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BACKGROUND OF THE INVENTION

Influenza is caused by an RNA virus of the orthomyxoviridae family.

There are three types of influenza viruses: A, B and C. Influenza A viruses
infect mammals (e.g. humans, pigs, ferrets, horses) and birds. Influenza A
viruses are a global health concern, and have been responsible for three
‘major pandemics that have killed over 50 million people worldwide since
1900. For example, the devastating "Spanish flu" (HIN1 influenza A virus)
in 1918 killed more than twenty million people worldwide. Subsequent
pandemics, including the Asian flu pandemic in 1957 (H2N2), the Hong
Kong flu pandemic in 1968 (H3N2), the re-emergence of HIN1 (Russian flu)
in 1970, along with the avian flu virus HSN1 in 1997 and 2003, suggest that
pandemic influenza or possible bioterrorist attacks with flu viruses remains a
major threat to global health and safety. Despite the profound effects of
influenza viruses on public health throughout history, the standard treatments
for influenza infections still remain inadequate.

The most common targets for small molecule-based therapeutics to
combat influenza virulence include the proton-selective M2 ion channel and
the protein neuramidase (NA). The M2 ion channel is integral to the

‘maintenance of the viral envelope of the influenza A virus, while NA
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2 pronotes buddi ng of nascent viral particles fromthe host cell.

Resi stance is commobn anong inhibitors directed at both targets, and has
become wiWOIPrEHETn clinical isolates. Al npbst 100% of PRE/C2QOB/IOKEIuenza
1-11IN1 virus (swne flu) sanples were resistant to the neuram dase

i nhibitor oseltamvir (Tamflu), while2nore than 90% of the H3N2 viruses
were resistant to the MZ channel bl ocker adamant anes. Besi des
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may not reach infected | ung tissue that is poorly aerated. Further, the

wi del y used a\ndbsste@dkrpclure M@emﬂmarﬂlo@%ofﬁbe PG48 wlyerrdddiNdur i ng t he
cour se of nor Sser\{vaﬁe) tre etn\)w%int anﬁaﬁg‘g poses nvi ro}?{rent al concerns.
There exists'a ngévd % BY ngp Vit ar 'eb nERRM aﬁﬁﬂ‘m 4Tht | uenza

replication, osaﬁuﬁar(/rmmmam&fmbﬂaehamd%@nmmmpcﬁuse@wea@d/or prevent
i nfluenza infection. ef ore, is an object of the invention to

provide anti Wsﬂ%nt&)%é\%é@f@ﬁ]a@lo@ﬂéé@nmst reat or prevent viral
infections, parti @éggéé Qé]glsBLééJ?éKﬁrs nﬂ;h?cﬁﬁ%&gﬁeo Hi Y %&“%I ng the

conpounds, and neth usi i e co | NVENTI ON
Conpounds haenwg)mmualumpdtctaffect\xhd gtcvehmuﬂdncuf effdcyivagdiuesza i nfl uenza, and

met hods of makin usi n e co nds are des ed herein. In one
enbodi ment, @ g?ﬁft‘}%taﬁ%g nPcdi c3n le&e agﬁa?lﬁ%ékhyu cally

accept abl e S%Haﬁat&ﬂ%ﬁ@ﬁfay not reach irﬂed?&ﬁlfuﬁé 'h@éilefifl‘a?(?éjbéﬁ??;a%rat&he NP i nhi bi tors
have the structure of fofrmula I: Arl-Y-Ar2-X-WZzZ-Ar3 (Fornula I)

wher ei n Arl, Forther, taavidels ua¢cba®bﬁt¢pl<|pridrb¢mgdb¢ttmywsubsnpt ngmbbdor
bstit ut het

?EZEpZn'deﬁtf ufffd thed OHsgg hoiaY e i ‘*%msn%svd thup By P GG

LS(20) -, - SOBoncet R ) - . - O(R2)=0(R3) -, and - O RARE) -,

There exists a need for antiviral compounds that inhibit influenza

replication, reduce virulence of the influenza infection, and/or prevent
influenza infection.

Therefore, it is an object of the invention to provide antiviral
compounds that effectively treat or prevent viral infections, particularly
influenza infections, methods of making the compounds, and rﬁethods of
using the compounds.

SUMMARY OF THE INVENTION

Compounds having antiviral activity, particularly against influenza,
and methods of making and using the compounds are described herein. In
one embodiment, the compounds have the formulae I-VI or pharmaceutically
acceptable salts thereof.

In preferred embodiments, the NP inhibitors have the structure of

formula I:

Art Y Ar2—X——W z Ar
(Formula I)

wherein Ar', Arz, and Ar’ are each independently substituted or

unsubstituted aryl or heteroaryl groups;



wherein nis 0 to 6 and wherein R1-R5 are each independently selected from
hydr ogen, |inear or branched Cl-C6 al kyl, |inear or branched Cl-C6 al kenyl,
| i near orwbranohsas7Cl- C6 al kynyl, or |inear and branche@#CTIN208/@i80xy; and
Wis a linear group or a 5-7-nmenbered substituted or unsubstituted cyclic
or heterocyclic group (Cy). In sdne enbodi ments, Arl is substituted
w th hydrogen, hydroxyl, nitro, amno, or azide;, Ar2 is substituted with a

e 00U, X Sk e Y AR oS DS BB o S S

substituted with a’hdl o group, of a halo

and nitro gr g —~C(=0)-, -S-GRIMSOBLNR 1 NCR, FV(R:3, and HORLREHH, ed
5-7-menbered unsaturated .ring contai n%qglrg\ 2 nitrogen atons, wherein one
nitrogen atomis BYIEIRINIH0 0 Gaed whereeli-Rs presgehindepsndeatihonded to Z.

In a preferr gm% oy ittt ed.pip i rein NI(N at
1- posi tion) ?geﬁg‘?gg t’o %C%Hh%ﬁafﬁég@ég-%o% atﬂ?%lf’l ﬁ% oggrn }é}%ﬂt o Z
I n some enbodlfyelsenyt, imedRribndriched 61-€¢ lalkyayl, belisdar and biraactedd Gormul a 11 :

(formula I1) wherein Arl and Ar3 are each independently substituted
or unsubstit G6&koXYAndor  het eroaryl groups: X, Y, and Z are

i ndependent | y absams £ling ARSI ofs- ARHRIGL QURGRAS Shivbtidiea O =0) -.
-§(=0)-, -S@-, -C(R11)=C(R12)-, and - C(Ri 3R14)n-, n, g, and mare
i ndependent | gydicas hgterocyclic gmupCyhnd R are i ndependently sel ected from

CURT0) 00T ISR RAEH  WpsEALE s9 my,f7  : A and
nitro, amino, or azide; Ar? is substituted with a methyl group; X is C=0; Y
and Z are absent; Cy is piperazine; and/or Ar’ is substituted with a halo
group, a nitro group, or a combination of a halo and nitro group.
In some embodiments, Cy is a substituted 5-7-membered unsaturated
ring containing 2 nitrogen atoms, wherein one nitrogen atom is bonded to X
and another nitrogen atom is bonded to Z.
In a preferred embodiment, Cy is a substituted piperazine, wherein
NI(N at l-i)osition) is bonded to X and N4 (N at 4-position) is bonded to Z.
In some embodiments, the NP inhibitors have the structure of

formula II:

X,A\%Q;D,z\Ars
MY~
Ar' \(kﬁ

Q-T
R4

(formula II)

wherein Ar! and Ar® are each independently substituted or
unsubstituted aryl or heteroaryl groups;

X, Y, and Z are independently absent or selected from the group
consisting of -C(=0)-, -S(=0)-, -SO,-, -N(R¢)-, -C(R;1)=C(R}2)-, and -
CRi3R14)p-,

n, g, and m are independently 0 to 6;

T, Q, and R are independently selected from C(RgRy), nitrogen,
oxygen, phosphorous, silicon, sulfur, and arsenic;

A and D are each independently CR5R ¢ or NR;7;



4 wherein R4 and R8-R17 are independently selected from hydrogen,

hal o, hydroxyl, linear or branched CI-C6 al kyl, |inear or branched Cl-C6

al kenyl , wonearois037br anched Cl -C6 al kynyl, or |inear anechra@ctd1@r- C6

al koxy, am no, azide, cyano, nitro, nitri I e, isonitrile, am de,

car boxyl ate, urea, guanidine, I socyana‘l e, isothiocyanate, and thioether, or
wherein -CRI5R16-, - NR17-, or conbinations thereof, when taken together

with the optional bridgin ene grou nbered cyclic
structure. I"ﬁ‘ gﬁ%g&'%?f?én RF‘P&PQ@%B?F?@BP’% 498> hydr ogen, _
hydroxyl, ni hame, hﬁdfbiaya, li¥ar 8ZbidBched @,SC¢ &kH; lineaR BFbénetied @bgent, and Ar3 is
substituted wth a_hal 0 group anitro roup, or a conbination of a halo

and nitro gr dlksnyl Hnear or bragehed CieGoaliymuner linkar ans brandhed C1-Cs | n some

enbodi nent s, 0 e n LS ik ogen sole
enbodi nent s, éﬁoﬁ’d&rﬁnhg’r%l% agﬁ% lﬁ%d&ff‘%’r g‘”ﬁﬁﬂ%, whércgﬁor? X)&f-a%’ 46t nes a
pi per azi ne. guanidine)isocyanate, aﬁdlbﬂbymiates and ﬁnﬁ)eﬂférj drhvltvrélﬁrSIH]ﬁV@- the

structure of formula I]]1: | a 1) wherein Arl
and Ar3 are é\{fdh P'h%%’ﬁ@ﬂﬁé’ﬁ’ts Iﬂ‘}er%‘?.fb‘é’h?‘% @#@dt%ﬁhﬁh‘é’l}béﬂq quioed aryl or

het er oar yl r sent or sel ected
fromt heygr gﬁgag%né?esﬂﬁl?\%%r?'ypscg 5;5 A hﬂ%@@@?@g}?&&@égmn =C(1212)-, and

- (R 4RI A-1-5 n, Ilgsommdnmchmnisndepemntdtqd With bydrogen, hydroAyl,D, T, Q "and
Rare i nd_epeggent Sg}: gzgher ?( 1S _%rDOC(\BgnI? arenzlbtsén(%ga?n% A 1 ShbStitu et&osphor ous,

sul fur, sili
with a halo group, a nitro group, or a combination of a halo and nitro group.

In a preferred embodiment, R4 is methyl.

In some embodiments, Q is carbon, T is oxygen, and R is nitrogen.

In some embodiments, g and m are 1 and A and D are NR,7, wherein
A-D defines a piperazine.

In some embodiments, the NP inhibitors have the structure of

formula III;

(formula III)

wherein Ar' and Ar® are each independently substituted or
unsubstituted aryl or heteroaryl groups;

X, Y, and Z are independently absent or selected from the group
consisting of —C(=0)-, -S(=0)-, -SO,-, -N(R)¢)-, -C(R1;)=C(R13)-, and —
C(R1aR15)n-,

n, g, and m are independently 0 to 6;

A, D, T, Q, and R are independently selected from C(RgRy), nitrogen,
oxygen, phosphorous, sulfur, silicon, and arsenic;

wherein R4 and Rg-R 5 are independently selected from hydrogen,
halo, hydroxyl, linear or branched C,-Cg¢ alkyl, linear or branched C;-Cg
alkenyl, linear or branched C;-C¢ alkynyl, or linear and branched C-Cs



wherein R4 and R8-R15 are independently sel ected from hydrogen, hal o,

hydr oxyl, linear or branched CI-C6 al kyl, linear or branched Cl-C6 al kenyl,
| i near orwbranahsw7Cl- C6 al kynyl, or |inear and branche@®CTIGN2610/0618F koxy,
am no, azide, cyano, nitro, nitrile, isonitrile, amde, carboxylate, urea,
guani di ne, isocyanate, isothiocyanate,5and thioether. In sone enbodi nent s,
Ari is substituted with hydrogen hydroxyl nitro, am no, azide; Xis
C=0; Y and Z re absent

t1t hal , t
aroup, or a EOSTraRTEraf SRl BB o u?imancaabogvﬁaf%”’”p ®mtro

embodi ment , @uhﬁdﬁ@rlb@éyanaiellsotﬁ?b)ﬁgﬁﬁte andlthibdigerni trogen. I n some
enbodi rrents A and D are mtrogen | n sonme enbodi ments, R4 and R13 are

i ndependent ly hydrlbg@ﬁe smbadinents, Ar ris substigredwith hydwigenritydrox®l i s met hy|
and R13 1S Ny afting, 1P aSQEX HO06! Ptk % ark BB TRAN: [sUbdildfiedP 1 NI bi tors

have the structure o ornﬁl
with a halo group, a nitro group, or a combination of a halo and nitro group.

In a preferred embodiment, Q is carbon, T is oxygen, and R is
nitrogen.

In some embodiments, A and D are nitrogen.
In some embodiments, R4 and R;3 are independently hydrogen or methyl. In
Vpreferred embodiments, R4 is methyl and R;3 is hydrogen.

In some embodiments, the composition the NP inhibitors have the

structure of formula [V;

R1 Re
sz\/J) R-TX-Cy=Z-

Y- 7Q-Rq
Rs s

(formula IV)

wherein X, Y, and Z are independently absent or selected from the
group consisting of —C(=0)-, -S(=0)-, -SO;-, -N(R¢)-, -C(R11)=C(R}2)-, and
~CR13R14)n-;

wherein n is 0 to 6;

T, Q, and R are independently selected from C(RgRy), nitrogen,
oxygen, phosphorous, silicon, sulfur, and arsenic; and

Cy is a 4-7-membered substituted or unsubstituted cyclic or
heterocyclic group; and

wherein Rj-Ry4 are independently selected from hydrogen, halo,
hydroxyl, linear or branched C;-Cs alkyl, linear or branched C,-Cg alkenyl,
linear or branched C,-Cg alkynyl; or linear and branched C,-Cs¢ alkoxy,
amino, azide, cyano, nitro, nitrile, isonitrile, amide, carboxylate, urea,

guanidine, isocyanate, isothiocyanate, and thioether.



(formula I'V) wherein X, Y, and Z are independently absent or selected from
the group consisting of -C(=0)-, -S(=0)-, -S®2-, -N(R0)-, -C(Ri

1) =C( R12)wo 2anah1563¢ Ri 3R14) n-; wherein nis 0 to 6; PCT/CNQ10z00018R ar e

i ndependently selected from C(R8R9), nitrogen, oxygen, phosphorous,

silicon, sulfur, and arsenic; and Cy is a 4-7-nmenbered substituted or
unsubstituted cyclic or heterocyclic group; and wherein R1-R14 are

i ndependently sel gcted fr hydr ogen, hal oxyl, linear ar, branched
Cl-C6 al kyl, I nedd Sgpe gRRdiments 8y da %‘?ﬁ%ﬁ%@gf’i‘ﬂ%ﬁﬂ%‘i“ brdfdd c1- oo
al kynyl ; or lingeanhtagiife Dhargs diotms; WhcRikénehitragnomagbsifled €Y®NO, nitro,
nitrile, isonitrile, am de, carboxylate, urea, guanidine, isocyanate,

i sot hi ocyanat8d angtherHirpgantgem is onded to Zy n some enbodi ments, Oy is a
substituted 5-7- . I; i N . i n at ons,
wherein one nitr gg‘gﬁ?’g‘?g?né@ﬁ %Hrll%%lgtdtc g 1%}9%%39%%&0%@%%{1?,9{6}%2%5& omis
bonded to Z. Nlnisé&opdeifterX entl Natxobbindedtq ZCY ahd Zaars alsehi, Klis€=Quihir azi ne,
wherein Ni is bonded to,6 X %aﬂ\m i.s bonded to Z, Y and Z are absent, X is
C=0, Tis ox?é&gﬁn’élﬁar@a’?’ NS nitrogen. In some enbodi ments,
RI-R3 and RS- 127 ah SO dRBEAIARAL! K, -RelAg Retk, bromicpeRabiilyderig a nitro
group, or a conbination of a halo and nitro group. In preferred

enbodi ment s, frm & bala greuphpinitee grepp, or a combiimatioo wé adelocuidmétne grouphe NP

i nhi bitors have t rfr? prsetfcgrlflecdt elilrrlbeod?r];ler];tgrﬂ'llls ‘3 n&lc::thylﬂg(r)o%%).1

In some embodiments, the NP inhibitors have the structure of

formula V:

Ar? Y ArZ—X Q T—2—AP

(formula V)

wherein Ar', Ar%, and Ar® are each independently substituted or
unsubstituted aryl or heteroaryl groups

X, Y, and Z are independently absent or selected from the group
consisting of -C=0, -S=0, -80,, -N(R)=0, -C=C, and —C(R2R3)q

n, g, and m are independently 0 to 6;

Q and T are independently selected from nitrogen or CRy4; and

Rj-R4, Ry, and Ry are independently selected from hydrogen, halo,
hydroxyl, linear or branched C,-Cs alkyl, linear or branched C,-Cs alkenyl,
linear or branched C,-Cg alkynyl, or linear and branched C;-Cg¢ alkoxy,
amino, azide, cyano, nitro, nitrile, isonitrile, amide, carboxylate, urea,
guanidine, isocyanate, isothiocyanate, and thioether.

In some embodiments, Q and T are both nitrogen.

In some embodiments, Ry is a methyl group and R is hydrogen. In
another embodiment, Rjo and R are both hydrogen.

In some embodiments, Y and Z are absent and X is C=0.

In some embodiments, g and m are 1.



( Arl-Y-Ar2-X--QT-Z-Ar3 199 M (formula V) wherein Arl, Ar2, and Ar3
are each independently substituted or unsubstituted aryl or heteroaryl
groups WwO020¥/01537and Z are i ndependently absent or selpett@adofovoomst he
group consisting of -C=0, -S=0, -S2, -N(R1)=0, -C=C, and -C(R2R3)n n, g,
and mare independently 0 to 6; Q and T are independently sel ected from
nitrogen or CR4; and Rl -R4, R10, and R,, are independently selected

from hydrogen, hal.o, hydroxyl .l near, pr anched Cl.- | kyl, Jinear or
branched Cl - C6 al Qgﬁﬂr%/fgﬁr?%éﬁpo%?leﬁ? e EIQ%S%SRQ%&% L Afnear and
branched Cl- G5, adtsBitited i86a26le, ¥2ind Y, arE ¥BRAL, XislC0, @hhd Tl 1 sonitrile,

am de, carboxyl ate, urea, guanidine, isocyanate, isothiocyanate, and

t hi oet her. | mitseges, @arbalare ht Bio ignghyl andR g ipbydrogdm: r ogen. In some
enbodi nents, R o i . u RS N 0 | noanot her

enbodi nent, R10 arllgs‘%,“, %rlgé&g%@%’ ﬁlfmﬁleﬁhmtofsihaggqn}ée %ﬁ;&ud?ﬁfents, Y and Z are
absent and Xfosndlx¥I: | n sonme enbodi nents, g and mare 1. 7 In a

preferred enbodi nent, Arl and Ar3 are a substituted phenyl, Ar2 is a
substituted isoxazole, Y and Z are absent, X isRe=0, Qand T are ni t rogen,

g and mare 1, Riois nethyl and R, is dRege: Ry In some
enbodi nents, the NP inhibitors have gpe s 1|’uct of formula VI :

T - Z
Ry X-Qepde
R2 Y. g9
| D—R,
Ry N-0 -
(formula VI)

wherein X, Y, and Z are independently absent or selected from the
group consisting of —-C(=0)-, -S(=0)-, -SO,-, -N(R2)-, -C(R13)=C(R}4)-, and
~C(RisR16)n-,

n, g, and m are independently 0 to 6;

Q and T are independently selected from nitrogen or CR;7; and

R,-R;7 are independently selected from hydrogen, halo, hydroxyl,
linear or branched C;-Cg alkyl, linear or branched C;-C¢ alkenyl, linear or
branched C,-C¢ alkynyl, or linear and branched C,-Cs alkoxy, amino, azide,
cyano, nitro, nitrile, isonitrile, amide, carboxylate, urea, guanidine,
isocyanate, isothiocyanate, and thioether.

In some embodiments, Q and T are both nitrogen.

In some embodiments, R;g is a methy! group and Ry, is hydrogen. In
other embodiments, both R;¢ and R,; are hydrogen.

In some embodiments, Y and Z are absent and X is C=0.

In some embodiments, g and m are 1.

In some embodiments, R;-R3 and Rs-R7 are independently selected
from a halo group, a nitro group, or a combination of a halo and nitro group.

In some embodiments herein described, Ar? is 5 membered
heteroaryls having two heteroatoms in 1,2 or 1,3 positions, including a

double bond between carbon and said heteroatom, e.g., nitrogen.



wherein X, Y, and Z are independently absent or selected fromthe group
consisting of -C(=0)-, -S(=0)-, -S2-, -N(R12)-, -C(R13)=C(R14)-, and
- C(R15R16)0201m15@7 and m are i ndependently O to 6; Q amdTTN208/001187

i ndependently selected fromnitrogen or CR17; and Rl -R17 are
i ndependent|y sel ected from hydrogen, Bal o, hydroxyl , linear or branched
Cl-C6 al kyl, linear or branched Cl-C6 al kenyl, linear or branched Cl-C6

o e A B AR et e R O O

i sot hi OCyanatlﬁw@ﬂﬂtrbﬁﬁnQﬁélﬂ%d ok%&%merW‘%&ltlﬁsﬁﬁqn gaare both
ni trogen. I'n sone enbodi nen R10 is a hyl group and R11 is

hydrogen. | n dsuhlerboadihstivesnsatbonisnd Reikniraged. R11 ar e hydrogen In some

enbodi nents, Y an nd .X { ITB enp nts, g and m
are 1. In sone eng(géogl {Iﬁ’%a%let ereladﬁic %gare | p%rﬁd%ﬁ? rTFsel ected from
a hal o group,substituted avithy QEP3, Qlor & sﬁbsﬁﬁlldih@d, pﬁ:%r@lﬁly%ul%ﬁﬂﬂe@mhm tro group.

In some enbogeﬁgrsnts her ei n descr bed, Ar2 Is 5 nenbered heteroaryls having
two het er oat oHESHHENES 3t 258 02 QPBE%‘P{‘%’GH@OT prskarahly sepsituiesiith opend” bet ween

carbon and sajgsligdRe p@tpgmloﬁz g., nitrogen. 8

The compounds can be administered to prevent and/or treat a viral
infection, such as influenza. The compounds can be administered
parenterally, such as in the form of a solution or suspension, or enterally,
such as in the form of a tablet or capsule.

The pharmaceutical compositions contain an effective amount of one
or more of the compounds described herein. The range of an effective
amount may vary from individual to individual, however, the optimal dose is
readily determinable by those of skill in the art, such as the prescribing
physician. Doses may be measured by total amount given (e.g. per dose or
per day) or by concentration. In one embodiment, doses of 0.01, 0.05, 0.1,
02,05,1,2,3,4,5,6,7,8,9, 10, 15, 20, 25, 30, 40, 50, 100, 250, 500 and
1000 mg/kg/day may be appropriate for treatment. In another embodiment,
the daily dosage is 0.2 to 250 mg/kg.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1a is the chemical structure of Compound 1.

Figure 1b is a graph showing the percent reduction in plaque forming
units (PFU) as a function of the concentration of Compound 1.

Figure 2a is the chemical structure of Compound 2.

Figure 2b is a graph showing the percent reduction in plaque forming
units (PFU) as a function of the concentration of Compound 2.

Figure 3a is the chemical structure of Compound 3.

Figure 3b is a graph showing the percent reduction in plaque forming
units (PFU) as a function of the concentration of Compound 3.

Figure 4a is the chemical structure of Compound 4.

Figure 4b is a graph showing the percent reduction in plaque forming

units (PFU) as a function of the concentration of Compound 4.
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I n sone enbodi nents herein described, Ar2 is 5 nenbered heteroaryl having
nitrogen atom and oxygen atomin 1,2 or 1,3 positions having a doubl e bond
bet ween cwokon/mass7sai d nitrogen. I n sone enbodi MPOTAN2@T00NIS7
described, Arl and Ar3 are is phenyl substituted with 1, 2, 3, 4, or 5
substituents, preferably substituted wi%th 2 substituents at 2,4 or 2,6
positions, and/or preferably substituted with one substituent at

2- posi tion. he unds can be ad i ster to prevent and/or treat
a viral infection, ﬂ%ﬁ’fﬁgggai #Fﬂécﬁggmc?ﬁg Y‘l‘b‘gscan be admi ni st ered
parenteral ly, suc hFlgﬁrelsrb ib bgrafpﬂrsﬁbwfngahépéfééﬂt%u@,ﬁoﬁ USpaqsd i@ﬂnm%r
enterally, such as In the formof a tablet or capsule.

phar maceut i caMmitsdRBY3 ps 7 Bimstien af b sorgentatiereef Gemponndrft  of one or nore of
the conpounds descg;i &g%aq?{h@cﬂerﬁxcﬁ?stﬁﬁ:ﬂﬂgR?Eo 0&({@0“ ve anmount may vary

fromindividual to i vi dual ‘dose is readily
det ermi nabl e by t Hﬁgmecﬂb is kigkdphishoting the percaueé‘dt&ﬁof& eplpg@sfotrhinigng
total ~amount given (e.g. per dose or

physi ci an. Doses sur
per day) or b'&r“@cgﬁﬁéhﬁsr% HonPgthSH%ncé’H{%téRWrﬁomERi’é’éé of 0.01, 0.05, 0.1,

0.2, 0.5, 1, 2, 3, a iSthe Cheicalstrukfs ComBoursP7. 30, 40, 50, 100, 250,
500 and 1000 ng/ kg/lg]é‘tr)? r?ﬁy ee %plpcflosprl atr% ? v ?(r)ltlaat ment. I n another

embodi ment, the ddiigyredbdngeraph Sbo@mgohéﬁﬁcag/ré@ctiaRhﬁHa@Emlﬁgl ON OF THE
DRAW NGS Fi gure he str cture f Co nd 1. Fi gure
P15 & or apheuidhrHh R S BRSEREEnEE retieal it & ConERR Formi ng uni ts (PFU
as a function of tmgu@(gaqurca@mﬁal gfuc@@ggpgaﬂp&umﬁg gure 2a is the chem cal
structure of Conpound 2. Figure 2b is a graph show ng the percent

reduction in pl aqUdgweBhiihg staphisboyvingithe percent redvetivmin plaquerfermsiogeent r at i on
of Conpound 2unn!: : Pﬁ?aﬁflfdnén&?ﬁf tﬁg' ggﬂc%ﬁ{rat%n "fc(‘fr‘olfno%ou%h 8CO mpound 3.

Figure 3b is a gra ercen rnplaque formng units
(PFU) as a functi dhgmé %hethe@haﬁfmhl’ﬁfdcﬁtﬂeofCﬁﬁmmim 3. Figure 4a is the
chem cal tructur Cg‘o ound. 4. gure 4b.is, a raph show ng the
percent reduction |Eurﬁl g@@glfaghﬁhwngﬁlpqgerfqnp:[gduggorhlmmm{e, PWiBE t he

concent rat i onyfs (SPOPRD findriorSbBRT bdMEFrSHERT dRnd®

Figure 10a is the chemical structure of Compound 10.

Figure 10b is a graph showing the percent reduction in plaque
forming units (PFU) as a function of the concentration of Compound 10.
| DETAILED DESCRIPTION OF THE INVENTION
L Definitions

“Alkyl” or it moiety as generally used herein includes straight-chain
alkyl, branched-chain alkyl, cycloalkyl, alkyl substituted cycloalkyl, , and
cycloalkyl substituted alkyl. Unless otherwise indicated, alkyl generally has
1-30 carbon atoms, 1-20 carbon atoms, 1-10 carbon atoms, 1-6 carbon atoms,
1-5 carbon atoms, preferably methyl, ethyl or propyl. A straight chain or
branched chain alkyl generally has 30 or fewer carbon atoms in its backbone
(e.g., C1-C;y for straight chain, C3-Cj;¢ for branched chain), preferably 20 or
fewer, preferably 10 or fewer, more preferably 6 or fewer, most preferably 5
or fewer. Likewise, cycloalkyls have from 3-20 carbon atoms in their ring
structure, preferably from 3-10 carbons atoms in their ring structure, most
preferably 5, 6 or 7 carbons in the ring structure. Examples of alkyl include,
but are not limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl,
isobutyl, sec-butyl, cyclohexyl, (cyclohexyl)methyl, cyclopropylmethyl, and
homologs and isomers of, for example, n-pentyl, n-hexyl, n-heptyl, n-octyl.

SUBSTITUTE SHEET (RULE 26)



9 Figure 5a is the chem cal structure of Conpound 5. Figure 5b is a
graph showi ng the percent reduction in plaque formng units (PFU) as a
functi on wb 20twi1swncent rati on of Conpound 5. Figure 6a PSTidN20DVOMSEal
structure of Conpound 6. Figure 6b is a graph show ng the percent
reduction in plaque formng units (PF@P as a function of the concentration
of Conpound 6. Figure 7a is the chem cal structure of Conpound 7.

Figure 7b is a graph, shaw,ng.,th ercent reduction in plaque formng units
(PFU) as a functigﬁe(tﬁmt V\ﬁﬁéky%owg T 819 g o S&%‘&Eﬂ?&aignell‘i’ Ju?"€ 8a is the
chemical st r ¢gibbh atodfs SPARPR¥IEcEbon radical d%l@ar@s&berbak?lsgsaﬁiblé how ng t he
percent reduction in pl agéje formng units (PFU) as a tunction of the

concent r at i osubstitucatspaelnde. dut meggt Bmaed fos halegersh syphealflustineict ur e of
Conpound 9. o - 18 .8 S i ngy. 1 he per t _reduction in
chlorme,%ggrk{fsﬁ lalohﬁle, ?ﬁﬁ%&qbz\}%ﬂz ﬁhérel% 1?1 antcdﬁ%tare

pl ague form ng unit as a the concen 'on of Conpound
9. Figure 10andeperdeatly heddogal, alidyl,we tatil candfwiepeinahsitrd@en atom is Fi gure 10b is
a graph show ng the percent, r Iz(.jyuctiqn in _plagque formng units (PFU) as a
function of PREONANNALFHESd B Visssip &Rutsdydegen, alkyl, or aytr AANED DESCRI PTI ON

ner i n | nel UL SCo R g opa e G CO oo AR Rl R 2o
al kyl subst i hydreder atkybairlayyl; azide ata%dﬂ;ﬂkdow, isljlﬂnsmhb&phedata,i kyl . Unl ess
otherw se i n%hgs% 1encziite, g%l}lflygthgr? Qlﬁ%o%lyi,%ul}}gnsamido, heterocyclyl, aromatic or

heteroaromatic moieties, --CF3; -NCOCOCH,CH,; -NCOCOCHCH; -NCS;

and combinations thereof.

“Alkenyl” or it moiety as generally used herein includes straight-
chain or branched-chain alkenyl, cycloalkenyl, alkyl substituted cycloalkenyl
and “alkynyl” or it moiety as generally used herein includes straight-chain or
‘branched-chain alkynyl groups or cycloalkynyl (alicyclic) groups, alkyl
substituted cycloalkenyl, cycloalkynyl groups or cycloalkyl substituted
alkynyl groups. Unless otherwise indicated, alkenyl and alkynyl generally
have 2-30 carbon atoms, 2-20 carbon atoms, 2-10 carbon atoms, 2-6 carbon
atoms, 2-5 carbon atoms. A straight chain or branched chain alkenyl or
alkynyl generally has 30 or fewer carbon atoms in its backbone (e.g., C;-Csp
for straight chain, C3-Cs¢ for branched chain), preferably 20 or fewer,
preferably 10 or fewer, more preferably 6 or fewer, most preferably 5 or
fewer. Alkenyl or alkynyl generally have from 2-30 carbons in the chain,
preferably from 2-20 carbons in the chain, preferably from 2-10 carbons in
the chain, more preferably from 2-6 carbons, most preferably from 2-5
carbons. Likewise, cycloalkenyl or cycloalkynyl has from 3-20 carbon
atoms in their ring structure, preferably from 3-10 carbons atoms in their ring
structure, most preferably 5, 6 or 7 carbons in the ring structure. Examples
of cycloalkenyl or cycloalkynyl groups include, but are not limited to, vinyl,
2-propenyl, crotyl, 2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(1,4-
pentadienyl), ethynyl, 1- and 3-propynyl, and 3-butynyl.

The term “alkenyl” and “alkynyl” include one or more substitutions
at one or more carbon atoms of the hydrocarbon radical. Suitable

substituents include, but are not limited to, halogens, such as fluorine,



1- 30 carbon atonms, 1-20 carbon atons, 1-10 carbon atons, 1-6 carbon atons,
1-5 carbon atons, preferably nethyl, ethyl or propyl. A straight chain or
branched wbann/mabdsyl generally has 30 or fewer carbon atromeCN2moiobsisbackbone
(e.g., A-Cmfor straight chain, C3-C3Q for branched chain), preferably 20
or fewer, preferably 10 or fewer, nordlpreferably 6 or fewer, nost
preferably 5 or fewer. Likew se, cycloal kyls have from 3-20 carbon atons in

their ring structure referably. from. 3- arbons ato in their ring
structure, nﬁét&w?’el?rg?lgrbel’ Jr ’é),%mg’ B}(c{rgx%la- ’ Wﬁerf'r?e[?‘r?ﬁg&%atr? uct ure.
Exanpl es of ahdependenal bgl@rogbtallf oraefl, AddWheéinttRe nif@g&yatomak hy! , n-propyl,

i sopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, cyclohexyl,
(cycl ohexyl ) wetiagally quterigeds pYR hergin R isrhydreged) algd, erraryl séer s of , for

exanpl e, n- pq\f@zyl_Qgglﬁiﬁ%)ﬁg@%;_Clb(%t(xl_c A gﬁl}zt%”?quEET (RULE 26)

10 The term udes one or nore i onsS at one or nore
car bon at ons hydiroighw atigydy arcaylbaride, actilled] alksxyddhlin@ phbgihenata) kyl s. Sui t abl e

substituents include, t are t linmted to, hal ogens, such as fluorine,
chl orine, br SAPHRANA, Sﬁ%\df«tﬁ@; Sﬂ@ﬂ%@qf@mﬂ%@}erm@fy i HOREIGAY R2 are
i ndependent | Ylei%i/&'i-&ﬁgﬁb mgilglﬁ&\;\/;-]-(ﬁﬁ; N%bco@ﬁdﬂ?fr@(':@cﬁ@ﬁ{@m hagen atomis

optionally quatem zed; - SR, erein I's hydrogen, alkyl, or aryl; -CN -

NO2; - COOH; @ad bombinatiens th@e. - COOR, or - CONR2, wherein R is hydrogen,

al kyl, or aryl; azide,, aralk al koxyl . imno osphonat e,. phpsphi nat e,
S etner” surtarg FalhetlvaestS e R enyRRAS R o ed

het er oar omat iagoni@icairge Baving §om 6 td\NSOXdBdi4ebiAs, préickdbOEH 6 ©NES;, and

conbi nations thereof. "Al kenyl" or_ it noiety as generally used herein

i ncl udes st r &pPRR atasmp prd isrmasteampc n-asomatic Eng@pluraifieeiipedeny| , al kyl
substituted I Y. ) " Qra ] |t e y used
herein incl u%}éoghgg fg&g&'@‘?ﬁg?‘}ﬂég%ﬁgﬁt%&@ % Rg&ﬁ at%{%?/e%y? %ﬁ%ﬁl i§ or

cycl oal kynyl atelaphthehylcicegaphtipdenyd doytracunbk flubtengl] phstalangl, kenyl |

cycl oal kynyl groups or cl oal kyl substituted al kynyl groups. Unless
ot herwi se in E‘H‘@H‘?“yéi @érﬁwl HAP m%satwgéﬁw@%%w& o080 meFDon at ons,
2-20 carbon afQafes sgreé@dgﬁm@_g%%nsi ﬁ"n% &Pilmﬂ-hﬁilw,swh@réﬁi Eaddaon atons. A

straight chain or branch chai’n enyl or al’kynyl generally has 30 or
f ewer car bon Ratasnmdependentlydaalkdgenealkyl, gr aryClandmwhrsin e matregden agdmi n, C3- C30

for branched.chain referably.20 or fewer r.ef er abl 0 .or fewer, nore
preferably 61%?1%1‘0@3%3! ,8u Zeg’r%f(ﬁ:.r g%‘ir?xﬁ’ ?)cr}fl’fat%\llw?’%a ’l?ﬁ%’ MgP- al kynyl
general | y hawgoky 0aydxghiafdyans, sulfohibacidhailfate, Eh@g‘pﬂbﬁblayidf rom 2-20 carbons
in the chain, preferably from 2-10 carbons in the chain, nore preferably

from 2- 6 car pbpsphateper phosplianateppigher upprotectde o prefested (a5 Resfissasy, asycl oal keny!

or cycl oal ky f 3= ﬁgﬁ i M& I ucture,
preferably f %h}wﬁﬁ@oég%@%ﬁﬁéﬁ%ﬁ%ﬁgg P argitn ﬁ{'s{nr%ﬂg?%r’g £l'm)st preferably
5, 6 or 7 caPheediverGrobhps in igasicSyathdsie, Job AviidyemdBonsyTHinkEdidoy, or

cycl oal kynyl but are 2- propenyl

crotyl, 2-i s8§r8$xﬁ %9‘%“? %lgllf’ggm%ﬁ Al Pskr;’?tglcwdrﬁn%{;te%d‘; %‘hi}l;“c?ﬁ? fﬂké’di enyl ),
el Tyl 1 ol e e P T e B ot s of
t he hydr ocar moore sehititrions Suineais neors aixbon atverstad thenlnydnekarbdnuadizale not 1inmited
to, halogens ’Su?tgb Q sm?lassti];delrjl%riirlagde, but are not limited to, halogens, such as

fluorine, chlorine, bromine, or iodine; hydroxyl; -NRR,, wherein R; and R,

are independently hydrogen, alkyl, or aryl, and wherein the nitrogen atom is

optionally quaternized; -SR, wherein R is hydrogen, alkyl, or aryl; -CN; -

NO;; -COOH; carboxylate; -COR, -COOR, or -CONR;, wherein R is

hydrogen, alkyl, or aryl; azide, aralkyl, alkoxyl, imino, phosphonate,

phosphinate, silyl, ether, sulfonyl, sulfonamido, heterocyclyl, aromatic or

heteroaromatic moieties, --CF3; -NCOCOCH,CH,; -NCOCOCHCH; -NCS;

and combinations thereof.



11 chlorine, bromne, or iodine; hydroxyl; -NRLR2, wherein RL and R2 are

i ndependently hydrogen, al kyl, or aryl, and wherein the nitrogen atomis
opt i onal lwoquatasis7zed; -SR, wherein R is hydrogen, al kpCT/avoavoplis7- CN;, -
NC2; -COOH, carboxylate; -COR -COOR or -CONR2, wherein R is hydrogen,
alkyl, or aryl: azide, aralkyl, alkoxy2, inino, phosphonate, phosphinate,
silyl, ether, suI fonyl, sul fonam do, heterocyclyl, aromati c or

het er oaronati ¢ noi, CS; and

conbi nations ther egfndmg p°°ket R? ngmgrS‘tF asrﬁﬁ“&‘fayyﬁe ‘?{E‘Paff’ el19&ed her ein,

refers to a Q@élbﬁ)ﬂf@ﬁﬁ)‘%iuw&@&b&ll&r'c@%plé?@tﬁhtngszifé%ﬁl‘t@fft@ 30 carbon atons,
preferably from6 to 18 carbon atoms, and is made up of an aromatic ring or

a plurality @pnﬁgige@orafmhlﬁaﬁpwg@swm@WS@awmedrbxeﬁmb@ orj ncI ude phenyl ,
bi phenyl na'?g%&)(o h"é‘%&:ﬂ?%ﬂﬁ%ei%r &GN crﬁfé erc])¥| &m&%%ﬁ ?efg?n fluorenyl,

phenalenyl nan ren ar group Pstituted

with one or rmﬁﬁ“eﬂ&m xﬁblee&e,slﬁbleclﬁleﬂcdnﬁlﬂm tah&/o@bﬁiﬂc@lw@&lpﬁhhdlgks)f al kyl,
-NR1R2, wherein Rl and R2 are mdeEendent{IE% ydrogen,_ al kyl, or aryl, and
wher ei n t he nyitlbsgepresiatssh hyshessiaf skidh inyghe tﬂéﬁ’r patwiee! the cayay Withi oxyl . acyl ,

am no, halo, %lﬂh@ﬁb&&t wal 5&23% n%%ﬁé?;ﬁbét %&l%&lle cyano, sulfonic aci d,

sul fate, phosphoni Tt aci d, at e, osp onate, either unprotected, or
protected as neceéNaclypzmblﬂdmgmtet’asghma:-ll}sdsledlhemiﬁ refdrho asite, orf or exanpl e,

t ht i t G in Oy [ t is, Joh
Wi ey and Sordhucres Thanretein () dolocs B L BB oap e e Sk ol al iy~
 ncl udes C1- Glfluabex| NP G cahnai E3nabliosin [bibba bthl_and/ or pr opy!

etc. The term™"aryl" includes one or nore substitutions at one or nore
carbon at ons f@ﬁ‘ldltehéwyﬁb]cl@rtb@bgrmmﬂawbe siglied imphe ag Wil mppigeiateghatne| ude, but

are not |im uori,ne, .ch or ne, or

i odi ne; hydr tél%/?&c‘feoﬁﬁlatﬁg& ié? zsl sﬁg@f%ﬁ%r% d%?dndlqgaoepeﬁa%mg?v hydr ogen,

al kyl, or ar foundtidreiheidtan lhttﬁpﬁmatermg@rtoataemn pla@@bfﬂfwd)ﬂ i quaternized,

- SR, wher ein R is hydrogen, al kyI or aryl; -CN NCO2; - COOH; carboxyl ate;
_OOR, - COOR, adfitiopttae ongpdiselpsediberainhydr ogen, al kyl, or aryl: azide,

aral kyl, -al koxyl, g, yfl@h%ﬁ'ﬁ% %r"l?%&%@ymh@% en%hll%se@ﬁé}@fn’ sul fonyl,

sul f onam do, heterocyc aronat | et et oar onat I c letres, --CF3;
- NCOCOCH2 CH2 refetdGO0REBK IHore IN@ of SR atomibj preferayg 5S{7hetomafwith G2

"Bi ndi ng pocket" or "binding site' ener d herei.n refer to a
rog on ot "a. ABOETISABIRIA B ethiicc SRR S B Inaa 5o RGP BP ¢

confi gurati ORyhiéRMRLRR LAbES qr?efeafe@ﬁeféfotatbmsqrhcmae Qaﬁup@@%eayanda noi ety or
region of the sane nol ecul e or nol ecul ar conpl ex, or nmoi ety or region of

a di fferent mitregsnl Multinl¢ dogd may bofipsedyas naquinohneccbréma@fur@orrpound As will
e 200 <0 AR Py P e B e
heteroatoms selected from O, S, P, Si, As, and N. Heterocycles include, but
are not limited to azolidine, pyrrole, oxolane, furan, thiolane, thiophene,
phospholane, phosphole, silane, silole, arsolane, arsole, imidazoline,
pyrazolidine, imidazole, imidazoline, pyrazole, pyrazoline, oxazolidine,
isoxazolidine, oxazole, oxazoline, isoxazole, isoxazoline, thiazolidine,
isothiazolidine, thiazole, thiazoline, isothiazole, isothiazoline, dioxolane,
oxathiolane, dithiolane, thiazole, dithiazole, furazan, oxadiazole, thiadiazole,
tetrazole, piperidine, pyridine, pyran, tetrahydropyran, thiane, thiopyran,
piperazine, diazine, morpholine, oxazine, thiazine, dithiane, dioxane, dioxin,
triazine, trioxane, tetrazine, azapane, azepine, oxepane, oxepine, thiepane,
thiepine, azocane, azocine, oxecane, and thiocane. Heterocycle or
heterocyclic also refers to substituted rings, as defined in “aryl” or “alkyl.”.
In some embodiments, the "heterocycle" or "heterocyclic" includes a double

bond between carbon and said heteroatom, e.g., nitrogen.



"Nucl eozin binding site" as generally used herein refers to a site on

i nfl uenza nucl eoprotein (NP) A located in the body domain on the back of

i nfl uenzaw® 2NA/015037t hi s conformati on the nucl eozin is | ecat@dotvannsen
residues 280 to 311 in the groove. Those skilled in the art will appreciate
that the nucleozin binding site is slilghtly different dependi ng on the
conpound bound therein and can incorporate ot her cont acts |n pl ace of
and/or in additio h nes %sclo ed he b rocycle" or it
noi ety or "heter o?‘&%l TOENNEr A9 eﬁé’@ﬁ"ﬁﬁ‘r"éﬁ’r‘ FtétFIBP’ésﬁtémSHE or nore
rings of 5-12ngteafon BF Eét@foawrrys BultaBlk QUBstitW¥nts in@ludeVbubétnotinsat ur at i on or
aromatic char.ac.ter and havin | east one ring atom which is not a carbon.
Preferred hetlpitgtonkalogeas, lﬁﬁgh auflyarine, ehlgirg brcame,mrtwd;g@mydmm,l ple rings

may be fused, \@spl V. rred

het er ocycl e gygupg%h%gélﬁﬁiﬁﬂ RS reeggggp%%égnglgvlﬁyfj ﬁorggfh’salﬂfﬁt ‘Lerracr) %frl?g sel ected
fromo0, S, Pwlﬁrclnﬁ&,maﬁgbd\dltorﬁéﬁ eptiepily geatemmided SR, vHereduti 8 inot |imted to
azol i di ne, rrol e, | ane, furan, thiolane, thio henﬁg phasphol ane,

phosphol e, SI Q‘i?éemsqlfgi@ar)élr LN aND2; AP QOHE casberyateart %99 zol i di ne,

i m dazol e, imgd (0] xazol i di ne,
oxazol e, oxazQ%I ?ﬁ}y}tl g»ggngfgrgﬁé%fdrg zcgjilq(?1 Op ?%g%f %ﬂaﬂ?p% {)hl azol i di ne,
t hi azol e, t hilmiw, ph‘mphom tphasphiirete, isdplt btﬂialzelllhfcrre',l sdlfomldne, oxat hi ol ane,

di t hi ol ane, azo dithiaz furazan, xadl ol ol e,
tetrazol e, thﬁ F(?céﬁc L aropaticg ﬂ'@?er?ﬁf?@ﬁuc fné’f ﬁpﬁgﬁwﬂg >t hi opyr an,
pi perazi ne, dANEDCECHOM;PRCISE A codffiAatitis tﬁé}ié(ﬁ‘ZI ne, dithiane, dioxane,

dioxin, triazine, trioxane, tetrazine, azapane, azepine, oxepane, oxepine,
t hi epane, t hi epi néHetgrosedh or itanaietyme genstalbavssd harein teferotaae. Het er ocycle or

heter ooycl i ¢ Bl SLE5 Sob @SR bhl ol AOSpa s B LARTIN BV " O

"al kyl erocyc erocyclr i ncl udes

a doubl e boncP IsgtAmeeﬂSaamMs) oaadomdirmtibe tietad] which Ge@roaryligrdwpoien. 13
The term "het erocXCI e" includes one qQr nore substitutions at one or nore
carbon or hetogHendlysubstapied aheasban grifrograatamisydicierearyh HEH™8Y not i ni t ed

t o, hal ogens hydr oxyl ;
Nk 1o, Capor SIS HETER it 6 Binoft Ty B Aok AR, Reterdl el B 1Y T orY ! g

wher ei n t he rhieterag@rirggs ofetemaoyl inamdes) but dqumdtdmmiezddd, S-mERbewiderein R i s

hyd b - , - COOR,
>C/IJr\IOF\’genvx/ner E%Wr%r}'léﬁﬁ%}ag(?agﬁléteré’:\gzw (e go%:l{f) Ce%re%g’)?%gﬁ 3}‘5}“ 7P, al koxyl 10r

i m no, phosphefmied RIGSRII WivEhg tSiol Bé'teroﬁbx'ﬂ@'in ] Q%‘rfl@%smoﬁg ké nani do,
het er ocyclyl, aromatic or "heteroaromati c noieties, -- 2CF12;

- NOOCOCHCH,  -onamlesa pyragelasiimidazolas thinzeless purines); 5- mem@@@d@smarylér it noiety
| | f f t
fout het or oxt Ui L AUEL Bhiefenfl B SRR BRI BREABEEE 1) 10 10 O 1O

conbi nati on tli&&'f@@f/ls hwhngh Heediredtonas;yo- n@mmdlhstsacptryl@matw ohesubstituted at
carbon or nitrogen atomn Het eroaryl rings. my als f6used wi th one or
more cyclic WW%‘&P&%E Ph@@‘é?&%ﬂ g, 15%&”9‘]101“’&1’1??&?@ 5‘1"’? rings.

Het er oaryl le:lﬂﬁgﬁeno%’ﬁﬁfn%% BOhetnb8el (ﬁgtef&ryl? ?Jl}?n%rh%fér&@é r‘rf)g'aée yl's having

one hetero at Shenes, pyrroles ans
het eroaryl s ip@zmdngnesv\mnhelnmgﬁtthniumes fyrazioes, myﬁmpbmst qunazoliees); , oxazol es,

pyrazol es, daz thia oIe ur i 5- red het.eroaryl s havi ng
three heter o?ﬁ aé‘eter‘f eethﬁ{éé(lﬁldﬁ% >§ HanBer %‘b‘%}et eroaryl s
having 3 het eﬁaﬁﬁé?é@het&'omnmftﬁ%lﬂ%@m%mé spamchrhr@gﬁeﬂaﬁwr oatom (e.g.,
pyridine, quinoline, isoquinoline, phenanthrine,

cycl ohept enoﬁlﬁqﬂaﬁrmgmu}@mﬁﬂ@r@@nh@@ém% yith In heteropiomiseselecisdt oms (e. g.
pyridazines, (£l nppking N dl%ﬂst &e'e%ofa rﬁént?ﬁé”"zh&%%aﬂf?'yfncfnd §£'8§ ble

qui nazol i nes) 1o -1 roar ree teroa -
1,3,5-triazi nghd ban%eﬁcaﬂhseﬁbﬁd &4id h&%ﬁfaﬂﬂﬂi)dgs witrbgerf. our het er oatoms

rF:artl cularly preferred heteroarP(I qrou ps are 5-10-nenbered rings with 1-3
et er oat ons_ sel ectldg term “heteroaryl” includes one or more substitutions at one or

‘more carbon or heteroatoms atoms. Suitable substituents include, but are not

limited to, halogens, such as fluorine, chlorine, bromine, or iodine; hydroxyl;

--NRR;, wherein R; and R; are independently hydrogen, alkyl, or aryl, and

wherein the nitrogen atom is optionally quaternized; -SR, wherein R is



fromO, S, and N. I n sone enbodi nents, the" heteroaryl" includes a double
bond between carbon and said heteroatom e.g., nitrogen. The term

"het er oarwb™20imabasdes one or nore substitutions at one eCcTNel00@Iison oOr
het eroat ons atons. Suitable substituents include, but are not limted to,
hal ogens, such as fluorine, chlorine, romne, or iodine; hydroxyl;
--NR1R2, wherein Rl and R2 are independently hydrogen, alkyl, or aryl, and

wherein t he tro enaoml o) |l terni zed e|n Ris 14
hydr ogen, BVF 1. alkxls o %Nd% % éﬁéﬁ Wﬁ&%a?éﬁ &é - COOR, or

- CONRZ, \Aher eﬂracamsz WEFeROR s hﬁirlsgém ki1, dF xllyl aazdederal@l alkoxky, al koxyl,

i m no, phosphonate, phosphl nate, srl yI , ether, I f onyl”,” sul f onani do,

het er ocycl yl ,iméeg nhwpbomte tbperhinato syl ethm;nsehfweé sualft:n@!:rmdor NCOCOCHZ CH2;
- NCOCOCHCH, N@?(Jclyg %;&&tﬂe?eQSarB 1ce 81 yref i Pz‘3a Ii&b%ﬁz

general ly useg to marrma an VITUS 2g H3N2,

HINL, H2N2, I—NND@(D@H&NlNCSymad\comﬁlhumaherwﬂJS) strains and variants
t hereof. "Low ener%] stabl e conpl ex" as generally used herein refers to a
conpl ex i n which artﬂuaazqé BoRERgrally qs%hepmpﬁgs toimampaliamflyeraae opr ot ei n

by weak to sty j’}@%q_ﬁl}l“aﬁ{?}@‘ ?@J ted to,

coval ent bonds%lﬁsy %ﬁ) en Bonds I su c?e&g %Uf‘@avu#ﬁhg é:Hgfgle/isrm)l oni ¢ bonds,
nmet al coordi rsaameandhgrdammhabof; forces, van der Wal s |nteract| ons,
cation-pi interact,ons - st,acki ng, and combi nat | ons. r eof .

"Nucl eoprotei n" or ng'ne‘%é’ %@ﬁgpo&p&;xu%&pnﬁgﬁgltﬁﬂgﬁ IgeRB QA protein that
I's struct uralchinpRiSRHAiEHdMLibol iR itk BRdidg sfrX 8Pk AlYlebptolePPy Ot €i ns are
identified and sequenced in certain strains of influenza viruses. The

sequences of wrakyo sluarigdoisrmelerular fozees eclidingidbul notlimiteddm) cavateabase. The

GenBank acce [ f u i nfl uenza
type A for SEP X hg}‘lli—lfn?ﬁ g?ng hﬁgﬂﬁgggg&gﬁ\%ﬁgﬁtﬁ?&?gg&gﬁb p? H3N2 are
AAZ38620 (YPC&GBM&hon&[ydlrdeobfmbtcyge/afﬂﬂ%H%&B u@t\{&'&ﬁ&@%@tm PAF02400. NP
040982 (AAA43467)[SEQ I D NGO 5] :

MASQGTKRSYEQWRE P eRf Fepinaiionsaigreot.

KWRELI LYDKEE! R VSN PEIAT AL 1T WK (DT TSR R TCAD

PRMCSL MQGST L PRREGARGBANIKEUE N H/AShaIReH K@l DRI #ANRGENGIRAATRI A

PACVYGPAVASCISEERBEISIARY S5Ar RS 3PP EA A T RS RG22
viruses. The sequences of many nucleoproteins can be found in the NCBI
database. The GenBank accession numbers of some exemplary NP
sequences from influenza type A for subtypeo HIN1 are NP 040982
(AAAA43467), for subtype H3N2 are AAZ38620 (YP308843); and for
subtype HSN1 are AY856864 and AAF02400.
NP 040982 (AAA43467)[SEQ ID NO:5]:
MASQGTKRSYEQMETDGERQNATEIRASVGKMIGGIGRFYIQMC
TELKLSDYEGRLIQNSLTIERMVLSAFDERRNKYLEEHPSAGKDPKK
TGGPIYRRVNG
KWMRELILYDKEEIRRIWRQANNGDDATAGLTHMMIWHSNLNDAT
YQRTRALVRTGMD
PRMCSLMQGSTLPRRSGAAGAAVKGVGTMVMELVRMIKRGINDRN
FWRGENGRKTRIA
YERMCNILKGKFQTAAQKAMMDQVRESRDPGNAEFEDLTFLARSAL
ILRGSVAHKSCL
PACVYGPAVASGYDFEREGYSLVGIDPFRLLQNSQVYSLIRPNENPA
HKSQLVWMACH



15 SAAFEDLRVLSFI KGTKVWPRGKLSTRGVQ ASNENVETMESSTLELR SRYWAI RTRS
GGNTNQQRASAGQ SI QPTFSVQRNLPFDRTTVMAAFTGNTEGRTSD MRTEI | RWES ARPEDV
SFQGRGVFENGDENAASRY VP SFDVENEGSYFFGDNAEEYD AAZ38620 ( YPBOSRARV10{0BER7| D
NO 6]: MASQGTI CRSYEQVETDGDRQNATEI RASVGKM DG GRFYI QVC

TELKL SDHEGRLI QNSLTI EKMVL SAFDERRNKYL EEHPSAGKDPKK TGGPI YRRVDG
KWVREL VL YDKEE! RRI WRQANNGEDATAGLTHI M WHSNLNDAT YQRTRALVRTGVD

VERNEN LKKF ORISR R AR Bl i AR AS NS UA MBEP TRERY GPAVS

SGYDFEKEGYSL \§H PRAKRITRNSQ YSLI RPNENPAH KSQLVWWACH

SAAFEDLRLLSFI RGTKVSPRGKLSTRGVQ ASNENVDNMGSSTLELR SGYWAI RTRS
GGNTNQORASAGEIGNONTIQ RAVAQRNS FFERSY QRMARE DETEARPeT MRNEEGRIVEYS
AKPEEVSFRG?G&EEEFEWI VPSFDVBNEGSYFFGDNAEEYD AY856864[ SEQ | D NO 7] :
MASQGT! CRSYE El RASVGRWSG GRFYI QVC

TELKLSDYEGRL | ARED VERYIRGS Y EERSDBKIAAS IHSASEF DNPS K G SSERIGTINRRESY D
KW/REL| LYDKEEI RRI WRQANNGEDATAGLTHLM WHSNLNDATY QRTRALVRTGVD

PRMCSL MOGSTL PRRSGAAGAAVKGVGTMYMVELT RM KRG NDRNF

AAZ38620 (YP308843) [SEQ ID NO:6]:
MASQGTKRSYEQMETDGDRQNATEIRASVGKMIDGIGRFYIQMC
TELKLSDHEGRLIQNSLTIEKMVLSAFDERRNK YL.EEHPSAGKDPKK
TGGPIYRRVDG
KWMRELVLYDKEEIRRIWRQANNGEDATAGLTHIMIWHSNLNDAT
YQRTRALVRTGMD
PRMCSLMQGSTLPRRSGAAGAAVKGIGTMVMELIRMVKRGINDRNF
WRGENGRKTRSA

YERMCNILK GKFQTAAQRAMVDQVRESRNPGNAEIEDLIFLARSALI
LRGSVAHKSCL |
PACAYGPAVSSGYDFEKEGYSLVGIDPFKLLQNSQIYSLIRPNENPAH
KSQLVWMACH
SAAFEDLRLLSFIRGTKVSPRGKLSTRGVQIASNENMDNMGSSTLELR
SGYWAIRTRS
GGNTNQQRASAGQTSVQPTFSVQRNLPFEKSTIMAAFTGNTEGRTSD
MRAEIIRMMEG
AKPEEVSFRGRGVFELSDEKATNPIVPSFDMSNEGSYFFGDNAEEYD
N

AY856864[SEQ ID NO:7]:
MASQGTKRSYEQMETGGERQNATEIRASVGRMVSGIGRFYIQMC
TELKLSDYEGRLIQNSITIERMVLSAF DERRNRYLEEHPSAGKDPKKT
GGPIYRRRDG
KWVRELILYDKEEIRRIWRQANNGEDATAGLTHLMIWHSNLNDATY
QRTRALVRTGMD
PRMCSLMQGSTLPRRSGAAGAAVKGVGTMVMELIRMIKRGINDRNF



16 WRGENGRRTRI A YERMCNI LKCGKF' QTAAQRAMVDQVRESRNPGNAEI EDLI FLARSALI
LRGSVAHKSCL PACVYGLAVASGYDFEREGYSLVG DPFRLLONSQVFSLI RPNENPAH KSQLVWWACH
SAAFEDL Ru803p 1IRERYVPRGL STRGVQ ASNENMEAVDSNTLEL RSRYWAPRTR$2010/001187
GGNTNQRRASAGQ SVQPTFSVOQRNLPFERATI MAAFTGNTEGRTSD MRTEI | GUWES
ARPEDVSFQCGRGVFEL SDEKATNPI VP SFDVNNEGS NFFGDNAEEYD AAF02400[ SEQ | D NG 8] :
MASQGTKRSYEQVETGGERONATEI RASVGRWGE CRFYI QVC

TELKLSDQEGRLI AL SAFDERRNRYL EEHPSAGKDPKK TGGPI YRRRNG

KW/REL| LYDKEEI §II{I ATAGL THVM WHSNLNDAT YORTRALVRTGVD

PRMCSL MJGST L PRESGANIBRIIGUET NMIGRA RN BRE REIRFP GRAEVEBRTIRL AR SALI

YERMCNI LKGKF%!AA%@ RESRNPGNAEI EDL| FLARSALI LRGSVAHKSCL
PACVYA.AVASG DPFRLLONSQVFSLI RPKENPAH KSQLVWVACH

&1

N NOGRASAGY SO L S R BT DAKE AR Er S ST T R PAH

ARPEDVSFQGRGKISVRKAANIIPI VVPSFDVENEGSYFFGDNAEEYD
SAAFEDLRVSSFIRGTRVVPRGQLSTRGVQIASNENMEAMDSNTLEL
RSRYWAIRTRS
GGNTNQRRASAGQISVQPTFSVQRNLPFERATIMAAFTGNTEGRTSD
MRTEIGMMES
ARPEDVSFQGRGVFELSDEKATNPIVPSFDMNNEGSYFFGDNAEEYD
N

AAF02400[SEQ ID NO:8]:
MASQGTKRSYEQMETGGERQNATEIRASVGRMVGGIGRFYIQMC
TELKLSDQEGRLIQNSITVERMVLSAFDERRNR YLEEHPSAGKDPKK
TGGPIYRRRNG
KWVRELILYDKEEIRRIWRQANNGEDATAGLTHMMIWHSNLNDAT
YQRTRALVRTGMD
PRMCSLMQGSTLPRRSGAAGAAIKGVGTMVMELIRMIKRGINDRNF
‘WRGENGRRTRIA

YERMCNILK GKFQTAAQKAMMDQVRESRNPGNAEIEDLIFLARSALI
LRGSVAHKSCL
PACVYGLAVASGYDFEREGYSLVGIDPFRLLQNSQVFSLIRPKENPAH
KSQLVWMACH ‘
SAAFEDLRVSSFIRGTRVIPRGQLSTRGVQIASNENVEAMDSSTLELR
SRYWAIRTRS
GGNTNQQRASAGQISVQPTFSVQRNLPFERVTIMAAFKGNTEGRTSD
MRTEIIRMMES
ARPEDVSFQGRGVFELSDEKATNPIVPSFDMSNEGS YFFGDNAEEYD
N

“Nucleozin” as generally referred to herein has the chemical structure

-as follows:



17 "Pharmaceutically acceptable" as generally used herein refers
to those conpounds, nmaterials, conpositions, and/or dosage forns which are,
wi t hi n t wo=eopasaf? sound nedi cal judgnment, suitable foPCcugaN2dr/000187 act
with the tissues of human beings and ani mals w thout excessive toxicity,
irritation, allergic response, or ot her’ probl ens or conplications
commensurate with a reasonable benefit/risk ratio. "Phar maceutical ly
acceptabl e salts" as generally used.herein refer to derivatives of the

di scl osed conpounds wherein the pg @npound is nodi fied by nmaking acid
or base salts theregf. ExangrggNo‘ ohar maceutically acceptable salts

i nclude, but are n im td, pineral or organic acid salts of basic
resi dues such as a | kali or organic salts of acidic residues such as
carboxylic acids. The R eutically acceptable salts include the
conventional non-toxic 'saPts or the quaternary amonium salts of the parent
conpound forned, for exanple, fromnon-toxic inorganic or organic acids.
For exanpl e, such conventional non-toxic salts include those derived from
i norgani ¢ aci ds sumaaﬁad&yﬁhsablg'hlcwpitahle Twsdieadrabynused Itendih wefe to sul fami c,
phosphoric, njtric anwﬁihe | ik and the salts prepared from organic aC|ds
such as acet i"¢95¢5PBBP matefja t?ﬂ"&”ostj} r dggags forms which pre, “nal i c,
tartaric, cityijifn ttﬁ%@@ﬁebéf%ouﬂ@ﬁﬁPﬁal Félﬁérﬁ SURABICQY R if cmiaRY | aCet i C,
glutanlc, benzoic, salicylic Hl 2-acet oxybenzoic, funaric,

t ol unesul f onitlg tlssamﬂiammmelmng‘scand@mnm withegdxtensive toﬁtmganmtatlcsul f oni c,
oxalic, and isethiaon stituted” ats eneral Ia/ herein refers
to a noiety CET§C re&?fmﬁ? &5 ethsr B[PIS?;) %‘Hsctoﬂp&’f’% 2

substi t uent s rég3ehdbl Béhefibritk pelb | i mMted to: al kyI aI kenyl al kynyl, C3-C8
cycl oal kyl, halo, e.g., fluoro, chloro, brono, and i odo; cyano; alkoxy,

hydroxy, phenyl; amhasnaseutieallyagcoptablysalts” syugenerallytused h¢r91n"fe@s tgeneral | y
used herein r t.erfering groups
as a substi tt?g;r%t%tﬁlﬁgigfﬁlu)égc S&ltljg E&qu’gg&gn qn?rl n%mlnt'ahg substituents
may be in anynolhﬁcﬁi’llb}ammlng(ablde)r,baskrsfah@thel’ﬁiifaExaﬂﬁl/eQE)f para). In sone

enbodi nment , id substituted aryl include 2, 6- dlsubstltuted phenyl , where
the two substpﬁf‘%‘ff"é“c& Iy aggep[j@q saltg inclyder bytape yotdmitesktos maneral ot hal ogen,

especi al 'y Oorga‘%@ac"i’d‘%l@%"f bhstc Fistduld HR)as AniRRL A1k of SpHiBsA W ogen,

especially d

acidic residues such as carboxylic acids. The pharmaceutically acceptable
salts include the conventional non-toxic salts or the quaternary ammonium
salts of the parent compound formed, for example, from non-toxic inorganic
or organic acids. For example, such conventional non-toxic salts include
those derived from inorganic acids such as hydrochloric, hydrobromic,
sulfuric, sulfamic, phosphoric, nitric and the like; and the salts prepared from
organic acids such as acetic, propionic, succinic, glycolic, stearic, lactic,
malic, tartaric, citric, ascorbic, pamoic, maleic, hydroxymaleic, phenylacetic,
glutamic, benzoic, salicylic, sulfanilic, 2-acetoxybenzoic, fumaric,
tolunesulfonic, naphthalenesulfonic, methanesulfonic, ethane disulfonic,
oxalic, and isethionic.

"Substituted" as generally used herein refers to a moiety (e.g., an
alkyl group) substituted with one or more substituents including, but not
limited to: alkyl, alkenyl, alkynyl, C3-Cg cycloalkyl, halo, e.g., fluoro, chloro,
bromo, and iodo; cyano; alkoxy; hydroxy, phenyl; and substituted phenyl.

"Substituted aryl" as generally used herein refers to aryl groups

having one or more non-interfering groups as a substituent. For substitutions



| . Conpounds Conpounds having antiviral activity, particularly against

i nfl uenza viruses, are descri bed herein. I n sone enbodi nents,
conpoundswbava/aibes7f or rul ae 1- VI

t he

bel ow, or pharmaceuti cacirycnacomaot @bl e

salts thereof. In preferred enbaodi nents, the NP inhibitors have the
structure of formula I: Arl-Y-Ar2-X- Wi Ar3 (Forrrula 1) wherein Arl,

Ar2, and Ar3 are each independently substituted or

het er oar yl

unsubstituted aryl or

Z d ab -- ,
T e bonas OB MR singy o syiite M fiad B it AGSRRAEGED (Ve ARAR neld, & 2

- A R2) =C( R3) -and/8fparaf

4R &mbodiment, sy 8Lt IRULE & !11’5}'1 QlchﬁeQ 6—nd V\her ein RI-R5

are each independently sel ected from hgdrogen I near branched Cl -C6

al kyl, |i neadisybstipted phenyl.oyhars thel tRersy

stitpentezte a&)ﬁleﬁneénm@&atdy C6 al kynyl ,

o e P RREROY e R0 e s NN b B0 ouP oo @ 1

(Qy).

hiens anethabgbo,dispaidlly, CAr | is substituted with hydrogen,
hydroxyl, nitro, amno, or azide; Ar2 is substituted with a nethyl

group; X

is CO Y and Z are absent; Cy is piperazine; a-nd Ar3 is substituted with a
I”'ttﬁnﬂhﬁﬂas or a conbination of a halo and nitro group. 19

hal o group,

I n sone enbodi nents,

IS a substituted 5-7 nmenbered unsaturated ring

containing 2 nit r@gmpoandsdmvmgkwtlmrai agtivity)ipartzytanlysagemsi isflsenzded to X and
anot her nltrog%n atoglis q?ﬂded to Z.
ses escribe

crein.

In some embodiments, the compounds have the formulae I-VI below,

or pharmaceutically acceptable salts thereof.
In preferred embodiments, the NP inhibitors have the structure of

formula I:

Ar! Y Ar2—X W z Ar?
(Formula I)

wherein Ar', Ar?, and Ar are each independently substituted or
unsubstituted aryl or heteroaryl groups;

X, Y, and Z are independently absent (i.e, a direct bond) or selected
from —C(=0)-, -S(=0)-, -SO5-, -N(R))-, -C(R2)=C(R3)-, and ~C(R4R5s)n-,

wherein n is 0 to 6 and wherein R;-R;s are each independently
selected from hydrogen, linear or branched C,-Cg alkyl, linear or branched
C,-C¢ alkenyl, linear or branched C-C¢ alkynyl, or linear and branched C;-
Cs alkoxy; and

W is a linear group or a is 5-7 membered substituted or unsubstituted
cyclic or heterocyclic group (Cy).

In some embodiments, Ar' is substituted with hydrogen, hydroxyl,

nitro, amino, or azide; Ar? is substituted with a methyl group; X is C=0; Y

and Z are absent; Cy is piperazine; and Ar” is substituted with a halo group, a

nitro group, or a combination of a halo and nitro group.



In a preferred enbodinment, Cy is a substituted piperazine, wherein N is

bonded to X and N4 is bonded to Z. In sonme enbodi nents, the NP

i nhi bi t orwohaue1sdse structure of fornmula I1: Arl ,Q -T Rtg4/qN20romol =71 1)
wherein Arl and Ar3 are each |ndependently substi tut ed or unsubstituted
aryl or heteroaryl groups; X, Y,J9and Z are independently absent or

sel ected fromthe group consisting of -C(=0)-, - S( =0)-, -SX2-,-C( R
1)=C(R12)-, and - R13R14 m are dependent |
T, Q and Rare i A’e?é?feﬁa@ %’q??leg@t ggt‘ dqsgwlteé( ege w5 Ff"‘te‘i)xygen

phosphor ous, ri"ﬂg|c|o{=ilfaﬂnn§.g'32l hittdgen ﬁﬁ%saﬁvﬁ&@irponeﬁuﬁ‘é‘&ngt&ﬁ@s &ﬂﬁl’@d yhiiependent |y
CRI 5R16 or wherein R4 and R8-R17 are i ndependently sel ected

from hydrogeﬁndhmtmrmvw&nmmlt’rbm@adtmz branched Cl1-C6 al kyI | i near or
branched C1-C6 al r nched Ilnear and
branched Cl-C6 al E%Q?ref%rﬁ?&rl%%b a@&%\%ﬁumh W%oplpﬂ)fgf ?’?I"é “Bonitrile,

am de, car bowil igbendedrie X a.tgiJleﬁdbdiﬂed tepcyanate, isothiocyanate, and

t hi oether, or wherein -CRI5R16-, - NRI7-, or conbi nations thereof, when
taken together wi ihsemeeBbedieats, bheiNRyinhipitors haye dhestaicbupel form a

5- 8- rrenbered &%ﬁ“h .Structure. In sonme enbodi nents, At) is
substituted wt ydrogen, hydroxyl, nitro, am no, or azi de; Xis -C=0; Y

and Z are absent, and Ar3 is substituted with a halo group, a nitro group,
or a conbination of a halo and nltrog p. In a preferred enbodi nent, R4
is nethyl. \(fé;

(formula IT)

wherein Ar' and Ar® are each independently substituted or
unsubstituted aryl or heteroaryl groups;

X, Y, and Z are independently absent or selected from the group
consisting of —-C(=0)-, -S(=0)-, -SO,-, -N(Rg)-, -C(R}1)=C(R}2)-, and -
CRizR14)n-,

n, g, and m are independently 0 to 6;

T, Q, and R are independently selected from C(RgRo), nitrogen,
oxygen, phosphorous, silicon, sulfur, and arsenic;

A and D are each independently CR5R¢ or NR;7;

wherein R4 and Rg-R 7 are independently selected from hydrogen,
halo, hydroxyl, linear or branched C;-Cg¢ alkyl, linear or branched C;-Cs
alkenyl, linear or branched C;-Cs alkynyl, or linear and branched C;-Cg
alkoxy, amino, azide, cyano, nitro, nitrile, isonitrile, amide, carboxylate, urea,
guanidine, isocyanate, isothiocyanate, and thioether, or wherein -CR;sR¢-, -
NR,7-, or combinations thereof, when taken together with the optional
bridging methylene groups, form a 5-8-membered cyclic structure.

In some embodiments, Ar! is substituted with hydrogen, hydroxyl,
nitro, amino, or azide; X is -C=0; Y and Z are absent, and Ar’ is substituted
with a halo group, a nitro group, or a combination of a halo and nitro group.

In a preferred embodiment, R4 is methyl.

In some embodiments, Q is carbon, T is oxygen, and R is nitrogen.



In sonme enbodi ments, Qis carbon, T is oxygen, and Ris nitrogen. 20
In sone enbodi nents, g and mare 1 and A and D are NR17, wherein A-D

defi nes awpiparmEzine. In some enbodi ments, the NPpCmhkiN2btomosishave t he
structure of formula Il1: A - T R4 (fornula I11) wherein Art and
Ar3 are each independently substitute Oor unsubsti tut ed aryl or heteroaryl
gr oups; X, Y, and Z are independently absent or selected fromthe

group consi sting 2 and Ri aRt 5)n-,
n, g and mare i ﬁlaéod%ﬂ@h?ql?leﬂ&t%z’%d it Iﬁlani)A %‘ﬁg}a}edqRynﬂ’hﬁf 5 )
i ndependent | W-pealefiabeslpipe@pine( RBR9) , ni trogen, oxygen, phosphor ous sul fur,

silicon, and arsenic; wherein R4 and R8-R15 are inde endently

sel ected from hydibgune embedimentpdthg NR inhjbiteesdrave thesmstiedt C - 06 al kyl |
| i near or bf%lﬁﬂﬁ (1 -C6 al kenyl, linear or branched Cl-C6 al kynyl, or
| i near and branc e& ‘Cl-C6 al koxy, am no, azide, cyano, nitro, nitrile,

isonitrile, am de, carboxylate, urea, guanidine, isocyanate,
i sot hi ocyanate, and thioether. R 2
' T A

,A\e)i\&“
X g

Y AN
Ar \(k R

Q-T
R4

(formula III)

wherein Ar' and Ar® are each independently substituted or
unsubstituted aryl or heteroaryl groups;

X, Y, and Z are independently absent or selected from the group
consisting of —-C(=0)-, -S(=0)-, -SO,-, -N(R0)-, -C(R;1)=C(R3)-, and —
C(RisR 5)n-,

n, g, and m are independently 0 to 6;

A,D, T, Q, and R are independently selected from C(R3Ry), nitrogen,
oxygen, phosphorous, sulfur, silicon, and arsenic;

wherein R4 and Rg-R 5 are independently selected from hydrogen,
halo, hydroxyl, linear or branched C;-Cg alkyl, linear or branched C;-Cs
alkenyl, linear or branched C;-C¢ alkynyl, or linear and branched C;-Cs
alkoxy, amino, azide, cyano, nitro, nitrile, isonitrile, amide, carboxylate, urea,
guanidine, isocyanate, isothiocyanate, and thioether.

In some embodiments, Ar' is substituted with hydrogen, hydroxyl,
nitro, amino, or azide; X is C=0; Y and Z are absent, and Ar’ is substituted
with a halo group, a nitro group, or a combination of a halo and nitro group.

In a preferred embodiment, Q is carbon, T is oxygen, and R is
nitrogen.

In some embodiments, A and D are nitrogen.

In some embodiments, R4 and R;3 are independently hydrogen or methyl. In

preferred embodiments, R4 is methyl and R;3 is hydrogen.



In sonme enbodi ments, Arl is substituted with hydrogen, hydroxyl, nitro,

am no, or azide; Xis C=0; Y and Z are absent, and Ar3 is substituted with
a hal o grwopyt1i201m3vro group, or a conbi nati on of a hal oPamaN2LV0O11§r OUP.

In a preferred enbodinment, Qis carbon, T is oxygen, and Ris nitrogen. In
some enbodi ments, A and D are nitrogel In sone enbodi ments, R4 and R13 are
I ndependently hydrogen or nethyl. In preferred enbodi nents, R4 is nethyl
and R13 is hydrogen. 21 . I me enbodi 1 he co osition the NP
i nhi bitors have tﬁ% sepg GEbgdimets. a“(?rCHmPSSIPQ“%erE?f%}‘W{Hr%h thGherein X, Y,
and Z are indgpsufestitbmapsent or selected fromthe group consisting of
-C(=0)-, -S(=0)-, -SMX2-, -N(R1-C(R11)=C(R12)-, and -C(Ri 3R14)n-; wherein n
is O to 6;

Rs

R1 Re
Rzﬁ /TX Cy—2Z-

Y4 “Q-Rs
Rs Ly

(formula IV)

wherein X, Y, and Z are independently absent or selecfed from the
group consisting of ~C(=0)-, -S(=0)-, -SO;,-, -N(R¢)-, -C(R1;)=C(R)3)-, and
—C(Ri3R14)a

wherein n is 0 to 6;

T, Q, and R are independently s'elected from C(RgRy), nitrogen,
oxygen, phosphorous, silicon, sulfur, and arsenic; and

Cy is a 4-7 membered substituted or unsubstituted cyclic or
heterocyclic group; and

wherein Ry-R 4 are independently selected from hydrogen, halo,
hydroxyl, linear or branched C;-Cg¢ alkyl, linear or branched C,-C¢ alkenyl,
linear or branched C,-Cg¢ alkynyl, or linear and branched C;-Cs alkoxy,
amino, azide, cyano, nitro, nitrile, isonitrile, amide, carboxylate, urea,
guanidine, isocyanate, isothiocyanate, and thioether.

In some embodiments, Cy is a substituted 5-7 membered unsaturated
ring containing 2 nitrogen atoms, wherein one nitrogen atom is bonded to X
and another nitrogen atom is bonded to Z.

In a preferred embodiment, Cy is a substituted piperazine, wherein
N1 is bonded to X and N4 is bonded to Z, Y and Z are absent, X is C=0, T is
oxygen, Q is carbon, and R is nitrogen.

In some embodiments, R;-R3 and Rs-R; are independently selected
from a halo group, a nitro group, or a combination of a halo and nitro group.

In preferred embodiments, R4 is a methyl group.



T, Q and R are independently selected from C(R8RI), nitrogen, oxygen,
phosphorous, silicon, sulfur, and arsenic; and Cy is a 4-7 menbered
subst i t utwad 20r1/assabsti t ut ed cyclic or heterocyclic groegr/N2010/001187
wherein RI-Rl,' are independently selected from hydrogen, hal o, hydroxyl,

li near or branched C1-C6 al kyl, Iinear?2or branched C1-C6 al kenyl, linear or
branched Cl1-C6 al kynyl, or linear and branched Cl-C6 al koxy, am no, azide,

cyano, nitro, nitrile, isonitrile 1 de,. .carboxy] ate, urea, guanidine,

Y otyanat e, i sot hibegiansreodats hedlk HEMbiGR RN M St Shhod mont s Oy i s
a substit ut edognuia eNMbered unsaturated ring containing 2 nitrogen atons,
wherein one nitrogen atomis bonded to X and another nitrogen atomis
bonded to Z. In a preferred enbodinment, Cy is a substituted piperazine,
wherein NI is bonded to X and N4 is bonded to Z, Y and Z are absent, X is
C=0, T is oxygen, Qis carbon, and Ris nitrogen. In some enbodi nents,

R1- R3 and R5-R7 are independently selectB¢ fiRggm a halo group, a nitro
group, or a conbination of a halo and nitr)o—@roup. In preferred

embodi ments, R4 is a méthytYgrowp’—2—Q T-n<omeAstbodi ments, the NP
i nhi bitors have the structure of formula ‘62'9—%), (RL, Arl -Y - Ar2 -X - Q
T-Z-Ar3 m (fornmula V) wherein Arl, Ar2, and Ar3 are each

i ndependent |y substituted or unsubgformulaed) aryl or heteroaryl groups

wherein Ar', Ar?, and Ar’® are each independently substituted or
unsubstituted aryl or heteroaryl groups
‘ X, Y, and Z are independently absent or selected from the group
consisting of -C=0, -S=0, -S0,, -N(R)=0, -C=C, and —C(R2R3),

n, g, and m are independently O to 6;

Q and T are independently selected from nitrogen or CRy4; and

Ri-R4, Ry, énd Ry, are independently selected from hydrogen, halo,
hydroxyl, linear or branched C,-Cg alkyl, linear or branched C;-Cg alkenyl,
linear or branched C;-Cg alkynyl, or linear and branched C;-Cs alkoxy,
amino, azide, cyano, nitro, nitrile, isonitrile, amide, carboxylate, urea,
guanidine, isocyanate, isothiocyanate, and thioether.

In some embodiments, Q and T are both nitrogen.

In some embodiments, R;¢ is a methyl group and Ry, is hydrogen. In
another embodiment, R;¢ and R,; are both hydrogen.

In some embodiments, Y and Z are absent and X is C=0.

In some embodiments, g and m are 1.

In a preferred embodiment, Ar' and Ar’ are a substituted phenyl, Ar?
is a substituted isoxazole, Y and Z are absent, X is C=0, Q and T are

nitrogen, g and m are 1, Ry is methyl and Ry, is hydrogen.



X, Y, and Z are independently absent or selected fromthe group consisting
of -C=0, -S=0, -S@2, -N(R4)=0, -C=C, and -C(R2R3)n n, g, and mare

i ndependewdl2g110156376; Q and T are i ndependently sel ect eg¢cirravmwnimisgen or
CR4; and R1-R4, Rio, and Ri are independently selected from hydrogen, hal o,
hydroxyl, linear or branched C -C6 alkyl, l|linear or branched Cl-C6 al kenyl,
l'inear or branched C -C6 alkynyl, or linear and branched C1-C6 al koxy,

am no, azide, cya s boxyl ate, urea,
guani di ne, isoc aggzs%l%lteé%?%%%){/ganat 15 ngln%ﬁ ‘1%\& f‘truclhffeggrre embodi nent s,
Qand T are lfo:trﬂiulminIfogen. I'n some enbodi ments, Rio is a nethyl group
and R is hydrogen. In another enbodinent, R o and R|I are both hydrogen.

I n sone enbodi nents, Y and Z are absent and X i§6C=0. In some enbodi nents,
g and mare 1. In a preferred errbo AclR7and Ar3 are a
substituted phenyl, Ar2 is a substltpwoed |1§ox, Y and Z are absent, X
is C0, Qand T are nitrogen, g and m e z RY®1s nethyl and R, is

hydrogen. 23 In some egbodi negtq, NP i nhi bitors have the
structure of fornula VI: g whe el Q X, Y d Z are independently absent or
selected fromthe group c& | =0)-, -S(=0)-, -S2-, -N(R12)-
-C(R13)=C(R14) -, and n, % m aneo ndependently 0 to 6;
3
(formula VI)

wherein X, Y, and Z are independently absent or selected from the
group consisting of ~C(=0)-, -S(=0)-, -SO,-, -N(R2)-, -C(R3)=C(R}4)-, and
—C(RisR16)n-,

n, g, and m are independently 0 to 6;

Q and T are independently selected from nitrogen or CR,7; and

R;-R}7 are independently selected from hydrogen, halo, hydroxyl,
linear or branched C,-Cg alkyl, linear or branched C,-Cg alkenyl, linear or
branched C,-Cg alkynyl, or linear and branched C;-Cs alkoxy, amino, azide,
Cyano, nitro, nitrile, isonitrile, amide, carboxylate, urea, guanidine,
isocyanate, isothiocyanate, and thioether.

In some embodiments, Q and T are both nitrogen.

In some embodiments, Ry is a methyl group and Ry, is hydrogen. In
other embodiments, both R and Ry, are hydrogen.

In some embodiments, Y and Z are absent and X is C=0.

In some embodiments, g and m are 1.

In some embodiments, R;-R3 and Rs-R; are independently selected
from a halo group, a nitro group, or a combination of a halo and nitro group.

In preferred embodiments, R4 is a methyl group.

Exemplary referred compounds described herein are:

[4-(2-chloro-4-nitro-pheny1)-piperazin-1-yl]-[3-(4-hydroxy-pheny1)-
5-methylisoxazol-4-yl]-methanone (Compound 1, structural formula show in

Figure 1a);



Q and T are independently selected fromnitrogen or CR17; and R1- R17
are independently sel ected from hydrogen, halo, hydroxyl, |inear or
branched w0-2C6/m@bdsyl , |inear or branched Cl-C6 al kenyl, pCirraaniomo1isr anched
Cl-C6 al kynyl, or linear and branched Cl1-C6 al koxy, am no, azide, cyano,
nitro, nitrile, isonitrile, amde, ca@ﬂoxylate, urea, guanidine,

| socyanat e, isothiocyanate, and thioether. In sone enbodinents, Qand T are

bot h nitrogen. | n, songe.embodi nents, R10 is.a nethyl group and R11 is
hydr ogen. In ot her[4'é%r't?§1 f?fg%i‘té?‘? %yﬁ?%f%?ﬂﬁ[%?}?nﬂb%%eg@ﬁi In sone
enbodi ment s, jsbxazsl-Lyldnets e {CARFbuNdIZS sterdural foreaRBhewhpdigRats, g and m
are 1. In sone enbodi nents, R1-R3 and R5-R7 are independently selected from

a halo group,za)i nitro group, or a conbination of a halo and nitro group. In

pref er  ed embodi gl s,y B.bifo-BRédN )-pePbie-1 SHERUANnb GheRfiRd compounds

descri bed herein

[ 4- ( 2- chl or odktinylisbrazphdrytinethiapatesCompbuyd B ; {tlcldal fyandx yhghany 1) -
5-met hyl i sox:i\:zol -%-)yl] - met hanone (Conpound 1, structural fornula showin
Figure 1la); Ie Saj,

[ 4-(2-chl oro-4-ni t[ngz_gm%py_;)naltp(g_?gé@lq'b_PiOdrefa&;lt]_lé,i}%[g_ ﬁ%g%%&%?_l soxazol - 4-y

1] - met hanone (Conpound 2, structura nmul a Show
[ 4- (2- chl or omethylispxazohdnyltnetiiaperedCompouyd - ftidiciutal doinmda plemnid ) -
met hyl i soxaz%Jig-uAfé x%)l’ - met hanone (Conpound 3, structural fornula showin

[4-(2-chloro-4-nitro-pheny1)-piperazin-1-yl]-[3 -(2-chloro-pheny1)-
5-methylisoxazol-4-yl]-methanone (Compound 5, structural formula show in
Figure Sa);

[4-(2-chloro-4-nitro-pheny1)-2-methyl-piperazin-1-yl]-[3-(2-chloro-
pheny1)-5-methyl-isoxazol-4-yl]-methanone (Compound 6, structural
formula show in Figure 6a);

[4-(2-chloro-4-nitro-pheny1)-2-methyl-piperazin-1-yl}-[3-phenyl-5-
methylisoxazol-4-yl]-methanone (Compound 7, structural formula show in
Figure 7a);

[4-(4-nitro-pheny1)-piperazin-1-yl]-[3-(2-chloro-phenyl)-5-methyl-
isoxazol-4-y1]-methanone (Compound 8, structural formula show in Figure
8a);

and [4-(4-nitro-pheny1)-piperazin-1-yl]-[3-(2,6-dichloro-phenyl)-5-
methyl-isoxazol-4-yl]-methanone (Compound 9, structural formula show in
Figure 9a).

[4-(2-nitro-6-chloro-phenyl)-piperazin-1-yl]-[3-(2-chloro-phenyl)-5-
methyl-isoxazol-4-yl]-methanone (Compound 10, structural formula shown
in Figure 10a).

The compounds described herein can be administered as the free acid
or free base or as a pharmaceutically acceptable salt. The pharmaceutically
acceptable salts of the compounds can be synthesized from the parent
compound, which contains a basic or acidic moiety, by conventional
chemical methods. Gen_erally, such salts can be prepared by reacting the free
acid or base forms of these compounds with a stoichiometric amount of the

appropriate base or acid in water or in an organic solvent, or in a mixture of



Figure 3a);

[4-(2-chl oro-4-nitro-phenyl)-piperazin-1-yl]-[3-(4-azi do-phenyl)-5-

met hyl i sowezo11/04s081] - net hanone (Conmpound 4, structural forraN2a10gi00M7i N
Figure 4a); [4-(2-chloro-4-nitro-phenyl)-piperazin-l-yl]-[3

-(2-chl oro-phenyl)- 5-nethylisoxazol -4yl1]-net hanone (Conpound 5,
structural fornula show in Figure 5a);

4-(2-chl oro-4-ni tro- 1) - 2- met hyl - pi. in:l-y1]-[3-(2-chl henyl)-5
et byt 1 soxaboino; e AR brbaan R M G, Al atlie Fibil a how 1 n
Fi gure 6a); isopropahdt, bPadefdritiile dreprdftRedd NEISN b seitdbhd it 2R ReA@& N-1-yI] -

[ 3-phenyl -5 net hylisoxazol - 4-yl] -net hanone (Conpound 7, structural fornula
show i n Fi gufentiagton’s Pharmaceutical Sciences, 20th ed., Lippincott Williams &

[4-(4-nitro- Rbﬁ%%?%agﬁlﬁﬁfegﬁﬂ'2101’53%'7@7 (2-chl or o- phenyl ) - 5- et hyl i soxazol - 4

-y1] - met hanone , structiral” formula show in Figure 8a);
and [ 4-(4-nitro-pEnyl)Phirpacartisal Coynlositidn 2, 6- di chl or o- pheny1) - 5-

met hyl -i soxazol - 4-y1] - net hapope (Caonpound 9, structural formula show in
Figure 9a). [4-( > ThecoBbgURd Jgﬁ%lqsﬁélﬁm,ﬁaﬁi/ﬁ&hﬁi phamgegptically

-(2-chloro-p Q@é@f)'ta)o‘lé%]ts,r@&lwltblinﬁﬁ%t@% %1{5) doshbl TOMRINANGNE réatRauRd 10.

structural formula shown In Figure
parenteral administration using techniques known in the art.

The pharmaceutical compositions contain an effective amount of one
or more of the compounds described herein. "Effective amount” as generally
used herein refers to an amount, or dose, within the range normally given or
prescribed to demonstrate an anti-viral effect, e.g., in vitro or in vivo. The
rénge of an effective amount may vary from individual to individual,
however, the optimal dose is readily determinable by those of skill in the art,
such as the prescribing physician. Such ranges are well established in routine
clinical practice and will thus be readily determinable to those of skill in the
art. Doses may be measured by total amount given (e.g. per dose or per day)
or by concentration. Doses of 0.01, 0.05, 0.1,0.2,0.5,1,2,3,4,5,6,7, 8, 9,
10, 15, 20, 25, 30, 40, 50, 100, 250, 500 and 1000 mg/kg/day may be
appropriate for treatment. In one embodiment, the daily dosage is 0.2 to 250
mg/kg.

The compounds described herein can be combined with one or more
pharmaceutically acceptable carriers and/or excipients that are considered
safe and effective and may be administered to an individual without causing
undesirable biological side effects or unwanted interactions. The éarrier is
all components present in the pharmaceutical formulation other than the

active ingredient or ingredients.

1. Parenteral Formulations
The compounds described herein can be formulated for parenteral
administration. “Parenteral administration”, as used herein, means
administration by any method other than through the digestive tract or non-
invasive topical or regional routes. For example, parenteral administration

may include administration to a patient intravenously, intradermally,



The conpounds descri bed herein can be adm nistered as the free acid or free
base or as a pharmaceutically acceptable salt. The pharnaceutically

accept ablwo=altasof t he conmpounds can be synt hesized fregcTidz0paoersy
conpound, which contains a basic or acidic noiety, by conventional chem cal
met hods. Generally, such salts can be 2|§repared by reacting the free acid or
base fornms of these conpounds with a stoichionetric anmount of the
appropriate base or acid.in t or, in an.organic solvent, or in a mxture
of 25 the tdﬂ?apﬁélﬁ(@}eﬁlllif’ﬁ‘uarl’\(ﬁ?ﬂwé&ué‘giﬁraﬁ]%@flé’ ‘?’%ﬁ%“‘%ct P: ethyl acetate,

et hanol , i sopupAAMRbusI9bydiaRicash, tahd b9 iusiorr ef erred. Lists of suitable
salts are found in Rem n!gton' s Pharmaceuti cal Sciences, 20th ed.,

Li ppi ncott W | i arRaratespl formulatigng qan g pecpardd, aszgoequsgompositions

B. Phar maceut i cal Lt T C I herein, and/or their
phar maceut i céﬁ%ﬁg t%@@%%gg lgl%gvéll IF gt,le m%gﬁ %ﬁgﬁg?@ﬁgslltﬁ?ng ca%g%\ge forns
sui tabl e for peegaesdads injedtaprrfonh@tdnsafbieRafple pdol@ifons ot AGpe@idhs] ques known

in the art. The pharnmaceuti cal  conpositions contain an effective anount of
one or rore ¢Pli¢ SHeRIR &Y ugingde PERareROFUions or srspensiqns apaRdient " as

general Iy us%dnﬁmare&&@%@ﬁ{a@ iuB{ B ngéctﬁﬁa,samh%mffaéghe range

normal 'y given or prescribe enonstrate”an anti-vira fect, e.g., in
vitro or in wiangpartities; eamisgonsf sueh aefvateriin-wd (avia)emulsioys, visig-wWatarm i ndi vi dual

to individual ; the optimal. dose i dily deterninable by th
of skill in (G BRIt A R g B PEEich R BFY PARTISOEH  angod are

wel | established i"lrherc@mar@&;séhgélea{topa@?éﬂs%@émmw&htatmg@ fhe readily
determ nable to those of skill in the art. Doses nay be neasured by total

anount gi ven egamgle, pater.ddhaaok onp er mgegnolls (/e celveerat, peapylae Doses of 0. 01,
100, 250, sod LAl egbrid el udcny i Sl Suees SbsisbRoBle gt ot 1 one
enbodi nent, tpeemdaill yort @Hagams of), éic.),and *Ombsirakigns thereof. The proper

fluidity can be maintained, for example, by the use of a coating, such as

lecithin, by the maintenance of the required particle size in the case of

dispersions and/or by the use of surfactants. In many cases, it will be

preferable to include isotonic agents, for example, sugars or salts, such as

sodium chloride.

Solutions and dispersions of the active compounds as the free acid or
base or pharmacologically acceptable salts thereof can be prepared in water
or another solvent or dispersing medium suitably mixed with one or more
pharmaceutically acceptable excipients including, but not limited to,
surfactants, dispersants, emulsifiers, pH modifying agents, and combination
thereof.

Suitable surfactants may be anionic, cationic, amphoteric or nonionic
surface active agents. Suitable anionic surfactants include, but are not limited
to, those containing carboxylate, sulfonate and sulfate ions. Examples of
anionic surfactants include sodium, potassium, ammonium of long chain
alkyl sulfonates and alkyl aryl sulfonates such as sodium dodecylbenzene
sulfonate; dialkyl sodium sulfosuccinates, such as sodium dodecylbenzene
sulfonate; dialkyl sodium sulfosuccinates, such as sodium bis-(2-
ethylthioxyl)-sulfosuccinate; and alkyl sulfates such as sodium lauryl sulfate.
Cationic surfactants include, but are not limited to, quaternary ammonium

compounds such as benzalkonium chloride, benzethonium chloride,



The conpounds descri bed herein can be conbined with one or nore

phar maceutically acceptable carriers and/or excipients that are considered
saf e and wbfettdiss7and nay be adm ni stered to an indi vi dgaiCNadtowouts7 causi ng
undesi rabl e bi ol ogical side effects or _unwanted interactions. The carrier
is all conponents present in the phar #éceutical fornulation other than the
active ingredient or ingredients. 1.Parenteral Fornul ations The

conpounds descri bed herein can be.fo | at ed for .parenteral adm nistration.
" Par ent er al éﬂtﬁﬁn?ﬁ‘lé‘wgf?r%ﬁe’&%ﬁﬁlga{h&&e% ampA é?ﬁ[%rﬁiestrati on by any
net hod ot her pbb@ﬂ{étﬂil@ﬁ%gﬁdtd&oﬁﬂt%ﬁﬁé.\&aﬁq'b&;‘éfofﬁbniﬂﬂi@!sﬁw&hmﬁf topi cal or

regi onal routes. For exanple, parenteral admnistration may include
admi ni st rat i éerleds ethylend glyieol imanosigangtsy propyleng glyselempmsthip, glyeeryl

cubcut ancous g ory el BIPHEHENE: pYIKAHAEIRAL ool LARETD, =1

f or mul at i ons seaBsdypite; PBGB U5 ARt PRG400Mpaslatiiat) polyskyghilashni ques i s
known in the art, Typi C?H , such cor’rPositi ons can_be preéared as

i nj ect abl e f &ranglavFdte polyspihatesxpalypwethyinng: ocsrBh G IetherpBEGHIORY: solid forns
suitable for ' RbERaH MEd I %%ﬁ{ addi tion of
a reconstit utc?%%]aﬂn%%?ﬂ%pri o’?efeghiaﬁj&yggﬁegﬁ ,0 E‘;JE asecgrwcglryg%g%th&’

nanoparti cl ePoloxamiee® ¢}, stamumt namosapmwpanalamide, ind mlyeyathylenas,

oi | -in-wat er / | 5ions,..a m croenul si ons thereof, |iposones, or
el sones. - hyroRbaERE oy, aidd Fxaloles 3 AnaRe SBF streruelithed um

cont ai ni ng, kediuRXUHBHEyI Wala@inineS sEBARIN-1BA- OLintRb@pRPiomts (€. g.,

gl ycerol, propylene glycol, and [iquid polyethyl ene glycol), oils, such as
veget abl e oi Imyristoagphopestateitiawsyl betajoe andolantyl seltebstaing. |, etc.), and

combi nat i ons ther aat g Gy BEORS ol Hhb¥erbAN 8 pFRLALAL e bpr exampl e,
by the use of a coating, such as 8ci i n, by t mal nt erance of the

requi red par tnictoerganisensi ISuithisle paservafivediinglades bonare aodlimitedio, t he use of
surfactants. In_many cases, it will be preferable to_include isotonic
agents, for @xEhp%e hlerpbytasol phenglisorbicacif. and thismaresd-chbori de.

Sol utions ang, i n%&’;ﬂéls&é% 6 aﬂ%ﬁéfﬁﬂ&ﬁ@@?fw&ﬁ dggrah&‘?ori §f8Re aci d or base

or pharnacol ogi cally acceptable salts thereof can prepared in water or
anot her sol ventiveaagedi(§per si ng nmedi um suitably m xed with one or nore

pharmaceutical ly cept abl.e excipi ents i.ncludi ng, 3 t.not limted to,
surfactants, disp &H?@?Slg%fsst?"?‘icépysguﬂfﬁzﬁ%oq Iﬂgfﬁ 'ngifﬁéﬂ?rgf‘te%d conbi nat i on
thereof. Sui taaklifisttdiiohapbR RcOnstRNtiRE aBRIVuffefsAhtIadd, but ARldet eric or

noni oni ¢ surface active agents. Suitable anionic surfactants include, but

are not |ini tdieiteddo, nhesphatecuffes. nietgtedarlox gndeiratedyffetsnat e and sul fate
ons. Searples of koot aDlhol PRLTR pA19 dga, o o

of long chain alk an ary ona as sodi um
dodecyl benzengmsibttaioal Suitablamadr-sslubielol gk dsabedz, bat @6 notsliailedds sodi um
dodecyl benzene sul fonate;  dial kyl sodium sul fosycci nates, such as sodi um
bi s-(2- et hylf@-mobrynypylideas,dekisan carbgxymethylcellulgse; aﬂigolﬁa@wea% sodi um
lauryl sul fatgofationic surfactants include, but are not limted to,
guaternary a ni um conpounds such as benzal koni um chl ori de, benzet honi um
chloride, 27 cet Sterieinjentdhiosdldéonsshebe prepdradityiypédyporatihg thenoni um

chl oride, polyoxyethyl ene. and coconut am.ne. Exanples of nonionic
surfactant s PHRYSCRRARY iihe ApEE] “moRedr Bis BPEPBIcINEhe ol ycol
nyristate, gliygefsion ABNESLIH Shor HbMGEIN exelfaftatifed BRI dAsyceryl- 4-ol eate,
sorbitan acyl ate, sucrose acylate, PEG 150 | aurate, PEG 400 nonol aur at e,

pol yoxyet hyl eequirgdniollawed by fi tlpmdyssfmilizaqi@s Geperallpdisnersonsrise

octyl phenyl etprr]eei)raredeEy(%ng'c())rggrating the various sterilized active ingredients into a
sterile vehicle which contains the basic dispersion medium and the required
other ingredients from those listed above. In the case of sterile powders for
the preparation of sterile injectable solutions, the preferred methods of
preparation are vacuum-drying and freeze-drying techniques which yield a
powder of the active ingredient plus any additional desired ingredient from a

previously sterile-filtered solution thereof. The powders can be prepared in



cetyl ether, polyoxyethylene tridecyl ether, polypropylene glycol butyl

et her, Pol oxaner(r) 401, stearoyl nonoi sopropanol am de, and pol yoxyet hyl ene
hydr ogenawedotialibidw am de. Exanpl es of anphoteric surfaecamaoioolisde

sodi um N-dodecyl - -al ani ne, sodium N-1auryl- -im nodi propi onate,

nyri st oanphoacetate, |auryl betaine artd | auryl sul f obet ai ne. The
formul ati on can contain a preservative to prevent the growth of

m croor gani sne Suitabhﬁ reser.vatives inclu re.not limted to,

. h
T peno2™ o TBoh it e BAERENRL iré Boro A B0 HitSie, B ol i ese ' Thoo

fornul ati on m@golatis® of hetpaititledN Méthodd¥bHmakink Pofiis paRicledaes welat i on of the
active agent(s). The conposition is typically buffered to a pH of 3-8

for parenter owa i Hiedt at i on upon reconstitution. Suitable buffers

i nclude, but are ey : fers, and
citrate buffers. e P He\%%%?oso lﬁtg‘f}‘g%ggl?}yb?}%?g egrf%&oqe?gﬁh@é%gq%

f or mul at i ons chbntroljrdrreletseriatiudicigiimingtfasd ietease, Qulayebtetecavgtertendal ubl e pol yners

include, but are not limted to ol yvi.nyl pyrrol i done, dextran,
car boxynet hylrgé"rsleuﬂ"géaé‘tleﬁ S%&P@é&ﬁb%é%&d%f&%ﬁ _ Sterile injectable
sol utions can be %?Eﬁ’éﬂt@ra%dmﬁﬁﬁfalﬁ%%b BRe bRoRAVP VéhisisrRayads in the

requi red amount in the appropriate s.o’l vent or dispersion nediumw th one or
nore of the ©ptomlent er npes asiditiipelastive ggentsygan belincbrporatedeihtdy filtered

sterilization.. Generall di sper si ons, ar repar i nhcor por.ating the
vari ous steri'?lfrfgaﬁlﬁg"tsi %@Wﬂﬁ?‘gﬁio@ﬁ?@b’lnﬁﬁggsatggrtegf&’?@r\% F@P‘gtr ch cont ai ns
the basic di sgedss! diemBeditiRhBReherdif thecfatthtilatond doataingWorstingdtes from t hose

| i sted above. In the case of sterile powders for the preparation of sterile

i nj ect abl e sdrugsi Bagrugsican pe sorapated fas throwmnedyppelgeatratiedrelease
vacuumdryin n - i nj WRi ' owder of the
active ingr eg?'g'hgelff){'eggégtﬁg&égdgﬁ?&%ﬁ%f bx&é@f&}%@g O?n%gey%rgésg%a? roma previously
sterile-filt éidegersdently femuldted foidifferte tpmsdd rdeasalie. e immegiateeddi N 28 such
a manner that, the particles are poro in nature, which can increase

di ssol uti on &flayefk IgEdialg @éi.exﬁ?é’tdﬁ‘é)dgfaﬁ’ﬁﬁi aﬂ‘iﬁ’ftﬁ‘bdeﬁoﬁi%@éedﬁﬁati cles are well
known i n the gfdbtile etc). The parenteral fornulations described herein can be
formul ated for cont roI)I ed rel ease including i mediate rel ease, del ayed

rel ease, extended Foebxaspe, thebampounds ard/ensne, oranere additionaltactys t her eof .

For parenteral adm nistration,..the one or nore NP inhibitor and opti onal
one or nor e, 28I P g OB Rl Re R mERO e PR et g o

m croparti cl @satrélRAGERA di‘"tl@éSdrug(s).CRﬁl‘éhd%ﬁifltW&ruF{w[s&!bhtrbh@i byr ovi de
controlled rel ease. | n enbodi ments wherein the fornulations contains two or

more drugs, tHéusinnefshe drgly onbelthe mieraparyeles pad/endaeradapan ef theont r ol | ed

rel ease (e.qg. %% yed. tg)ﬁ%gpqig . i Ll Q). the drugs can
be independetll)ﬂy %rp%ug(fcé e or(gafl%%@gﬂn&?yﬁgédg#&?e{oga?em el?g., i mredi at e
and del ayed, polymeds aickidarchydcellalndednd ctherayatalaborcsyatticéa ddbilosdel ayed and

pul satile, etc.).. For exanpl e, the conmpounds and/or one or nore

addi ti onal adffiV&iV§%ents can be incorporated into polyneric microparticles

whi ch provi de contp@lrh&d whidheas 8oy $dieble @ fohin a B8l 8% 8qbud he drug(s) is
controlled by diffusion of the drug(s) out of the mcroparticles and/or

degr adat i on ehvirérengu] spckas bydyaxyprepyd snetlyylestitask ps pelyathgilene oxidey mat i ¢

degradation. Suitable polyners include ethy|cellul.ose ot,her natural or
synt hetic celnilaﬁ'! %%%beosé‘&a%tais\%a&r?“%r Srulgo‘i yae erffﬂa‘rﬁ?lgs's{?g}ﬂy sol ubl e
and form a geblynitrahchde Sl Sremdtilingfdas ! polpantiididesysly@xpr opy! _

met hyl cel | ul ose or pol yet hyl ene oxi de may be suitable as materials for

. : al so :
drug cont ai niaplydrides)s paliyhy@owy acidy, §aeh gsarofytaetidei(REA)0lygygolidee not 1imited
to, pol yanhy? } 515 L(1eS] ¢ ? i ) Je\l i such as
pol vl act  de. (BCAT: PosetiiE SbiElysBMIALRL €39 polPBIUGLAKrAE PE) S5 Bl
pol y- 3- hydr oxyb gbpolamers(thhiByf, polg-4bpirbyytyrate (B4HB) andadpplymdrydr oxybut yr at e
(P4HB) and COﬁ)O| yITer s o
thereof, polycaprolactone and copolymers thereof, and combinations thereof.
Alternatively, the drug(s) can be incorporated into microparticles
prepared from materials which are insoluble in aqueous solution or slowly

soluble in aqueous solution, but are capable of degrading within the GI tract

by means including enzymatic degradation, surfactant action of bile acids,



t hereof , pol ycaprol actone and copol yners thereof, and conbi nati ons thereof.
Alternatively, the drug(s) can be incorporated into mcroparticles prepared
from mat ewoabsi/oabi3ch are i nsol uble in aqueous sol uti on ecTgNawioypossiubl e in
aqueous sol ution, but are capable of degrading within the G tract by neans
i ncl udi ng enzymatic degradation, surfa@ftant action of bile acids, 29
and/ or nmechani cal erosion. As used herein, the term"slowy soluble in
water" refers materi.als that ,are t digsal ved.in wa within a period
o 30 m nut eandr EREFR! Erosiep) A8 Frlftral FRfen Tty Sl Bhces. naves.
waxl i ke substvaiée sefeRdo MardralShat € hedissoRied timlarr indthen aperiddétt y subst ances
include fatty al cohols (such as l|lauryl, nyristyl stearyl, cetyl or
cet ost earyl aldwinpicy. Predgrred exemples antdudsctaisy tatty\substancaswakengvaxout  not

and

limted to, f [ t agl.. eri -, di-
tri-glyceri dé%%%ﬁ%sﬁ%c%ﬁﬁorgféﬁ%r{: %@%#e\g{'sshlgggéc?% e[éldg%gyrr%%{églceﬁcl ude, but are
not limted tieclidediangalcahalsl (sueyas Binkyg, mitistyhytehrplgedial @dtergtchnmseed oi |,
hydr ogenat ed. castor_oil, hydrogenated ojls availabl e under the trade nane
Sterotex(r), alcoBal fatty afids ancdiaRtes ieludineq bet ok lgnltegﬂe ABY acidyi t abl e
waxes and WaegfetK i A a J i

hydr ocar bons%sgﬁaﬁrﬁtg% %géla%éxglsegﬁg%gﬁ’l i%ﬁ{{a%a%}gisgg%% %&&%@%de beeswax,
gl ycowax, cadater Spesific eampdesdaclude bupareaidf limited tohyshoghmhiedl a wax. As used

herein, a wax-|i terial is.defined as.any material which is normally
solid at roorﬁege_éﬁgﬁgﬁt}Eﬁdéoga?ﬂateﬂﬁgtt%flsﬁ"eq ?‘f’ﬁ‘efgﬁl&emte%?ﬁ?f\@ﬂr about 30 to 300C.
I'n sone caseshydiodgendidd Hifs Hagablabhderie fddeHanieBelotx®, fcai@h@l, penetration
into the mcroparticles. To this end, rate-controlling (w cking) agents may

be fornul at egoggadniiieniand steaw] plgpbolo Suiiaile svaresanddvarbikemakriakipl es of

rate-controllj i al.s J c ' a [ jves (e.g., waxy
mal t odextrin 1%%%1%?& E‘%’if riszg‘!hcg;@ér ﬁ’qg?saﬁ@i{ﬁﬁ%%fsf %Jlﬁ}]soe 323%%%8“ ves (e.qg.,
hydr oxypr opyISpetifiy exarplesibOwaxeshiyclidedyaes wpy, lgbebivak aastor makhyl cel | ul ose, and
car boxymet hyl -cel | ul ose), alginic acjd, |lactose and talc. Additionally, a
phar maceut i c&PMPubWRbPaRfansadcap %HFW%’%rA%%SéﬁSF@}n’Iaé@xr@f%) may be added
to facilitateg,Lhe, dequmidati teSHCHhTh § Halll Sh16Bat Prot ei ns whi ch
are water insozf% 25? sucﬁ ag&z@lgr?, can1 al slgﬁdg xsed aasro(r)r%{teri als for the
formati on of tempeyatocmdni hak agnaliing pepar ¢of fodne abousd@ito BOOFAL. | y, pr ot-ei ns,
pol ysacchari des an]g)gsconbi nat i ons .t hereqf i.ch are water soluble can be
fornul ated with driig®Mft8sH et cﬁéﬂr&e%t%ﬁﬁs@ﬁ\&gmﬁtﬁf cross- linked to
form an i nsolpdidttioRtine ke micREp2XAER| By thiy/dnldOfkecEdritrodli isgngonpl exed wi th
i ndi vi dual drug nol ecul es and subsequently cross-1inked.
Encapsul at i ofgents may e fermatlated along avithghe ftvorcwaxasdisteddbeyd.al s to produce
drug contai ni 1 .Gr i c ' : rmaceut i cal
For nul ati on ARG GRaRE bhfiyling BRucr ) TROM G o THANA A DR B8, TECCH
wax- | i ke mat evdx@imsaltoddegriaand daum deedcoralstarch)] geliubge dyrivigiate.@pbove its
melting tenperature and the drug is added to forma m xture conprising drug
particles su M@W@M@Wlﬁﬁm‘bé‘?’ibfﬁ‘toé}’l’rﬁp}’lcﬁmﬂﬁsedF’é‘%ﬁ‘i?@ﬂlols‘ﬁ the carrier
material, or g4 Whkbihethielnal ROALiH] IGLBS SRANaRE AURREAHEY | ¥
fornul at ed tﬁr ough g%veergll netoﬁgjc}illgrg:i nc?{]lg’l ng, but Erilot Alﬁlam' tedﬁt o, the
pharmaceutically acceptable surfactant (for example, lecithin) may be added

to facilitate the degradation of such microparticles.

Proteins which are water insoluble, such as zein, can also be used as
materials for the formation of drug containing microparticles. Additionally,
proteins, polysaccharides and combinations thereof which are water soluble
can be formulated with drug into microparticles and subsequently cross-
linked to form an insoluble network. For example, cyclodextrins can be
complexed with individual drug molecules and subsequently cross-linked.

Encapsulation or incorporation of drug into carrier materials to
produce drug containing microparticles can be achieved through known

pharmaceutical formulation techniques. In the case of formulation in fats,



processes of congealing, extrusion, spray chilling or aqueous di spersion.
In a preferred process, wax is heated above its nelting tenperature, drug

i s added,weandittdsosnol t en wax-drug m xture i s congeal ed poadaN20m91 BNt
stirring as the m xture cool s. Alterna*)i vely, the nolten wax-drug m xture
can be extruded and spheronized to forimpellets or beads. Detail ed
descriptions of these processes can be found in "Rem ngton- The science and

practice of el (e J o.et. al Phi |,a i ppencott,
Vi1 o, - and G Bier R Rycrtts, W apd MBS & opftany Bt #ive WPy e
desi rabl e t o mdtingiteaglevature adil spodrag isaided e dingbemixtuB cofpeising gy cont ai ni ng
m croparticles.. ln this cqa)se drug and carrier_ material are_co-dissolved in
a nutual sol \Péﬁt"l‘fér?élsl?ﬁné? pdhe Ferigsmaterials dpieedierohtedyn e G@édduced by several
techni ques i neliydiing Ml PerbdfMNIREbpaRicIds i bEJuidaq &Rl Si on i n water or
ot her appropriate rrecfi a, spray drying or by evaporating off the sol vent
from the bul Koswllated gwoughdsenetal imethotlh enchueling, bitwpt dimtiedita)the | n sone

enbodi nents, drug in.a particulate formis. honbgeneous].y dis sed in a
wat er - i nsol ulﬂr%cegsresgffﬁ‘\)/ﬂo a\}%gt’gf‘tr%sé‘?‘hﬁi’r_@yﬁglt”éqg Ia‘.qu?‘?}‘srfllghefﬁ“_?g Ke size of
the drug par tpréb@ed plokbishwhies 1Rateaasbid A meking tehpaRVdRle ishadld may be
mlled to generate fine particles prior to formulation. The process of jet
m | ling, knowhdihe meléenwax-faanixitwels econgealedvndse comstant sdminglas thepur pose. I n

sonme enbodi [ I te formis honogeneousl| i,spersed in a
wax or wax Fﬁﬁgﬁggﬁﬁ%n@ﬁﬁ‘ggﬁgﬁ ii{én%"ﬁ He \%/’é’)gmc?rm\l/?b 1FREC ’ﬁ%'éc%’gnce above
its melting padspheasizeiddifogn peitetsloitgapar Detail@bdesbiipteonsiof tHes®10 t he mi xture.
In this case a phar maceug cally acg}g{)t abl e surfactant may be added to the
m xture to f&EFESEALN bhouad dbRaninglonr The sciencggnd practice 8. The particl es
can al so be P =To MENY r i fpl . ' 4 Solid esters
of fatty aci gjg \/\h?lc’hztozghrg&]lﬁyg’r% yérggﬂgg’ (pr:hggsielgbaggﬁ’ e Iédp.[)lrrs]’gal?/ldcoat ed onto
m croparti cl e¥illensd200§).particles. Zein is an exanple of a naturally

wat er -i nsol ubl e p:Fot ein. |t. can he coat eg 8nto ‘dr ug containing 31
mcroliarticles of CHPRMRE FAUFET Rpgalsyt way Be desyabledg Ust 2 BYIVGt granul ati on
techni ques. leRagfistidnl te&hnfi Qucnd prddict Yrudloftainine HitBh&tiBRS eI S, some
substrates of digestive enzynes can be treated with cross-Iinking

procedur es, é%’ui(rtlg ard ¢arienmateoaleae codissdlvebin smlivsl solvent wad ks. Many

©

met hods of cr - | 1nki rot.ein initia by both,chem cal .and physi cal
nmeans, have t@gﬁpl?%lgiérs {3 g%gubégiuegﬁ ytb it dug%fg%ﬁ%ﬁa?kpﬁ%gs Pgiquai n
cross- | i nki nut sottlingitddsto, otmingesi cadllsion dbwatet Sikother pPeipriate rxdapl es of

chem cal cross-1linking agents include al dehydes (gl uteral dehyde and
f or mal dehydeSPragswpe eb%émﬁﬁtméé’lﬂgﬁﬁﬁ?lwlﬂ&o,m Qﬁg’%ﬂé?ﬁlb‘il?ﬂ afdy addition to

these cross- I i:nkisng Elths mAgi4di zed and native sugars have been used to
cross-link ge 1aﬁgn tz%rte |’m %‘ et al., Biomaterials 19 (1998) 1641-1649).

Cross-1inki ng canlabksoe bmbadiownts, dsigaen a particglagnfoyme s hamogeaesysly or exanpl e,
transgl ut am nase has been app ed as a GRAS stance, for cr.oss-1|inking
seaf ood prOd@bspgr_se%nnaa}vpg;,r-ugsp[}@zqqris?qulﬁdvaégﬁoﬁg?q ’i’??'te_f‘a]teffwlﬁl‘ﬁfsi cal neans
such as ther i sitd GRh&BRIg paHit1ds Walhh dhd @inprificlaiBRInkd pAFIR kA _To
produce a coating |ayer of cross-linked protein surrounding drug contai ni ng

m croparti cl @ayde milled tpgeneraie foe partiglgs priostol fanhelapernt Bheproegss b spr ay
coated onto t e Cr icles,an b ent rossml.i nked by the one of
t he net hods E%Z%lﬂ@éggg‘%%{/neqhgxm%n?aﬁgﬁc\%g y,° #’é&geggfr?l) g‘llﬁ)%raosl% éi?oparti cl es

can be ni cr ogomapmbbdinegtsdrifiima partitelate foin ORGRIgeatIBdIsSEsedapar at i on
(for exanple, by the addition of salts) and subsiﬁuently cross-1linked. Sone
sui t abl e proReYFOvEX liks substance hychepting theevayrayaxnlikeyubsiangs abe¥gei n, and

et er i nsol ubl e AT AR HPIGESE T B DR R B b compl f shed
by reaction his haseal phatmaceatitalyaccepidttle nafaetint omyiberaddeshiodhe cr oss-11i nk t he
main pol ymer mixture to facilitate the dispersion of the drug particles.

The particles can also be coated with one or more modified release
coatings. Solid esters of fatty acids, which are hydrolyzed by lipases, can be
spray coated onto microparticles or drug particles. Zein is an example of a

naturally water-insoluble protein. It can be coated onto drug containing



chains. Pectin, alginate, dextran, anylose and guar gum are subject to
cross-linking in the presence of nultivalent cations. Conpl exes between
opposi t elwochargew7pol ysacchari des can al so be formed; pettiNoBvm1Bhi t osan
for exanple, can be conplexed via electrostatic interactions. 2.Enteral
Fornul ations Suitable oral dosage fordd include tablets, capsules,

sol utions, suspensions, syrups, and |ozenges. Tablets can be made using

conpressi on or. nol dj t echni s well known in the art. Gelatin or
non- gel atin %ﬁ?@?@@pe%:?éﬁ ag@%%bye??f%c%afl% OpPY ¥5t 8rapWaUon e shel|'s, which

can encapsul anlque!i madamoh% n&FhIS A terSRboIabIE nhdter{d, §bha! S, USi ng
techni ques well known in the art. For mul ati ons may be prepared usi ng

a phar maceut isgbstiajes af d@@tsta@l anzymes ¢arhe trategemidh edobsylinking prosedires,” carri er "
i ncl udes, but not ted o

d
| ubri cants, ?Séllﬁh eﬁﬁéﬁ Srgatien ’}olnrﬁﬁ&j@g éttg'grlﬁ’slﬁ/ﬁvatlets?%? IOF]%Sgrs and

conbi nati ons thh&i’gQﬁ&f)tems 1n1t1at£&fyrb(ﬁlli cl@drﬁx@alldﬁd|pﬂ9§6al&:hdan§%p@ﬁmt s of the
coating conpositiaon |ch i ncl ude pl asticizers, nments, col orants,
stabi | i zi ng &gporied, Ongof &}qraeﬁﬁpgnmme|ragﬁb@ﬂ8rte|0é9§bcr@é%h ing grtheil at i ons rray

be prepared r . ceuti cal
dosage form t%g ?gtsmlpﬁgrdsgll_lﬁﬁlﬁg%g%qsétE)f(ﬁflﬁgfﬁg }é@%% Fnﬁﬁ’ Dekker, 1Inc.
1989), " Remi ngémsinclubkaldehydus¢gluanaldghiyae and éorafalqehadeypepoky 20t h ed.

Li ppi ncott WIllians, & WIlking, Baltinore 2000, and "Ph rrraceutl cal
dosage forns® QWBOW%QC%E?J(\?Q? %‘Er‘igeé’r‘r%‘ﬂ ’I‘B%\‘%‘E@? foi these chﬁé}nig{g al ., (Media,
PA: Wi ans agafs, Wkidirddsand 8w sughhanbe b@érﬁﬁs%@@@@ro@srﬁfﬂt Q&aﬂu{‘f ormation on
carriers, materials, equipment and process for preparing tablets and

capsul es and(Geﬂtesy,étl stell e Branatarsadg &9 (1008% 161 - 1@l eCoossdinpigices, and

granul es. Exampl es,of suitable .coatin materlals | cI ude, but are not

i tea to, Alpr Beiipehubtt biRRuE el Fpf B dpid e o

hydr oxypr 0py|ha§6éelnlﬂﬁpﬁﬂ'ed hy 8 GRAS s itRiahcdRIr RYdss-Sink nlg @e&foodprbday pr opy|
thyIceIIquse pht hal at e and hydr oxypropyl nethyl cellul ose acetate

succi nat e; Ay npssalirtiing eanphit indiatadeby Ritysipel mednsisicpe themnal and

copol yners, fera ommerci ally avail abl e under

t he trade nane%%%%& C{Ee%ﬁlr% ar na, ﬁ&@sﬁerstadt, CGer many), zein,

shel | ac, and pol ydaqrbducedesating layer oAddossiimked proteih berraodingdyugat eri al may
contain conventional carriers su

.P asticl zer nent s col or ant S,
glidants, st&BMAINNG miGopagiiciesor 58 BT bR stgE e PR AR be
Cpti onal phaiagedid ahdoxh@ﬁﬁ&&lseh&les RCIBERERY BokdfedBitnar € not

limted to, | Uent's, binders ubricants, disintegrants, colorants,
stabilizers, one of the methods described above. Alternatlvely, drug containing
microparticles can be microencapsulated within protein by coacervation-
phase separation (for example, by the addition of salts) and subsequently
cross-linked. Some suitable proteins for this purpose include gelatin,
albumin, casein, and gluten.

Polysaccharides can also be cross-linked to form a water-insoluble
network. For many polysaccharides, this can be accomplished by reaction
with calcium salts or multivalent cations which cross-link the main polymer
chains. Pectin, alginate, dextran, amylose and guar gum are subject to cross-
linking in the presence of multivalent cations. Complexes between
oppositely charged polysaccharides can also be formed; pectin and chitosan,
for example, can be complexed via electrostatic interactions.

2. Enteral Formulations

Suitable oral dosage forms include tablets, capsules, solutions,

suspensions, syrups, and lozenges. Tablets can be made using compression

or molding techniques well known in the art. Gelatin or non-gelatin capsules



and surfactants. Diluents, also referred to as "fillers,"” are typically
necessary to increase the bulk of a solid dosage formso that a practi cal
size i s pwowendedsdser conpression of tablets or formati orcofCN2esi®1BNd
granules. Suitable diluents include, but are not Iimted to, dicalcium
phosphat e di hydrate, cal cium sul fate, 32act ose, sucrose, mannitol, sorbitol,
cellulose, 33 mcrocrystalline cellulose, kaolin, sodiumchloride, dry

starch, hydrolyzed starches, pregel atinjzed.starch, silicgne dioxide,
titani um oxi ¢é& pFﬁ%’F‘F_é‘?is md;?féﬂftﬁgm ‘??heh%t_ igh : eﬁﬂl‘@g’r.

Bi nders are Ugg4 4nQ sbAR8SIId GO BRSNS, gga# tdehfiguéOwal RAWAiiasage
formul ation, and thus ensure that a tabTet or bead or granule renains

intact after the flormulations oy beerepersdgeingarpherm®Bgiticadlyacbéptade nmateri al s

i nclude, but are nqt limted t starch, ..pr | ati.ni zed. st ar.ch, gel atin,

sugars (i nol oAy Sherhdalt? Gt ekt ML R AT i o)

pol yet hyl ene diluyiie] prestwetives, Baiddrsalubsioghts \iNime fiatorg UaR 1 HigGlgeds, acaci a,

tragacant h, sodium al ginate, cellul ose, including

hydr oxypr opy|fHetsh yiabidizers) alcombypntiony thessfd cel | ul ose, et hyl cel | ul ose, and
S

veegum and synt hqi,j 'erpﬂéoyiﬁgmessﬂfé}r@%n@ﬁ%{f%&%ﬁﬁmg@ma” ylic acid

copol yners, nethacrylic ac copo acrylate copol yners,
am noal kyl nethiccmypy adcdudeqpadtigizerss pigpehisacolydants, stabitizinglagerts,laadr yl i ¢ aci d

and pol yvi nyl pyrrol idone Lubricants are ysed to facjlitate tabl et

manufact ur o, BRI DERFA wlrasa APBER IRIFIUEARRS Mo DF GORPArSSAS dSFEtR: | | it ed

to, magnesi Urﬁl%%@?&ereﬁ@és%b‘lﬂhss‘tﬁﬁhﬁﬁ&u?&tl%@§dg@ e thblddyeqr ol behenat e,
oi

pol yet hyl ene glycol, talc, and m nera . sintegrants are used to
facilitate ddgbgmahet.®l.dNsivnYerdyy MarashDekkerpineak 889), dRe¢mmingtodni Blhest r at i on,

and general ly include ut are not it t.0,. St sodium.st arch
gl ycgl at e, séﬁ'ieﬂ?ﬁ aé]grpd%‘%?ﬁé)? R@?“‘?F%r@ﬁl,he d&ilﬂ?ﬁnﬁ%tfgﬁﬁg?ﬁ}ft‘%w IIPSPT’UI ose,
hydr oxypr opy |IBatthbiel BE®,2000£0R ‘Phhmhatesticl assabe forh@wad dagd ddivese, al gi ni ne,

guns or cross |inked polymers, such as cross-linked PVP (Polyplasdone8 XL
from GAF Chedy#ams Gétpldition, Ansebetali, (MpdinsP Ay Williamg and WiEHNHi 1098k r et ar d

drug deconposgi.i I ! i - hy . Rf f‘ﬁ?[{m oxi dative
reactions. Sﬁq}iteg%{éggrglicggPﬁ@%@foﬁﬁlg*l%é{ﬂgﬁ? ga?l\é?eﬁlgﬁ’? e(fafl%,
ant i oxi dant s ,prénesyfoapeghatiygltableyd aldeapsulé¢Bidl)delaysd o¢lkase dasdgd foimiss sal ts and

esters; Vitanm_.n E t oco he%‘?f{ anol its salts; sulfites such as sodi um
met abi sul phi (O 12bl§f&caPHIesaaRe grpRulgsy  vatives; citric acid; propyl gallate,

and butyl ated _hydrE?ééMﬁa'IEs%?'s@ita(b@é‘lﬁ)atin%er(%@ssiﬁgﬁdé,q{lﬁﬁre o GihiRa t§apsul es,
tabl ets, solutions, and suspensions, can for fornulated for controlled

rel ease. For celaopd polymbgs sucleaseellntnse acatatp phithdktea hpidropypropl one or nore
addi tional act

ol S R PR LBLS R B B IORAl e
phthalate and hydroxypropyl methylcellulose acetate succinate; polyvinyl
‘acetate phthalate, acrylic acid polymers and copolymers, and methacrylic
resins that are commercially available under the trade name EUDRAGIT®
(Roth Pharma, Westerstadt, Germany), zein, shellac, and polysaccharides.

Additionally, the coating material may contain conventional carriers
such as plasticizers, pigments, colorants, glidants, stabilization agents, pore
formers and surfactants.

Optional pharmaceutically acceptable excipients include, but are not
limited to, diluents, binders, lubricants, disintegrants, colorants, stabilizers,
and surfactants. Diluents, also referred to as "fillers," are typically necessary
to increase the bulk of a solid dosage form so that a practical size is provided
for compression of tablets or formation of beads and granules. Suitable
diluents include, but are not limited to, dicalcium phosphate dihydrate,

calcium sulfate, lactose, sucrose, mannitol, sorbitol, cellulose,



encapsul ated in a soft or hard gelatin or non-gelatin capsule or dispersed
in a dispersing nediumto forman oral suspension or syrup. The particles
can be fowordiafisishe drug and a controlled rel ease pol ymer/oNooanrisx.
Alternatively, the drug particles can be coated with one or nore controlled
rel ease coatings prior to incorporatid? in to the finished dosage form

I n anot her enbodi nent, the one or nore conpounds and optional one or nore

addi tional active agents are dispersed.in trix magerial, ich gels or
enul si fies uﬁ’alﬁf%&#aj‘g%e @Pﬁ’saﬁaahﬁéeg@ﬂhéﬁi)ﬁ%’ d%%wcgi_shylﬁ‘m}ﬂ | ogi cal
fluids. I'n t ke 0RSErefelflifod stdieh, Tichhe dpWRle! Stafitld SAAL MeaghBGumctive
agents, which are released slowy over tine by diffusion and/ or degradation

of the matrialyminem salicatSyskpavederddcmgarcan be fornul ated as tablets or as
fill materials fory.hard and fi1 capsul es. o In still another

enbodi nent, the ofd S¥S ASH e‘i%’ﬁﬂb"ﬁﬁc@ﬂ“&ﬁa“‘@b‘??%ﬁ?ﬁ sofid o812 or e addi ti onal
active agent ofhdatidH, Ghd eiue enduié thaba &dlel 0P b&ld d1@saAEe fe@iaMs ifitd6h as a tabl et
or capsule, and the soljd dosage formis coated with one or nore controlled

rel ease coat iahigsthedormatiqn of theedosgredformas. Switable bindenmeatesialsdneladried rel ease
coatings. Th i i .aJ t aljn.: and/ or
addi t1 onal  agf S oD finfiea €6kt fycTB LSRN, Pl St OIIRANTAR 20
general | y pr epaoed ghrosh, Héxteasoylacivseomnminiotlitody polgathyleho plyeskhinakes, as
described in " Re?T ngton - . The sci ﬁnce and practice of p&ar macy" (20th ed.,
Li ppi ncot t WhRRrahAad SYRipetiG gHms sich a5 aece, trRgscanotndium alginaqsi on syst em

Lypi cal 1y _consiigibse, folidifl hycERyREpyIRUING ERI1RSE, B38iObopARIoR! 11 X, and

is well known and described in the art. ri x devices are general ly
prepared by cthyelabise,gpndiveegimygndisyitheticpaymyrsduesad acryles gsed gnder carri er

into a tablet f rml.The t hree major,types o(f1 magerials sed in the
oreparat i on GPPREFiSACHLeRO 93?’&“7%%%?%‘]‘% BYRESYTPES MR ophi i ¢ pol yners,
and fatty conpanaslateopsiyhfersyBinidoaRs | imelads@ate Boflol phersN®lydckylid ed to,

met hyl acryl ate-nethyl nethacrylate, polyvinyl chloride, and pol yethyl ene.
Hydr ophi | i c peidjpadymethaeryliciecid pud pelyeinkprolidenced to, cel | ul osic pol ymers

such as nethyl an . I " h as

hydr oxypr opyl - cel Iqﬁ%(})lgé{,ts %;%}AJ P gé(&[s)f?%%w ér:%l? %ﬁ’lggﬁagﬁ#s Lejljb )Pagrgﬂ?saééf

car boxymet hylsaeable lubsieantsindludaer o ped fot lintiRd, to pahgiekiny @ewatexi des and

m xtures thereof. Fatty conpounds include, but ar ot |[imted to, various
Wexes such aSalCHim SEHR SR @évcgrcg}@smat% poliealeae glyagbt x-type

subst ances i nghudh&4g; diydr ogenated castor oil or hydrogenated vegetable oil,

or m xtures thereof. In certain preferred enbodi ments, the plastic
materi al is a pharDisintggrintsdrt ysactodatibtateedmege/form dpontggmation pncl udi ng but

ot hacr yl at o, OiaENy 2t e RRP o darorer o e bl FRe T o1 at os,

cyanoet hyl mathas rsudﬁal_tnestaram‘gry@aﬂaieyéodmh Raboyymblyramehyss8ium pol y(acrylic
acid), poly(nethacrylic acid), methacrylic acid al kyl am ne copol yner

pol y(met hyl reerbesrmythyicellulogs hydexyprapyhaellelose ipsggetatinizad istaeoh,

pol ymet hacryl , h i 0 i j dride), and

o yer dyl et 1505y FARIOE B, s AUSSTRIBE b, SR BUET 00 20
the acrylic pikydBVPi(Bolyphipdore@dXDffronn & AR Chanealb@omhi o net hacryl ate

copol yners. Ammoni 0 t hacryl ate .copolyners are well known in the art, and
are described in NEABHST & s 1oynlb'§}t%?t?rﬁié§u%6‘ff@m%mn6?30391?%| ic and

met hacrylic i SN AN t i;um gr oups.

I n one pref e?ﬂa‘%‘ gén‘fnuggl’l br%%’%y oﬁ%ﬂﬁﬁ}ﬁ&&h@ﬂ&fé&ﬁiﬁi ?hgﬁélggtr%lgi:iﬁ?%'sr esin

| acquer such induddydbit avhinohlimgted toyamti@iiddnitsy batytatedbydroxytolweiRoBH Phar ma under

(e LT edenae SRt e s G B P RS Subls 2ory1 T
such as sodium metabisulphite; cysteine and its derivatives; citric acid;
propyl gallate, and butylated hydroxyanisole (BHA).
Oral dosage forms, such as capsules, tablets, solutions, and
suspensions, can for formulated for controlled release. For example, the one
or more compounds and optional one or more additional active agents can be

formulated into nanoparticles, microparticles, and combinations thereof, and



comercially avail abl e from Rohm Pharma under the tradenanes Eudragit(r)
RL3OD and Eudragit RS30D, respectively. Eudragit(r) RL30OD and Eudragit(r)
RS30D ar ewoapnlogsesrs of acrylic and nmethacrylic esters WwCTheNaoiomonsont ent
of quaternary amoni um groups, the nolar ratio of ammoni um groups to the
remai ning neutral (meth)acrylic esters4being 1:20 in Eudragit(r) RL30D and
1:40 in Eudragit(r) RS30D. The nean nol ecul ar wei ght is about 150, 000.

Edragit(r) S-100 and Eudragit(r) L-100 are so preferred. The code
desi gnat i ons “REaRSHiat lbéﬁﬂggbﬁ?‘)f*t%?iaﬂaﬁan%g?iaawcgwife%r lmeff;?sq Bafer to the
per meabi | ity dpRRE hESuR to fO@S éﬁ?msﬁerasféﬂj&%?mp( MDheParitRedUatiber €s are

insoluble in water and in digestive fluids. However, nultiparticulate
systens for mdermesl ¢fith¢ dong anda@ coatrelled wleasepilsiiperonmatrize rAdtcadtivelyn aqueous

sol uti ons ang, di tive flui The.pol yners descri.bed.above .such as
o gt Cr g SR8 Rt cab b Boqudd Ry R An¥ BP RS RIERE AR ESS ) 52 |
ultimatel y olpfidr o idcsipsiation @dto tBE fihBhedassaf®©foin. at i on having a desirabl e

di ssolution profile. Desirable sustained-release nultiparticul ate systens
may be obtained, fibangtherapRadimentothe P0O 95 MOET sRqUANs fd optivoRlmngr agi t 4D RL
and 50% Eudr agi . 109 L . 0 it(r) RS. One
skilled in t%gllﬁao&% )lc\lml ?na?gg%\ﬂge%%@tqf}egct%%eﬁ%rl%gﬁé} i{gpd pt)%‘%gliﬂ{’e}?%& may al so be
used, such agelsforremmisifigsl wonEnotactgvitlf a) aqueod tedinat, isweh a5, ext ended rel ease

formul ati ons can be. prepare sin snpt i c systens, or by applying a
seni - per rreablpéyﬁagﬂcﬁgﬁ't“ S+ ﬂ%tﬂﬁ_ﬁisgd) gFlért:t?‘F mEr ﬁ‘@elisaet“[trégpleg , the desired
drug rel ease gpfi@f Aéeﬁts?@ﬁic?%r@fé‘%a@é@ﬂoxf)w SRR AifiONoPELIEBAbl e and hi gh

perneabl e coating materials in suitablé proportion. The devices with
di fferent drdggraditease theohtiN matsriale Seich beadrices sae be frmivdatebari ned in a
final dosage f.orm conpri sing,single or |tiple units. Exanples of multiple
units incl udé?bq%tﬁf)r %él%’fer ils °f g%r?ltagfl S%F?‘?Sﬁlﬁ%r tabl ets and capsul es

cont ai ni ng tabl et 9n shif aflGher¥midanettSthe oA of MoRMorippuh@d,@age portion can be
added to the extended rel ease system by neans of either applying an

i medi at e r eloptgral oag eF mere adsifianpl aqtive ageinars domaylatsd inte gseldsring a coating
or conpressi i i i psul e

cont ai ni ng e%?%a%(rﬁeg d%&%%%g??ge?g}%d Jélg’séei{abtg%g%lﬁfmééjﬁ) ?gﬁ%@%{irel ease

t abl et s cont avith exg drynalsre pbntrélzdpeleyserostimgsesyechep ardethybd rdeastini ques commonl y
known in the art such as eﬂiir{e%m congre ion, wet granulation, or dry

granul ati on. SPHUIES oF g¥isnd A Gpainey ThefoalingPLe08tpne PALASO di | uent s,

bi nders, and chifald MmaRbHpahdiBhl/ofsddifichabativé@gBRRr maceut | cal ingredient.
The usual diluents include inert powdered substances such as starches,

powder ed cel | ul osdhegxisadeditelgase foymubationnare gnoeraily prepased madiffusioncel | ul ose,
sugars such as fructos nnitol. and.sucrase,grain flqurs.and simlar
edibl o poderdOSHENs BT foldpplens RToR “Biten ~ I8 SIERES: y pes of
starch, | act eag pratabdbf sHarmk@ol (R0ch edallgppinedpiwsibiams & Wilksnd, f at e, i norganic
salts such as_sodium chl ori de and powdered sugar. Powdered cell ul ose

derivatives dailimpeoMibe00p). Argifusion syalsmeypispleonsistsRf adyRasdt ances such
as starch, g ‘?l'e@fich@ 22098980 ¢ a ?‘r}’ﬂ%‘%ﬁd L AGLIP ﬁﬁowxlfl Eﬁﬁ&ﬁﬁbecﬁﬂ%@%ﬂﬂ cose.
n ns, udi’ng a thny

Nat ural and synthétic gu I nc acaci a, gl hates, ne cel I ul ose,

and pol yvi nyThgmiatik devieescae gedesallymrepexrediby Bahpetdiyg theelrgg withla, hydrophilic

pol ymers, et E olvglg ldgsléclﬂ(\)/lsneg p%rl]}gmf\:l\r%);?r?er(irzlitg aat!at?lgt f%reril.vq“hg%hree major types
of materials used in the preparation of matrix devices are insoluble plastics,
hydrophilic polymers, and fatty compounds. Plastic matrices include, but are
not limited to, methyl acrylate-methyl methacrylate, polyvinyl chloride, and
polyethylene. Hydrophilic polymers include, but are not limited to,
cellulosic polymers such as methyl and ethyl cellulose,
hydroxyalkylcelluloses such as hydroxypropyl-cellulose,
hydroxypropylmethylcellulose, sodium carboxymethylcellulose, and
Carbopol® 934, polyethylene oxides and mixtures thereof. Fatty compounds

include, but are not limited to, various waxes such as carnauba wax and



37 binders. A lubricant is necessary in a tablet fornulation to prevent the
tabl et and punches fromsticking in the die. The lubricant is chosen from
such sl i pmwerygiignbizds as tal c, magnesi um and cal ci um st eaCataN208wars7c aci d
and hydrogenat ed veget abl e 0|Is Ext ended rel ease tabl ets containing
wax materials are generally prepared #ing nethods known in the art such as
a direct blend nethod a congeal i ng net hod, and an aqueous di spersion

met hod. Inth g}gallng n&thod th drueg (i(ﬁl ﬁd with wax material and
ei t her spr ay-g %"SW teagath an &ﬁéé&ﬂ’ee%‘ siapees dncdudiag hydrge 19y

Del ayed rel ea,ﬂq)rfh?afygk@gtécp{?@e%[b &E of hERLARd thtegat ing a solid dosage form
with a polyner fi which is insoluble in the acidic environnent of the

st omach, and sol utineeritmnprﬁéermmmmdnemts,rtbmbmc whtetiRbisgmal | i nt esti ne.

el e AR AR IE I T AR SR e BB o) o0 "9,

dr ug- cont ai niagglic avidamt nedRaciFic &e&d copolyymers, rh@cb&l&hethéﬁryla&cﬁfeﬂ@fl ation into a
capsule, a tablet for use as an_inner core in ‘coated core" dosage form

or a plurali Wt%crﬂ?@@%‘b‘ﬁ’inﬁfsﬂFﬁh@xﬁé@d@ﬁ%ﬂl?‘@ﬁ syampetiyllanul es, for

et ute bi oorsiicRyiste; ol Pl Bhe Ol afiptfer, BAFLERIEAAER ' 09 TEI &7 1S

anfj/ or enZé ntmblyﬁmblhycxdhg aad}abmahqmoylmlcsalka?;Opb@n&? mwmetll(m}a: ;e_n{ e { |hc
ol yners nt er cia ose skilled in e

gr t, Y become gt fﬂﬁfr aﬁex PP[YZmﬁﬁaﬁr\Qlc ﬂﬂggﬁa{)}%ﬁﬁﬁ%mﬁm&{%@’q@mr

gastroi ntesti pBBaciylAite Qi'oly“(hfévlia}frﬁl'b%gﬁ by driee) A8RadF dﬁﬁﬁ@tﬁ%ﬁﬁﬁ@ through

t he gastr0|ntest|nal tract’, | e enzynatlcally degr adabl e ynmers are
degraded by lsapelgmerst enzynes present in the | ower gastrointestinal tract,
particularly int Sui ié 0 i,als for effecting del ayed
el ease ncl ude,  HuFETHRPrefd ARRRERL BETChodmSe isFhmRe el ch as

hydr oxypr opylof 6g¢ bme&@mxhyﬁibwmdgyahte%bblyh@ﬁseAnhﬁslm@mmtcmaeceI | ul ose,
hydr oxypropyl methyl cellul ose roxypropyl nethyl cellul ose acetate

succi nat e, hyapfdxvlsts@ﬁfyw&amWne@ heartpand ﬁmdﬁ%ﬂrlé?sémNEtWH@éﬁplm ose, ethyl
cel lul ose, ¢ | ul ose
acetate tri ng)H}}lﬁ}tlegt&gda car bgﬁgﬁﬁﬁg‘?@éﬁ%ﬁﬁf’@gf@&%ﬁ@%r$ Ic acid

pol ynmer s and compnt ofimaternapy erhmoabinygfoﬁlpsred from acr ylic acid, nethacrylic
acid, nethyl acrylate, #‘é’{ crqvug rret hacr late and/ or et hyl
met hacryl at e, and BPRePre eﬂfé‘?‘ irperjtthe geryji 39 RGT881py avail abl e
under the tragdgnar®ckddihagivhichlis éd?ﬁx*ﬁ@?c? raVRilab{€ &b R RSIRE Phargll MRNY) ,

i ncluding Eudragit(r) L30D-55 and L100-55 (soluble at PH 5.5 and above),

Eudragit (r) und@Ch¢ radaname Faudragt®s. 1o furthergiveferyd eBbodtimgints(thp S (sol ubl e at

pH 7.0 and a%?r"y it pglsymer comprises a mixture of two acrylic resin lacquers
commercially available from Rohm Pharma under the tradenames Eudragit®
RL30D and Eudragit ® RS30D, respectively. Eudragit® RL30D and
Eudragit® RS30D are copolymers of acrylic and methacrylic esters with a
low content of quaternary ammonium groups, the molar ratio of ammonium
groups to the remaining neutral (meth)acrylic esters being 1:20 in Eudragit®
RL30D and 1:40 in Eudragit® RS30D. The mean molecular weight is about
150,000. Edragit® S-100 and Eudragit® L-100 are also preferred. The code
designations RL (high permeability) and RS (low permeability) refer to the
permeability properties of these agents. Eudragit® RL/RS mixtures are
insoluble in water and in digestive fluids. However, multiparticulate systems

' forméd to include the same are swellable and permeable in aqueous solutions

and digestive fluids.

The polymers described above such as Eudragit® RL/RS may be

mixed together in any desired ratio in order to ultimately obtain a sustained-



a result of a higher degree of esterification), and Eudragits(r) NE, RL and
RS (wat er-insol uble polyners having different degrees of perneability and
expandabiwotgiryorsisnyl pol ymers and copol yners such as p@CyuiN?g10/001187
pyrrolidone, vinyl acetate, vinylacetate phthalate, vinylacetate crotonic
acid copol ymer, and ethyl ene-vinyl acéfate copol yner; enzymatically

degr adabl e polyners such as azo polymers, pectin, chitosan, anylose and

guar gum zei I[a at'osof diff ng mat eri al s may
al so be used’™ Cklagéﬁg% 'I%IFH S?l‘l“f‘?%?@%‘rtle &é?i}ﬁ‘g s may al so be
applied. The sﬁitﬁhed-f&@hseeﬁﬁﬁmlmatg B&ﬁeﬁl%aﬁ@é bbﬁmear for ftdndg materials may
be readily determ ned by those skill in the art by eval uating individual

rel ease prof iffoas 1§@6 Etudtﬂgett@sRLbﬁl%ﬁudmlt@r&han@éo%r%mﬁ&@ RSt anddi f f er ent

?r;?gﬁ: ;: gs oflo%a%u&)rg%@ %?9 app(ﬁ(rirl gi@o%é{ { Skllpgdgglgb?rﬂ !ﬂggi ?]ed rel ease

charact eri st irecogniaitiedd oftiReacflic pellymicrs may 85 e flie@mdch%s Cfot Bka@lle,st udi es.
The coating corrp05| tion may 1 nclude conventional additives, such as
pl asti ci zer s B F@l‘?@ﬂks colorants, stabilizing agents, glidants, etc. A

plasticizer is norAph Qfg’géﬁgﬁdegqel@%;??n&g@o&smg%P}e?ﬁaféfd J4he coating, and

wll generally represent out atitve to the dry
wei ght of t h@sqnotuy mtem@tdjymp@gfmg a sgmi- paimepblasoatirigae tise dosagaifbem.

pol yet hyl ene ro ne c triacetin, dinet ht hal at e,
diethyl ~pht h&ﬂgﬁ{ aﬂ?j.ogiﬁ,@%/ ‘ﬁeﬁ{rﬁgﬁlhﬁ‘ééele%ﬁe FC%B%E‘%J{P%W%% et hyl citrate,

tributyl cit rc@ifn%mlﬁ 1o% eR8hyd hf‘ghtpteﬁh@ablé?éb‘ahﬁg nftdriafyid safradly! at ed
nonogl yceri des. abilizing agent” is preferably used to stabilize

particles i nprmrfmnsper sion. Typical stabilizing agents are nonionic

enul sifiers such sor bat 183 and, pol.yvi nyl pyrrol i done.
G idants are recomﬁgelgest\gl?gifﬁ%n gf‘?&:ﬁ?}/ﬁﬁe OFf ml{sgqsﬁg?rh%\é B¥Yﬁof ormation
and drying, aaldba\bd»ﬂlb@e@er@ﬁhad dosipe B RN tompPisiaX kifple®r Ynifiplfunitdo t 0 100 wt .
% of the polyner WEI% in the coating solution. One effectlve glidant is

talc. Cther gtiple yniteigalude. it areaiof imited ) atl{jlayeiorblgBnost ear at es
may al so be ysgda,s Fleg WEithi %‘leésbéadg Y u‘ljésoéh%mea%]tm}'eagé so be used.

Smal | quantities of an antl oam hg agen uch as I cone (e.qg.,
si met hi cone) portin cah deo ab@datddmiemmdeﬂeelemtsystgndwrmmslofeutherI 1. Methods of
Maki ng the Conpounds of s nt e5|s 0 ounds descri bed

Exa
herein are sfiB ‘qgrfmdf”t‘%ﬁgi‘?éﬁr % §raqn ﬁhee%?pdgégéeaspﬁ Cstarting

materials ar esﬁgJa c%au Gﬂﬂoﬂiﬁeﬁldﬁ'ﬁré&'@@&zﬁ%em@lﬂgle%ﬂtesry%hﬁs%ch‘é@hCh are
reacted to formthe 1- ni'tro-1-chl orophenyl) pi perazine appropriate for

preparing theamum»mgneestgnd@mdhmdmtereleaseW@issubst| tuents on the
benzene reagent c ani ed ri.at el CCar dance with the end
product to be preg&}élgeé{ﬁ%asgﬁ&q cﬁr{taéamghérg?oghﬁlﬁé)ogo Bfffed is reacted

wi th a 3-phempydpafeddnr tochtiiquies @¥mangy kdWadibe a® BpdhaRrdigtel y substituted in
accordance wth the end product to be forned.

i
3 phenyl - 4- c &PHELEFSIPE.oXe L5l ationper Yy geaawl%@npﬁéslaf@ﬁlwtﬂwww&ct ed
4 di hydr oxy, AEiE e DR ALAY tihdds, NG RBHELATLOG N YdiRGRIGY | de T ol | oved
em ca cnenesl- o.

by the illustra reactlion steps In ocedures for
preparing Compphammdsutical hgeadéendeThe nbmtidilventshiaclidainettgowdsScsidene 1. Synt hesi s
of  Compound %ulgs¥a%cg§ guch as starches, powdered cellulose, especially crystalline and
microcrystalline cellulose, sugars such as fructose, mannitol and sucrose,
grain flours and similar edible powders. Typical diluents include, for
example, various types of starch, lactose, mannitol, kaolin, calcium
phosphate or sulfate, inorganic salts such as sodium chloride and powdered
sugar. Powdered cellulose derivatives are also useful. Typical tablet binders
include substances such as starch, gelatin and sugars such as lactose, fructose,
and glucose. Natural and synthetic gums, including acacia, alginates,
methylcellulose, and polyvinylpyrrolidone can also be used. Polyethylene

glycol, hydrophilic polymers, ethylcellulose and waxes can also serve as
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binders. A lubricant is necessary in a tablet formulation to prevent the tablet
and punches from sticking in the die. The lubricant is chosen from such
slippery solids as talc, magnesium and calcium stearate, stearic acid and
hydrogenated vegetable oils.

Extended release tablets containing wax materials are generally
prepared using methods known in the art such as a direct blend method, a
congealing method, and an aqueous dispersion method. In the congealing
method, the drug is mixed with a wax material and either spray- congealed or
congealed and screened and processed.

Delayed release formulations can be created by coating a solid
dosage form with a polymer film, which is insoluble in the acidic
environment of the stomach, and soluble in the neutral environment of the
small ir;testine.

The delayed release dosage units can be prepared, for example, by
coating a drug or a drug-containing composition with a selected coating
material. The drug-containing composition may be, €.g., a tablet for
incorporation into a capsule, a tablet for use as an inner core in a "coated
core" dbsage form, or a plurality of drug-containing beads, particles or
granules, for.incorporation into either a tablet or capsule. Preferred coating
materials include bioerodible, gradually hydrolyzable, gradually water-
soluble, and/or enzymatically degradable polymers, and may be conventional
"enteric" polymers. Enteric polymers, as will be appreciated by those skilled
in the art, become soluble in the higher pH environment of the lower
gastrointestinal tract or slowly erode as the dosage form passes through the
gastrointestinal tract, while enzymatically degradable polymers are degraded
by bacterial enzymes present in the lower gastrointestinal tract, particularly
in the colon. Suitable coating materials for effecting delayed release include,
but are not limited to, cellulosic polymers such as hydroxypropyl cellulose,
hydroxyethyl cellulose, hydroxymethyl cellulose, hydroxypropyl methyl
cellulose, hydroxypropyl methyl cellulose acetate succinate,
hydroxypropylmethyl cellulose phthalate, methylcellulose, ethyl cellulose,
cellulose acetate, cellulose acetate phthalate, cellulose acetate trimellitate and
carboxymethylcellulose sodium; acrylic acid polymers and copolymers,

preferably formed from acrylic acid, methacrylic acid, methyl acrylate, ethyl
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acrylate, methyl methacrylate and/or ethyl methacrylate, and other
methacrylic resins that are commercially available under the tradename
Eudragit® (Rohm Pharma; Westerstadt, Germany), including Eudragit®
L30D-55 and L100-55 (soluble at pH 5.5 and above), Eudragit® L-100
(soluble at pH 6.0 and above), Eudragit® S (soluble at pH 7.0 and above, as
a result of a higher degree of esterification), and Eudragits® NE, RL and RS
(water-insoluble polymers having different degrees of permeability and
expandability); vinyl polymers and copolymers such as polyvinyl
pyrrolidone, vinyl acetate, vinylacetate phthalate, vinylacetate crotonic acid
copolymer, and ethylene-vinyl acetate copolymer; enzymatically degradable
polymers such as azo polymers, pectin, chitosan, amylose and guar gum;
zein and shellac. Combinations of different coating materials may also be
used. Multi-layer coatings using different polymers may also be applied.

The preferred coating weights for particular coating materials may be
readily determined by those skilled in the art by evaluating individual release
profiles for tablets, beads and granules prepared with different quantities of
various coating materials. It is the combination of materials, method and
form of application that produce the desired release characteristics, which
one can determine only from the clinical studies.

The coating composition may include conventional additives, such as
plasticizers, pigments, colorants, stabilizing agents, glidants, etc. A
plasticizer is normally present to reduce the fragility of the coating, and will
generally represent about 10 wt. % to 50 wt. % relative to the dry weight of
the polymer. Examples of typical plasticizers include polyethylene glycol,
propylene glycol, triacetin, dimethyl phthalate, diethyl phthalate, dibutyl
phthalate, dibutyl sebacate, triethyl citrate, tributyl citrate, triethyl acetyl
citrate, castor oil and acetylated monoglycerides. A stabilizing agent is
preferably used to stabilize particles in the dispersion. Typical stabilizing
agents are nonionic emulsifiers such as sorbitan esters, polysorbates and
polyvinylpyrrolidone. Glidants are recommended to reduce sticking effects
during film formation and drying, and will generally represent approximately
25 wt. % to 100 wt. % of the polymer weight in the coating solution. One
effective glidant is talc. Other glidants such as magnesium stearate and

glycerol monostearates may also be used. Pigments such as titanium dioxide
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| V. Methods of Use The anti-viral agents described herein may be used to
reduce viwo0nrasn, infectivity, burden, shed, devel opmremtcnabiozotissviral
resi stance, and/or to enhance the efficacy of traditional anti-viral

t her api es. 39

may also be used. Small quantities of an anti-foaming agent, such as a
silicone (e.g., simethicone), may also be added to the coating composition.
III. Methods of Making the Compounds

Examples of synthesis of the compounds described herein are shown
in attached Schemes 1-3. In each case, the starting materials are a 1,2-
dichloro-4-nitrobenzene and piperazine, which are reacted to form the 1-(4-
nitro-1-chlorophenyl) piperazine appropriate for preparing the compounds
described herein.

The substituents on the benzene reagent can be varied appropriately
in accordance with the end product to be prepared. The substituted
piperazine so formed is reacted with a 3-phenyl-4-carboxy-isoxazole
compound, appropriately substituted in accordance with the end product to
be formed. The 3-phenyl-4-carboxy-isoxazole compound can be prepared
from protected 1,4-dihydroxy benzene by reaction with hydroxylamine
hydrochloride followed by the illustrated chemical reaction steps in
Schemes1-3. Procedures for preparing Compounds 1-10 are described in the

Examples.

Scheme 1.  Synthesis of Compound 1 (YD-04)



Al'l viruses with negative-sense RNA genones encode a single-strand
RNA- bi ndi ng nucl eoprotein (NP). Nucl eoproteins are proteins that are

struct ur avbpoasascs7at ed with nucleic acid (either DNA orPCRNA2o10l00iisnenza
nucl eoprotein is the nost abundantly expressed protein during the course of
infection with multiple functions incH@ding shuttling between the nucl eus
and the cytoplasm and encapsi dation of the virus genone for RNA
transcription, replication and packagigg. NP interactg Wth a wdgpyyariety

of both viral%stld h§§t_celP r macronp eguIeE:alnclqgl@g |tseIE)‘EgA t he
al so

viral RNA-dep ent AEr RgprHand Jthe viralamatrix pro

interacts 43 t+r+ﬁﬁﬁ-1ﬂﬂm£: ctin) nponaen®s ¥t the
nucl ear inportYand e®gbrt apparatus, a nucHdarsR el i-cdse~—Thent hree
potenti al bindPhg novel bi n@™¥R¥Ssites o T&ﬂ% |nfluenza.é i ncl ude the
smal | groove, the RNA bi ndipg4pocket g{ ,and the J; f oop groove.

Wt hout being bound by any particul ar [heory it is hypo hesi zed that the
mechani sm of on of the conpounds described herein involves binding to

the nucl eoproge S, 0,8 Th,@inflpnzaxvﬂuoz e

%f

interfere withyth i of theé vieds Na/vivo.N P enb
anti-viral ag her @i n bind _t ocit Wedssnal | ove (called the
nucl eozin bin he back of the body of fluenza A

nucl eopr ot ei n |nvolves regsi dues 280 '311

( VYGSAVASGYDFE 8Lva DPFRLOTNBS) ( SEQ NO 1) . Theomemendarnosst ruct ure

of these residygssi Ncl ude tyy@e short helices (280-287, 1- 294, and
301-309) which are connected by | oops fornmed by resid bet ween hel i ces.
The NP inhibitor can be located in a small groove gw’t iBAfback of the body

and can interact with residue N309 b hydrogen bofidi ng and Y289 by -
hydr ophobi ¢ i nteracti ons, where t phenyh ri &g\ of conmpound may be parallel
N@_tﬁ't"%een these two rings is

with the phenyl ring of Y289, andng
i cyl ar ergdodi ment, the NP inhibitor

bet ween - 3. 2-4. 3A In a par

binds in the small groove, and th onpound forns hydrogen bonds with

resi due S287. |In sone enbodi nents~#he anti-viral agents can nake bi ndi ng
contacts, alone or in conbination wgth t keoabove-listed contacts. In
particular, anti-viral conpounds can nmake contact w th residues 465-470
(sequence: ELSDEK) (SEQ ID NO 2), residues 22-26 (sequence: ATEIR) (SEQ ID
NG 3), residues A22-47L (sequence : ATEI RASVGKM DA GRFYlI QVCTEL) (SEQ I D

NG 4), R55, or conbi nations thereof. I n anot her enbodi nent, NP
inhibitors bind to the RNA binding groove of the influenza A nucl eoprotein.
In this enbodiment, the NP inhibitor is located in the RNA bi nding domain,
whi ch spans the interior groove between body and head of the nucl eoprotein,
and fornms hydrogen bonds with resi dues B64 and V363 that prohibit RNA from

entering the



44 arginine rich groove. Y148 was considered to be function as fixation of
the first base of RNA In another enbodi nent, exenplary NP inhibitors bind
to the tawbboepsgroove of the influenza. In this enbodiPoemN201RoI18NI bi t ors
are located in tail |oop binding domain near to residue E339, and form

hydr ogen bonds with residues V186, R26#, and G268. NP inhibitors in this

bi ndi ng pocket break the salt bridge forned between E339 and R416 from

anot her nono sord rs t be Tre Viral infections caused
by both enveﬁgbgﬂegngh ﬁﬂ%? ’Vﬂgggn(pﬁcludlng those that infect

ani mal s, vertebratesrinannals, and human patients can be prevented or
treated with the co ?rnds or conpositions described heyeigh. , The conpounds
are suitable fpP tr ng all viruses that infect vergdbvdt particularly
humans, and ulcularI¥ viru t )@t are pathogenic in ani fral’s and hunans.
The viral infeg Q a0 é&_Jgéultant di seases that can be treated
i nclude, but agze not Ilnlted to , RSV, arenavirus a H V i nfections,

and the diseases hepatitis, infjyenza, pneunonia, Las __g gr and AIDS. The
I nternational Committee on Taxonony of Viruses contaihs awcmnplete l'isting
of viral strains known in the art and is incorgpQgat her & n by reference
inits entirety. In sone e dlnents t hepgdi geases to prevent or
treat include viraI |nfect|@ms nhpbﬁfebned egﬂ\gk\ s, th conpounds and

formul ations ars sgqohqcﬁr H reventy of | Ugza °A V|ra?\'nf i ons.

| nfl uenza A Vi r uses—thatec _pL&uenLed r teBated with i ons of
the present net |nclude H2N2, H5N1, H7N7, OFBNZ H7N2,
H7N3, and H ON7” In prefer embodi ment the present f | ations are
useful for treatnent of the influenza infection A strain gafjsed by HINL or
H3N2. C. Dosages The d89%ge of an dR®%viral fornulatipn necessary to

prevent viral growth and proliferation depends upon a nunber|of factors
i ncluding the types of virus that m ght be present, the envi|®®ent into
which the fornulation is being introduced, and the tinme thatythe

formulation is envisipned to remain in a L nga\,pPreferred conpounds
are those identifi @dgby ﬁfvﬁft sgreen. eprar coprounds belong to
formul ae 1-VI. TypNgatdo tr &at nent of vmrdP°fnfecW\o~ %t e from

about 0.1 ng to 250 ngckg/dayy pr ef er ab™y TTOMU. 7 10 Z50
conpounds can be afimni stered to humans for th%é&reatnent

YD-01

b/ ky/ day. The

YD-014



viral infection by either the oral or parenteral routes and may be

adm ni stered orally at dosage |levels of about 0.1 to about 500 ng/ kg,

pref er ablwyofzoomiadseut 0.5 to 250 ng/ kg/ day given once OPCTWIN2e102000RY.
Variations in dosage and fornulation will result based on the weight and
conditi on of the subject being treatedand the particular route of

adm ni stration chosen as will be known to those skilled in the art.

Exanpl es Materjal s _a t.ho Vi ru | uenza . A\ 3 viruses
were pr opagaelgé’he'l’“ﬁ r\/glﬁ‘?txb gé"ﬁ'&’ﬁf’ﬁ &18@*{ P&’BPT’Q.W full
cytopathic effects were devel oped i |nf ected Mofls cel |l cultures, the viral

particles were harvested and storeg in a -70C freezex till use. The
i nfluenza A virus stral n A det nam w184/ 0érvas glowd i <enbr oated eggs,

and the harvesPs “viy aHepntNaimi ngal | ant aiccf | Ukd®wad st or d01j n @l i'quot s
2
. Bﬁaq.u.a, Red

at -70C until ctio Assay —Brotectiye 8 s of the
conpounds were ermned o cells a st Influenza A HINI® WBN\ 33
usi ng pl aque redfcti on assays The P ssay was perfo in
triplicate in aN%-well tissu culture pl ates. MDCK cells werf@ seeded at 1

x 105 cells/well using Eagle's ‘ninimal essential medium (EVEMp.wi t K> %8%
fetal bovine serum (FBS) onevmasy prior tovaddzti on of the virugs. After 16
to 24 hours, 100 to 200 plaque form ng units (PFU) of influenzgsf,\W6N 33
virus were added to the cell nonolayer with or without the conmyounds. The
concentration of each of conpounds 1 - 10 was varied in the different
experinments. The virus was allowed to infe the cells for 1o tooggours
veplard with

at 37Cwith 5 % CO2 before renoval of un Pral parti cl

aspiration. The cell nonoLayer s washed wi t h ENMAM and
1% | ow nel ting agar OS&Ni \rg}unt ainin 6 FBS ant T T..t TPCK
trypsin. Conpounds were a p ent /n t agar ose overl ay n needed.
46 The pl ates were incubat $§05at 37C Aith 5N|fyzo Chp. a8 72 hoursNHzAt vh234

EDCI

DIEA

E NaNOQ, - NaNj o
H,S04
Hy  YD-03 N; YD-07

IV.  Methods of Use

The anti-viral agents described herein may be used to reduce virus
growth, infectivity, burden, shed, development of anti-viral resistance, and/or
to enhance the efficacy of traditional anti-viral therapies.

All viruses with negative-sense RNA genomes encode a single-strand
RNA-binding nucleoprotein (NP). Nucleoproteins are proteins that are
structurally associated with nucleic acid (either DNA or RNA). Influenza
nucleoprotein is the most abundantly expressed protein during the course of
infection with multiple functions including shuttling between the nucleus and
the cytoplasm and encapsidation of the virus genome for RNA transcription,
replication and packaging. NP interacts with a wide variety of both viral and
host cellular macromolecules, including itself, RNA, the viral RNA-

dependent RNA polymerase, and the viral matrix protein. NP also interacts



hours post-infection, the cells were fixed with 10% f or mal dehyde for 3
hours and the plates were subnerged in 1% Virkon disinfectant for 5

m nut es. Wbheongas@se plugs were then renoved and the celPCTNIol02p€e187was
stained with 0.7%crystal violet. The pI aques formed by viral infection
were counted. The percentage of plaqué3inhibition relative to the controls
(without the addition of conmpounds) was determ ned for each conpound
concentration. | 0 for .each compou | aque formation

o e (PrLy PRy RO BTG S5t fS AR CABROREE Ofthe RSB SEPSE OB oauct | on i n
PFU) as a fu@ﬁ 6r?E'p;§é§at&§‘%n&Qﬂﬁ@leérrlﬁ(m%h@zfset Fhe tlﬁéH"ﬂRﬁé&ﬁQl bfﬁ'&ﬁl medi an
effective concentratl on, 0, which represents the concentratl on of a drug

that is requinoed bunﬂln@sim@ntth@nﬂup@na Y ibglugethe swedl gradveuthatRNAf rom t he

pl otted graphs Resu S percent age of controls in the
absence of crcl}}rrbd trsﬁfg% grs“ﬁ%lwialﬂir?oﬂ% |gur es. The nean value i s shown
W th standard deviwith@n befagtboti®kbyg hiypaticdyr theory, iy 18ipotiesizédthaf Conpounds
1-10 was neasured by the 344, 5-

di met hyl t hi asls mechanisnpofactipp REthe (comppundsidessrbsd SeteirinymiFes bisdigga- Al dri ch,
USA) assay. i or MDCK cel ls at
20, 000 cel | s;we e e bty Q@P){/@{tﬁ?ngl i q‘%‘e‘g tﬁg%kﬁ%ﬁﬁ}ﬁg% PBS in flat
bott omed 96- wetbifereivatiothe repdicpti@t efsthe Nruem v2vtb hours of incubation, cells

were washed twice with PBS.and then re enishg:d v\{ifehgifr.e Mbeforethe
addition of the cOWPBURMROdIRERE fheanti-yrplpeqnttdeser e&?ﬂﬁ%}ﬁﬁiﬁﬁ ®the cells
were further sfn'aH%P@év%‘ica%kd%ﬂ&xd@lé&uﬁon(&@é%r&&ﬁ% %h@gwksof tﬁérﬂ'odm added to

each well to a final concentration of O. e plates were further
i ncubat ed at llﬁTUeGZ&\AtrtuCEOMO&maﬂ(bmval\dqamssiues\%(i We31énd of the incubation

Bei d (HoL) wh YRR YRR VOB PR PSR N R RED 0, o i g

i ncubation, E@®nAhBsAaCcRS & therdeddud Thelude thideRhéd Belives @@80-0R7,r ef erence
wavel engt h. The medi an_toxi c concentration, TC50, which represents the

concent rat i oR9&F2%, aehHurdQ0) whigh aesrongegtediby looph formrd byaesiduss by 50% was
esti mat ed fr%@&e@ﬁh&ﬂ? cdata. Exanple 1. Synthesis of Conpound 1 (YD 04)
Conmpound 1 was synthesized according to the synthetic schene presented in
Schenme 1. Exanpl eSheNKmhitator omsbealbcatb@ns@/mddégnoovsoineheﬂaaf;bof thé7 t he

synt hesi s of nds 2, 3, 4 re ted .in Sche and 3 to
1 TUstrat et GG P ipisiach b Bresides T A ey e dring g 288 4P0gs of
Conpound 1. § %Bﬁ@lﬁlé 1&3ra<¥t§?§r@4@here the ph-Eﬁylarn? tdonPduRd may be

p- hydroxybenzal dehyde (3. triethylam ne (6.3 m, 45.0

mmol ) in anhyodraﬂalswuhﬁmm}eoymmerZ@Oamwemamdbeﬂveéndm§@0 a sol ution of

t - butyl di met Si chl ori,d 6.8 g, 45.0 mmol ) i n anhydrous
di chl or onet hé’%’g Sg% %‘h f%‘ésul ting mxture was stirred at room

tenperature for ZIﬂatpaﬁlcara@Iembsaimt &lic WP Gfhibitdr Biads iadistednalilThe or gani ¢
| ayer was separated and the a%(feous | ayer was extracted with

di chl or onet h&meverand e pempeinddpganhxdrogapdondn withaeride S8 hinat er and
saturated brigg, %%oﬂfrﬁeg@s ?ﬁ’ee{nur@&'i'ﬁ ;{ﬁ] tlﬁndﬁﬁ‘% é&% aflJn%tdron and

concentration, the resi ai ned pu y col umm
chr omat ogr apmrycémbmatnd)rewnhdtermmveﬂlbtyd cem:ted:ta.tla part&ulh) altli\oradil ng a yell ow oil

f d duct YD-041 d YD- 041
(()1 igug? pr(r)rﬁgg‘})o‘é‘i‘ﬂf Wﬁ%ﬁﬁ?%ﬁgtﬁ@% ?}%‘% @ a&%g‘?%’gegg%@éé) mol ) were
di ssol ved in (§E‘QM@‘IQG aeﬁegﬁﬁﬁé’é 22438 (§gq)1e1ﬁ:re AQPIRY} @HeeIRig:$), and then

pyridine (20 nL) was a dropw se while stirring. The resulting mxture
was stirred a¢51d®§nﬁ2tZeﬁi)Te(mu¢r®efdrTEQEAr&VrﬁK%D@iGRfF{éQM(éHﬁIeh to refl ux

for 40 m nut C tion C n mxture was cooled to room
t enper at ur e zﬁﬁQgﬁw%‘ﬁf@*ﬁf“ﬁéﬁWﬁP ﬁﬁeﬁer(’?'de solution (2 nL) and water
(7.5 nL) was addedn adftBer @bdiher, NPifkib@ord®Endae TkeRNAbigdingnt i | one third
of the total volune renai ned. Aft er extraction i

groove of the influenza A nucleoprotein. In this embodiment, the NP

inhibitor is located in the RNA binding domain, which spans the interior

groove between body and head of the nucleoprotein, and forms hydrogen

bonds with residues Q364 and V363 that prohibit RNA from entering the



wi th di chl oronet hane, the organic |ayer was washed with saturated brine and
dried over magnesium sul fate. After renoval of the solvent, the remaining
resi due waie 2puriifo3ed by col umm chronmat ogr aphy (petr ol eurCa&tdNan1oem gl
acetate = 11:1) affording a yellow oil of YD 042 (0.862 g, 78% . 1HNWR (400
MHz, CDC13), 8 8.48 (br s, 1 H, -O—i) 44.10 (s, 1 H N=CH), 7.45 (d, J = 8.6
Hz, 2 H, Ar-H), 684(d J=38 6 Hz, 2 H Ar-H), 0.98 (s, 9 H -C(CH3)3),

0.21 (s, 6 H, ) qund .YD-.043 042 (810 ny,
3.2 ol ) vedrERBE gm%”iﬂf%%wsﬁf FRARgF FRHAS e ANEng ¢ hen
cool ed to OCfirdvakd ermgucci nimde 48 (NCS, 452 ng, 3.2 rrrml) was added
portion-wise with stirring. The cooling bath was renoved and the reaction

m xture was sti rr dgaeqthergarhoditerdr exe OIP inhibétgrs binghtmthe gatbloepi on, wat er
in an amount ootv'e%‘?ﬁle ii8 é’n%tﬁghﬁfe{rﬁgg %H%Pg{%ﬁ s #rrﬁefoé’\%% {R4ged and t he

resulting m re Was 'extrae e organi ¢ | ayer was
washed with \I\(&i;ﬁlfin&ng domainamedr trresidu®E339, l&ﬁ@ftﬁ'ﬁi hydrsgdnfba)h&s whht er

filtration and, concentration, ell ow oil of crude YD 043 (884 ng, 96%
wis. obt ai ned FSRE NAGh ST, ek DtRNR Fabepitors in s breging ofkt PSRk of D 0

(737 M9, 3,5 oDbrfe SRIAMEhldch 369 AniTi ¥nRARR iR e & col uti on of

crude YD 043 I'n acetonitri m.) at OC. The resulting
m xture was stirr®& at Diforders (@ bedlwreatedUpon corrpl etion, ice water (4 nL)
was added and nos s.remgved. u der red ressure. Water

has Sdded and Thewigl i dionS SR pe B R PP ?Weféﬁgf KE¥SSSt her . The

or gani ¢ | ayelindh@finyBidbethatintdtt WaRhifs, JertdbMies, ARknAalk WrdliRehaar i ne once and
dried over magnesium sulfate. After filtration and concentration under

reduced pr es$atents edneberpreyaning wdteatedrwith g compewndson cemposiiensgr aphy

(857 . - Boogtotribl e B BhfinodRady bl R YAty ©, 04
6.89 (d, J =iffe&t vidrtcbratel] pafticutirly Rurfihs( nd parfitularGH3jysed thhdlares, 9 H,

0-C(CH3)3), 0.99 (s,.9 H, Si-C(CH3)3), 0,21 ,, 2 S| CH3).- Synthesis
of Conpound Pethogenic in animels apd w(ngnsz virgl lgg%ﬁﬁilﬁaf%s‘dﬁ“’é%l ved in

Lri f1 uor 0acet) G Al dhehdl ftlkaf Bubliey AN hRrSR iR RSt I rred at room

t enperature m nut es uoroacetic acid was renbved under
reduced presRHg amvmﬁeanddél\duéeqmﬁs dané:sh:d dﬁmsesrhe@atmmyiﬂteniaer Pet r ol eum

et her was added to cryst I|z @%é? i . r filtration and
desi ccati on PREYARiH L (‘-Serfa}né? ﬁ{e IthmB FENHRE 887 4 4899 were
obt ai ned. m Maxon, oﬂ-Vﬁ'ﬁées %éntllldg'y%oﬁg)me Mﬂ?ng @gﬂimtral@s knowh ind, J = 8.6
Hz, 2 H Ar-H), 6. -H), 5 (s, 3 H, CHB)lOO
(s, 9 H Si- ecaﬂsars» is n@om)retgd herein bmre@r@m)m ltsynttlwtasu s of Conpound YD- 046
In some embodiments, the diseases to prevent or treat include viral

infections. In preferred embodiments, the compounds and formulations are

used to treat or prevent influenza A viral infections. Influenza A viruses that

can be prevented or treated with formulations of the present method include

HINI, H2N2, H3N2, H5N1, H7N7, HIN2, H9N2, H7N2, H7N3, and

H10N7. In preferred embodiments, the present formulations are useful for

treatment of the influenza infection A strain caused by HIN1 or H3N2.

C. Dosages

The dosage of an anti-viral formulation necessary to prevent viral
growth and proliferation depends upon a number of factors including the
types of virus that might be present, the environment into which the
formulation is being introduced, and the time that the formulation is
envisioned to remain in a given area.

Preferred compounds are those identified by a virtual screen.



To a solution of YD-045 (177 ng, 0.53 mmol) in anhydrous dichl oronet hane (8
m.) were added sequentially N, N-diisopropylethylamne 49 (DI EA, 103 ny,

0. 80 molwo 2{¥@%03¢128 ny, 0.53 mmol ) and 1-ethyl- 3- (3- PCT/CN2010/001187

di et hyl am nopropyl ) carbodiimde (EDCl, 406 ng, 2.13 nmol). The resulting
m xture was stirred at roomterrperatur"é for 3 hours and then diluted with
di chl oronet hane. The organic | ayer was separated, washed with 2 M sodi um

hydr oxi de solution, water aturat ed. br.i drl r sodi um sul fate,
{1 trated and CBRGN CoRPRY S%ﬁ ng e farmelesdral Tog: ‘gOSF% H@?“ﬁ*ﬁ}h fied by
col um chr onwyreahpiRRtOREAE HoatiBoRt D8 metddo Iﬁgﬁk%ﬁfﬁlmet%réﬁy pbior di ng | i ght
yel | ow needl e crystals of YD 046 (141 ngy, 48% 400 ™MHz, CD3C0CD3),

8 8.19 (d, J02w 250Hng/ke/day. Ar-H), 8.12 (dd, J = 9, 27Hz 1 H A-H,

L 0.7 8T Moo i o lybhsbgheala Fyubr MhoAbe 02 (0 =
; , C(2C1|:I|3) %42) allrgg&?ec(tlbﬁ bS,eltHeﬂ‘tlhe 6P ds paZ‘elf[ﬁﬁra( ﬁ)utéifahdco m@‘&)a&lnﬁ%m(@tég_(d(s) ,4) QYB 046

| S n es|is O oun
(67 mg, 0. 12 9%y at %@d?wf\ﬁé@uw) 1 sﬂyﬂtlwﬁ o0& mgdsg; air%a@moarh (4 ml), and

t et ra- n- but yl.agumné mgdﬁ{gﬂ(gggggﬂgﬁ%ncggrmceg gy mmol ) was added. The

resulting mxture was st room t enperature for 30 minutes. After
concentration, t hé/alrmaonhm desazepud iférimadativn weidll resoit edsedomthegragiity (pet r ol eum

th t hyl ford i ght | wd f YD-04 (31
ry, 589 yoeeaﬁﬁ Biom ot s id eingrriod ks KvbcTBUBRESE) 8 9 06 (br s,
1 H -0OH), 8addidiStratibnThdséd dsEvill be nown tdihos&skifled fthe drt= 9, 2.6 Hz, 1 H,

2'-H), 7.44 (d, J =8.7 Hz, 2 H 2-H 3-H), 7.21 (d, J =9 Hz, 1 H 3 -H),
6.89 (d, J =8.3 Hz, 2 H 1-H 4- HixampBS (br s, 2 H CH2), 3.36 (br s, 2

H CH2), 3.2](br G2), 2.89 (br s, 2 H CH2), 2.46 (s, 3 H -CH3).
13C NVR (100 : 168.3, 161.5, 159.3, 159.2, 154.0, 141.8,
128.7, 126.3, 12519musd23.6, 120.6, 118.5, 115.8, 110.4, 50.1, 49.7, 46.2,

41.2, 11.3; LRMVS (IAPI -ES): 443 (M++ H). anple 2. Synthesis of Oorrpound 2
(YD- 01) nfluenza AAWSN\33 viruses were propagated in Madin-Darby canine

kidney (MDCK) cells. After full cytopathic effects were developed in
infected MDCK cell cultures, the viral particles were harvested and stored in
a -70°C freezer till use. The influenza A virus strain A/Vietnam/1194/04 was
grown in embryonated eggs, and the harvested virus-containing allantoic
fluid was stored in aliquots at -70°C until use. ‘

Plaque Reduction Assay

Protective effects of the compounds were determined on MDCK cells
against Influenza A HIN1\WSN\33 using plaque reduction assay.

The PRA assay was performed in triplicate in a 24-well tissue culture
plates. MDCK cells were seeded at 1 x 10° cells/well using Eagle’s minimal
essential medium (EMEM) with 10% fetal bovine serum (FBS) one day prior
to addition of the virus. After 16 to 24 hours, 100 to 200 plaque forming
units (PFU) of influenza A/WSN/33 virus were added to the cell monolayer
with or without the compounds. The concentration of each of compounds 1
— 10 was varied in the different experiments. The virus was allowed to infect
the cells for 1.5 to 2 hours at 37°C with 5 % CO, before removal of unbound
viral particles by aspiration. The cell monolayer was washed once with
EMEM and overlaid with 1% low melting agarose in EMEM containing 1%
FBS and 1 pg/ml TPCK trypsin. Compounds were also present in the

agarose overlay when needed.



The synthesis of Conpounds 2 (YD-01) is shown structurally in Schenme 2.
Synt hesi s of conmpound YD-011 Benzal dehyde (10.60 g, 0.10 nol) and

hydr oxyl aworee1tgsidechl ori de (22.94 g, 0.33 nol) were di PEOICN2010/001180%

et hanol (330 nL). The pH of this 50 solution was adjusted to 5 by addi ng
sodi um hydr oxi de powder. The resultindfsol ution was stirred at room
tenperature for 30 mn and heated to reflux for an additional 30 mn. The

reaction mxture ool ed to anbieng, . e ed to g _mxture of
concentr at ed hydrﬁ%ﬁﬂ’%?‘?sweéﬁﬂrﬁf“?ﬁtﬁdﬁ{§7 Ein\gflt)le\é%ﬁo(zfg% aAr“F?inconcentrat ed
to 1/3 of th%o@ﬂ’s';ﬂbtﬂﬁfec’ei@h LtH@celiEh@erG@i&@&&ﬁthalbeo%éfd%ﬁie%FS gstisacted with
di chl or onet hane, "and t he organl c layer was washed with saturated brine,

dried over agh§ dreml@tewgwe;y wergsdlin d¥eVirkenddisinfgstans fard minaiges. Teeuum t o gi ve

ayellowcru Th urlfled vacu stillation (40
150- 1%%‘5?5‘?%“% fsR T %Fa\g'é‘? Vi “T"“O%ro‘ﬁs #@‘né‘% h 82% vi el d) ,
V\/m Ch f or med 00f% ciaial elodHtYBlieagblSqubp(ﬁém‘fddQﬁ'Z\hﬁglnf&Qﬁ)h Widré c@\ﬁfﬂed TABS | SONET S

were detected by TLC VR (40 CDC13) 8 9.01 (br s,
1H, -OH), 8. Pysntagepf plagye ml?lbsgmel@evq mthg Fpntmls (srylthorltﬁw agdgpn(m  3H,

Ar-H). Synth nOF 011 (2 g,
16. 53 mmol) ?ﬁbéﬂﬁ&gﬂous di c%%%lorret %#ecoa}%gﬁ%é%gﬁgﬁg) Ap\ﬂ%

N- chl orosucciwaismedle foNegh ®mpdund, (ﬁ@laquelﬁ)rmanopunﬂs @F&J)wehahvstol rring. The
m xture was warnmed to anmbien ture and jred_for, urs. \Water
(50 Ly was SAHER T e ieneE LIt A TE e Rndn PRLD Pog Sk pbMéepar at ed
The agueous LayRhtrdsh @P‘téit%ﬁl@@uﬂ&i tme %éamncerffwﬁwmeﬁt?&mﬂtla@;’o} and the
conbi ned organi c | ayer was washed with saturated brine, dried over

anhydr ous nagviedi gpresents tieeongantravereof a ding thay newauired tededungdhe vacuum The

crude produc j,ected m chro ogr.ap luting with a
G adt ent of - yEet T PR SO SaS el ol i MO AN iy 120™) T £
give YD-012 Eidp@ssedas gé&%mu@ &Dconttbe 1@&& abBéhct bABSMpSGIdE hid WRr € det ected by
TLC. Due to the instability of YD-012 it was used directly in the next step

wi t hout furt SRWRUYthe ﬁgat%The meaq Yauq is showe yihstandardleggition.  To g

sol ution of t-but te (5.2 n) in ether (100 nL) was added
dropwi se a sol uti ? (ﬁ%% gflg%gaum hexanet hyl di silazide (1 M 28.64 nlL) in

t et rahydrof uran ( WE)toxﬂ‘ﬂtgeoﬁ@anpd)mds bt wasememsreddiycba 8 r(dfSed and
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT, Sigma-
Aldrich, USA) assay. The assay was performed by seeding Vero cells or
MDCK cells at 20,000 cells/well in a total volume of 100 ul EMEM with
10% FBS in flat bottomed 96-well microtitre plates. After 24 hours of
incubation, cells were washed twice with PBS and then replenished with
fresh EMEM before the addition of the compounds. After the addition of the
compounds, the cells were further incubated at 37°C with 5 % CO, for 24
hours. MTT was added to each well to a final concentration of 0.5 mg/ml.
The plates were further incubated at 37 °C with 5 % CO, for 4 hours. At the
end of the incubation period, 100 pl of 10% of lauryl sulfate (SDS) in 0.01M
of hydrochloric acid (HCI) was added to each well to solubilize the cells.
After overnight incubation, the plates were read at 570 nm with 640 nm as
the reference wavelength. The median toxic concentration, TCsg, which
represents the concentration of a compound required to reduce the MTT
reading by 50%, was estimated from the MTT data.

Example 1. Synthesis of Compound 1 (YD-04)
Compound 1 was synthesized according to the synthetic scheme

presented in Scheme 1. Examples of variations of the synthetic scheme for



51 precipitated by addi ng n-hexane. The precipitate were filtered and dried
to give crude product YD 06. Synthesis of conpound YD-013 The crude
YD- 06 (1.wogoiimidosmmol ) was di ssolved in acetonitrile (POTrN20102000187 he

m xture was cooled to OC. A solution of conpound YD-012 (0.65 g, 4.2 mmol)
in acetonitrile (10 nm.) was added dropMi se to the solution of YD-06 with
stirring. The reaction mxture was stirred for 2 hours at 0OC and ice water

4 L d. .The mi d T id
Fedi skl ved 1 water ARG e Pt TR AR R B bR Rh sH R Tl ieami ¢ ayer

was washed willisuatdtHe slig vhriativas ifliheagnt@yas ofdthydinalégs BRabpbumd sul f at e,
filtered, and concentrated under vacuumto give a crude residue, which was

purified by dol um chromat ography with petrol eum ether (60-90 C) as el uent
to give YD-013 (5 : i@l d) as an off-white solid. 1H NWVR (400 MHz,
CDC13) 8 7.59-7.56 ﬁ]ﬁg%éﬂ?ydﬁg 7.47-7.40 (m 3H, Ar-H), 2.71 (s, 3H,
-CH3), 1.41 (s, 9Ho a ol@hdd)E)p-hysyotybeszaddeblyde @1 au3io MmdlldndConpound YD- 013
in trifluorpacetic acig (5 nmL) and the

gé?ﬁt |ngn %Z%ﬂ%@%i ‘%Lﬁigb\r/‘gg"lb Jorrhydipyed gmethgpe &é@&“i ng sol ution

was evapor at §ehs 4GS drépEite M sbRutiod %?lﬁutﬁllldilfékﬁtﬁ%sﬂ?P&{lbﬁde_?fﬁiSdg, 45iehl or onet hane
WO

was added and the solution was redisti e I mes. e Tesl due was

di ssol ved i nnemlgin anhydraue dichsaramethang (SOrmlyh Sheeesultingadixoyre aadi ng pet r ol eum
ether. The whj.te,crystalline co nd YD-014 was isal ated by, fi.ltration and
dried under V gﬁ%?ﬁ% 2‘6%8?%‘?6 F‘B%th? r3ad té%fh‘é’@%f t@t%éﬁf“) ‘é(ﬁ%a/délﬁ?i fication by
col utm chr omahe @F@pkyladrubdsngpaihied addaheQlqusdisdhyre wak ergdtédCwaEki d 1 n

petrol eum et her-ethyl acetate (3:1) gave YD-014 as a white solid. The

conbi ned wei gighiorgmethgae. dhggomibined organiplayerduaswashed ithrwpterands yi el d) .
1H NMR (400 . 65- . - 17, 42 3H, Ar-H),
2. 77 (s,( 31-1, gaw Safﬁtdﬁgg?)gzrorﬁg%{g%&p%ﬁ%éf a%%r ﬁﬁra%%n?ilgéa g(r)nl ution (r)f K

pi perazi ne (8od@ngatidh3 tie wpidhg obtainkt wiad furdteh plifificdhBytademall nl) was added
dropwi se an N N di;@_}

4- di chl or oni CROFRAOE y? y%‘g{lreg‘?‘ngg?e%eﬁ%‘gii e t§‘ (r)?li 15&*&’??“% ag’?“?‘ﬁ@ﬁh
tenperat ure. ofRRidE paddult ¥O-04 XGWog)was 52

Synthesis of Compound YD-042

YD-041 (1.18 g, 5 mmol) and hydroxylamine hydrochloride (1.15 g,
16.5 mmol) were dissolved in anhydrous ethanol (10 mL) at room
temperature and then pyridine (20 mL) was added dropwise while stirring.
The resulting mixture was stirred at room temperature for 30 minutes and
then heated to reflux for 40 minutes. Upon completion, the reaction mixture
was cooled to room temperature and a mixture of 37% hydrochloride
solution (2 mL) and water (7.5 mL) was added. The resulting mixture was
concentrated until one third of the total volume remained. After extraction
with dichloromethane, the organic layer was washed with saturated brine and
dried over magnesium sulfate. After removal of the solvent, the remaining
residue was purified by column chromatography (petroleum ether:ethyl
acetate = 11:1) affording a yellow oil of YD-042 (0.862 g, 78%). '"H NMR
(400 MHz, CDCl;), 6 8.48 (br s, 1 H, -OH), 8.10 (s, 1 H, N=CH), 7.45 (d,J =
8.6 Hz, 2 H, Ar-H), 6.84 (d, ) = 8.6 Hz, 2 H, Ar-H ), 0.98 (s, 9 H, -C(CH3)3),
0.21 (s, 6 H, 2 SiCH).

Synthesis of Compound YD-043

YD-042 (810 mg, 3.2 mmol) was dissolved in anhydrous
dimethylformamide (4 mL) and then cooled to 0°C. N-Chlorosuccinimide



heated to 100C and nai ntained at that tenperature for 5 hours. The reaction
m xture was cooled to roomtenperature and was concentrated under vacuumto
renmove N,wbkR2diwmasdsyt f or mam de. The resul ting residue wagcaidN2oebovist h

di chl oronet hane (25 nlL). The organic | ayer was washed with saturated
aqueous sodi um bi carbonate sol ution, &8ied with anhydrous sodium sul f ate,
filtered, and concentrated. The recrystal lization of the residue from

o 3r7°5?r S0Py 452 s 3 PRAAD S5 St P a st sisriog, THF @OBRg 1o 3 M
Ar-H), 8.09 (bdﬂll: wak remdvedarfil thé reabtibh nﬂtuf@was@tl%d(aﬁrom}n endetdturel H Ar-H),
3.20-3.18 (m, 4 H 20®), 3 08-3.06 (m 4 H 2010), 1.93 (br s, 1 H N,

Synt hesi s of feohbaintipon cormpletign, water lnma@ogmwtlmgwmfvommﬁh@ 320 ny, 1.58

i sbor opyl o TR kRS ARE i ihle MARASOREUREERNET S, oo )
and 1-(3- di nifxthyllegor.Thercapatilg layeeivhywashicd odihi watehe3 (inChnd driedl g, 6. 30

nmol ). The resulting m xture was stirred at roomtenperature.for 2 hours.
The react i on OFidmagtesipgssuiafe, Adr fiftationiaed concsRBRIME yelow ol hed i n

sequence wit Qnﬁgl&ngﬁﬁ @Wém&%@ﬁa‘ﬁg‘im wat er and saturated brine.
ri e

The organic | ayer was over rous sodiumsulfate, filtered, and
concentr at ed. TheSh)etéeduef@mpqdeD-ém by coI urm chromat ogr aphy el uti ng

ith petrol t et h YD-01 (29 , 43%
Vield) as a iTont e iowaSUBRRE bbb T iissRs B . 1k
= 2.6 He, 1H\»H)sad§ed]<§oﬁdi¥e a]sblutlén'of &udeﬁ) b3 (/8334'di%, 17n§§t5171n60 ( m 2H

1-H, 5-H), 7.55-7. § 2-H 1H, J = 9 Hz, 3"-H),
3.81 (br s, zpptomml):( allagt 0% The r@aqltlrxgmy(turs“@es(umd@t0°@+ﬂor2:Hz) 2.85 (br

Tso 6, 15 o031V qapplstion S i hhD) badiding BROARE st o o0 #

120. 6, 110. 7, waQ@erhovelunder feduckd ptdssore. Wated,wdsRed HI thERsultihg7 (M-+ H) .
Exanmpl e 3. Synthesis of Conpound 3 iYD 07 53 | The s}y{nt heS| s of
Conpound 3 ( ‘PHXOS Wag ex{Fasted vglﬂr digthyt ethes; The orgagicrlayes was washed with

water 3 times and saturated brine once and dried over magnesium sulfate.
After filtration and concentration under reduced pressure, the residue was
purified by column chromatography (petroleum ether:ethyl acetate = 15:1)
affording a yellow oil of YD-044 (627 mg, 52%). 1H NMR (400 MHz,
CDCl3), 6 7.48 (d,] = 8.6 Hz, 2 H, Ar-H), 6.89 (d, J = 8.6 Hz, 2 H, Ar-H),
2.69 (s, 3 H, -CH3), 1.44 (s, 9 H, O-C(CH3)3), 0.99 (s, 9 H, Si-C(CHzs)3), 0.21
(s, 6 H, 2 SiCH3).

Synthesis of Compound YD-045

YD-044 (3.23 g, 8.3 mmol) was dissolved in trifluoroacetic acid (10
mL) and the resulting solution was stirred at room temperature for 30
minutes. Then trifluoroacetic acid was removed under reduced pressure and
the residue was dissolved in diethyl ether. Petroleum ether was added to
crystallize the product. After filtration and desiccation in vacuo, white flaky
crystals of YD-045 (1.327 g, 48%) were obtained. m.p. = 146-148°C; 'H
NMR (400 MHz, CDCl3), 6 7.54 (d, ] = 8.6 Hz, 2 H, Ar-H), 6.89 (d, ] = 8.6
Hz, 2 H, Ar-H), 2.75 (s, 3 H, -CH3), 1.00 (s, 9 H, Si-C(CH3)3), 0.23 (s, 6 H, 2
SiCH3).

Synthesis of Compound YD-046

To a solution of YD-045 (177 mg, 0.53 fnmol) in anhydrous
dichloromethane (8 mL) were added sequentially N,N-diisopropylethylamine



Synt hesi s of Conpound YD- 031 p- Ni tr obenzal dehyde (4.53 g, 0.03 nol)
and hydr oxyl am ne hydrochloride (6.87 g, 0.099 nol) were dissolved in 90%
et hanol (WOQondgi5@y r oom t enperature. The pH of the reaeCraN2mourse was
adjusted to 5 by addi ng sodi um hydroxi de powder and the resulting solution
was stirred at roomtenperature for 3% nut es before bei ng heated to
reflux for 4 hours. Upon conpletion, the reaction m xture was cooled to

vas adaed andoTRe: TEGnR-ED AT B ERE 00 Binel) BRY FRPORGhet hane.  The

conbi ned or gaimethy Ritthopresyl yeabeiiinwde (EDet, wos s 2013 mmoRnThelr i ed over
magnesi um sul fate. After renoving the solvent, a yell ow anorphous powder of

YD 031 (4. 83Teqyltingrmaxtyge %é@{r%sfcr@gmdelﬁmrﬁwe Wi@ hewrssanddhen m p. 127 1290

1H NMVR (400 gﬁg}

N=CH), 7.98 ?ﬂsﬁtef c’f%%@r héﬁrgﬁgﬁ@,é@agﬁ% ﬂAl’%’Sh%‘g& he5| s of
Conpound YD- Qi-Msodlum hydbaﬂﬂ&scél&&?n vaterand sanratdd bvase, dfisboveredditum anhydr ous
di et hyl f or rra

and t he | uti oled to OC.
Chl or osucci nis f%r& f§1§6 dﬁﬁﬁ cgnesniratse,) §Sl§%€@a§8ﬁ9% rmegeur\}ﬁ% stirring.

The cool i ng lwtcmmcﬁrgﬁi%@%pﬁwpémedn?aw ithel d&eaw@ 1\)\@%&5@ red at room
tenperature for 4 hours. Upon conpletion, ice water (20°nL) was added and

the resul tindight xellovenasdls asystalaof ¥B-046 (1 4diineg, Hﬁ%)eltPhNMRﬂfQQ MHgani ¢ | ayer

magnest um sul SR C R B8R LE o g didt at P LR TERo A e dica o whi o
solid of YD 0921( 7.6164, &~ smﬁa@zmmw@@d Y29 HGDLSAS 1, BOBH(s, 1 H

-OH), 8.27 (d, J =8 d J =38 H Ar-
Syq:% hesi s o1£ Ieop iz H&lﬁrelé13391 (brS%HaCE@X é§4|4(§h1' b2 Ié,r@dé 3(@7018 (1r2% g,

6.2 mml) inga ude YD-032 (1
g, 5.0 n’?ml) i%ﬁéé&ﬂ% goz(gttwé Ctg%d (ﬁg)gq he resul ti ng(g
sol uti on was CHs):ed. m(sDEHf @1SiCHkour s. Upon conpl et| on |ce water (4 nlL)

was added and nost of t he_sol vent moved under reduced pressure. The
remai ning Liquid WY&t @fé@f"ﬁ\ﬁwlmp‘%and extracted with dichl oronet hane.

The organic layer wmsoupehesh, 0 o) waldieBlved iRbhiRraRd dried over

magnesi um sul fate. After f ration dand renoving theé solvent, the residue

was purified tﬁ;ahadmﬁlmnéﬁndﬁmndgcfa@mbu(}f}enmhwnﬂmmﬂ@&@l@mt ate =

10: 1) afford a | e cry YD;033 (1.239 g, 78%. mp.
86-87C NVR d“ﬂ@gl”%ﬁ:%%%‘aofg‘eée t“t%m rf‘“é“é“ﬁﬁd AFOPM A 1y ' 781 (d,
8.8 Hz, 2 hbmp¥ratie fof 3T miftes. Aftdr corddairatidn, 4k eSidu@whts pétifidd@yR) 3) .
Synt hesi s of Conmpound YD- 034 YD- 033 100 tg%' éd33 mml) and Tin(Il)
Y,

chl ori de di hyahamnechromatoggaphy (RRarolgys ythwatbylcﬁcg ) pffordingair ous et hanol
7 m d | A h Th
( ) and t [Egrghﬁﬁglgw C%bg@? S('d)64 }{hﬁt‘é‘gp D%on{lﬁge%t 4y o 4pop_hours. The

reacti on mx 0 roo ure and an appropriate anmount
of ice water was adﬂHMRM%) MHzpDMS(e—ds)as%Lﬂ 926 ¢bg s, Kt «OH), 823 @djasted to 8

by the additiy 0% eous. sodi u S ti.o er, extraction

w th ethyl @e{g ﬁ ( ﬁgtggla%fd@ afe?ﬁ%q\(ﬁg}g@ &A#I{dbf’ﬁgé ¢ dried over

sodi um sul f atyg.o ﬁh@H)ey‘,Qw(F JQb§ ﬁznpql{ af ‘HS)‘V6 go | d,nat § 9y2ARq,qofgcgnt rati on was
purified using a silica ge petrol eum 8t her: et hyl "acetate = 5:1)

af f ordi ng V\/mH)e3 B2 ¢or &‘;Zd‘l }&Iﬂﬁl %36/Cbrc$3ZH TCHop, 2 By, 2 HHNMR), 28%0 MHz, CDC13)
Cor 42 0 Gty R e L gy ©0, (G 17 8 T 2 T A B TS
of Conpound YD- 038°C NMR (100 MHz, DMSO-d6) & 168.3, 161.5, 159.3, 159.2, 154.0,
141.8, 128.7, 126.3, 125.9, 123.6, 120.6, 118.5, 115.8, 110.4, 50.1, 49.7,
46.2,41.2, 11.3; LRMS (API-ES): 443 (M'+ H).
Example 2. Synthesis of Compound 2 (YD-01)
The synthesis of Compounds 2 (YD-01) is shown structurally in
Scheme 2.
Synthesis of compound YD-011
Benzaldehyde (10.60 g, 0.10 mol) and hydroxylamine hydrochloride
(22.94 g, 0.33 mol) were dissolved in 90% ethanol (330 mL). The pH of this



YD-034 (1.0 g, 3.65 mmol ) was dissolved in trifluoroacetic acid (5 nL) and
stirred for 1 hour at roomtenperature. Trifluoroacetic acid was renoved
under redwoedipriessure and the resi due was azeotroped wrCh/aN2etoorBret hane
twice affording a white solid of crude YD-038 (810 ng). Synthesis of
Cormpound 3 (YD-03) To a solution of crfde YD-038 (157 ng, 0.72 mmol) in
anhydrous di chl oronet hane (8 nlL) were added sequentially

N, N- di i soprop t hyl am,ne | 8 . 1.0 I YD- Q5 (207 ng, O.86
mmol ) and EDé%iuﬁggévaﬁrﬁfijuﬁt.eég) mla%%ngfﬁgfh}’@shﬁﬁ% &HV_)V(‘EC&T “was stirred at
room t enper atredutifgdohftionoMdsSstiered ai toemh Whpbiaite Wri30 MHinchlddearBihane. This
m xture was washed with 2 M sodi um hydroxi de sol ution, water and saturated

brine. The orgfi for papdditiopal 3@muiadThs/rsrctinpdnixtyre wap geeled £ ambignted and

concentr at ed. i t A i £ i t ogr aphy
(petrol eum ett%rgﬁe?%@ﬁi IaQ%E?et? gtrgfxgﬁg 9?@5 Ilfﬁédrt%é %gdrgaﬁ(?r?ég%ﬁ%&%gg/apomg of
YD-03 (173 neand 48%r.(15(GmL), and concentrated td HIMR thelOdgivdaoldhdSThd6) , 8 8. 24 (d,
J=27H, 1H 1°"-t), 815 (dd J =29 27t 1H o-H, 728(d J-=
8.6 Hz, 2 H, conjgnirgtedymixture ya3 giragted with gichlprqmethanc, gnd eomeanis J = 8.6 H,
2 H 1-H 4-hlyer WabWabi¥d With atlitatedlithe, GidovePintydrdis hagh@um 3. 34 (br s, 2
H CH2), 3.20 (br s, 2 H CH). 2.86 (br s, 2 H CHD). 245(s, 3 H -CH3):
13C NVR (100 sikfite, dDiiR@apiBhted L6derdacutd t@giva 3YeBow title®il. ThOcimde 141. 9,

128.2, 126.4, .125.9,. .7, 120.6,..114. 113, 7, 50,0,, 49.8, 46. 3,
41.2, 11. 4 e&wgas(pmﬁ}@y;"aaw @ﬁ#llg‘fé}{‘a@-&“ém .g’éQdi't]Igé%i)éo 8f%fmpound 4
(YD-07) . 1igﬁpymw&1,@%31((5.@7rgg$2%-y1e1@‘)§1vqmlfbnﬂ@@oﬂﬂivaﬁﬁl ved in 6 M
sul furic acid (1 m.) and the resulting solution was cooled to 0OC. A

sol ution of sexstalnypanfreezing Both tigandyrardsamass yeredajgptesdt by BLE. ni) was added
dropwi se whil e stilrri% The resul ti n% m xture was stirred for another 30
min while maintai nHRMht00aiHer GG 090 lothr 53 H.ACSD) il 76n1lds  sodi um azi de
(125 ng, 1.923 mmol) in water (1 nL) was added and the tenperature was

rai sed to rocfH)edd8riatuime. 2H -1, t40- 83, 3 Ar-B. f or anot her 2 hours
before dilution with water. After extraction with ethyl acetate, the

conbi ned organic | ayer was washed with saturated brine and dried over
sodium sul fate. After concentration, the residue obtained was purified by
col utm chr omat ogr%@y (petrol eumethyl acetate = 4:1) affording a bright
yel | ow powder of thrgsis gBeanpound VP-0BHNVR (400 MHz, DMVBO-d6), 8 8.24 (d,

To a solution of YD-011 (2 g, 16.53 mmol) in anhydrous
dichloromethane at 0 °C was added N-chlorosuccinimide (NCS, 8.79 g, 66
mmol) in portions with stirring. The mixture was warmed to ambient
temperature and stirred for 2 hours. Water (50 mL) was added to the reaction
mixture and the layers were separated. The aqueous layer was extracted with
dichloromethane (20 mLx3), and the combined organic layer was washed
with saturated brine, dried over anhydrous magnesium sulfate, filtered, and
concentrated under vacuum. The crude products were subjected to column
chromatography, eluting with a gradient of decreasing petroleum ether in
ethyl acetate (100:150:1), to give YD-012 (1.02 g, 40% yield). The cis and
trans isomers were detected by TLC. Due to the instability of YD-012 it was
used directly in the next step without further purification.

Synthesis of compound YD-06

To a solution of t-butyl acetoacetate (5.2 mL) in ether (100 mL) was
added dropwise a solution of potassium hexamethyldisilazide (1 M, 28.64

mL) in tetrahydrofuran (THF). The reaction mixture was concentrated and



7 H, 1 H 1"-H), 8.16 (dd, J =9 7 H, 1 H 2"-H, 7.66 (d,

J = 2. 2.

8.6 Hz, 2 H 2-H, 3-H), 7.28 (d, J =8.6 Hz, 2 H 1-H 4-H), 7.24 (d,

Hz, 1 H, WO0-2b#1/0130383 (br s, 2 H CH2), 3.44 (br s, 2 H, pCHZ)N20B/@#us8(br s,
H CH2), 2.95 (br s, 2 H CH2), 2.49 (s, 3 H -CH3): 13C NVR (100 Mz,
DVSO d6) 8 168.7, 161.1, 158.9, 154.0°51141.8, 141.4, 128.9, 126.3, 125.9,
124.5, 123.7, 120.7, 119.9, 110.5, 50.3, 49.7, 46.3, 41.3, 11.4: LRMVS

(APl -ES): 468 ( Mt+ . anpl e 5. nt hesi s of Coppounds, 5-1
Compound 5 wdSe R P Brripe, eraRi S wer TGPansd dhediot b
o- chl or obenz ghwedhidieprodsdteeplosf benzal dehyde. Compound 6 was prepared

according to Schene 2 as for conpound 5, but using a 2-nethyl derivative of
YD- 05 prepared fr owpesipofsorpiopsd §P-6 i nst ead of pi perazine. 56

Senone 2, but st arme KB o dang et e SR i SRRHASCD o) ol

Schene 2, but starting from e1ns enzal dehyde.

Conmpound 8 wasL)paspehe etixaee ovasitouded o BCharsrioasoicompeavDAe22 but usi ng
4-chl oroni t rgbenzene i ns]éead of .3, 4-di chl oronjtrobenzene. Conmpound 9

was prepar ed %€¢ 8 H¥ mymely sageionitrde dO mb} wanzddsd deopvisgiorthesi ng
-di chl - : | | ' h .
2, 6-di chl or okgngah g?’ﬂﬁ% FahShiAide e F%gﬁ&ed n@h)ﬁtﬁ%é%%%ﬁﬂ%g rt;%g}l@rge yde

Conmpound 10 was prepared according to , but using
2, 3-di chl or ont 01O aEhze matdr (4 mdadvasfaddedd -The aiiktrowas ex@lperateinmdas starti ng

material . Exanple 6. Antiviral activity of Conpounds,1-:10 In order to
measure quant'f W'&&eﬁest‘ﬁiu‘ée ‘6?303‘5@‘5?‘?1?5#‘\éd’?lﬁt%rraf“g%_xﬁ9°_t?$ﬂ‘btéunds 1-10, pl aque
reduction asgahfordefaRs Mhelof@tic k& wATPANBINithRBubittEoind) lisgnza A virus
pl aque formation in MDCK cel|s with EC50 of 0.05, 0.06, 0.56, 0.25, 0.04,

0.21, 0.8, 5oyeraphydrgysmagnesiwn delfatedtismd ded ¢oncentiaied vedsevatuusl y (see
Figures Ib, %63 givéla’cnﬁ%’reélgne, %ich7 as gul%iﬁe%%y c%?uan% le)fnatography with

petroleum ether (60-90 °C) as eluent to give YD-013 (510 mg, 47% yield) as
an off-white solid. "H-NMR (400 MHz, CDCl3) 8 7.59-7.56 (m, 2H, Ar-H),
7.47-7.40 (m, 3H, Ar-H), 2.71 (s, 3H, -CHs), 1.41 (s, 9H, -C(CHj3)3).

Synthesis of compound YD-014

Compound YD-013 (186 mg, 0.718 mmol) was dissolved in
trifluoroacetic acid (5 mL) and the solution was stirred for 4 hour at room
temperature. The resulting solution was evaporated under vacuum to remove
trifluoroacetic acid. Dichloromethane was added and the solution was
redistilled two times. The residue was dissolved in ether, and
recrystallization was performed by adding petroleum ether. The white
crystalline compound YD-014 was isolated by filtration and dried under
'vacuum. The mother liquor was concentrated, and purification by column
chromatography eluting with 1% volume glacial acetic acid in petroleum
ether—ethyl acetate (3:1) gave YD-014 as a white solid. The combined
weights of the crystalline compounds were 115 mg (79% yield). '"H-NMR
(400 MHz, CDCl3) $ 7.65-7.62 (m, 2H, Ar-H), 7.51-7.42 (m, 3H, Ar-H),
2.77 (s, 3H, -CHa).

Synthesis of compound YD-05

To a solution of piperazine (3.73 g, 43.4 mmol) in N, N-
dimethylformamide (11 mL) was added dropwise an N, N-
dimethytformamide (15 mL) solution of 3, 4-dichloronitrobenzene (1.64 g,

8.6 mmol) with stirring at room temperature. The resulting mixture was
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vacuum to remove N, N-dimethytformamide. The resulting residue was

diluted with dichloromethane (25 mL). The organic layer was washed with

“saturated aqueous sodium bicarbonate solution, dried with anhydrous sodium

sulfate, filtered, and concentrated. The recrystallization of the residue from

chloroform and methanol (3:1) gave a yellow crystalline compound YD-05

(1.77 g, 85% yield). "H NMR (400 MHz, CDCl;) 6 8.24 (d, ] =2.6 Hz, 1 H,

Ar-H), 8.09 (dd, J=9,2.6 Hz, 1 H, Ar-H), 7.04 (d, ) =9 Hz, 1 H, Ar-H),

3.20-3.18 (m , 4 H, 2CH2), 3.08-3.06 (m, 4 H, 2CH,), 1.93 (br s, 1 H, NH).

Synthesis of compound 2 (YD-01)

To a solution of YD-014 (320 mg, 1.58 mmol) in anhydrous
dichloromethane (10 mL) was added in sequence diisopropylethylamine
(DIEA, 305 mg, 2.36 mmol), YD-05 (380 mg, 1.58 mmol) and 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide (EDCI, 1.2 g, 6.30 mmol). The
resulting mixture was stirred at room temperature for 2 hours. The reaction
mixture was diluted with dichloromethane, and washed in sequence with
aqueous sodium hydroxide (2 M), water and saturated brine. The organic
layer was dried over anhydrous sodium sulfate, filtered, and concentrated.
The residue was purified by column chromatography eluting with petroleum
ether in ethyl acetate (3:1) to give YD-01 (290 mg, 43% yield) as a light
yellow solid.

'H-NMR (400 MHz, DMS0-d6) & 8.23 (d, 1H, J = 2.6 Hz, 1"-H),

8.15(dd, 1H, J =9, 2.6 Hz, 2"-H), 7.63-7.60 ( m, 2H, 1-H, 5-H), 7.55-7.52

(m, 3H, 2-H, 3-H, 4-H), 7.20 (d, 1H, J =9 Hz, 3"-H), 3.81 (br s, 2H, CH),
3.39 (br s, 2H, CH;), 3.20 (br s, 2H, CH3), 2.85 (br s, 2H, CH>), 2.50 (s, 3H,
-CH;);

13C-NMR (100 MHz, DMSO-d6) & 168.8, 161.2, 159.6, 153.9, 141.9,
130.2, 129.1, 127.9, 127.3, 126.3, 125.9, 123:7, 120.6, 110.7, 50.1, 49.7,
46.3,41.3, 11.4; LRMS (API-ES): 427 (M"+ H).
Example 3. Synthesis of Compound 3 (YD-07)
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The synthesis of Compound 3 (YD-07) is shown structurally in
Scheme 3.

Synthesis of Compound YD-031

p-Nitrobenzaldehyde (4.53 g, 0.03 mol) and hydroxylamine
hydrochloride (6.87 g, 0.099 mol) were dissolved in 90% ethanol (100 mL)
at room temperature. The pH of the reaction mixture was adjusted to 5 by
adding sodium hydroxide powder and the resulting solution was stirred at
room temperature for 30 minutes before being heated to reflux for 4 hours.
Upon completion, the reaction mixture was cooled to room temperature and
the ethanol was removed under reduced pressure. Water was added and the
resulting mixture was extracted with dichloromethane. The combined
.organic layer was washed with saturated brine and dried over magnesium
sulfate. After removing the solvent, a yellow amorphous powder of YD-031
(4.831 g, 97%) of spectroscopic purity was obtained. m.p. 127-129°C; 1H
NMR (400 MHz, CDCls) 6 8.26 (d, J = 8.8 Hz, 2 H, Ar-H), 8.21 (s, 1 H,
N=CH), 7.98 (s, 1 H, -OH), 7.75 (d, J = 8.8 Hz, 2 H, Ar-H).

Synthesis of Compound YD-032

YD-031 (887 mg, 5.3 mmol) was dissolved in anhydrous
dimethylformamide (4.6 mL) and the solution was cooled to 0°C. N-
Chlorosuccinimide (800 mg, 6.0 mmol) was added portion-wise with stirring.
The cooling bath was removed and the resulting mixture was stirred at room
temperature for 4 hours. Upon completion, ice water (20 mL) was added and
the resulting mixture was extracted with diethyl ether. The organic layer was
washed with water 3 times and saturated brine once, and dried over
magnesium sulfate. Removing the solvent after filtration afforded a white
solid of YD-032 (1.064 g, 100%). 'H NMR (400 MHz, CDCl3), § 8.37 (s, 1
H, -OH), 8.27 (d, J = 8.8 Hz, 2 H, Ar-H), 8.04 (d, J = 8.8 Hz, 2 H, Ar-H).

Synthesis of Compound YD-033

To a solution of crude YD-06 (1.213 g, 6.2 mmol) in acetonitrile (60
mL) was added a solution of crude YD-032 (1 g, 5.0 mmol) in acetonitrile
(25 mL) at 0°C while stirring. The resulting solution was stirred at 0°C for 2
hours. Upon completion, ice water (4 mL) was added and most of the solvent
was removed under reduced pressure. The remaining liquid was diluted with

water and extracted with dichloromethane. The organic layer was washed
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with saturated brine and dried over magnesium sulfate. After filtration and
removing the solvent, the residue was purified by column chromatography
(petroleum ether:ethyl acetate = 10:1 ) affording a light yellow cubic crystal
of YD-033 (1.239 g, 78%). m.p. 86-87°C; '"H NMR (400 MHz, CDCl;) &
8.31(d,J=8.8 Hz, 2 H, Ar-H), 7.81 (d, J = 8.8 Hz, 2 H, Ar-H), 2.75 (s, 3 H,
-CHj3), 1.46 (s, 9 H, O-C(CH3)3).

Synthesis of Compound YD-034

YD-033 (100 mg, 0.33 mmol) and Tin(II) chloride dihydrate (371 mg,
1.64 mmol) were dissolved in anhydrous ethanol (7 mL) and the resulting
solution was heated at reflux for 1.5 hours. The reaction mixture was cooled
to room temperature and an appropriate amount of ice water was added. The
pH of the resulting mixture was adjusted to 8 by the addition of 20%
aqueous sodium carbonate solution. After extraction with ethyl acetate, the
organic layer was washed with brine and dried over sodium sulfate. The
residue obtained after filtration and concentration was purified using a silica
gel column (petroleum ether:ethyl acetate = 5:1) affordihg white needle
crystals YD-034 (72 mg, 80%). 'H NMR (400 MHz, CDCl3) § 7.42 (d,J =
8.6 Hz, 2 H, Ar-H), 6.69 (d, J = 8.6 Hz, 2 H, Ar-H), 3.78 (br s, 2 H, NH)),
2.66 (s, 3 H, -CH3), 1.47 (s, 9 H, O-C(CHj3)3).

Synthesis of Compound YD-038

YD-034 (1.0 g, 3.65 mmol) was dissolved in trifluoroacetic acid (5
mL) and stirred for 1 hour at room temperature. Trifluoroacetic acid was
removed under reduced pressure and the residue was azeotroped with
dichloromethane twice affording a white solid of crude YD-038 (810 mg).

Synthesis of Compound 3 (YD-03)

To a solution of crude YD-038 (157 mg, 0.72 mmol) in anhydrous
dichloromethane (8 mL) were added sequentially N,N-diisopropylethylamine
(DIEA, 138 mg, 1.08 mmol), YD-05 (207 mg, 0.86 mmol) and EDCI (550
mg, 2.88 mmol). The resulting mixture was stirred at room temperature for 4
hours and then diluted with dichloromethane. This mixture was washed with
2 M sodium hydroxide solution, water and saturated brine. The organic layer
was dried over sodium sulfate, filtrated and concentrated. The residue
obtained was purified by column chromatography (petroleum ether:ethyl
acetate = 2:1) affording a bright yellow powder of YD-03 (173 mg, 49%).
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'H NMR (400 MHz, DMSO-d6),  8.24 (d, ] =2.7 Hz, 1 H, 1’-H),
8.15(dd,J=9,2.7Hz, 1 H, 2"-H), 7.28 (d, J = 8.6 Hz, 2 H, 2-H, 3-H), 7.19
(d,J=9Hz, 1H,3"-H), 6.63 (d, ] =8.6 Hz, 2 H, 1-H, 4-H), 5.60 (br s, 2 H,
NHb>), 3.81 (br s, 2 H, CH>), 3.34 (br s, 2 H, CH,), 3.20 (br s, 2 H, CH}), 2.86
(brs, 2 H, CH,), 2.42(s, 3 H, -CH3);

3C NMR (100 MHz, DMSO-d6), § 167.9, 161.8, 159.5, 154.0, 150.7,
141.9, 128.2, 126.4, 125.9, 123.7, 120.6, 114.5, 113.7, 110.2, 50.0, 49.8,
46.3,41.2, 11.4; LRMS (API-ES): 442 (M++ H).

Example 4. Synthesis of Compound 4 (YD-07)

Compound YD-03 (50 mg, 0.1134 mmol) was dissolved in 6 M
sulfuric acid (1 mL) and the resulting solution was cooled to 0°C. A solution
of sodium nitrite (7.2 mg, 0.136 mmol) in water (0.5 mL) was added
dropwise while stirring. The resulting mixture was stirred for another 30 min
‘while maintaining the temperature below 5°C. A solution of sodium azide
(125 mg, 1.923 mmol) in water (1 mL) was added and the temperature was
raised to room temperature. The mixture was stirred for another 2 hours
before dilution with water. After extraction with ethyl acetate, the combined
organic layer was washed with saturated brine and dried over sodium sulfate.
After concentration, the residue obtained was purified by column
chromatography (petroleum:ethyl acetate = 4:1) affording a bright yellow
powder of YD-07 (38 mg, 72%). 'H NMR (400 MHz, DMSO0-d6), & 8.24 (d,
J=27Hz 1H,1'-H),8.16 (dd,J=9,2.7 Hz, 1 H, 2"-H), 7.66 (d, ] = 8.6 Hz,
2 H,2-H, 3-H), 7.28 (d,J =8.6 Hz,2 H, 1-H, 4-H), 7.24 (d,J =9 Hz, 1 H,
3’-H), 3.83 (brs, 2 H, CH>), 3.44 (br s, 2 H, CH), 3.24 (br s, 2 H, CHy), 2.95
(brs, 2 H, CH,), 2.49 (s, 3 H, -CH3);

13C NMR (100 MHz, DMSO-d6) 5 168.7, 161.1, 158.9, 154.0, 141.8,
141.4,128.9,126.3, 125.9, 124.5, 123.7, 120.7, 119.9, 110.5, 50.3, 49.7,
46.3, 41.3, 11.4; LRMS (API-ES): 468 (M'+ H).

Example 5. Synthesis of Compounds 5-10

Compound 5 was prepared according to Scheme 2, but starting with
o-chlorobenzaldehyde instead of benzaldehyde.

Compound 6 was prepared according to Scheme 2 as for compound 5,
but using a 2-methyl derivative of YD-05 prepared from 2-methylpiperazine

instead of piperazine.
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In order to measure quantitatively the protection conferred by
Compounds 1-10, plaque reduction assays were performed. The compounds
inhibited influenza A virus plaque formation in MDCK cells with ECsq of
0.05, 0.06, 0.56, 0.25, 0.04, 0.21, 0.8, 5.1, 12, and 25 pM for Compounds 1
to 10 respectively (see Figures 1b, 2b, 3b, 4b, 5b, 6b, 7b, 8b, 9b, and 10b).
Compounds 1 to 10 were assayed for cytotoxicity on MDCK and
Vero cells. Compound concentrations tested were ranging from 0 to 250 uM
and the results are shown in Table 1. The results indicate that the TC50 of
Compounds 1 to 10 is above 250 uM in both MDCK and Vero cells. The
selectivity index (SI) that was defined by the ratio of TC50/ EC50 in MDCK

cells for Compounds 1 to 10 is presented in Table 1. The results show that

this family of amides is generally non-toxic to mammalian cells.

SUBSTITUTE SHEET (RULE 26)
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Unless defined otherwise, all technical and scientific terms used

herein have the same meanings as commonly understood by one of skill in

the art to which the disclosed invention belongs. Publications cited herein

and the materials for which they are cited are specifically incorporated by

reference.

Those skilled in the art will recognize, or be able to ascertain using no

more than routine experimentation, many equivalents to the specific

embodiments of the invention described herein. Such equivalents are

intended to be encompassed by the followirig claims.



10. The conpound of claim5, wherein and A and D are NR15, and wherein
R15-R15 represents a -CH2-Cl 12- |inker, such that A-D defines a piperazine.
11. The cwopoundsasf? claim 1, wherein the conpound has t reTf@2m0l0@118760
R13y"... "Z,Ark3 A \ QT R4 (fornula I11) wherein Ari and Ar3 are
each independently substituted or unsubstituted aryl or heteroaryl groups;
X, Y, and Z are independently absent &8 selected fromthe group consisting
of -C(=0)-, <9 3e - NRo0)-, -C(R11)=C(R-12)-, and - C(R14R15)n-3
n, g, and m to 6; A D T, Q and R are

I ndependently selected from C(R8R9), nitrogen, oxygen, phosphorous,
silicon, sulfur, and arsenic; wherein R4 and R8-R15 are independently
sel ect ed frorh hydroganivitab¢ampdwpdofforinuld i:near or branched C1-C6 al kyl ,

| i near or branched Cl-C6 al kenyl, linear or branched Cl-C6 al kynyl, or

| i near and branched Cl -C6 al koxy, am no, azide, cyano, nitro, nitrile,

isonitrile, amde, carbgxylate. urea, ,guagdine, isgeyanate,

i sot hi ocyanate, and thioether.
(formula I)

wherein Ar', Ar?, and Ar® are each independently substituted or
unsubstituted aryl or heteroary! groups optionally including a double bond
between carbon and nitrogen;

X, Y, and Z are independently absent (i.e, a direct bond) or selected
from —-C(=0)-, -S(=0)-, -80;-, -N(R))-, -C(R2)=C(Rj)-, and ~C(R4R5),-,

wherein n is 0 to 6 and wherein R;-Rs are each independently
selected from hydrogen, linear or branched C,-Cg¢ alkyl, linear or branched
C,-Cs alkenyl, linear or branched C,-Cg alkynyl, or linear and branched C;-
Cs alkoxy; and

W is a linear or cyclic or heterocylic group.
2. The compound of claim 1, wherein Ar' is substituted with one or
more substituents selected from the group consisting of hydrogen, hydroxyl,
nitro, amino, or azide; Ar” is substituted with a methyl group; X is C=0; Y
and/or Z are absent; and/or Ar’ is substituted with one or more substituents
selected from the group consisting of halogen, nitro, or a combination
thereof.
3. The compound of claim 1, wherein W is a substituted 5-7 membered
unsaturated ring containing 2 nitrogen atoms, wherein one nitrogen atom is

bonded to X and another nitrogen atom is bonded to Z.

4. The compound of claim 3, wherein W is a substituted piperazine,
wherein N1 is bonded to X and N4 is bonded to Z.
5. The compound of claim 1, wherein the compound has the formula



12. The conpound of claim 11, wherein Ari is substituted with hydrogen,
hydroxyl, nitro, amno, or azide; Xis C=0; Y and Z are absent, and/or Ar3
I s substiwotzet/msdsh a hal o group, a nitro group, or a cechiaodiomeis? a hal o
and nitro group. 13. The conpound of claim1l, wherein Qis carbon, Tis
oxygen, and/or Ris nitrogen. 14. The conpound of claim 11, wherein A and
D are nitrogen. 15. The conpound of &9%im 11, wherein R4 and R13 are

i ndependent |y hydrogen or nethyl. t%gm l'léﬁz) conmpound of claim 15, wherein R4
is methyl and/or R13 is hydrogen. (foymu conmpound of claim 1, wherein the

conpound has the fyaieiihar' afilAr ard ERMTRAPehIbntyREBRinRedor Y, and Z are
I ndependent|ly absent or selected fromthe group consisting of -C(=0)-,

-S(=0) -, - Scamsubshfugdoyry] orheferaarybgemi?) -, -and - C(Ri 3R14)n-; wherein nis 0
0, Son. phosthoh a7 MRSV LS SR BB | v rogen
consisting of -C=0, -S=0, -SO,, -N(R¢)=0, -C=C, and -C(R|R2)n,
A n, g, and m are independently 0 to 6;
T, Q, and R are independently selected from C(RgRy),
nitrogen, oxygen, phosphorous, silicon, sulfur, and arsenic;
A and D are each independently CR;sR; or NR;7;

wherein R4 and Rg-R 7 are independently selected from hydrogen,
halo, hydroxyl, linear or branched C,-Cg alkyl, linear or branched C,-Cg
alkenyl, linear or branched C,-Cg alkynyl, or linear and branched C;-Cs
alkoxy, amino, azide, cyano, nitro, nitrile, isonitrile, amide, carboxylate, urea,
guanidine, isocyanate, isothiocyanate, and thioether, or wherein -CR;sR¢-, -
NR;7-, or combinations thereof, when taken together with the optional
bridging methylene groups, form a 5-8-membered cyclic structure.
6. The compound of claim 5, wherein Ar! is substituted with hydrogen,
hydroxyl, nitro, amino, or azide; X is C=0; Y and Z are absent, and/or AP is
substituted with a halo group, a nitro group, or a combination of a halo and
nitro group.
7. The compound of claim 5, wherein R4 is methyl.
8. The compound of claim 5, wherein Q is carbon, T is oxygen, and/or
R is nitrogen. p
9. The compound of claim 5, wherein g and m are 1.
10. The compound of claim 5, wherein and A and D are NR s, and

wherein R;5-R s represents a -CH,-CHj- linker, such that A-D
defines a piperazine.

11.  The compound of claim 1, wherein the compound has the formula:



Cy is a 4-7 nenbered substituted or unsubstituted cyclic or heterocyclic
group; wherein R1-R14 are independently sel ected from hydrogen, hal o,
hydr oxyl ,wbi2nsarnsasr branched Cl1-C6 al kyl, |inear or brarchsv2@b/86isal kenyl ,
| i near or branched Cl1-C6 al kynyl, or linear and branched Cl-C6 al koxy,

am no, azide, cyano, nitro, nitrile, isonitrile, amde, carboxylate, urea,
guani di ne, isocyanat e, isothiocyanateﬁoand t hi oether. 18. The conpound of
claim 17, wherein Cy is a substitut@g 5-7 mpnbered unsaturated ring

contai ning 2 nitrogen atons, wherein bﬁé\ﬁfthb@en atomis bonded to X and
anot her nitrogen atomis bonded to Z J\%%%@The conmpound of claim 17,
wherein Cy is a substituted piperaziﬁe, erein NI is bonded to X and NV is
bonded to Z, Y and Z are absent,)xxk§~ =0, T is oxygen, Qis carbon, and/or
Ris nitrogen. 20. The conpouﬁd ofag'ain117, wherein R1-R3 and R5-R7 are

i ndependent |y sel ected froma hal g/group, a nitro group, or a conbination
of a halo and nitro group. 21. The' conpound of claim17, wherein R4 is a
met hyl group. 22. The conpound of (fotmulelll) wherein the conpound has the
formula: 62 RIO /R11 ) Arl - Y A2 -X-- T-Z-Ar3 m(formula V)

wherein Arl, Ar2, and Ar3 are each independently substituted or

unsubstituted ar y|wlﬁ§eiﬁ1@xtroﬁ{dd\r:’%é)é'ef&ﬁ;indelp,endenﬁ?f S_Xbéglggl;gd ¢r @re independently

absent or selected fromthe group consisting o -S(=0)-, -S2-,

-N(Ri ) -, - O ReyubS(iRE)d arylortheteBidrIREpups;

X, Y, and Z are independently absent or selected from the group
consisting of ~-C(=0)-, -S(=0)-, -SO,-, -N(R¢)-, -C(R1;)=C(R}3)-, and —
C(R14R5)n-,

n, g, and m are independently 0 to 6;

A,D, T, Q, and R are independently selected from C(RgRy), nitrogen,
oxygen, phosphorous, silicon, sulfur, and arsenic;

wherein R4 and Rg-R;s are independently selected from hydrogen,
halo, hydroxyl, linear or branched C,-Cg alkyl, linear or branched C,-Cs
alkenyl, linear or branched C,-Cg alkynyl, or linear and branched C;-Cg
alkoxy, amino, azide, cyano, nitro, nitrile, isonitrile, amide, carboxylate, urea,
‘guanidine, isocyanate, isothiocyanate, and thioether.

12. The compound of claim 11, wherein Ar’ is substituted with
hydrogen, hydroxyl, nitro, amino, or azide; X is C=0; Y and Z are absent,
and/or Ar® is substituted with a halo group, a nitro group, or a combination
of a halo and nitro group.

13.  The compound of claim 11, wherein Q is carbon, T is oxygen, and/or
R is nitrogen.

14.  The compound of claim 11, wherein A and D are nitrogen.

15. The compound of claim 11, wherein R4 and R;; are independently
hydrogen or methyl.

16. The compound of claim 15, wherein Ry is methyl and/or Ry3 is
hydrogen.

17. The compound of claim 1, wherein the compound has the formula:



n, g, and mare independently O to 6; Qand T are independently sel ected

fromnitrogen or CR6; and R1- R6, R10, and Rl1l1l are independently
sel ect ed woamimsizogen, hal o, hydroxyl, linear or brancired/(SkoGmoaisky! ,
| i near or branched Cl-C6 al kenyl, linear or branched Cl1-C6 al kynyl, or

| i near and branched Cl -C6 al koxy, am no, azide, cyano, nitro, nitrile,
isonitrile, am de, carboxylate, urea, quani di ne, isocyanate,

i sot hi ocyanate, and thioether. 23. The corrpmwd of claim 22, wherein Q and
T are both nitrogen. 24. The clgrrpound of claijmh 22, wherein RLO is a nethyl
group and/or RI, is hydrogen. 5. The conpopmd ofé cl ai m 22, wherein R10
and R11 are both hydrogen. "2 .\h@f’ﬁa’ﬁ‘b@(rn%lcl aim?22, wherein Y and Z
are absent, g and mare 1, and/on i's, Ry 27 TRe conpound of claim 22,
wherein Arl and Ar3 are a &dbstituted phenyl and/or Ar2 is a substituted

i soxazole. 28. The conpound of c%ai mllwv\,herei n the compound has the
forml a: 63 wherein X, Y, and j c?ependently absent or selected from
the group consisting of -C(=0)-, -S(=0)-, -SO2-, -N(R12)-, -C(R13)=C(R14)-,
and n, g, and mare independently O to 6; Qand T are independently

sel ected from ni trvﬂmn 3 chqz,z agg independently absent or selected from the

group consisting of —C(=0)-, -S(=0)-, -SO»-, -N(R0)-, -C(R1)=C(R;3)-, and
~C(R1i3R14)0-;

whereinn is 0 to 6;

T, Q, and R are independently selected from C(RgRy), nitrogen,
oxygen, phosphorous, silicon, sulfur, and arsenic; and

Cy is a 4-7 membered substituted or unsubstituted cyclic or
heterocyclic group; |

wherein R;-Ry4 are independently selected from hydrogen, halo,
hydroxyl, linear or branched C,-Cg alkyl, linear or branched C;-Cg alkenyl,
linear or branched C;-C¢ alkynyl, or linear and branched C;-Cg alkoxy,
amino, azide, cyano, nitro, nitrile, isonitrile, amide, carboxylate, urea,
guanidine, isocyanate, isothiocyanate, and thioether.
18.  The compound of claim 17, wherein Cy is a substituted 5-7
membered unsaturated ring containing 2 nitrogen atoms, wherein one
nitrogen atom is bonded to X and another nitrogen atom is bonded to Z.
19.  The compound of claim 17, wherein Cy is a substituted piperazine,
wherein N1 is bonded to X and N4 is bonded to Z, Y and Z are absent, X is
C=0, T is oxygen, Q is carbon, and/or R is nitrogen.
20. The compound of claim 17, wherein R;-R3 and Rs-R; are
independently selected from a halo group, a nitro group, or a combination of
a halo and nitro group.
21.  The compound of claim 17, wherein Ry is a methyl group.

22.  The compound of claim 1, wherein the compound has the formula:



R1-R17 are independently selected from hydrogen, hal o, hydroxyl, l|inear or
branched Cl1-C6 al kyl, linear or branched Cl-C6 al kenyl, l|inear or branched
Cl- C6 al kwoybi1/ms037i near and branched Cl- C6 al koxy, am RQT/@200@0118yano,
nitro, nitrile, isonitrile, am de, carboxylate, urea, guanidine,

i socyanate, isothiocyanate, and thioether. 29. The conpound of claim 28,
wherein Q and T are both nitrogen. 30.62The conpound of claim 28, wherein Y
and Z are absent and/or X is C=0. 31. The cggpound of claim 28, wherein
R10 is a nethyl group and/or R11 i s hydrodgen 32 The conmpound of claim
36, wherein g and mare Jhe g@ﬂg, ndNof ¢l ai m28, wherein R1-R3 and
R5-R7 are |ndependently selecteé\fron1 g}g4ﬁroup a nitro group, or a
conbi nati on of a halo and nitro group 34 e conmpound of claim1,
wherein the conpound is sel ected fr roup consisting of:
[4-(2-ch|oro-4-nitro-phen¥1) pi per Z|n -y -[ 3- (4- hydr oxy- phenyl) -

5- et hyl i soxazol - 4vheldin e h’&ham& Ar are each independently substituted or

[ 4- (2-chl oro- 4- nltro- heny plpera2|n | -yl]

- pheny1- 5- metURsHYsy e PHpsone;

[ 4- (2- chl or o- 4- i txw%&%é umepa{d%ﬁuyaﬂsex@&f;e?e-c{eé-m fR-gbgny!) -

met hyl i soxazol - 4- yI]-’met hanone

[ 4- (2-chl orocdnmtmgmfpﬁéﬁ@l) —SjF@ée-r, &0, NRL - {RRHACER danpheny 1) - 5-
nethylisoxazol-é;q%} met hanone;
[ 4-(2-chl or 0= & ( 2 pheny1) - pi perazi n-1-y1] -[ 3 - (2-chl or o- pheny1) -

S-met hyl i soxazol - 4 ¥ ldmd TR bRARAERndently 0 to 6;
[4-(2- chl oro-4-nitro- henyl) - 2rrethy|-p peralnlyl -Ck? ;
an

- (2-chl or opheny1) {baneel s mﬁmé@tﬂy-saleme}i frome niteogomer

o 1 (200 o0, gL PGPS b nd) RGO sl 2 )

[3 -(2-chlor (hy@mm( lihedy-ofbtdiyhéds0xaz alkyd lividdrordtdirhen€;-Cg alkenyl,
linear or branched C,-Cg alkynyl, or linear and branched C,-Cg¢ alkoxy,
amino, azide, cyano, nitro, nitrile, isonitrile, amide, carboxylate, urea,
guanidine, isocyanate, isothiocyanate, and thioether.
23.  The compound of claim 22, wherein Q and T are both nitrogen.
24.  The compound of claim 22, wherein R is a methyl group and/or R;;
is hydrogen.
25. The compound of claim 22, wherein R ;¢ and R,; are both hydrogen.
26.  The compound of claim 22, wherein Y and Z are absent, g and m are
1, and/or X is C=0.
27.  The compound of claim 22, wherein Ar' and Ar” are a substituted
phenyl and/or Ar is a substituted isoxazole.

28.  The compound of claim 1, wherein the compound has the formula:

(formula VI)



and [4-(4-nitro-phenyl)-piperazin-|-yl]-[3-(2,6-dichloro-phenyl)-5-

nmet hyl -1 soxazol -4-y1] - net hanone. 35. A pharnmaceutical conposition

conpri si /yotzne/asespound of any one of clainms 1, 5, 11, PCI/(AN3010281180r 34,
and one or nore pharmaceutically acceptabl e excipients, wherein the
conmpound is present in an anount effective for treating or preventing a
viral infection. 36. The conposition @ claim35 conprising an effective
anount of a conpound that inhibits nuclear accunul ation of viral

nucl eoprotein. 37. A nmethod for treating or preventing viral infection in

a patient in need whesad, Y auR7 &é nﬁie?@imemm@@hm seRcleBgroptheent an
ef fecti ve anount of the conposition o | aim 35 . The nethod of claim

37, wherein tgieun ¢ansising af TQ(=EBte8EY-F-56m. tNéngkoﬁﬂR@dr@ﬁbu)r,r@dof HLNL,
H3N2, and H5I\_IJC Zﬁ9) The nethod of claim 37, wherein the conposition
provi des a dosa és 3" 0. 1 ng to 250 ng per day per kil ogram of body wei ght
for an adult hurrarn g, and m are independently 0 to 6;

Q and T are independently selected from nitrogen or CR;7; and
R-R;7 are independently selected from hydrogen, halo, hydroxyl,
linear or branched C,-Cg alkyl, linear or branched C,-C¢ alkenyl, linear or
‘branched C;-Cg alkynyl, or linear and branched C;-Cs alkoxy, amino, azide,
cyano, nitro, nitrile, isonitrile, amide, carboxylate, urea, guanidine,
isocyanate, isothiocyanate, and thioether.
29.  The compound of claim 28, wherein Q and T are both nitrogen.
30. The compound of claim 28, wherein Y and Z are absent and/or X is C=0.
31. The compound of claim 28, wherein R4 is a methyl group and/or Ry
is hydrogen.
32.  The compound of claim 36, wherein g and m are 1.
33. The compound of claim 28, wherein R;-R3 and Rs-R;are
independently selected from a halo group, a nitro group, or a combination of
a halo and nitro group.
34.  The compound of claim 1, wherein the compound is selected from
the group consisting of: |
[4-(2-chloro-4-nitro-pheny1)-piperazinl-yl]-[3-(4-hydroxy-pheny1)-
5-methylisoxazol-4-yl}-methanone;
[4-(2-chloro-4-nitro-pheny1)-piperazin-1-yl]-[3-phenyl-5-methyl-
isoxazol-4-yl]-methanone;
[4-(2-chloro-4-nitro-pheny1)-piperazin-1-yl]-[3-(4-amino-phenyl)-
methylisoxazol-4-yl]-methanone;
[4-(2-chloro-4-nitro-pheny1)-piperazin-1-yl]-[3-(4-azido-pheny1)-5-
fnethylisoxazol-4-yl]-methanone;
[4-(2-chloro-4-nitro-pheny1)-piperazin-1-yl]-[3 -(2-chloro-pheny 1 )-
S-methylisoxazol-4-yl]-methanone;
[4-(2-chloro-4-nitro-pheny1)-2-methyl-piperain-1-yl]-[3-(2-chloro-
pheny1)-5-methyl-isoxazol-4-yl]-methanone;
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[4-(2-chloro-4-nitro-pheny1)-2-methyl-piperain-1-yl]-[3 -phenyl-5-
methylisoxazol-4-yl]-methanone;

[4-(4-nitro-pheny1)-piperazin-1-yl]-[3-(2-chloro-phenyl)-5-methyl-
isoxazol-4-y1]-methanone; '

and [4-(4-nitro-pheny1)-piperazin-1-yl]-[3-(2,6-dichloro-phenyl)-5-
methyl-isoxazol-4-yl]-methanone.
35. A pharmaceutical composition comprising the compound of any one
of claims 1, 5, 11, 17, 23, 28, or 34, and one or more pharmaceutically
acceptable excipients, wherein the compound is present in an amount
effective for treating or preventing a viral infection.
‘36. The composition of claim 35 comprising an effective amount of a
compound that inhibits nuclear accumulation of viral nucleoprotein.
37. A method for treating or preventing viral infection in a patient in
need thereof comprising administering to the patient an effective amount of
the composition of claim 35.
38. The method of claim 37, wherein the influenza is selected from the
group consisting of HIN1, H3N2, and H5N1.
39.  The method of claim 37, wherein the composition provides a dosage .

of 0.1 mg to 250 mg per day per kilogram of body weight for an adult human.



