), 3.28 - 2.91
(m, 2H), 2.81 {d, J = 15.5 Hz, 1H), 2.27 (s, 1H), 1.87 (s, 3H), 1.33 — 1.52 (m, 4H), 0.81
(dt, J = 20.5, 7.2 Hz, 6H). "C NMR (101 MHz, DMSO) 3 174.0, 170.6, 167.7, 148.8,
137.9, 1343, 1321, 128.8, 128.2, 125.1, 122.9, 81.4, 75.2, 55.0, 53.3, 26.1, 25.6, 23.6,
9.9, 9.4. HRMS (ESI, m/z} calcd for CysHagNsOr, 486.1994 [M-H']; found, 486.1985,

{202] Example 7

[203] (BR4R.58)-4-acetamide-5-(((8-(furan-2-vi)-1,2.4-oxadiazel-3-

vhmethyamino)-3-(pentan-3-viexy)cyclohex-1-ene-i-carboxylic acid (87)

N T N9 O
1 - I By
HN\/\N}M
87

{204] The same experimental procedure detatled in the preparation of (3R,4R,55)-4-
acetamido-3~-(pentan-3-yloxy}-5-({{S-(thiophen-2-y1}-1,2 4-oxadiazol-3-
yhmethyhaminojeyelobex-1-ene-1-carboxylic acid (81} (Example 1) was used. Furan-2-

carbonyl chioride was used to instead of 2-Thiophenecarbonyl chloride.

[205] White solid, "H NMR (400 MHz, DMSO) 5 8.13 (s, 1H), 7.76 (4, J = &.9 Hz, 11),
7.55 (d, J = 3.0 Hz, 1H), 7.04 (s, 1H), 6.84 (s, 1H), 6.43 (s, 1H), 3.93 (s, 1H), 3.92 - 3.79
(m, 2H), 3.61 (d, J = 9.0 Hz, 1H), 3.30 (d, J = 4.8 Hz, 1), 2.77 - 2.62 (m, 2H), 2.02 -
1.90 (m, 1H), 1.82 (s, 3H), 1.38 (s, SH), 0.83 (d, J= 6.9 Hz, 3H), 0.76 (t, J= 7.1 Hz, 3H).
BC NMR (101 MHz, DMSO) § 170.2, 170.0, 169.7, 167.3, 148.6, 139.7, 133.9, 133.2,
117.7, 113.5, 81.1, 76.2, 55.1, 55.0, 41.3, 31.8, 26.2, 25.6, 23.4, 9.9, 9.4. HRMS (ESI,
m/z) caled for CayHayN4Os, 431.1936 [M-H; found, 431.1930.

206] Example 8
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12071 (BRA4R,55)-4-acetamide-3-{pentan-3-vloxy}-5-{{({5-phenyl-1,2.4-0xadiazel-3-

yviymethyljamino)eyclohex-1-ene-1-carboxylic acid {S8)

[208] The same experimental procedure detailed m the preparation of (3R,4R,55)-4-
yhmethyhaminojeyclohex-1-ene-i-carboxvlic acid (81} (Example 1) was used. Benzoyl

chloride was used to instead of 2-Thiophenecarbonyl chloride.

[209] White solid. "H NMR (400 MHz, DMSO)} 6 8.12 (d, J = 7.3 Hz, 2H), 7.76 (d, J =
9.1 Hz, 1H), 7.71 (4, J = 7.3 Hz, 1H), 7.64 (1, J = 7.5 Hz, 2H), 7.04 (s, 1H), 6.54 (s, 1 H),
3.91 (dd, J = 32.1, 15.1 Hz, 3H), 3.64 (d, J= 9.3 Hz, 1H), 3.33 - 3.30 (m, 1H), 2.73 (dd,
J=17.6, 7.4 Hz, 2H), 2.00 (dd, /= 18.4, 10.7 Hz, 1H), 1.83 (s, 3H), 1.47 — 1.28 (m, 4H),
0.82 (dd, J = 14.4, 7.0 Hz, 3H), 0.77 (d, J = 7.4 Hz, 3H). "C NMR (101 MHz, DMSO) &
175.4, 170.4, 170.1, 168.7, 136.3, 133.6, 131.1, 130.0, 128.2, 124.0, 81.2, 75.9, 54.9, 54.8,
41.5,31.2, 26.1, 25.6, 23.5, 9.9, 9.4. HRMS (ESI, m/z) caled for CpaHpgN4Os, 441.2143
IM-H]; found, 441.2136.

i210] Example ¢

[211] QRA4R 55} -4-acetamide-5-{{{5-(naphthalen-2-y1}-1,2,d-oxadiazel-3-

yhimethyliamine}-3-{pentan-3-viexyjeyclohex-1-ene-i-carbexylic acid (89)
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{212] The same experimental procedure detailed in the preparation of (3R,4R,55)-4-
acetamido-3-(pentan-3-yloxy}-5-(((5-(thiophen-2-y1)-1.2 4-oxadiazol-3-
yhmethyhaminojcyclohex-1-ene-1-carboxylic acid {(S1) (Example 1) was used. 2-

naphthoyl chloride was used to instead of 2-Thiophenecarbonyl chioride.

[213] White solid. "H NMR (400 MHz, DMSO) & 8.81 (s, 1H), 8.17 (dt, J = 15.3, 8.2
Hz, 3H), 8.06 (d, J = 7.9 Hz, 1H), 7.78 (d, J = 9.0 Hz, 1H), 7.75 — 7.64 (m, 2H), 6.62 (s,
{H), 4.00 (s, TH), 3.95 (g, J = 13.6 Hz, 2H), 3.67 (dd, J= 18.3, 9.2 Hz, 1H), 2.85 — 2.70
(m, 2H), 2.04 (ddd, J=11.7, 8.1, 5.8 Hz, 1H), 1.84 (s, 3H), 1.48 — 1.30 (m, 4H), 0.83 (1, J
= 7.3 Hz, 3H), 0.78 (1, J = 7.3 Hz, 3H). °C NMR (101 MHz, DMSO) § 175.5, 170.5,
170.2, 168.0, 137.9, 135.2, 132.8, 129.8, 129.7, 129.6, 129.4, 129.3, 128 .4, 127.93, 124.0,
121.3, 81.3, 75.7, 54.8, 54.7, 41.6, 30.9, 26.1, 25.6, 23.5, 9.9, 9.4. HRMS (ESI, m/z)
caled for CorH3N4Os, 491.23 [M-H]; found, 491.2288.

i214] Example 18

(215] (BR4R.58)-4-acetamide-3-(pentan-3-yloxy}-5-(((5-(o-tolyl)-1,2 . 4-oxadiazel-3-
yimethyDaminojeyclohex-1-ene-1-carboxylic acid (516)

NI < -0
: HN\/\%Q

{216] The same experimental procedure detailed in the preparation of (3R,4R,55)-4-
acetamido-3-(pentan-3-yloxy}-5-({{5-(thiophen-2-y1}-1,2 4-oxadiazol-3-
yhimethyhaminojcyclohex-1-ene-1-carboxylic acid {S1) (Example 1) was used. 2-
Methylbenzoyl chloride was used to instead of 2-Thiophenecarbonyl chioride.

[217] White solid. "H NMR_ (400 MHz, DMSO) § 8.04 (d, /= 7.7 Hz, 1H), 7.78 (d, J =
9.1 Hz, 1H), 7.57 (t, /=72 Hz, 1H), 748 (d, /= 7.6 Hz, 1H), 744 {t, /= 7.7 Hz, 1H),
6.59 (s, 1H}, 4.01 (s, 1H), 3.99 - 3.90 {(m, ZH), 3.66 {d, J = 94 Hz, 1H), 3.33 (s, 1H),
2.83 — 2.69 (m, 2H), 2.65 (s, 3H), 2.02 (dd, J = 17.0, 9.3 Hz, 1H), 1.83 (s, 3H), 1.50 ~
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1.32 (m, 4H), 0.83 (t, J = 7.4 Hz, 3H), 0.78 (1, J = 7.4 Hz, 3H). "C NMR (101 MHz,
DMSO) & 175.89, 170.10, 169.91, 168.17, 138.91, 137.39, 133.03, 132.45, 130.25,
130.05, 127.09, 123.25, 81.27, 75.75, 54.76, 54.72, 41.50, 30.93, 26.10, 25.59, 23.42,
21.80, 9.92, 9.37. HRMS (ESI, m/z) caled for CyH3N4Os, 455.23 [M-H']; found,
455.2312.

[218] Example 11

(219] (BRM4R,55)-4-acetamide-3-{pentan-3-yloxy}-5-{{{5-(3,4,5-trimethoxyphenyl)-

1,2,4-oxadiazel-3-vi)methyljaminoicyciohex-1-ene-1-carboxylic acid {511}

2,00
, Wan' —OMe

{223] The same experimental procedure detailed in the preparation of (3R,4R,55)-4-
yvhmethyhaminojcyclohex-1-ene-i-carboxvlic acid {S1) (Example 1) was used. 3,4,5-

Trimethoxybenzoyl chloride was used to instead of 2-Thiophenecarbonyl chloride,

[221] White solid. 'H NMR_ (400 MHz, DMSO) § 7.77 (d, J = 9.0 Hz, 1H), 7.38 (s, 2F),
6.59 (s, 1H), 3.99 (d, J = 8.0 Hz, 1H), 3.93 (d, J = 15.3 Hz, 2H), 3.89 (s, 6H), 3.77 (s, 3H),
3.66 (dd, J= 18.8, 9.0 Hz, 1H), 3.36 - 3.29 (m, 1H), 2.78 - 2.66 (m, 2H), 2.02 (dd, J =
17.4,9.3 Hz, 1H), 1.85 (s, 3H), 1.33 - 1.50 (m, 4H), 0.83 (t, J = 7.3 Hz, 3H), 0.78 (t, J =
7.4 Hz, 3H). PC NMR (101 MHz, DMSO) & 175.23, 170.40, 170.11, 16%.12, 153.90,
141.99, 137.46, 129.98, 119.08, 105.60, 81.28, 75.73, 60.75, 56.67, 54.94, 54.63, 41.60,
30.95, 26.10, 25.60, 23.48, 9.92, 9.38. HRMS (ESL, m/z) calcd for CaghssNaOs, 531.246
IM-H]; found, 531.2468.

222] Example 12
(2231 (BR4R,55)-4-Acetamido-53-(((5-(4-chlorophenyl)-1,2.4-oxadiazol-3-

yhimethyliamine}-3-{pentan-3-yloxyjeyciohex-1-ene-1-carboxylic acid (512}
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{224] The same experimental procedure detailed in the preparation of (3R 4R,58)-4-
acetamido-3-(pentan-3-yloxy}-5-({{S-(thiophen-2-vi)-1,2 4-oxadiazol-3-
yhmethyDamino)eyclohex-1-ene-1-carboxylic acid (81} (Example I)was used. 4-

Chlorobenzoyt chloride was used to instead of 2-Thiophenecarbonyl chloride.

[225] White solid. 'H NMR (400 MHz, DMSO) 8 8.13 (d, J = 6.7 Hz, 2H), 7.84 (s, 1H),
774 (d, J = 6.6 Hz, 2H), 6.63 (s, 1H), 4.04 (s, 3H), 3.73 (s, TH), 2.92 (s, 1H), 2.76 (d, J =
17.1 Hz, 1H), 2.15 (s, 1H), 1.84 (s, 3H), 141 (s, 4H), 0.90 — 0.69 (m, 6H). °C NMR (101
MHz, DMS0O) 8 174.72, 170.39, 167.79, 138.66, 137.96, 136.03, 131.61, 130.28, 130.13,
12921, 124.40, 122.71, 81.38, 75.46, 54.90, 54.02, 29.48, 26.07, 25.57, 23.56, 9.89, 9.37.
HRMS (ESI, m/z) caled for CysHapCTIN,Os, 475.1754 [M-HT]: found, 475.1762.

{226] Example 13

(2271 (3R 4R, 538)-4-acetamide-5-({(5-(1,6-difluorophenyl}-1,2,4-oxadiazel-3-

yhmethyDamino)-3-(pentan-3-yloxyjcyelohex-1-ene-1-carboxylic acid (813}

{228] The same experimental procedure detailed in the preparation of (3R,4R.58)-4-

acetamido-3-(pentan-3-yloxy}-5-({{S-(thiophen-2-vi)-1,2 4-oxadiazol-3-
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yhimethyhaminojcyclohex-1-ene-1-carboxylic acid {81} (Example I}was used. 2,6-

Difluorobenzoyl chloride was used to instead of 2-Thiophenecarbonyl chloride.

[229] White solid. 'H NMR (400 MHz, DMSO) & 7.89 - 7.77 (m, 2H), 7.43 (t, /= 9.0
Hz, 2H), 6.62 (s, 1H), 4.11 — 3.93 (m, 3H), 3.69 (dd, /= 18.7, 9.1 Hz, 1H), 3.37 - 3.31
(m, 1H), 2.85 (s, 1H), 2.73 (dd, /=174, 4.2 Hz, 1H), 2.08 (t, J = 12.2 Hz, 1H). 1.83 (s,
3H), 1.49 — 1.35 (m, 4H), 0.83 (t, /= 7.3 Hz, 3H), 0.78 (1, J = 7.4 Hz, 3H). "C NMR
(101 MHz, DMSO) 8 170.21, 169.93, 168.24, 167.90, 160.5 (d, J=259.2 Hz), 160.3 (d.J
=1259.4 Hz), 137.99, 136.31 (d, J= 11.1 Hz), 129.45, 113.6 (d, J=21.2 Hz), 113.5(d, J
=21.2 Hz), 103.0 (d, J = 16.3 Hz), 81.33, 75.65, 54.84, 54.45, 41.30, 30.53, 26.07, 25.57,
23.41, 9.91, 9.36. HRMS (ESIL, m/#) caled for CpHp FaNyGs, 4771955 [M-H]; found,
477.1965.

{230] Example 14

{231] (BRM4R,55)-4-Acetamide-53-(((5-(4-methoxyphenylfuran-2-viymethyljamino}-

3-(pentan-3-yioxy)eyclohex-1-ene-1-carboxylic acid (S14)

o % IQH
)l\gw =
Hi ’Q (\i/wam
S14

{232] Preparation of 814 is illustrated in Figure 2.
{233] Synthesis of intermediate 7

{234] 5-Bromofuran-2-carbaldehyde (175 mg, | mmol), (4-Methoxyphenyhboronic
acid (1 munol, 1 equiv), Pd(dppfhCL.DCM (16 mg, 2 % equiv), NaxC0O; (318 mg, 3
mmol, 3 equiv) were added to a Shrenk flask with 6 ml of Toluene, 1.5 ml HyO and 1.5
mi EtOH. The reaction mixture was charged with Ny and heated at 110°C overnight. The
solution was extracted with EtOAc and the combined extracts were dried over Na,SO4.

Chromatographic purification gave the titled compounds.

{235] Synthesis of intermediate 8
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{236] To a solution of oseltamivir phosphate (123 mg, 0.3 mmol} and 5-(4-
methoxyphenyl)furan-2-carbaldehyde (0.36 mmol, 1.2 equiv) in 10 ml ethanol,
NaBH{(OAc); (318 mg, 1.5 mmol) was slowly added. The mixture was stirred at room
temperature overnight and then concentrated. To the residue, 20 ml saturated NaHCO,
solution was added, and the mixture was extracted with EtOAc. The combined extracts

were dried over anhydrous Na,SO, and purified by chromatograph to give the products.

{237] Synthesis of Si4

~5

{238] Compound 8 (1 eq.) was dissolved in methanol and water (v: v = 5: 1}, NaOH (5
eq.) was added. The reaction mixture was heated to 50°C overnight. Methanol was
removed in vacuum and a small amount of water was added to the reaction mixture. The
agueous phase was washed by CH,Cly twice, then acidified to precipitate the target

compounds.

[239] White solid. 'H NMR (400 MHz, DMSO) § 7.81 (d, J= 9.0 Hz, 1H), 7.59 (d, J =
8.7 Hz, 2H), 6.97 (d, J= 8.7 Hz, 2H), 6.68 {d, J = 3.1 Hz, 1H), 6.61 (s, 1H), 6.29(d, J=
3.1 Hz, 1H), 4.00 (d, J = 7.8 Hz, 1H), 3.80 (d, J = 18.1 Hz, 4H), 3.74 — 3.63 (m, 2H),
3.34 (dt, J=10.7, 5.3 Hz, 1H), 2.84 — 2.65 (m, 2H), 2.02 (dd, J = 16.9, 9.2 Hz, 1H), 1.85
(s, 3H), 1.33 — 1.52 (m, 4H), 0.73 — 0.89 (m, 6H). "C NMR (101 MHz, DMSO) 8 170.08,
168.13, 158.96, 154.01, 152.50, 137.76, 129.85, 125.11, 123.98, 114.72, 109.10, 105.01,
§1.28, 75.78, 55.63, 54.72, 54.71, 43.17, 30.93, 26.10, 25.61, 23.47, 9.92, 9.39. HRMS
(ESE, m/z} caled for CreHiNOg, 469.2344 [M-H']; found, 469.235.

{240] Example 15

[241] GRAR584-Acetamido-S-({{(5-{4-fluorephenviiuran-Z-yiimethyllamine)-3-

{(pentan-3-yloxyjeycishex-I-ene-1-carboxylic acid (515)

/L\/&Q\

]
H

ZH
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{242] The same experimental procedure detailed in the preparation of ((3R4R,55)-4-
Acetamido-5-({({5-(4-methoxyphenylyfuran-2-yUmethyljamino}-3-(pentan-3-
vloxyleyclohex-1-ene-1-carboxylic acid (814) (Example 14) was used. (4-

Fluorophenyl)boronic acid was used to instead of (4-Methoxyphenylyboronic acid.

[243] White solid. 1H NMR (400 MHz, DMSO) § 7.81 (d, J = 8.9 Hz, 1H), 7.75 - 7.52
(m, 2H), 7.25 (. J = 8.5 Hz, 2H), 6.83 (s, 1H), 6.60 (s, 1H), 6.33 (s, 1H), 3.99 (s, [H),
3,77 (dd, J=136.1, 15.0 Hz, 2H), 3.67 (d. J = 9.2 Hz, 1H), 3.34 (s, 1H), 2.73 (dd, J = 23 .4,
11.8 Hz, 2H), 2.01 (dd, J = 16.1, 9.2 Hz, 1H), 1.85 (s, 3H), 1.40 (dd, J=11.0, 5.5 Hz,
4H), 0.90 — 0.66 (m, 6H). C NMR (101 MHz, DMSO) § 170.07, 164.9 (d, J = 245.1
Hz), 154.99, 151,50, 137.63, 129.96, 127.7 (d, J = 2.9 Hz), 125.6 (d, J = 8.1 Hz), 116.2
(d, J=22.0 Hz), 109.26, 106.70, 81.26, 75.78, 54.73, 43.15, 40.62, 40.41, 40.20, 40.00,
39.79, 39.58, 39.37, 30.97, 26.11, 25.61, 23.47, 9.92, 9.39. HRMS (ESI, m/z) caled for
CosH3oFN2Os, 457.2144 [M-H']; found, 457.2152.

{244] Example 16

245] (3RM4R,55)-4-Acetamide-3-(pentan-3-viexy)-5-({((5-(o-tolyDfuran-2-

yvhimethyllamino)cyclohex-1-ene-1-carboxylic acid (816)

QQ' OH
)J\ e
N v P
H :\/& O
e
816

{246] The same experimental procedure detailed in the preparation of {{3R,4R,558}-4-
Acetamido-5-({{5-(4-methoxyphenylyfuran-2-ylmethylyamino}-3-( pentan-3-
vioxyjcyclohex-1-ene-1-carboxylic acid (814) (Example 14} was used. o-Tolylboronic

acid was used to instead of (4-Methoxyphenvliboronic acid.

[247] White solid. "H NMR (400 MFz, DMSO) § 7.80 (d, /= 9.0 Hz, 1H), 7.64 (d, J =
74 Hz, TH), 7.31 - 7.18 {m, 3H), 6.66 — 6.58 (m, 2H), 6.37 (d, J = 3.0 Hz, 1H), 4.01(d, J
= 7.8 Hz, 1H), 3.79 (dd, J = 39.2, 14.8 Hz, 2H), 3.68 (dd, J = 18.7, 9.3 Hz, 1H), 3.38 -
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3.30 (m, 1H), 2.65 — 2.85 (m, 2H), 2.44 (s, 3H}, 2.02 (dd, J = 17.2, 9.1 Hz, 1H)}, 1.85 (s,
3H), 1.33-1.50 (m, 4H), 0.84 (t, J = 7.5 Hz, 3H), 0.79 (1, J/ = 7.4 Hz, 3H). "C NMR (101
MHz, DMSO) 6 170.05, 168.15, 154.51, 151.89, 137.69, 134.07, 131.66, 130.17, 129.90,
127.66, 126.65, 126.51, 110.07, 108.99, 81.27, 75.79, 54.76, 54.67, 43.09, 30.93, 26.10,
25.60, 2345, 22.06, 9.92, 9.39. HRMS (ESI, nvz) caled for CagHyyN>Os, 453.2395 [M-HT
]; found, 453.2404.,

{248] Example 17

{249] (BR4R.58)-4-Acetamido-S-{{{5-(3,5-difluerophenyl)furan-2-

yhmethylamine)-3-(pentan-3-viexyjcyclohex-1-ene-f-carboxylic acid (517)

{250] The same experimental procedure detailed in the preparation of ((3R,4R.55)-4-
vioxy)cyclohex-1-ene-1-carboxylic acid (814) (Example 14) was used. (3,5-

Difluorophenyl)boronic acid was used to instead of (4-Methoxyphenyliboronic acid.

[251] White solid. 'H NMR (400 MHz, DMSO) § 7.79 (d, J = 9.0 Hz, 1H), 7.37 (d, J =
6.9 Hz, 2H), 7.10 (dd, J = 18.8, 6.2 Hz, 2H), 6.61 (s, 1H), 6.39 (d, J = 2.9 Hz, 1H), 4.01
(d, J=17.6 Hz, 1H), 3.79 (dd, J = 35.1, 15.0 Hz, 2H), 3.67 (dd, J= 18.3, 9.1 Hz, [H), 3.30
340 (m, [H), 2.83 ~ 2.62 (m, 2H), 2.02 (dd. J = 16.8, 9.1 Hz, 1H), 1.86 (s, 3H), 1.33 -
1.50 (m, 4H), 0.90 — 0.74 (m, 6H). °C NMR (101 MHz, DMSO) 3 170.0, 168.1, 163.4 (d,
J=1245.9 Hz), 163.3 (4, J = 246.4 Hz) , 156.2, 150.1, 137.8, 134.2, 134.1, 134.0, 129.7,
109.7 (d, J = 8.3 Hz), 106.5 (d, J = 27.5 Hz), 102.6 (d, J = 26.2 Hz) , 81.3, 75.7, 54.7,
54.6, 43.0, 30.8, 26.1, 25.6, 23.4, 9.9, 9.4, HRMS (ESI, m/z) caled for CasHaoFsN2Os,
475.205 [M-H]; found, 475.2060.

i252] Example 18
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[253] (3RM4R,55)-4-Acetamido-3-(((5-(3,4-dimethoxyphenyijfuran-2-

vijymethyljamine}-3-{pentan-3-viexyjcyciohex-1-ene-1-carboxylic acid {(Si8)

RO
)i\

D o

318

{254] The same experimental procedure detailed in the preparation of ((3R4R,55)-4-
Acetamido-5-({{5-(4-methoxyphenylfiran-2-yDmethylamino)-3-(pentan-3-
vioxyjcyclohex-t-ene-1-carboxvlic acid (814} (Example 14) was used. (3, 4-
Dimethoxyphenyhboronic acid was used to instead of (4-Methoxyphenylyboronic acid.
{255] White solid. "H NMR (400 MHz, DMSO) § 7.98 {d, J = 6.6 Hz, 1H), 7.25 (s, 2H),
7.04 - 693 (m, 1H), 6.80 (4, J = 2.7 Hz, 1H), 6.65 (s, 1H), 6.51 (s, 1H), 3.95 - 4.22 (m,
3H), 3.86 (d, J=13.3 Hz, 1H), 3.82 (s, 3H), 3.78 (s, 3H), 3.33 — 3.42 {(m, 1H), 3.10 (s,
tH), 2.88 (4, J = 16.5 Hz, 1H), 2.35 (5, 1H), 1.89 (s, 3H), 1.48 — 1.36 (m, 4H), 0.77 -
0.89 (m, 6H). "C NMR (101 MHz, DMSO) § 170.64, 167.60, 153.69, 149.55, 149.08,
137.96, 128.86, 123.84, 116,70, 112.67, 112.00, 108.02, 105.56, 81.47, 75.30, 56.14,
56.10, 54.54, 52.99, 41.32, 2847, 26.08, 25.58, 23.68, 9.83, 9.34. HRMS (ESI, nvz)
caled for CyyHisN2 Oy, 499.245 [M-H}; found, 499.2459.

{256] Example 19

{2571 (BR4R,58)-4-Acetamide-3-(((5-(3-chlorophenylifuran-2-yDmethyljamino)-3-

{pentan-3-yioxyjeyciohex-I-ene-1-carboxylic acid (819)

*ﬂw

60



WO 2020/259471 PCT/CN2020/097602

{258] The same experimental procedure detailed in the preparation of ((3R.4R,58)-4-
Acetamido-5-({({5-(4-methoxyphenylyfuran-2-yUmethyljamino}-3-(pentan-3-
vloxyleyclohex-1-ene-1-carboxylic acid (814) (Example 14) was used. (3-

Chlorophenyliboronic acid was used to instead of (4-Methoxyphenyhboronic acid.

{259] White solid. "H NMR (400 MHz, DMSO} § 7.75 (d, J = .8 Hz, 1H), 7.70 (s, 1H),
7.62(d, J=75Hz, IH), 743 (t, /=78 Hz, 1H), 7.30(d, /=75 Hz, IH}, 699 (d, /=
2.0Hz, 1H), 634 (d, /=98 Hz, 2H), 3.92(d, /=064 Hz, 1H),3.77 (dd, /= 47.8, 14.8
Hz, 2H), 3.63 {(dd, /= 17.6, 8.8 Hz, 1H), 3.31 (s, 1H), 2.70 (t, /= 11.6 Hz, 2H), 1.99 -
1.89 (m, 1H), 1.85 (s, 3H), 1.33-1.45 (m, 4H), 0.87 — 0.72 (m, 6H). °C NMR (101 MHz,
DMSO)Y § 169.97, 155.87, 150.73, 13592, 134.17, 132.94, 131.22, 127.16, 123.07,
122.09, 109.36, 108.43, 80.86, 76.62, 55.33, 55.32, 43.19, 32.25, 26.25, 25.67, 23.47,
9.95, 9.46. HRMS (ESI, m/z) caled for CysHioCINGOs, 473.1849 [M-H']; found, 473.1861.

260] Example 28

(261] (BR4R.58)-4-Acetamido-3-{pentan-3-vioxy}-5-({{S-{thiophen-3-yD}furan-2-

yhmethyDaminejcyciohex-1-ene-1-carboxylic acid (20)

820

{262] The same experimental procedure detailed in the preparation of ((3R4R,55)-4-
Acetamido-5-({({5-{(4-methoxyphenylfuran-2-ylmethylamino }-3-(pentan-3-
yvioxy)cyclohex-1-ene-1-carboxylic acid {814} (Example 14) was used. Thiophen-3-
viboronic acid was used to instead of {(4-Methoxyphenyhboronic acid.

[263] White solid. 'H NMR (400 MHz, DMS0) § 7.80 (d, /= 9.0 Hz, 1H), 7.62 (s, 2H),
7.40 (dd, J=4.0, 1.9 Hz, 1H), 6.64 (4, J = 2.9 Hz, 1H), 6.61 (5, 1H}, 6.29(d, /= 2.8 Hz,
IH), 4.01 (4, /=77 Hz, 1H), 3.76 (dd, /= 32.9, 11.8 Hz, 2H), 3.70 - 3.63 (m, 1H), 3.36
~ 333 (m, IH), 2.74 (ddd, J = 26.1, 158, 4.7 Hz, 2H), 2.02 (dd, J = 16.8, 9.4 Hz, 1H),

61



WO 2020/259471 PCT/CN2020/097602

1.85 (s, 3H), 1.33 — 1.50 (m, 4H), 0.87 — 0.75 {(m, 6H). "C NMR (101 MHz, DMSO) &
170.10, 168.10, 154.07, 149.84, 137.80, 132.75, 129.80, 127.67, 125.08, 118.98, 108.83,
106.41, 81.28, 75.76, 54.70, 43.13, 30.92, 26.10, 25.61, 23.47, 9.92, 9.39. HRMS (ESI,
m/z) caled for C23HsN»Os8, 4451803 [M-H'}; found, 445.1815.

{264] Example 21

[265] (BR4R.538)-4-acctamide-5-(((5-(8-chlioro-2-methylphenylifuran-2-

yhmethylamine)-3-(pentan-3-viexyjcyclohex-1-ene-f-carboxylic acid (521)

O,
IS O

gresty

821 G

[{266] The same experimental procedure detatled in the preparation of ((3R,4R,55)-4-
Acetamido-5-(({5-{(4~-methoxyphenylfuran-2-vhimethylamino }-3-(pentan-3-
yioxyjeyclohex-1-ene-1-carboxylic acid (814) (Example 14} was used. (5-Chloro-2-

methylphenyl)boronic acid was used to instead of (4-Methoxyphenviiboronic acid.

[267] White solid. "H NMR (400 MHz, DMSO) 5 8.02 (s, 1H), 7.76 (s, 1H), 7.39 - 7.26
(m, 2H), 6.83 (d, J = 2.6 Hz, 1H), 6.65 (s, 2T, 4.16 (s, 3H), 3.87 (s, 1H), 3.38 (4, /= 5.5
Hz, 1H), 2.87 (d, J= 16.2 Hz, 1H), 2.50 (s, 3H), 2.44 (s, 3H), 1.90 (s, 3H), 1.50 - 1.35 (m,
4HD), 0.84 (t, J = 7.3 Hz, 3H), 0.79 {t. J = 7.4 Hz, 3H). °C NMR (101 MHz, DMSO) &
174.9, 170.8, 167.5, 151.6, 138.0, 133.6, 133.2, 131.4, 131.2, 128.6, 127.6, 126.1, 111.6,
81.5, 75.1, 54.4, 52.4, 29.5, 26.0, 25.5, 23.7, 21.5, 9.9, 9.3. HRMS (ESI, m/z) calcd for
CaaH32CINLO5, 487.2005 [M-H); found, 487.1988.

[268] Example 12

1269] (BRA4R,55)-4-acetamide-5-({{5-(3,5-dimethylisoxazol-4-yDiuran-2-

yhimethyliamine}-3-{pentan-3-yloxyjeyclohex-1-ene-1-carboxylic acid (822}
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522

{270] The same experimental procedure detailed in the preparation of ((3R.4R,55)-4-
Acetamido-5-(((5-(4-methoxyphenyhDfuran-2-ylimethylamimo)-3-(pentan-3-
vioxyjeyclohex-1-ene-1-carboxylic acid (814} (Example 14) was used. (3.5-
dimethylisoxazol-4-ylyboronic acid was used to instead of (4-Methoxyphenyljboronic
acid.

[271] White solid. "H NMR (400 MHz, DMSO) & 7.86 (d, /= 8.7 Hz, 1H), 6.62 (s, 1H),
6.55(d,J=3.0Hz, 1H), 6.45 (s, 1H)}, 404 (d, /=72 Hz, 1H),3.90(d, /= 11.4 Hz, 2H),
372 (dd, J=18.1,9.0 Hz, 1H), 3.34 (d, /= 55 Hz, 1H), 2.88 (s, 1H), 2.82 — 2.71 (m,
1H), 2.50 (s, 3H), 2.34 (s, 3H), 2.21 — 2.04 (m, 1H), 1.85 (s, 3H), 1.47 — 1.34 (m, 4H),
0.83 {t, J= 7.4 Hz, 3H), 0.79 (1, J = 7.4 Hz, 3H). °C NMR (101 MHz, DMS0) § 170.3,
167.9, 165.5, 157.6, 144.3, 138.0, 129.2, 109.8, 108.3, 108.2, 81.3, 75.6, 54 .4, 54.0, 42.0,
31.2,26.1, 25.6, 23.5, 12.5, 11.6, 9.9, 9.8, 9.4. HRMS (ESI, w/z) caled for CruHaaN3Og,
458.2297 [M-H'}; found, 458.2286.

{272] Example 23

[273] (AR4R,538)-4-acetamido-3-({(S5~(dibenzolb.d]furan-4-vhfuran-2-

yhmethyDamino)-3-(pentan-3-yvloxyjeyelohex-1-ene-1-carboxylic acid (23)
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8§23

{274] The same experimental procedure detailed in the preparation of ((3R,4R,55)-4-
Acetamido-5-({{5-(4d-methoxyphenylfuran-2-ylymethylyamino}-3-( pentan-3-

vioxyjcyclohex-1-ene-1-carboxylic  acid (814} (Example 14) was  used.
Dibenzo{b,d|furan-4-ylboronic acid was used to instead of (4-Methoxyphenyliboronic

acid.

i275] White solid. "H NMR (400 MHz, DMSO) § 8.20 (d, /= 7.6 Hz, 1H), 8.09 (d, J =
7.5 Hz, 1H), 7.97 — 7.76 (m, 3H), 7.58 (t, J= 7.6 Hz, 1H), 7.47 (dt, J = 12.5, 7.6 Hz, 2H),
7.27(d, J=2.8 Hz, 1H), 6.64 (5, 1H), 6.61 (5, 1H), 4.15 — 3.70 {m, 4H), 3.30 ~ 3.40 (m,
1H), 2.97 (s, 1H), 2.82 (d, J = 15.4 Hz, 1H), 2.31 ~ 2.10 (m, 1H), 1.89 (s, 3H), 1.41 (dt, J
= 18.7, 6.8 Hz, 4H), 0.84 (1, J = 7.6 Hz, 3H), 0.79 (t, J = 7.5 Hz, 3H). "C NMR (101
MHz, DMSO) 8 170.3, 167.9, 156.0, 151.0, 147.9, 138.0, 1294, 1284, 124.8, 123.9,
123.7, 122.4, 121.8, 120.3, 115.8, 112.4, 111.4, 81.4, 75.6, 54.7, 54.2, 42.5, 30.2, 26.1,
25.6, 23.6, 9.9, 9.4, HRMS (ESI, m/z) caled for CyHaaNyGe, 529.2344 [M-H; found,
5292328,

{276] Example 24

(2771 (3R4R,55)-4-acetamide-3-{pentan-3-yloxy}-5-{({{3-phenylisoxazsi-5-

viymethyijamino)eyclohex-1-ene-1-carboxylic acid {(824)
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{278] Preparation of S24 is illustrated in Figure 3.
i279] Synthesis of intermediate 11

{280] To a stirred solution of dimethyl oxalate (1.1 eq.} and Acetophenone (1 eq.) in
toluene was added a solution of potassium tert-butoxide (1.2 eq.) in THF. The resulting
solution was stirred at room temperature overnight. The reaction was guenched with I N
HCI and extracted with ethyl acetate, The combined organic layers were dried over
Na,SO,, filtered and concentrated under reduced pressure. The crude product (30} was
dissolved in methanol and hydroxylamine hydrochloride was added. The solution was
heated to 50°C for 6 hrs. the solvents was removed under reduced pressure and the
resulting isoxazole ester was purified by flash column chromatography to provide the

target compounds,
{281] Synthesis of intermediate 12

[282] Ester (I equiv) was dissolved in methano! and cooled down to 0°C. NaBH,4 (4 eq.)
was added in small portions to the solution over 10 min. The mixture was warmed slowly
to S0°C and stirred for five hours. NH4Cl aguecus solution was added and the organic
solvent was removed under reduced pressure. The resulting aqueous layer was extracted
with ethyl acetate (3x), and the organic layers were combined and dried over Nay50y,
and the solvents was removed under reduced pressure. This hydroxyl intermediate was

used for the next step without further purification,
{283] Synthesis of intermediate 13

[284] Hydroxyl intermediate (1 equiv) was dissolved in DCM, and the resulting solution
was cooled down to 0°C. CBry (1.5 equiv) and PPh; (1.5 equiv) were added sequentially.
The solution was stirred at 0°C for 30 min and gradually warmed up to room temperature,
The solvent was removed to provide the imtermediates (13).

i285] Synthesis of intermediate 14

{286] To a round-bottom flask were added Oseltamivir phosphate (1 equiv), compound
(13) (1.2 equiv) and DMF. DIPEA (3 eq.) was added at r.t. and heated to 70°C. After 12 h,

water was added to the reaction mixture followed by extracting with EA. The combined
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organic phase was washed with NaCl solution, dried by Na;SOs and evaporated to

provide the titled compounds.
[287] Synthesis of 824

{288] Compound (14) (1 equiv) was dissolved in methanol and water (v: v = 5: 1),
NaOH (5 equiv) was added. The reaction mixture was heated to 50°C overnight.
Methanol was removed in vacuum and a small amount of water was added to the reaction
mixture. The aqueous phase was washed by CH,Cl; twice, then acidified to precipitate

the target compounds.

[289] White solid. 'H NMR (400 MHz, DMSO) § 7.85 (d, J = 7.4 Hz, 2H), 7.79 (d, J =
9.0 Hz, 1H), 7.59 — 7.45 (m, 3H), 6.95 (s, 1H), 6.61 (s, 1H), 4.01 (d, J = 7.9 Hz, {H),
3.84 (dd, J=30.1, 14.6 Hz, 2H), 3.68 (dd, J = 18.4, 9.1 Hz, 1H), 3.34 (s, 1H), 2.71 {t, J =
14.0 Hz, 2H), 2.08 — 1.95 (m, [H), 1.86 (s, 3H), 1.53 — 1.30 (m, 4H), 0.83 (t, /= 7.5 Hz,
3H), 0.79 (1, J = 7.5 Hz, 3H). "C NMR (101 MHz, DMSO) § 170.16, 169.06, 167.97,
164.59, 138.03, 130.74, 129.72, 129.52, 127.51, 125.97, 100.49, §1.32, 75.76, 54.68,
41.44, 30.75, 26.08, 25.59, 23.55, 9.91, 9.38. HRMS (ESI, m/z) caled for CoyH3oN:0s,
440.2191 [M-H; found, 440.2173.

i290] Example 25

[291] GRA4AR58)4-Acetamido-S5-({{3-{4-chlorophenyl)isoxazol-S-yi)methyljamino}-

3-(pentan-3-yviexyjcyclohex-1-ene-1-carboxylic acid (515)

N b -
H HNNQ“CE

525

{292] The same experimental procedure detailed in the preparation of (3R,4R,55)-4-
acetamido-3-(pentan-3-yloxy}-5-({(3-phenylisoxazol-5-ylymethyhamino)cyclohex-1-ene-
I-carboxvlic acid (824) (Example 24} was used. 1-(4-Chlorophenyliethan-1-one was

used to instead of acetophenone.
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[203] White solid. "H NMR (400 MHz, DMSO) 5 7.87 (d, J = 8.3 Hz, 2H), 7.80 (d, J =
9.0 Hz, 1H), 7.61 (d, /=83 Hz, ZH), 7.00 (s, 1H), 6.60 (s, 1H), 4.00 (d, /=7.3 Hz, 1H),
3.87 - 3.77 (m, 2H), 3.67 {(d, /= 9.0 Hz, 1H), 3.33 (d, /= 5.1 Hz, 1H), 2.80 — 2.60 {(m,
2H), 2.06 — 1.94 (m, 1H), 1.86 (5, 3H), 1.50 —~ 1.29 (m, 4H), 0.84 (t, /= 7.5 Hz, 3H), 0.79
(t, J = 7.5 Hz, 3H). "C NMR (101 MHz, DMSO) & 170.15, 168.10, 167.89, 164.92,
137.75, 135.32, 129,83, 127.78, 126.35, 101.07, 81.30, 75.82, 54.76, 54.70, 41 .47, 30.93,
26,09, 2559, 23.54, 9.91, 9.38. HRMS (ESI, m/z} caled for CouHypoCINLOs, 4741801 [M-
H]; found, 474.1785.

{294] Example 26

[295] (BR4R.58)-4-Acetamido-3-{(pentan-3-vioxy)}-5-({{3-{p-telyl}isexazol-5-

yvhmethyamino)cyclohex-1-ene-1-carboxylic acid (526)

[296] The same experimental procedure detatled in the preparation of (3R,4R,55)-4-
acetamido-3-(pentan-3-yloxy}-5-({(3-phenylisoxazol-5-ylymethyhamino)cyclohex-1-ene-
I-carboxvlic acid (824) (Example 24) was used. 1-(p-tolyljethan-1-one was used to

instead of acetophenone.

{207] White solid. "H NMR (400 MHz, DMSO) § 7.87 (d, /= 8.9 Hz, 1H), 7.73 (d, J =
7.9 Hz, 2H), 7.34 (4, /= 7.9 Hz, 2H}, 6.88 (s, 1H), 6.58 (5, 1H), 4.01 (d, /= 7.8 Hz, 1H),
3.80 (dd, J = 30.6, 14.7 Hz, 2H), 3.67 (d, J = 9.2 Hz, 1H), 3.35 - 3.32 (m, 1H), 2.76 -
2.60 (m, 2H), 2.36 (s, 3H), 1.99 (dd, J = 16.4, 8.8 Hz, 1H), 1.86 (s, 3H), 1.47 - 1.29 (m,
4H), 0.83 (1, J = 7.5 Hz, 3H), 0.79 (1, J = 7.4 Hz, 3H). "C NMR (101 MHz, DMSO) &
170.16, 169.17, 168.25, 164.68, 140.54, 137.49, 130.23, 130.08, 125.92, 124,89, 99.83,
§1.28, 75.88, 54.80, 54.74, 41,50, 31.00, 26.10, 25.60, 23.53, 21.46, 9.91, 9.39. HRMS
(ESE, m/z) caled for CysHinN3Os, 454.2347 [M-H']; found, 454.2332.
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{208] Example 27

(299] (BR4R.58)-4-acctamido-3-(((3-(4-methoxyphenyl)isoxazol-5-

yhmethyDamino)-3-(pentan-3-yviexy)eyvelohex-1-ene-1-carboxylic acid (827)

@Q”'; S oH
)J\NW N“’Q R
H Hﬁimﬁe
827

{300] The same experimental procedure detailed in the preparation of (3R,4R.58)-4-
acetamido-3~(pentan-3-yloxy}-5-({((3-phenylisoxazol-S-yhmethyDamino)eyclohex- L-ene-
t-carboxylic acid (824) (Example 24} was used. |-(d-methoxyphenyllethan-1-one was

used to instead of acetophenone.

i301] White solid. "H NMR (400 MHz, DMSO) 8 7.78 (d, J = 8.6 Hz, 3H), 7.08 (d, J =
8.7 Hz, 2H), 6.79 (s, 1H), 6.59 (s, 1H), 3.99 (d, /= 7.8 Hz, 1H), 3.87 - 3.72 (1, 5H),
3.66 (dd, .J = 18.§, 9.2 He, 1H}, 3.30 - 3.36 (m, 1H}, 2.75 - 2.63 (m, 2H), 1.99 (dd, J =
16.5, 8.7 Hz, 1H), 1.86 (5, 3H), 1.33 — 1.46 (m, 4H), 0.83 (1, /= T4 Hz, 3H), 0.79 {(t, /=
7.4 Hz, 3H). PC NMR (101 MHz, DMSO) § 170.11, 169.07, 168.16, 164.63, 161.15,
129.84, 127.66, 120.26, 115.11, 98.93, 81.29, 75.83, 55.84, 54.76, 54.72, 41.53, 30.95,
26.09, 25.59, 23.54, 9.92, 9.39. HRMS (ESI, m/z) caled for CysH3NaOg, 470.2297 [M-H
|; found, 470.2279.

{302] Example 28

[303] GR4R538)-4-Acetamido-3-{pentan-3-vioxy}-5-({(3-{4-
(trifluoromethyliphenybisoxazel-5-ylimethyaminojeyciohex-1-ence-1-carbexylic

acid (S18)
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{304] The same experimental procedure detailed i the preparation of (3R,4R,535)-4-
acetamido-3-(pentan-3-yloxy}-5-({(3-phenvlisoxazol-5-vlymethyhaminojcyclohex- I -ene-
I~carboxvlic acid (824) (Example 24) was used. 1-(4-(Trifluoromethybiphenvljethan-1-

one was used to instead of acetophenone.

{305] White solid. "H NMR (400 MHz, DMSO) 6 8.08 (d, J = 8.0 Hz, 2H), 7.91 (d, J =
B2 Hz, 2H), 7.83 (d, /= 9.1 Hz, TH), 7.16 (5, 1H), 6.59 (s, 1H)}, 4.01 (d, /= 7.7 Hz, 1H),
385 (dd, J = 28.3, 14.7 Hz, 2H), 3.67 (dd, J = 18.3, 9.1 Hz, 1H), 3.35 - 3.32 (m, 1H),
2,63 — 278 (m, 2H), 2.01 (dd, /= 16.4, 9.0 Hz, 1H), 1.86 (s, 3H), 1.32 — [.44 (m, 4H),
0.83 (1, J = 7.5 Hz, 3H), 0.79 (t, J = 7.5 Hz, 3H). "C NMR (101 MHz, DMSO) § 170.2,
168.2, 1674, 165.1, 137.5, 131.1, 130.6, 130.3, 130.0, 128.5, 126.8, 126.7, 126.7, 126.6,
124.4 (g, J = 272.7 Hz), 162.4, 81.3, 75.9, 54.8, 41.5, 31.0, 26.1, 25.6, 23.5, 9.9, 9.4.
HRMS (ESI, my/z) caled for CosHyeFaN;Os, 508.2065 [M-H'; found, 508.2049.

[306] Example 19

(3071 (BR4R,55)-4-acetamide-5-({{3-(3,4-dilluorophenyl}isoxazel-5-

yhimethyliamine}-3-{pentan-3-yloxyjeyclohex-1-ene-1-carboxylic acid (529}

'

Q,
0 "

(J e

/J\ o~ N»Q _— F

H HQ\M ”{}@
523

[308] The same experimental procedure detailed i the preparation of (3R4R,58)-4-

acetamido-3-(pentan-3-yloxy)-5-({(3-phenylisoxazol-5-yhmethyhamino)cyclohex-1-ene-
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I-carboxvlic acid (524) (Example 24} was used. 1-(3,4-difluorophenyljethan-1-one was

used to instead of acetophenone.

[309] White solid. "H NMR (400 MHz, DMSO) § £.05 - 7.92 (m, 1H), 7.81 (d, J = 8.3
Hz, 1H), 7.73 (s, 1H}, 7.63 (dd, /= 18.8, 8.6 Hz, 1H), 7.03 (s, IH), 6.59 (s, 1H}, 3.99 (d,
J=8.0Hz, 1H), 3.82 (q. /= 14.7 Hz, 2H), 3.67 (dd, /= 18.5, 9.2 Hz, 1H), 3.35 - 3.32 (m,
LH), 2.78 — 2.62 (m, 2H), 2.06 — 1.94 (m, 1H), 1.86 (s, 3H), 1.41 (gt, /= 13.7, 6.7 Hz,
4H), 0.81 (dt, J=17.7, 7.3 Hz, 6H). HRMS (EST, m/z) caled for CyaHygFyN3Os, 476.2003
{M-H]; found, 476.1994.

{310] Example 3¢

{311] (BR4R.58)-4-acctamide-3-(pentan-3-yloxy)}-5-(((3-(thiophen-2-yDisoxazol-5-

yvimethyljamingjcyclohex-1-ene-i-carboxylic acid (538)

NG
SN N0
1 - I s\n
HN / *‘{\\\/ﬂ
$30

{312] The same experimental procedure detatled in the preparation of (3R,4R,55)-4-
acetamido-3~(pentan-3-yloxy}-5-({((3-phenylisoxazol-S-yhmethyDamino)eyclohex- L-ene-
t-carboxylic acid {824) (Example 24) was used. 1-(Thiophen-2-yljethan-1-one was used

to instead of acetophenone.

[313] White solid. "H NMR (400 MHz, DMSO0) § 7.99 (d, J = 4.6 Hz, 1H), 7.84 (d, J =
48 Hz, 1H), 7.71 (4, /= 3.2 Hz, 1H), 7.31 - 7.19 (m, 1H), 6.93 (s, 1H}, 6.63 (5, 1H),
4.11 (s, 3H), 3.81 (d, /= 8.2 Hz, I1H)}, 3.39 - 3.35 (m, 1H), 3.10 (s, 1H}, 2.80 (d, J = 15.5
Hz, 1H), 2.30 (s, 1H), 1.88 (5, 3H), 1.42 (qt, /= 13.7, 6.8 Hz, 4H), 0.83 (1, J = 7.3 Hz,
3H), 0.79 (1, J = 7.4 Hz, 3H). C NMR (101 MHz, DMSO) 8 170.7, 167.6, 164.8, 138.1,
130.1, 129.2, 128.7, 128.6, 128.4, 100.4, 81.5, 75.2, 54.7, 53.0, 28.5, 26.00, 25.5, 23.8, 9.9,
9.4. HRMS (ESI, m/z) caled for CyHpeN3OsS, 446.1755 [M-H'; found, 446.1743.

{314] Example 31
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[315] (3R4R 58)-4d-Acetamido-5-{{{3-{5-chloro-2-methylphenyllisoxazpl-5-
yhmethylamino}-3-(pentan-3-vloxycyclohex-I-ene-I-carboxylic acid (331

{316] The same experimental procedure detailed in the preparation of (3R,4R.58)-4-
acetamido-3~(pentan-3-yloxy}-5-({((3-phenylisoxazol-S-yhmethyDamino)eyclohex- L-ene-
t-carboxylic acid (524} (Example 24} was used. 1-(5-Chlorothiophen-2-yhethan-1-one

was used to instead of acetophenone.

[317] White solid. "H NMR (400 MHz, DMSO) § 7.76 (d, /= 9.1 Hz, 1H), 7.58 (d, J =
4.0 Hz, 1H), 7.30 (4, J = 4.0 Hz, 1H), 6.83 (s, 1H), 6.56 (s, 1H), 3.98 (4, J = 7.9 Hz, 1H),
3.79 (dd, J = 28.5, 14.7 Hz, ZH), 3.65 (dd, J = 18.6, 9.2 Hz, 1H), 3.37 - 3.29 {m, 1H)},
272~ 2.62 (m, 2H), 2.04 — 1.93 (m, 1H), 1.85 (s, 3H), 1.51 — 1.31 (m, 4H), 0.83 (¢, J =
7.4 Hz, 3H), 0.79 (1, J = 7.4 Hz, 3H). BCNMR (101 MHz, DMSQO) 6 170.1, 165.0, 163.0
137.1,131.6,125.0, 127.9,127.9, 100.4,81.2, 75.9, 54.8, 41,4, 31.1, 26.1, 25.6, 23.5, 9.9,
9.4. HRMS (ESI, m/z) caled for CorHprCINGOsS, 480.1365 [M-HT]; found, 480.1355.

{318] Example 32
{319] Inhibition Rate of Compounds 51-522 (1 nM) against NA from A/H3INZ,

{320] Newly synthesized compounds SI-522 were preliminarily screened for NA-
inhibitory activity using MUNANA (4-(methylumbeliiferyl}-N-acetylneuraminic acid) as
the substrate. For NA inhibition screening, the endemic human strains seasonal A/H3IN2
was chosen and oseltamivir carboxylate (OSC) was employed as the reference. Table 1
showed the tested inhibition potencies of the designed compounds. It was obviously that

OSC showed the greatest inhibitory activity toward A/H3IN2 NA.
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{321] The NA mhibition assay was performed using the commercially available NA-

M Influenza Neuraminidase Assay Kit. The substrate, MUNANA (4-

Fluor”
(methylumbelliferyl}-N-acetylneuraminic acid) was cleaved by NA to vield a quantifiable
fluorescent product. The tested compounds were dissolved in DMSO and diluted by the |
x assay buffer (66.6 mM 2-(N-morpholinojethanesulfonic acid (MES) buffer, 8 mM
CaCly, pH 6.5) to 4 x the desired concentrations. In a 96-well plate, 25 pl of the 4x
compounds solution, 25 ul of the diluted virus sample were added and incubated for 20
t0 30 min at 37°C. 50 uL of dituted 200 uM NA-Fluro ™ Substrate working solution was
added to each well and incubated for 60 min at 37 °C. Finally, the reaction was terminated
by adding 100 uL of NA-Fluor™ Stop Solution (0.2 M NayCOs) and the fluorescence

was read at an excitation wavelength of 350 nm and an emission of 460 nm,

{322] Table 1. Inhibition rate of designed compounds (1 nM) against NA from A/H3N2Z.

%
. e % Inhibition
Derivatives | Compd. R Inhibition | Compd. R /
(1 nM)
{1 nM)
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[323] Table?2
Compound 87 8522
ICsp (0M) | 1.92+0.24 | 1.63+0.16
{324] Example 33
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{325] Inhibition rate of designed compounds (I nbM) against 12v3261, 12v28393,
and 12v3280

{326] Materials and Method

{327] Virus strains:

{328] Three influenza B viruses (IVB) 12v3261, 12v28393, and 12v3280 together with
two oseltamivir-resistant influenza A viruses (IVA) HINI pandemic viruses, 09v71923
and P1v17178 were isolated from nasopharyngeal aspirates collected from patients
admitted to Prince of Wales Hospital. The viruses were propagated in Madin-Darby
Canine Kidney (MDCK) cells for no more than 6 passages. Seasonal HIN1 influenza A
virus {A/Oklahoma/447/2008), a gift of Prof Gillian Air, University of Oklahoma Health
Sciences Center, was used as the comparator virus in this study.

{329] Cell line and virus propagation:

[330] MDCK cells were cultured in minimal essential mediom (MEM) supplemented
with 10% fetal bovine serum (FBS) and 1% penicillin and streptomyein at 37 °C. MDCK
cells were seeded in a T175 flask and grew untd 80% confluence before viral propagation.
MDCK cells were washed with PBS to remove FBS before inoculation of the virus at a
multiplicity of infection (MOI) of 0.001. Afier one hour of virus adsorption at 37 °C,
cells were washed with PBS and replenished with MEM containing 1 pg/ml TPCK-
treated trypsin (Sigma T1426) without FBS. The culture supernatant was harvested on
day 3 post-infection, with 50-70% of the cells showing cytopathic effect, by
cenirifugation at 4000 pm, 4 °C for 10 minutes. The supernatant was harvested and
stored in aliquots at -80 °C. Viral titer was then determined by plague assay.

{331] Plague Assay for virus titration, compound effectiveness quantification, and
plague measurements

{332] MDCK cells were seeded on a 6-well plate at a density of 1.2 x 10° per well one
day prior to infection. Before the plaque assay, cells were washed with PBS. Influenza
virus stocks harvested with unknown titer were diluted 10 fold serially with MEM with
PS. 1 ml of the diluted virus was added to each of the 6 wells, and the plate was rocked
gently every 15 min for | hour in a 37 °C mcubator with 5% CO,. After the virus

adsorption, the inoculum was discarded and the cells were washed with PBS. 2 ml
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agarose overlay reconstituted from MEM containing 1 pg/ml TPCK-treated trypsin, 0.8%
SeaKem® LE Agarose (Lonza 50002} was added to each well.

{333] To examine the effectiveness of 57 and S22 in inhibiting influenza virus
replication, we included 0.1 nM and 0.2 nM oseltamivir as the positive control. In
previous studies, the half maximal inhibitory concentration (ICsy) of oseltamivir, 87 and
S22 were (L1 oM, 1.9 oM and 1.6 nM respectively, as determined by a neuraminidase
activity assay {Ye et al., 2019). Therefore, 1.9 nM and 3.8 nM of 87; and 1.6 nM and 3.2
nM of 522 were reconstituted using 4 nM DMSO in PBS. Briefly, each well of the
MDCK cells was inoculated with 60 Plague formation units {pfu) of the virus in 1 ml
ingculum at 37 °C for one hour. After the virus adsorption, cells were extensively washed
with PBS for three times and then overlaid with 2 mi agarose containing the respective
concentrations of antiviral compounds, or equal amount of PBS and 4 nM DMSO in PBS
were used as the untreated and vehicle control, respectively. Technical duplicates were
included in each experiment, and the experiment was carried out for at least three times.
{334] Upon the solidification of the agarose, the assay plates were incubated upside-
down in a 37 °C imcubator with 5% CO; for 3 days. On day 3, 10% formalin was added
onto the agarose for the cell fixation. The agarose was removed from the well and the
MDCK cell was subsequently stained by 1% crystal violet (1g crystal violet dissolved in
10 ml 95% ethanol and 90 mi MilhQ water) for | howvr. The stained monolayver was then
washed and air-dried.

{335] For virus titration, the number of plagues m each virus dilution was used to
calculate the concentration of the virus stock expressed in pfu. For the compound
effectiveness quantification, the total number of plaques in each well and the area of
individual plague were analysed using OpenCFU software. Plaques with a radius of §
pixels (0.8 mm in diameter) were excloded from finther analysis. Representative scan
images of the plague assay plates are presented in Figures 4 and 5.

{336] Statistical analysis

{337] The plagque number vielded from each treatment was expressed as the percentage
of plague number of the DMSO vehicle control of the same set of experiment. The plague
size measured was expressed in mm”. (OR The individnal plague area in each treatment

was expressed in the percentage of the average plaque area of the PBS control in that set
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of experiment.}) The plaque number and plague size changes among freatments were
compared with the vehicle control using one-way ANOVA analysis, followed by Tukey’s
multiple comparisons test. Results were deemed significant when p < 0.05.

{338] Resuit

339] At both concentrations, S7 and S22 could significantly reduce the plaque size of
influenza A virus A/OK/447/08 (HINI) (Fig. 1A) and the three strains of influenza B
viruses (Fig. 1D-F). No inhibition effect of these compounds towards the two
oseltamivir-resistant strains (Fig. IB and IC). In addition, oseltamivir could not reduce
the plague size of resistant strain 09v71923, and even with a larger plaque size with the
addition of 0.2 nM oseltamivir was observed (Fig. 1B), while a significant reduction by
0.1 nM oseliamivir was observed m the oseltamivir-resistant 11v1i7178.

{340] To wvnderstand if there is a better mhibitory effect of 37 and S22 towards
oseltamivir, we further compared the plague size between those treated with 0.2 oM
oseltamivir with effective reduction in plague size to both compounds at both
concentrations. Both compounds did egually well in mhibiting influenza A virus
AJOK/337/08 (HINT) while 5322 always provided extra inhibitory effect than oseltamivir
in inhibiting influenza B viruses, including a better inhibition effect by 3.2 nM S22 to (.2
nM oseltamiviy in in IBY 12v28393 (p < 0.01), IBV 12v33261 {p < 0.05), and IBV
12v33280 (p < (0.01). 1.6 nM S22 also provided extra benefit than (.2 nM oseltamivir in
reducing the plague size of IBV 12v33280 (p < 0.05). 822 at 1.6 nM S22 {p < 0.05) and
3.2 nM 822 {p < 0.01) inhibited the 1BV 12v33280 better than 1.9 nM S7. Though 3.8
nM 57 could provide extra benefit to inhibit 12v28393 (p < 0.05) than 3.2 nM §22.

341] Example 34

{342] Inhibitien Rate of Compounds OC-081-0C-029 {1 M and 18 uM} against
NA from A/H3INZ,

{343] Newly synthesized compounds OC-081-0C-029 were preliminarily screened for
NA-mhibitory activity using MUNANA  (4-(methylombeliferyl)-N-acetylneuraminic
acid) as the substrate. For NA inhibition screening, the endemic human strains seasonal

A/H3NZ was chosen and oseltamivir carboxylate {(OSC) was employed as the reference.
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Table 2 showed the tested inhibition potencies of the designed compounds. It was
obviously that OSC showed the greatest inhibitory activity toward A/H3NZ NA.

{344] The NA mhibition assay was performed using the commercially available NA-

M Influenza Neuraminidase Assay Kit. The substrate, MUNANA (4-

Fluor”
(methylumbelliferyl}-N-acetylneuraminic acid) was cleaved by NA to vield a quantifiable
fluorescent product. The tested compounds were dissolved in DMSO and diluted by the 1
x assay buffer (66.6 mM 2-(N-morpholinojethanesulfonic acid (MES) buffer, 8 mM
CaCl, pH 6.5) to 4 x the desired concentrations. In a 96-well plate, 25 pl. of the 4 x
compounds solution, 25 nl of the diluted virus sample were added and incubated for 20
10 30 min at 37 °C. S0 uL of diluted 200 uM NA-Fluro™ Substrate working solution was
added to each well and incubated for 60 min at 37 °C. Finally, the reaction was
terminated by adding 100 ul of NA-Fluor ™ Stop Solution (0.2 M NaaCO;3) and the

fluorescence was read at an excitation wavelength of 350 nm and an emission of 460 nm.

{345] Table 3, Inhibition rate of designed compounds (1 uM and 10 uM) against NA
from A/H3N2.

OC- GC- G- G- GC- OC- O - OC- GC- GC-
001 (02 003 004 005 006 047 H08 009 010

10 pM 1 32.02% § 23.37% § 23.88% | 26.79% | 18.88% | 21.72% § 12.26% | 42.81% 1§ 46.76% | 52.31%
1 pM 771% | 6.12% | 5.74% | -0.21% | -1.46% | -2.25% | -5.33% | 5.84% i 3.44% | 8.96%

O - G- GC- OC- OC- OC- OC- G- G- G-
011 012 813 814 815 {16 §17 §18 018 020

10 uM | 50.43% | 56.45% | 30.41% | 40.02% | 31.50% | 38.37% | 42.02% | 39.81% | 48.50% | 44.47%

1 pM | 14.65% | 33.62% | 19.82% 1 21.57% | 16.52% | 12.74% | 14.83% | 11.12% | 11.62% | 8.26%

O - G- GC- OC- OC- OC- OC- G- G-
021 022 23 824 {25 {26 §27 428 028

10 uM | 30.57% | 34.15% | 34.75% | 42.68% | 37.17% | 25.67% | 31.53% | 60.91% | 72.30%

1 uM 7.13% | 631% | 624% | 584% | 2.19% | -0.26% | 0.70% | 8.06% | 23.28%

346] To examine the effectiveness of OC-810, OC-¢12, GC-028, and OC-029 in
inhibiting influenza virus replication, experiments were conducted to determine the half
maximal inhibitory concentration (1Csy) of OC-818, OC-612, OC-028, and OC-029,
which were observed to be 43.9 uM, 11.6 uM, 22.7 uM, and 16.9 uM respectively, as

determined by a neuraminidase activity assay {Ye et al., 2019) and shown in Table 3.
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[347] Tabled

Compound OC-010 OC-012 OC-428 OC-029

105 (uM) 1439177 | 11.62052 227+ 147 | 169+ 1.07
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What is claimed:

i. A compound of Formula §:

or a pharmaceutically acceptable salt thereof, wherein

A1s (O, 8, or Ha

Ar' is an optionally substituted 5 membered heteroaryl containing 1, 2, or 3 ring
heteroatoms selected from the group consisting of O, C, N, P, §, and Se; and

RY s hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl.

2. The compound of claim 1, wherein the compound has Formula H:

if

wherein each of X', X%, X°, and X* are independently selected from the group consisting
of O, S, NR*, and CR’, wherein R* for each instance is independently a lone pair,
hydrogen, altkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, aralkyl, heteroaryl, -
(C=0)R, ~(C=0)OR, -(C=0O)NR;, -(C=NR)NR,;, -(5=0)R, -S(OpRR, -S(O},0R, -
S(O}LNR,, ~-(P=O}OR}, or «(CRy)nY: and R’ for each instance is independently
hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, arvl, aralkyl, heteroaryl,
OR, SR, NR; ~HC=0)R, ~«C=0)OR, -O{(C=0)R, -O(C=0)OR, ~{C=0)NR, -
(NRYC=0)R, -(NRHC=0JOR, -O{(C=0)NR;, ~O(C=NR)NR,, -~{NRY}C=0)NR,, -
{(C=NR)NR:, -(NRYC=NRINR,, (S=0)R, ~-S(OpR, -5{O)0R, -S3(ORNR,, -OS(OnR, -
(NRIS{ORR, ~-OS(O0)0R, ~OS{ORNR;, {NRIS(ORNR,, -(NRYS(OROR, -(P=0)}0OR),,
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halide, nitrile, nitro, or <{(CRy}nY, wherein m for each occurrence is a whole number
selected from 1-10; R for each occurrence is independently selected from the group
consisting of hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl; and Y for each occurrence is selected from the group consisting of OR, SR,
NR,, «C=0)R, -{(C=0)OR, -O(C=0)R, -O(C=0)0OR, ~(C=0INR,, -(NR}C=0)R, -
(NRYC=0)0OR, -O(C=0O)NR,, -O(C=NR)NR,, -(NRY(C=0O)NR;, -{C=NR)NR,,
(NRYC=NR)NR;, -(5=0)R, -S(O}R, -S(O}0R, -S{OpNR;, -OS{(ORR, (NR}S(ORR, -
OS(0ROR, ~-OS(O)NR,, -(NRYS(O)NR,, {(NRYS{(O),OR, and ~{(P=0XOR)..

. . 3. 3 2

3. The compound of claim 2, wherein X 18 CR” or NR”™.

4. The compound of claim 2, wherein A is © or Hy; and X7 is CR’ or NR%

5. The compound of claim 1, wherein Ar' is selected from the group consisting of:

RS R3 R3 ’Rz R3
\/—mc; \\?—ws i -N N-O N-S —Q
EN\ R4 \M\ re RS x" Ji\f/)\~ (= W\ 3 / LN
R3 C R R R3 R3 R3

NN N R R
=% AN i
LY L (L A e \(4 @
3 =5
bl \(Z b el R v R
v {
\»’Cﬁ\s i \(&O\‘“R3\/¢>\’\\3\(¢\ 3\/2’{: 3
w3 R? 3 R3
R3 Ra' R3 Ra ‘—‘{
J( i \{N \/Z’%N \/ﬁﬁ\ 3 \(L/}ms
, S , R2 . R2 .,and RZ ,

wherein R” is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocyeloalkyl, aryl,
aralkyl, heteroaryl, {(C=0)R, -(C=0)0OR, -{(C=0)NR;, (C=NR)NR;, ~(S=0)R, -5{(O}R, -
S{(OR0OR, -S(ORNR,, -(P=OXOR), or -{CRy),Y; and R’ for each instance is
mdependently hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryi,
aralkyl, heteroaryl, OR, SR, NR,, ~(C=0)R, (C=0)0OR, -O{C=0)R, -O(C=0)OR, -
(C=0)NR;, -(NRYC=0)R, ~(NRYC=0)OR, -O(C=0)NR,;, -~O(C=NRINR,, -
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(NRYC=0O)NR,, -(C=NRINR,, -(NRYC=NRINR,, ~(8=(hHR, -S(O)pR, -S{OROR, -
S{O}NR,, -OS(O)R, -(NRIS(ORR, ~OS(O)30R? ~OS(0O)NR,, -(NRIS(O)NR,, -
(NR)S(O),OR, -(P=0O)}OR),, halide, nitrile, nitro, or -(CR;}),Y, wherein m for each
occurrence is a whole number selected from 1-10; R for each occurrence is independently
selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl; and Y for each occurrence is selected from the
group consisting of OR, SR, NR,, (C=0)R, «(C=0)OR, -O(C=0)R, -O(C=0)0OR,
(C=0)NR;, -(NR}C=0)R, ~(NRYC=0)OR, -O(C=0O)NR,;, -~O(C=NR)NR,, -
(NRYC=0)NR;, -(C=NR)NR;, ~(NRYC=NR)NR;, ~(S=O)R, -S(OpR, -S{O)»O0R,
S{ORNR,, ~OS(ORR, -(NRIS(ORR, -OS(OROR, -OS(O}pNR,, -(NRIS(ORNR;, -
(NRIS{OROR, and «(P=0O)}OR}..

- . . 1. - . o
6. The compound of claim 1, whereim Ar is selected from the group consisting oft

RZ

;Rz
&{/K;\R@ \/@\R“ \/@\R{\/URL‘ k@’“ \)@\Rs
N ‘V‘[’}‘RC” ’7\\R3 )\R:* Y[‘>\ \/()‘\R:i
e o e O

a f“”‘f \*[ ‘H\i’\\ \*( R

o , and

wherein R is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, ary,
aratkyl, heteroaryl, {(C=0)R, ~(C=0)0OR, -(C=0)NR,, {C=NRINR;,, -(8=0)R, -S(O)R, -
S(OROR, -S(ORNR,, -(P=O}OR) or ~(CRyunY; and R’ for each instance is
independently hydrogen, alkyl, alkenyl, alkynyl, cvecloalkyl, heterocycloalkyl, aryl,
aralkyl, heteroaryl, OR, SR, NR,, -(C=0)R, (C=0)YOR, -O(C=0)R, -O(C=0)OR, -
(C=OINR,, -~-(NRYC=0)R, -~NRYC=0)OR, -O{C=0)NR;, -O(C=NR)NR;, -
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(NRYC=0O)NR,, -(C=NRINR,, -(NRYC=NRINR,, ~(8=(hHR, -S(O)pR, -S{OROR, -
S{O}NR,, -OS(O)R, -(NRIS(ORR, ~OS(O)30R? ~OS(0O)NR,, -(NRIS(O)NR,, -
(NR)S(O),0OR, -(P=0O)}OR),, halide, nitrile, nitro, or -(CR;}),Y, wherein m for each
occurrence is a whole number selected from 1-10; R for each occurrence is independently
selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl,
heterocycloalkyl, aryl, and heteroaryl; and Y for each occurrence is selected from the
group consisting of OR, SR, NR,, (C=0)R, «(C=0)OR, -O(C=0)R, -O(C=0)0OR,
(C=0)NR;, -(NR}C=0)R, ~(NRYC=0)OR, -O(C=0O)NR,;, -~O(C=NR)NR,, -
(NRYC=0)NR;, -(C=NR)NR;, ~(NRYC=NR)NR;, ~(S=O)R, -S(OpR, -S{O)»O0R,
S{ORNR,, ~OS(ORR, -(NRIS(ORR, -OS(OROR, -OS(O}pNR,, -(NRIS(ORNR;, -
(NRIS{OROR, and «(P=0O)}OR}..

7. The compound of claim 1, wherein the compound has the Formula HI:

ShN
o ene
T
1]
or a pharmaceutically acceptable salt thereof, wherein
Ads O orHy
Ar' is selected from the group consisting of:

R R
N -0 R? ~< -ni\g
/ R3 ig E‘f”’@
, and ;

wherein R is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, ary,
aratkyl, heteroaryl, {(C=0)R, ~(C=0)0OR, -(C=0)NR,, {C=NRINR;,, -(8=0)R, -S(O)R, -
S(OLOR, -S(O)NRy;, -(P=O)XOR),, or ~(CRy),Y; and R’ for cach instance is

independently hydrogen, alkyl, alkenyl, alkynyl, cvyecloalkyl, heterocycloalkyl, aryl,
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aralkyl, heteroaryl, OR, SR, NR,, -(C=0)R, «(C=0)OR, -O(C=0)R, -O(C=0)YOR,
(C=0)NR,;, -(NRYC=O0)R, -(NRYC=0)OR, -O(C=0O)NR,, -O(C=NRINR,,
(NRYC=0)NR,, ~{C=NRINR,, -(NRYC=NR)NR,, ~(S5=0)R, -S{(O3R, -S(0).0R,
S{OpNR,, -OS{ORR, -(NR)S{ORR, -O5(0)0OR, -OS{(OpNR,, -(NRIS(O}HNK,, -
(NRYS(OYOR, -(P=0)OR),, halide, nitrile, nitro, or -{CR»),Y, wherein m for each

occurrence is a whole number selected from 1-10; R for each occurrence is independently
selected from the group consisting of hydrogen, alkyl, alkenvl, alkynyl, cycloalkyl,
heterocycloalkyl, arvl, and hetercaryl; and Y for each occurrence is selected from the
group consisting of OR, SR, NR,, «(C=0)R, {(C=0)OR, -O(C=0)R, -O(C=0)0R,
(C=0)NR:, -(NR}C=0)R, ~(NRYC=0)OR, -O(C=0)NR,;, -~O(C=NR)NR,, -
(NRYC=0)NR», -(C=NR)NR;, ~(NRYC=NR)NR:, ~(S=O)R, -S(OpR, -S{OROR,
S{ORNR,, ~OS(ORR, -(NRIS(ORR, -OS(OROR, -OS(O}pNR,, -(NRIS(ORNR;, -
(NRYS(O)OR, and -(P=0}OR},; and

R' is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocyeloatkyl, aryl, or heteroaryl.
g. The compound of claim 7, wherein Ar' is selected from the group consisting of:

R3

2
N-O 7M\<N " N~O
/ 1\ \/LN’ \((, .
7 3 [ ’>\ 3 ; N ‘\/L 3B
W\R ,‘b( O R, R? 7 , and N R;
wherein R’ is hydrogen, heterocycloalkyl, aryl, aralkyl, or heteroaryl; and R’ is
heterocycloalkyl, aryl, aralkyl, or hetercaryl.
9. The compound of claim 1, wherein the compound is selected from the group

consisting of:
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H .‘.
- /\ {J , and NOZ

wherein n is 0, 1, or 2; p is 0, 1, or 2; and each of R’ and R" for each occurrence is
independently alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, aralkyl,
heteroaryl, OR, SR, NR,, (C=0)R, -{(C=0)0OR, -O{C=0)R, -O(C=0)0R, ~(C=0)NR,, -
(NRYC=0)R, -~(NRYC=0)OR, -O(C=0)NR,, -O{C=NR}NR,, -(NRHC=0O)NR, -
(C=NRINR,, -(NRYC=NR)NR:, ~(5=0)R, -5{(0)R, -S(O)»0R, -S(OpNR;, ~-OS(O:R, -
(NRIS(ORR, ~O5(0)0R, -OS(ORNR,, -(NRIS(ORNR,, (NRIS(OROR, -(P=0)}OR),
halide, nitrile, nitro, or ~{(CH3)Y, wherein m for each occurrence is a whole number
selected from 1-10; R for each occwrrence is independently selected from the group
consisting of hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl; and Y for each occurrence is selected from the group consisting of OR, SR,
NRz, «C=0)R, «(C=0)0R, -O(C=0R, -O{C=0)0OR, «(C=0)NR,, -(NRYC=0)R, -
(NRYC=0)0OR, -O(C=0)NR,, -O(C=NRINR», ~(NRYC=(O)NR., -{C=NR)NR,, -
(NRYC=NR)NR:, -(5=0)R, -5(ORR, -S(O}0R, -S{OpNR;, -O3(ORR, -(NR)3(ORR, -
OS{O)OR, ~-OS{ORNR1, ~(NRIS(O)RNRs, «{(NR)S(OROR, and «(P=0}OR)».

10, The compound of claim 9, wherein n is ; and R* for each occurrence is
independently alkvl, cycloalkyl, heterocycloalkyl, aryl, aralkyl, heteroaryl, OR, NRy, -
(C=0)R, +C=0)0R, -O(C=0)R, -O(C=0)OR, -(C=0O)NR,;, -~(NR}C=0)R, -
(NR)(C:{)}OR, SO(C=0O)NR,, -O{C=NR)NR,;, -(NR}C=OINR;, -(C=NR)NR,, -
(INRYC=NI , (5=OR, -S{(ORR, -S{OROR, -S(ORNR,, -OS(0O)RR, -(NRIS(ORR,
OS(O)O0R, ~Ub(())2NR2, (NRIS(ORNR,, -(NRIS(OROR, -(P=0)OR),, halide, nitrile,

nitro, or <(CHy)nY, wherein m is 1-6; and R for each occwrrence is independently
hydrogen, alkyl, cycloalkyl, aryl, or hetercaryl.
1. The compound of claim I, wherein the compound is selected from the group

consisting of:
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12. The compound of claim 1,

SNy

o 9.
I/> \}N
HN\/\ /é

consisting of’

/'L

, and

PCT/CN2020/097602

pe-M HN._ O
N T
¥

N
Me N\ oo aze

wherein the compound is selected from the group

Lr’i i
(‘ /%)J\QH

g A
HN\/!«I\N"}'ﬁq

Y s

o O:O/H\GH
/'U\ N-CG

o O /\ OM N o
R 2~
e g N"O>_ Nﬁ \\L j
¥ HN V ""<} A
\‘/\N -/ and NOz
13. A pharmaceutical composition comprising a compound of claim 1 and at least one
pharmaceutically acceptable carrier.
14. A method of preparing a compound of claim 1, the method comprising:

contacting a compound of Formula FV:

8%
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NH,
W

wherein R’ is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl; with a compound Formula V:
A
N

v
wherein A is O, 8, or Hy; R® is a leaving group; and Ar' is an optionally substituted S
membered heteroaryl containing 1, 2, or 3 ring heteroatoms selected from the group
consisting of O, C, N, P, S, and Se; or contacting the compound of Formula 3 with a
compound Formula VI

G

A

H™ A

Vi
wherein Ar' is an optionally substituted 5 membered heteroaryl containing T, 2, or 3 ring
heteroatoms selected from the group consisting of O, C, N, P, S, and Se; and a reducing

agent; thereby forming the compound of claim 1.

« . 5 . . . .
Is. The method of claim 14, wherein R” is a halide; and the reducing agent is
NaCNBH:.
t6. A method of treating a viral infection in a subject in need thereof comprising the

step of administering a therapeutically effective amount of the compound of claim 1 to

the subject.

17. The method of claim 16, wherein the viral infection is an influenza viral infection,
I8. The method of claim 16, wherein the viral mfection is a HIN1 or H3N2 infection,
19. The method of claim 16, wherein the compound is selected from the group

consisting of:
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wherein n is 0, 1, or 2; p is 0, 1, or 2; and each of R and R* for each occurrence is
independently alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, aralkyl,
heteroaryl, OR, SR, NR,, (C=0)R, (C=0)OR, -O(C=0}R, -O(C=0)0OR, ~(C=0)NR;, -
(NRYC=0)R, ~(NRYC=0)OR, -O(C=0)NR,, -O(C=NRJNR,, -(NR}C=0O)NR,, -
(C=NRINR,, -(NRYC=NR)NR,, ~(5=0)R, -5(O}R, -S{OR0R, -S(O}NR,, ~-OS{ORR, -
(NRIS(ORR, ~O5(0),0R, -OS(ORNR,, -(NRIS(O)RNR,, (NR)S(OROR, ~(P=0)}OR),,
halide, nitrile, nitro, or -(CHy),Y, wherein m for each occurrence is a whole number
selected from 1-10; R for each occwrrence is independently selected from the group
consisting of hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, and
heteroaryl; and Y for each occurrence is selected from the group consisting of OR, SR,
NRy, ~C=0)R, -(C=0)OR, -O(C=0)R, -O(C=0)0OR, ~(C=0O)NR,, -(NRYC=0)R, -
(NRYC=0)0OR, -O(C=0)NR,, -O(C=NRINR,, ~(NRYC=(O)NR;, -{C=NR)NR,, -
(NRYC=NR)NR,, -(5=0)R, -5(O)R, -S(0}:0R, -S{ORNR,, -O3(O,R, -(NR)S(O)R, -
OS{O)OR, ~-OS{ORNR1, ~(NRIS(O)RNRs, «{(NR)S(OROR, and «(P=0}OR)».

2 The method of claim 18, wherein wherein the compound is selected from the

group consisting of:
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wherein n is 0, 1, or 2; p is 0. 1, or 2; and each of R’ and R’ for each occurrence is
independently alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, aralkyl,
heteroaryl, OR, SR, NR,, (C=0)R, -{(C=0)0OR, -O{C=0)R, -O(C=0)0R, ~(C=0)NR,, -
(NRYC=0)R, -~(NRYC=0)OR, -O(C=0)NR,, -O{C=NR}NR,, -(NRHC=0O)NR, -
(C=NRINR,, -(NRYC=NR)NR:, ~(5=0)R, -5{(0)R, -S(O)»0R, -S(OpNR;, ~-OS(O:R, -
(NRIS(ORR, ~O5(0)0R, -OS(ORNR,, -(NRIS(ORNR,, (NRIS(OROR, -(P=0)}OR),
halide, nitrile, nitro, or -{(CH3),Y, wherein m for each occurrence is a whole number
selected from 1-10; R for each occwrrence is independently selected from the group
consisting of hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aryl, and
heteroarvl; and Y for each occurrence is selected from the group consisting of OR, SR,
NRz, «C=0)R, «(C=0)0R, -O(C=0R, -O{C=0)0OR, «(C=0)NR,, -(NRYC=0)R, -
(NRYC=0)0OR, -O(C=0)NR,, -O(C=NRINR», ~(NRYC=(O)NR., -{C=NR)NR,, -
(NRYC=NR)NR:, -(5=0)R, -5(ORR, -S(0}0R, -S{OpNR;, -O3(ORR, -(NR)3(O)RR, -
OS{O)OR, ~-OS{ORNR1, ~(NRIS(O)RNRs, «{(NR)S(OROR, and «(P=0}OR)».
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