WO 2011/ 018653PCT/ GB2010/ 051317 - 1 - TREATMENT OF VI RAL | NFECTIONS The
present invention relates to the treatnment of viral infections, and

especi al lyotba/digesat mrent of respiratory di sorders cause@clmcBrofoalsizi7
infections. In particular, the invention relates to the treatnment of acute
viral infections using a range of rel ated 1-phenyl-2- 5 am no ethanol,

et hanal and et hane derivatives, and to the use of these conpounds in

met hods of treatnment. The invention is<§articularl concerned with the
treatnent of respiratorylRIGHTYHENTCOISYER AL INFIBCHIQNS wi t h i nfl uenza

viral strai Se’ rciesréﬁé ilflldienna%nnr%fatecs)r%l ¥ eexéa }Illerliltc’?@/ Viirra}J Sr1 esétiortl)su tanél l és %cifahl ! leee’
derivative strarng Of VT uSEs t%é& HEVE it at"é ron1éX|sFﬁhg Vi Fuses,

whi ch coul dregintént lof S&plrRodndibdtibid@BzRd PRREEINTh fectid . ThBadiehian eiR: aged dost
disease is critical for the survival of all animals, and the nechanism

enpl oyed f delatehisthsurqoBentios agwe visnli ingrtionsmsng asysgerh relfire I-phamykZsystemii s
very conpl ex,. and involves t mai n divisions, (1) i te i munity, and
(17 aaape roinf Rt et AL S GiEpeht barenBeg PRTRaIYE 2ng
nmechani sms nhdiRbdsdafienendd. Theinkesdon & pRdcOhas kbR ity aditRgrREGyE sms, in
a non-specific manner. Leukocytes, which are involved with the innate
system i netwpdetarntisprdglsi caugsdydeieriiensceith mflusnaatvirabstriess tshlépesqot only
neutrophil s_and dendritic cells. .The_.innate stemis fully functional
before a pathoyen Srt et TR B HBste 301 o R P adt st hE has V8T E98T om i s
only initi ake@h@liees Wiscpaldogen rikas ahanadathasddest , at which point it
devel ops a defence specific to that pathogen. The cells of the adaptive

i mmune dystem are call ed | ynphocytes, the two main categories of which are

B cells an% -g ¢ Cll’l!Cgil an%%lslezlsse r(:eritlj ;rﬂvalr )c/heedsuirxg tlh?aﬁrr%%[al Onncp'gherﬁ?e%%grﬁl rinsi ng
ant i bodi es #ha CI°r &R €T ood plrasma ahﬁlpynpﬁ and’ T orm par of "'t he
hunor al | Magoye@ $POMSSurPoeet e adimpli@yndesPi@m! TheahhunbeydMmey @y | Mune
response and in cell-nmediated imunity. There are several subsets of
activator spmeldcestbinviivesivMasmainEyisidnng) yrestioxnenity, ew {isa¢app8e) and

"hel per" T.cells ( + f which ther re t maj n _t.ypes o) as, Type 1
hel per T célf's' nﬁgi'h ¢ 13}r%é . yf)nél n S%Sé?nﬁgr%& ¢ g}fﬁ éﬂe’@srﬁ @e%%a“%ﬁishg% esfenﬁlr onote a
cel | - medi atiedh&d&inh ¥EedITRBYEN ¥ RSRARSLis M) i€ A nbAYPEARS mb Ak raCdkvafttn of
macr ophages and stinmulates the release of various cytokines, such as |IFNy,
TNF-a and Mhidparejinvobeslpos thetionan syarn, gedludcPhigsdia @};@gﬂéwm@eﬂmﬁlﬂm ence the
VO 2011/ 0181'1?;15(:%3 aée%B %gujtpc{ 91‘1‘513' %J gezncfrf’tji@%t ]ﬁs(.)%hOfnn% hsertel(':nell lfu%l ' ('Etlho%a]f?l daptive
and innate i necrespondes, “and Tesult I n t g deStFucti'on ‘of
nicro-orgamkﬁﬁsapg%@g&aahymtﬁ@ﬁoﬁesponses are nore effective agai nst

i ntracel | ul ar pathogens, such as viruses and bacteria present inside host
cells. A Th2 response, however, is characterised by the rel ease of IL-4,
which results in 5.activation of B.cel to m neytral i si

ant | bod7es. P aRrd Bedi TR KolP B AR ek R PGSR Bhle My bove

ef fective agahrstpoaxtir &seldpyhakfdpat fRIERTo 1SHPAthASeRANRTCNESE BBdd4Kt NS

| ocat ed outside host cells. Accordingly, the hunoral and cell-nedi ated
responses pnovndeyqenree diled bruhocries anivensaiagaiogeticssst Windaaicdgcdlat hogen.
10 The pr e3&4 tT <ir:1e']i§e (i:e 0 ariesinc NGEE Qﬁed Vem;lttior}l (gfh % gr;ell\lls'rll Ogn%n%ieotthaQ%i\fgdlate

t herapi es for the treatmént of & broad fange Of Virat inrections 1Thel uding
acut e viralin bfboagldsensndandplesReedrad batt bSRIhuARA YmeH e epbssd. NEYelkause. An
acute viral infection is characterized by rapid onset of disease, a

rel ati vél y phiaeblojabiodd thethusyarphiweuncaagpanes snduini ash-meskiared inymaninhi n days.

It is usual acconmpani ed by earl r oduct i f.infectious vifigns and
15l i nat 1O S REBR e Ry e e e By e PRI o 5

i nfections @B+ % CRdIpY” Ab&HE WEI04W, D WRAHAERNS: BtS MadStybétf dd@mza Vi rus
and rhinovirus. Acute viral infections can be severe, a notable exanple
bei ng t he ¥R lihsfiendreels Uivlyend Wapchhelpersbdclt H121.918 Spani sh flu pandeni c.
20 Acute infections begin with an incubation period, during which the viral
genones replicate and the host innate responses are initiated. The

cyt oki nes pradutesropastt ¥ ckiRnicaf@etddapriveathi ©iRsst, eaiclsiplenmeof an
acute infection: aches, pains, fever, and nausea. Sone incubation periods
are as shorttiwsion of sjacranhpgtsand atmuhigsshe raeye of vadiowacytalinehaech4#te synpt ons

are producgth by - @Caln ¥’ 8, i LhRL! §3h AR N e NGt UAS iducfRE I AN




25exanpl e of a classic acute infection is unconplicated influenza. Virus
particles are inhaled in droplets produced by sneezing or coughing, and
begi n replocatiimgessn ciliated col umar epithelial cellspofi/dBre100885a7r at ory
tract. As new infectious virions are produced, they spread to nei ghboring
cells. Virus can be isolated fromthroat, swabs or nasal secretions from day
1 to day 7 after infection. Wthin 48 hours after infection 30synptons
appear, and these |ast about 3 days and then subside. The infection is
usual |y cl éar@igntsyf ot cieliniattee adidtise apd inpetci@spos SePonpesabsUies it igghe .
rovever, R PRLLA il GOMHDLOCREGR FREQADOOL I B UEHRLL Yo a1 S
unvel | for ‘several weeks, consequence’ o th aimage to the reé%lratory
epi t hel i umidyacthg@aCykiddeAgSug fduases Adrilag ia pi@ehd i0fide A6utcellsyiA Th2
i nfections, such as influenza and neasles, are responsible for epidem cs of
5 di sease i'RPONYS RGVATL] b sharagerised dyhelisidase efddhdyeieh rappleninlieci nes are
not avail abl.e,.364te I eebhonSALSl IO SRR DNTRL nyThiPRES, |
exceedi ngly AP QUM St o C oAt T o1 act intections in large populations and
crowded ar €@, redfaRsdsrREHRM cBetiE akn®bxth e DVhd pish @REE, [0S BFrdsitss arl
classic acute infection, highlights the problem Antiviral therapy cannot
be used, béednskcited pustdedesyialeneeaiipgiynthiedperarplendcell-predsrddaetpanses
10There is _th litthe hope of treating nost acute, viral infections with
antivi ral  drodde s R R8P ReBleal bR BN ENTBELERLISIE | Sl e However , i
shoul d be noted that there are currently no antivirals for nost common
acute viral diseases. There is, therefore, clearly a need in the art for
i mproveld ndicaaerst S verion s eongernddevith detdeselppornivefrgivel thewpics dersthe and
especially e viral infecti .15 The.i nventors haye rmned that
cortain ruReih ShBRAT SRR ORI VB S PRV PRLESTRNCN | oo
required tesheilg ea‘sﬁiratbf’y dis@dtis RigeySdaase. | N g6 GRS infection 1 B&acta@Ldrsgi ng to
a first aspect of the invention, there is provided a conpound of 20formula
|:- | wher@hifonsex of disgie, avely bopbperitd f$yHptaps, eadisabdonnormaY: 4 -
R2 is H O4. |.ogen Su [ r bstit ut m.ne.aroup, a Cl15
A iyl or anial R E SRR LS e S PR i B AT P o
am no and/ eim@pkiberdidf¥ctichdbyahk hbstSdsddetspited. pbeRYiralghRdReonire G@Mdailned
with R; R3 and R4 are each independently H, OH, a hal ogen, a substituted
or unsubst iobstreer Bithprheserouph apinflgeepyigp kyd riipodfwoX\rtegialinfedipns onal | y
subst I tut e%ar\ll\'hg rs]ev%pee a%[)ta_b r& aglgl%éingatnﬂe subak gr{ffljlrengap\;i%u%p \%‘iqilcx c;%ls%d %llekyl
substi tut ed phenyl ¢roup; I X

1918 Spanish flu pandemic.

20 Acute infections begin with an incubation period, during which the viral genomes
replicate and the host innate responses are initiated. The cytokines produced early in
infection lead to classical symptoms of an acute infection: aches, pains, fever, and
nausea. Some incubation periods are as short as 1 day (influenza, rhinovirus), indicating
that the symptoms are produced by local viral multiplication near the site of entry. An

25 example of a classic acute infection 1s uncomplicated influenza. Virus particles are
inhaled in droplets produced by sneezing or coughing, and begin replicating in ciliated
columnar epithelial cells of the respiratory tract. As new infectious virions are
produced, they spread to neighboring cells. Virus can be isolated from throat swabs or
nasal secretions from day 1 to day 7 after infection. Within 48 hours after infection

30  symptoms appear, and these last about 3 days and then subside. The infection is usually

cleared by the innate and adaptive responses in about 7 days. However, the patient



R6 is H a Cl15 al kyl group, or conbined with R8; R7 is H, or conbined with
R8; 10R8 is conmbined with R6 or R7, or is a straight chain, branched or
cycl o- CiwO20mld4yds3group, optionally including one or mpce/dB2bavs1ATOM inN
its carbon skel eton and optionally substituted with one or nore OH, and/or
C56 aryl group, optionally substituted wWth one or nore OH or C15 al koxyl
or al kyl group; when conbined, R and R2, together with the associated ring
carbon atonms, forman 15optionally O substituted cycloal kyl, cycl oal kenyl,
cycl ohet er sakRly|fedy unsyll foh stvsrad sickleny cogeawgnce P regiangige & Bsresutivmsy or 4
or 5 carbon nd a ero_ato 1en. conhi ned, R6 and |V, together
with the ni?ﬁ%%gl%lg %ﬁcggﬁnyefﬁao%gaéﬁ Htlgfél%eé:glgﬁ'on atomcarrying R6, forma
5 or 6 nmenbered cycl ohet eroal kyl group; and, when conbi ned, R7 and |V,
together with the nitrogen atomcarrying them forman 20 optionally benzyl

subst i t ut ed\Btoyiradinteseas.adcle gringHetranrsdngbleg pemigspasible iohapapesoical |y

accept al e sal L 000 S0LYANE | BPLARK. QoSG NI LL S 00, A0 BGUke i ral
i nfection. n a second aspect O e 1 nve‘ﬁ 1 on, Flere I'S proviadae a met hod

of prevent i.B@e idfe@atns g IEi@ARd,ebnaaeirhRmidkcn carccaidlyliticuRrko todiegt i on,
the nethod conprising admnistering, to a subject in need of such

treat ment, 28Ut hEeeireGts Batd Bonefatiees pydkcrardanercef BheBapeandudscalosyi ousl y

defined. R2 can bhe hydr.oxyal Kyl gr.ot | .ude ,a carbonxl oxy .group and
o, pr et or g i G AL e SRR U B ATS R REBRREN -
hal ogen, priedrgsadinyiothd @etigscali? it Sufictitnehdy abinYeddon @iboeffédtive R3 i S

preferably H NH2, OH or CH3PhC0O-. R3 is nnrefpreferably.H, NH2 or OH R4
i s pref/8rabihpreds toyy litlshoppaipoeating mogt fratroyem infpetione path aptivisH|dsegsnmtl R4 i s
nore preferably. H or. Cl . i S, preferabl t.hyl hyl [ re

or et et abl y AR SG SR B QALY e Yo PRom e ac el oy

R8 i s prefeuabhiy &b faivhals fohaiot @mMbanehiedirlzhidhscal Kiitreqy, dupefoant i onal |y
substituted with OH phenyl, PhOH or PhOCH3. R8 is nore 5 preferably tert.
butyl , i sopskapyh needdnchgyD de] imporpmhooHRmGHE) 2P THhe gty GECH2Ph, or

- CH( CH3) CH Ph and. noust _prefer.abl tert. butyl, - C(CH3)20H,
-(CHz)2Pho%—fgégttﬂft?%ﬁ'§)eé?&@§ﬁﬁﬁ%eg%&-%%€ | CHRCH2PhOH. R8 can al so be: -
OHN When R6 and R8 are conbined it is preferred that, together with the
nitrogen atomcarrying R8 and the carbon aton1cargxing.R6, they forma

cycl ohet er ddlekgYengpd ipvodctgmiaehidat earvinseins! tphemi-ggernacdnrne Wientire and
R8 are comhined .\t L5qb &L8HUEY HNAkaIR L8N QU 189 oup: -

Thus, according to a first aspect of the invention, there is provided a compound of

20  formula I:-

R1
R7
R2 X N
Y g o
R6
R3 R®
R4
1

wherein:-
X is CO, CHOH or CHy;

R'is H, or combined with R%



In the foregoing, Ph neans phenyl and it is preferred that, when

bi -substituted, any such phenyl group is 1, 4-substituted. 20 In preferred
enbodi nrenwe,20tmas@sesent i nvention involves a conpound eCTiaB200/B1317
wherein:- Xis CO CHOHor CH2; RLis H R2is H OH or a halogen; WO
2011/ 018653PCT/ GB2010/ 051317 6 IV is H_H or NH2; R4 is H or a hal ogen;
RSis H R6is H nethyl or ethyl, or conbined with R3; 5 R7 is H, or
conmbined with R8, R8 is conbined with R6 or R7, or is tert. butyl,

- C( CH3) 20HR iy Bt hprH@ipgen, CHbSEByCHECHpHpstitged 2THOGHSNGHXCH2BNDP:  when
conbi ned, and R8 ther, w.th.the nitraogen at Lyl R8 and the
carbon at on%ﬁ(c?ggr%f??ﬁj ohg,%‘%u rSH%DS\z,at\{t%t% 'one neero(gg]? r)?lcigd?io}itl%%{) aélﬁggrr bon atons

and 1 nitr egebndRat,grlkybdithstiiReipHRAyiaidu e abebaeakiiner’;t hey formthe
group: - or a pharmaceutically acceptable salt or solvate thereof. 15 In
al | enbodi fenng Rfrre sehinreentdeady hhérld, RealpgennorulsgrbthetiwitpHItRgd it is

preferred for R6 to be t r_an_ethyl .grqu ferably a hyl

gr oup. ?n 5%3 O%?%@e?ﬁ% L%ﬁ%@é%%@%@%%“?%’%%“%?@ Bg?@ﬁ%?fgﬁgpﬁgpr%%%eR4, R5
and R7 ar e (0, OR2ammdAndl ofbpticndy CV; mﬁyl@hbsﬁlnﬁte(spﬁéh;@%ﬁfu@rred enbodi ments R8
can be -(CH2)2PhOH or - CH(CH3) CH2CH2PhOH. 20 It is known that, during an
acut e viralR’iipHection, such as influenza, the virus is predoninantly fought

t hrough t heg,host' s i te | ne st,e g the cell-nediated, Thl
response, E%ésé%%géaagﬁﬁ§9mﬁﬁ’f %%Iﬁﬁﬁggﬁ,’antibody-driven Th2 response.
Fur t her mor &7 i$ Heot evekihed sithals) eve that, in susceptible individuals (i.e.
the young, and fit 25and healthy individuals), the Thl response to an

i nfluenfa iRifieeanacd B ol r @neh ytraight chain, branched or cyclo- Ci-Co alkyl

group, optionally including one or more hetero atom in its carbon skeleton and
optionally substituted with one or more OH, and/ot Cs atyl group, optionally
substituted with one or more OH or Cy 5 alkoxyl or alkyl group;
when combined, R! and R?, together with the associated ring carbon atoms, form an

15 optionally O substituted cycloalkyl, cycloalkenyl, cycloheteroalkyl or cycloheteroalkenyl
group of 5 or 6 carbon atoms, or 4 or 5 carbon atoms and a hetero atom;
when combined, R¢ and R8, together with the nitrogen atom carrying R8 and the carbon
atom carrying R¢, form a 5 or 6 membered cycloheteroalkyl group; and,
when combined, R” and R8, together with the nitrogen atom carrying them, form an

20  optionally benzyl substituted 5 or 6 membered cycloheteroalkyl group;
or a pharmaceutically acceptable salt or solvate thereof;

for use in treating an acute viral infection.

In a second aspect of the invention, there is provided a method of preventing, treating
25 and/or ameliorating an acute viral infection, the method comprising administering, to a
subject in need of such treatment, a therapeutically effective amount of a compound as

previously defined.

R? can be a hydroxyalkyl group, or include a carbonyloxy group and is, preferably, H,
30  OH, HOCH»-, O=CHNH-, CH:PhCOO-, NH2COO-, or a halogen, preferably

chlorine. R?1s more preferably H, OH or Cl. Rjis preferably H, NH>, OH or

CH3;PhCOO-. R?1s more preferably H, NH> or OH. R#*is preferably H, OH,



strong, and can give rise to a so-called "cytokine stornm, involving a
significant increase in the concentration of certain cytokines, such as

| FN- 7 andw®Nbtiai186Bai s "cyt oki ne storni can result in sepcoB20rfdsasTmat i on
of infected lung tissue, the | eakage of fluid into the lungs and
significant damage to the lungs of an infected individual. The end WO
2011/ 018653PCT/ GB2010/ 051317 7 result can be a respiratory disorder, such
as pul nonary oedema or a secondary bacterial infection, which can

event ual | y NilpGOEheot affadeaeadpichraily, ¢higitiner B¢ Bepotchapferabdy Miardd. iRf el f .
Baungarth and- Kel s o Virol . 996 0,441 418), t t
neutralisat|%ﬁmgbqgﬁ%wSG%ﬁﬁo%§%%ﬁ?%g$%?éﬂﬁﬁ?é%§ﬁ%fg§%§$%£5S§ %Eﬁ?ﬁ%ant
reduction infethyle Rmaghteticudty bf Rehepeedrhiblly afiaibid dhbdnr @tigahdhell ARG Likgsue
followi ng infection, and suggested that IFN-7 may be involved in the

nmechani sms %1t opBenAlasedstiferevsdd Hephaoy Lo QH af Pho) Gl thids mer¢ amed | ung.
They al so ulated .t hat. | EN- 7, ¢ h l~¢eltyl sponse in the
respira orﬁgé%%%svfééPéﬁaﬁynggpwhgﬂgsgkgﬁic%ﬁgﬁgégﬁﬁ?ggﬁgqgéﬁﬁb i nfl uenza
virus i nf ectiii@nis) Gaser @ ot heH 1O adL,agsPROH M ntdstgheferhblg, eiviontior s of

t he present invention consi dered whether suppression of the c%toklnes,

| FN-7 and TRFHR:Ofhy ((Fd2) B¢l -GTHICH 3 -G Hgh, of Hullizld) ChsCHBERPT held® i n t he

Exanpl es, %ankg%gptors studied the effects of two related 1-phenyl -
2-am no et hane derivatives (i.e. dobutam ne and ritodrine), on blood cells
t hat had been 15stinul ateqd i n suehCeE; way that they reflected an acute viral
i nfection. i nfection, they used bl ood cg anpl es that
had been sti nmul At ed bgens (| i popol ysaccharide or CgncanaXalin A),
conpounds t hat [ transduction—pa@ﬁﬁgagnhg d—¢pi ch t hereby
stinmulate | ynpho eS present~Nn the bl ood sanple to conme\ce mposis. This

nodel therefore closely replicat®8CtHheoprocesses that are %@ nduced by a

viral infection, and enabl es the direct assessment of the inmmune response
exhi bi t/éd BYherheombiaprhde ynd &° ppefarablydatmet eigph t he test conpounds,
dobut am ne and ritaedri ne. As described in Exanples 1 to 3, the inventors
found, using theg7i itro nodel, that the 251-phenyl -2-am no et hane
derivatives thgy tested effectively and potently inhibited the production
of the cytokings, IFN-7 and TNF-a. Thus, the invention is based on the
control of t 1 iaffune system which is driven by IFN-7, and which is
responsi bl E©for thd hyperi nmune cel |l -nmedi at ed response that causes
respiratory collapse in susceptible individuals (e.g. the young and
heal t hy) . W¥2?R13dORBHEIFPEHIHB2011 Bt 5t thaf tddreise weonihe uitetgeantm
representative of a famly of active conpounds that share a conmon

1- pheny 1- 2-<aiying Réend Al caranyinm) capyingtiiamey égpea sxdehetqirdkdgerumeich are
known to exhihbit . sim i i gal t L VWislsi es iLs;fam. f npounds
s deot i noa B P ariT kT pRENEh PR snde PR el Bl RO
activity priyifdimghedicup:;- 5 that they can all be effectively used to
prevent |FN-7 and TNF-oc levels fromrising in the "cytokine storn
followi ng a/viral\infection. Furthexnore, as described in Exanple 4, the

i nventors have al de strgted, in\an in vivo nouse nodel, that these
conpounds ngy be 5Sed 6 pre at or aneliorate 10respiratory

di seases calgsed viral infe The inventors therefore believe that

they are the first to denonstrate thatt in addition to .
In the foregoing, Ph means phenyl and it is preferred that, when bi-substituted, any

such phenyl group is 1, 4-substituted.

20 In preferred embodiments, the present invention involves a2 compound of formula I
wherein:-
X 1s CO, CHOH or CHy;
Rlis H;
R21s H, OH, or a halogen;



sharing other properties, the defined 1-phenyl-2-am no ethanol, ethanal and
et hane derivatives can be used to nodulate TNF-ot and IFN-7 in such a way
so as to wews@afigds31l5 in the treatment of acute and chr egir@GB2broalsi317
infections. In particular, these conmpounds may be used to conbat
respiratory disorders that are caused by, acute viral infections, and which
in sonme cases (e.g. influenza infections), can cause death. Various

met abolites of conmpound (I) (i.e. any conpound of forrmula (1)) may al so be
20used for1¥ﬁ%ﬂ$€ggovbﬁé$ i nfections. Conpound (1), for use, in the

i nvention, be chiral. Hence, the conmpound (I) may include any
diastereongg%%ﬁdggﬁgﬁ?g%her of the formula represented by (1).

Di ast ereom®sss B enantionmers of (1) are believed to display potent cytokine
nodul atory activity, and such activities may be determ ned by use of

appr opr i at &’iinHymety! aherhylnoy¢ambiged sy R%hi ch will be known to the skilled
pechnipianivh§H2§r&&£%ig %%hQQ‘apprec!ated that compounds for use in the

i nventi on rmay af so i'nerade phat maceutically active salts, e.g. the

hydrochl or iRdes cdfhbiaed ivive Rerd Rdohut am. beyare(@ahiol; phenyPh@tani no et hane
derivatives, and share this comon structural notif wth many 13-adrenergic

recept or addhi(dI2C A P kwovinHAsH 26 H:601:Bhohl;st s). Hence, in embodi nents of
the inventign, ¢ oungd. (I e a .13+ adrenergic recept,or oni st. The
agont st ey 08 GRTBRR: AdpT ool Rt BT BRR LU L RE REF P B Son

132- adr enengirt ciegrPROToAY AR EbEctctMRIkGNrORY 0P8 citbBfl atdn BGEIOr figldgen W th t he
i nvention, include sal butanol, |evosal butanol, terbutaline, pirbuterol,
procat €fol 2taretaagr ot er enol (or orciprenaline), fenoterol, bitolterol

nmesyl ate, sal -eralys fornot.er terol ., clenbuterol, indacaterol,
isoprenaliﬁ%?gﬁ%ﬁf g?@‘fa? éﬁ%?gﬁﬁgg%gﬁﬁﬁgﬁ?%é, 5dobut am ne, and ritodrine.
I n anot her nment, the conpe represented by formula (1) may be the
drug that i%s kno gbl e under the trade nane bupropi on. Bupropion
is known to be net N\ Vivo ihto a nunber of different netabolites
al so of for ). 10 Therekgre, /Huproprion or any of these netabolites
may al so be for treating o e viral infections in accordance with the
i nventi on. BuphephQBuiiGlRiRPAbl-sed oPansietieesal ectively to a nunber of
enanti omers, but these conpounds represent a relatively small proportion of
the total netabolismof the parent drug. Conpounds defined by formula (I)
can therefore,inclyde the nmet abol i tes .as racenat.es, or pai rs.- 150f

i st ordor JBALFEGHTR O Gear BRARETETe <5 PPHETRAN N Thas ch PaBreRRg

egt hr o- pai IFoOR¢ @) 1851 LGl SOFREEyIancuy, pectnbiyvi rﬁé’tﬁ#ﬂ drbiyg orrandh el
enantionmers. It is preférred that the conpound defined b fornuughﬁl)

i ncl udes t lserhogdimhenss,énianlsp pnderret thanBhiR? R'te b RaiyHinrgpdpiwshR® 1s

met abol i t es.j,ncl ude 2-(1, 1-di,net hyl e | yam no-1=( 3z

20ch|oroph2% I?%P%%Q%F%?§%F ?%Fﬁéﬁik?§F%§iﬁ§E@5P%@5¥ xyet hyl ) am no-1 -
(3- chl or ophiemy)@HopAPHOMHONE, (1 S, 2R) -erythro-2- (1,1 -dinmethylethyl)
am no-1 - (3- chlorophenyl)propan-1 -ol, (1R 2S)-erythro-2- (1,1

-dinethyl ethyl) am no-1 - (3- chlorophenyl)propan-1 -ol, (1 S,2S) -threo-2-
(1 e O ML IGSUAYY, SO0, o By SLGTRRDERYL RY.ORANA A Bl AN

25chl or ophepyd onih8RBFodelel thrdudh AROKALEE iAROEH AR syste ANRRIUAE céll-heaBdedbe

hydr obupropion (i.e. 2-(1,1- . .

di net hyl et Fyl)rasrionse, 2od Suleskiemophe iyt hpnopanntbedyydrienel lizsgpemsof

hydr obupr opi ogn may be (+)-threg- hydr obupr opi €, R: hydr obu ion),
and. anot el “PRSHBT <ty 0B SGCH b CHyah abuprans B o e HOYSLRTHRY BP
(RS- hygr ohupmhepignhdividuals), the Th1 response to an influenza infection can be extremely

strong, and can give rise to a so-called “cytokine storm”, involving a significant increase
in the concentration of certain cytokines, such as IFN-Y and TNF-a. This “cytokine
storm” can result in serious inflammation of infected lung tissue, the leakage of tluid

into the lungs and significant damage to the lungs of an infected individual. The end



WO 2011/ 018653PCT/ GB2010/ 051317 - 10 - Bupropi on has been previously

i ndi cated as being potentially useful for treating HSV1 and HSV2

i nfecti ongp 281wh18658t ai n bupr opi on netabolites only haveproesyB2srggeratred as
being potentially useful for treating inflammatory disorders. Thus,
collectively in the prior art, buproprion and its netabolites,

2- (1, 1-di met hyl et hyl ) am no- 1- (3- 5chl orophenyl) propan- 1-ol,

(1S, 2R) -erythro-2-(1, 1-di net hyl et hyl ) am no-1- (3- chl orophenyl ) propan-1-o
and (1 R 28ysultgpgpbppgespiraiory divordd,reethsd ilimphnyry eilerpa or a sqcgndary bacterial
chl or ophenyl ) pr opan- 1-ol , hav r.evi qusl een i ndj gat ed bei n:
potentialI%n%§%¥ﬁpﬁ?%VmFﬁge P%éﬁ%%ﬁelggc%ﬁg%ﬁﬁgwgfﬁgfgﬁh gﬁ%F%ﬁE%EFEe. HSV1
and HSV2 infections. 10 Therefore, in a third aspect of the invention,
there is provided a conPound_represented by the general fornula | as

pr evi ous| y femigael and belsadb Virpls he 6 @ittt Direponddrtant naytrebsarion of Wi h t he
proviso th the . co nd is npt bupr.opion or 2-(1,1- )

G ot hylPet T AN Tt AR O SHENGH i Bl S f 4% s o chy el
Furt her nor e, ~ .0 Qur.th c f-the inyention, th J ovi a

et hod of - SHub Bt O HIUAPRE g bR, W FORCR gl L BURBaPEOLEREAT e
nmet hod conpg i e ARSI @EduNge idcRae BB REHe difiORed e afflsuciNubd eakdent, a
therapeutically effective amount of a conpound represented by the general
formul a | aboposwilawusthyt defynédcts whd locillvellgarovssost athe tdspiretompaungasi s not
bupropion or 2-(1, 1-dinethyl ethyl)am no-1-(3- 20 chl orophenyl ) propan-1-ol
in any forﬁWmF¥gh%$®¢€¥%?W€6“4ﬁﬁPO@ﬁéOHHbﬁﬁﬁiEﬁmﬁ%%é%ﬁ}i$%£ RBIed in any
aspect of - 1 i i I i : i nd/ or
econd Bosi i PSR RNaL B BRI O e R STl BB e ATl (1)
may be useduppreisitth & BALBRIncOIIRNY 2 UTRET o, GhaydSUls8fud ForGhiaBRE trfMih)
infections, and respiratory disorders which may result therefrom The
conmpound (I) may be used as a prophylactic (to prevent the devel opnent of a

iral infection).or. d.to treat exjsti ' i nfections. Th
v ekl o) T DR R SIS SR PR T
RNA 30Vi I US-HHind cHRhE Q¥ividSes (1. VRO 80P ARIIHNEB2AQ LM LPBd thaFaid BXaMDI €,

the viral infection, which may be treated, may be a paranyxovirus or an
or t homyiXovistionslatesf iestitlom waT Het thayusflassagdsinmgutenaral imffestion o\ smerpodyd of viral

poxvirus, irjidovirus, t avirus, qr torovirus. .The virus causing the
ofect on M HE: ity PaY b el aER Y aorPhe i PHibovi rus. 1
is envi sagq&braﬂm{sa&h@ad@ SUSod a8 &) 2RAERAANAMAF Hioe COEANBYAIMMSHOPT a
flavivirus. The invention extends to the treatnent of infections with

deri vat i vepatfwvagnyndfvhithethgiebpy sesuldislpinpbedtésarreient inTthe btcedratngierfovat i ve of

a virus" can refer to a raindgf v”%uslthgg hﬁs nu%ated fro&%an exi sting
viral strafﬁngﬂﬁegFFﬁg'ﬁg?rﬁ8 A EHPEIPFOePRR G rBUBTSF Gt P4 Gener a
consi sting i@fuckMbl UenZEMFctHSn, hAd AnaBle dhb@Rd@ikdeddn&it of ffd MERZAVICE s,

| savi rus and ThggotOV|rus, or any derivative of the foregoing viruses.

| nfl uenza ¢ikhibges bt lymphegyeeswipposestnndratvidahs ecst pdrhpeyrels, debwaminebr at es,
including birds (i.e. avian influenza), humans, and ot her manmal s.

| nf | uenzavitPs™ " @uses al | flu pandenics and infect humans, other mammals
and birds. Influenzavirus B infects humans and seals, and Influenzavirus C
i nfects humans and 15pi gs. |saviruses infect sal non, and thogotoviruses

i nfect ver tebteattdsd(n fshudlend thdmede)ineantots dverd, efnatlésy Fhusodad,shpobad (1)
may be used to treat.an jnfection of, any o nf.l uenzavirus A, ...

"o nertdavt it nE 2 s s el R e G S ARG Bolehly Bibitepohs
preferred ucl oymi ) d, A1t ' 11 [ of

| nfl uenza k?&%f%gnggggb tlfg%tﬁg? ggsiﬁﬁfﬁhéﬁgg’%ﬁgﬁ%ﬁgggﬂg%ggfﬁggg?fied,
based on t henMbr&Hths UWhi &6 1uRE QR SwERRAGeh I ITANC A @kvhidh i@ R ponsible
neur am ni dase (NA or N). Sixteen H subtypes (or serotypes) and nine N

subt ypes offoi thilhypermamany celimetiated rbgensd dentdubésedspifibnrg cobpspound (1) may

be used to {reat 20 LSS L ull Y SPLQIARS Of 1 nf1venzavirus A

30



25 selected fromthe group of serotypes consisting of: HLNL;, HIN2; H2N2;
H3N1; H3N2; H3N8; H5N1; H5N2; H5N3; H5N8; H5N9; H7NL; H7N2; H7/N3; H7N4;
H7N7; HONRO 2anb18850N7, or a derivative thereof. The inveormeobalsiave that
conmpound (I) may be particularly useful for treating viral infections of
HIN1 virus, or a derivative thereof. It gMIl| be appreciated that swine flu
is a strain of the HINL virus. 30 WD 2011/018653PCT/ GB2010/ 051317 - 12 -

di sorders that can cause eventual death. Although they do not wi sh to be
bound by hylpsthexnpoundsarq mgpentrariyesd|ai fempdy phagtive samoaneds(thyt shase be used to

y hypsthest _ compouN(: Wy by
or oduct | on LA RSN PRUrLy dteney SRR pr e Rl DU Rl ARE 07 1

can be usetnb@nt @alibi Renilae pRVGLEEM 26HinG st EhiHaakls el cbﬁﬁFauﬁ(dsri@Hefﬁr{bﬂeCti on.
The conpound (1) may therefore be used to aneliorate inflammatory synptons
of viral | ybydeiredd (g pedkifnkopy beeess ey alpera e sapsfac avivertoryingohpdund may
have an effect, on any, cytokine. wever, era it nodul ates. | EN-7
ondor 1 FREIETHE M OCESRORAL R 1o My HaT S ¢ N B BN 0 an
acute virakhgq%@g&ﬁ@@ogg>gmggxggggphgg%mﬁ;me term "nave subject” can refer
to an individual who has not previously been infected with the virus. It

w Il be appreciated that once an individual has been infected with a virus,
such as herpes, that inpdividual wil] always retain the infection, 15 It is
especial 'y FRR R BHseCri l%ﬁ%ﬁf&al?a‘h o MO S B0 HEMPREEECD He™ fnal
stages of g;yifAle HAACH:Phes St AR Ry @il OSSO, 4Ok bUSRERorahe
conpound represented by forrmula I" ma algo be used to treat a viral
flare-up. Aespintoay di¢taeecaup!d lnaviral effertione ei t her the recurrence of di sease
synptonms, or an onset of nore severe synptons. 20The prior art does not

di scl ose the use of any buproprion netabolite, such as 2-(1,1-

di et hyl et hyle)in @k O tHere R &Qile% Qﬁpﬁﬁg L)PHORr &5 demBhstra®d ¢t id dddition to

, 1-di met hy1- 2- hydr oxyet hyl ) am no- 1- ( 3- chl or ophenyl ) propan- I-one, for

treati ng aniatritigrarbespropettihg thedqgasdflastichyl-2-smety aBadd§\¢tlianal andSvhdhe 25Thus,
in a further aspect, there is provided 2-(1, 1-dinethylethyl)am no-1-(3-

chl or ophenylesigrtpasn bopsed g npdufate TNF-@ppe{ RY 1L ip sHeuR 5%y 8¢ Ry 10 beaiiehd- 1 -
(3- chl grophenyl ) propan-1 -one or.use,in the treat t of avira

ot ect o Cadese B SR ar i aRy p Bl G Wb 0% L IR TRD Ssedhidingbe 1 o
provi ded amBthade@to as5BNRREIPNGor} HRBEdeRGhANHE 0fusddrBY h&lt@tirflGnRctiddsal
infection caused by a herpes virus, the nmethod conprising - 13 -

adni ni st er iapng whidh, & s eces (e mdlegnzsfinfgednsy, ceacmsadeath. t her apeutical |y
effective anount of a

2- (1, 1-di net hyl et hyl ) am no- 1- ( 3- chl or ophenyl ) propan-1-01 or

2- (1, 1- di mataipds Bretdbypiicoxy esApbin M) Ae-zhy-colPuahll OF Qﬁﬁﬁnby@)rﬁﬁ paRk -one. 5
The viral infection may be caused by a herpes virus selected fromthe group
consi st¥ng vedd e tisedng ol efectidas.pesmpionpdl €, fo pigs int fhgénvenfipisvigy, bder pes
Simpl ex VA ISt YPS cez,.tflys Vnzl?JC)unl_(‘f o ln%%'d"é" he fliagltlélrrra Pne?‘ggd D08 er of the

cyt onegal oVi T us, VaricefTal2es W 1S’ BpSt i n barT Vi ristan umran

her pes vi rlf@ﬁm&lé/&%ﬁes@nﬁﬂ(ﬂ)yg% THesthesRes ofichhksidiets begpaﬁwea&&d&b @BEQ?
virus, and may be HSV1 or V2. 10 (1 S, 2R)-erythro-2- (1,1 -dinetiy et hyl)
am no-1 - (E3tashcwpbiphamduatpyegtians aad sush acivities ) be detesyminedbpusqaf, 1

-di nethyl et hyl) amno-1 -.(3-chlorophenyl.) ,prop an- .1 -aql, S 2S);.-thre
ool (2 Dbk irhond A Rt MR B ERN ARG i Pl e o Ca
R 2R) -&hr &ipako be hpprecia@iNBichph@loind) @musomlhé dnehtion ephery indudapan- 1- ol

may be used to treat the viral 15infection caused by a herpes virus.
pharmaceutically active salts, e.g. the hydrochloride.

Ritodrine and dobutamine are both 1-phenyl-2-amino ethane derivatives, and share this
common structural motif with many B-adrenergic receptor agonists (also known as [3-
30  agonists). Hence, in embodiments of the invention, compound (I) may be 2 [3-

adrenergic receptor agonist. The agonist may be a B1- or B2-agonist. HExamples of



However, it is preferred that

(1S, 2R)-erythro-2-(1, 1-di net hyl et hyl ) am no- 1- (3- chl orophenyl) propan- 1-ol,
or (1R, 25yeenytthses32- (1, 1-di net hyl et hyl ) am no- 1- ( 3- PCT/GB2010/051317

chl orophenyl ) propan-1-ol is used to treat the viral infection caused by a
herpes virus. 20 It will be appreciateddhat the conpound of formula (1)
may be used to treat viral infections in a nonotherapy (i.e. use of the
conmpound (I) alone). Alternatively, the conpound (1) may be used as an

adj unct t o suirbld hn®mnﬁ2ﬂé¢encnglwuetdpt0ﬂ<agomtst Werchpnreeaeugedl i1 arcantanvd wah

t herapy (e. cl ovi ganhgc Vi r av .nterfe nucle tide or
non- nucl eoégﬁﬁvF “bi“ccihdse glg ‘i‘%\? %Vé)sde gl@:l ne M%ﬂ"@é ePTOSHEE ’tors and
fusi on 251 R0kl (OB ARBAC: Abrel AT @ kﬁesg%é DEm GO BEA R,

conposi tions having a nunber of different forns depending, in particular,
on the man rbemburermmcleﬂibathel cohpasidl,iigprémlihg riveitarsiedenprhdig bupbeniexanpl e,
t he corrp05| tbon may in the formof a powder, tablet, 30 capsule, l|iquid,
oi nt ment HWFH@EeIan FRsBGel , aerosol, spray, nicellar solution,
transder rral patch, |iposone suspensi on or any other suitable formthat may
be admi nistered to a person or animal in need of treatnent. It wll be
appr eci at ednthathet frabodMcAf) 11id GABES RGP EB2O&DHOHIBLEA () rhdy be thehireg e f or
medi canment s accordlnqgi Qﬁ i nyention should be one _which is well
tol erated BYEhENSUbTUE A PIHRHTthe fradsgiammbunsAiopr SPBIDNTSERABNES
delivery of,.th& 139801 5 A6 {RSS nh%e%@@i@'fepé'n%&t%ﬁﬂés%o o‘P"fox%Jk?g {1y to the
site infected by the virus, such as the lungs. 5 Conpositions conprising
t he conpounitheaffofepbuprbpri¢h ))f amyofBeusedabalites mundier bohsedeys redtmp acmst ance,
oral adm nistratiaon nay be requi reg1 i.n whi ch case.t he corapﬁund may be
cont ai ned WithHCHOROAPEST RN SHEEe fRFtipRyr BERGREINGS MsERONesi ¥ oral Iy in
the form ofyedalab@lol; GANTHIRQF chdfithilzs, Aot BLOALIN S, L cAMPOST i on may
be admi ni stered 10 b)y injection into the bl ood stream Injections may be
intr avenousel(lﬂix@ﬂym:dlrpmpémmmf)th@rotai tminmhcﬁusmmfsh( potursdrop. Cofrpsiuody .
Al ternative| he co |t|o (I) be adm ni stered b
i nhal at i ondfé iﬁ bY fr PR aﬂaP)}ﬂefS%n% ﬁt%%@&%‘%sta? GIEMAEY CarsiBe
f or mul gt;ed Ot ARk &Meri3 iR Rlual &ﬁhﬁ@&efs auratﬂﬁg%éfmya&e pAppkbed 1o the
skin, areas in and around the nouth or gehitals“to treat speci |c vi ral
i nfections d1aicemccaimeapmd datindinidtid zbiveanslkdnmire enapapiiecultas pyefersef thht thor
treating viral gsc rhs fof t he skin or as ? means of transdermal delivery
to ot her t ic68ieund ftingd 1y BETEBpb 4R de g HYE CRTRSRE SR8t Sbund (1)
that is required is determned by 20 its biological activity and
bi oavail ability, which in turn depends on the node of adm nistration, the
physi cochemxealplqpy bperobicasmehbolives inolpo A+t alrdethpletth®rmidvel -CBnpound i s
bei ng used a nDn t herapy, or in a c ed the e frequency of
adni ni sr attPEHECRROY. %FPE?J“‘E‘@I%%@I’]UW%& H%XYST@(X ?‘/Fé?n]t loned factors and
par ticul ar loyd-fen dagh brobhd -k, G9PROUARG LI (M- AnfIfgySHBLEGL 3bei ng
treated. 25C Opgt?ﬂ ?grOEa es to@be gdﬂzl@}hi st(g.r’ed maj eyzié&?erm%ed by those
skilled in chh)eo;drdnyl)[acnpawﬂdl (VB29)-wiytthot2h@, Ipdinteitodthy) aconpdedd (1) in use,
the strength of the p arati t he e of administratio and the
advancement® Olfl}?gyjéﬁfggg% Cé’dﬁg?@I tgFFon%z]dill%irBﬁgwe i‘rB}nQ ]d&’pendi ng on the
particul ar cﬁi&%ﬁ%h ! BQntlro@%@ R"Qﬂ{ thEé%SQ”(f 1 'dﬁn@th?!%&?%&rﬁm%di %‘ﬁt 30dosages,
i ncl udi ng subj ect Z\ wei ght, r, diet, and adm ni stration. -
15 - It2sw Ichlomplaapplbmpam ‘édblt hat a sk| |l ed person will be able to calcul ate
requi red doses, and optimal concentrations of compound (lI) at a target
ti ssue, based upon the pharmacokinetics of the peptides. Known procedures,
such as t hdsenctavenbodinght,yosmploy dinhy behedphaprapdeutiecall,i-ndustry (eg in
vivo exper IdgrrEQt alte{hgﬂémlcnlol 1n|(3cc?1ﬂo£[oli)|7tlgr|1y?)pr()el;[a%— -ol). One isomer of hydrobupropion

may be (+)-#hreo-hydrobupropion, i.e. (R, R-hydrobupropion), and another isomer may

30 be erythro-hydrobupropion, L.e. (R,$-hydrobupropion).



5 may be used to establish specific fornulations of conpound (I) and
preci se therapeutic regines (such as daily doses of the conpounds and the
frequencywofomdnsessst rati on). CGenerally, a daily dose ofchaiBremns931004t g/ kg
of body wei ght and 20ng/ kg of body wei ght of the conmpound (1) may be used
for the prevention and/or treatnent of _agyviral 10 infection dependi ng upon
whi ch conmpound is used. Suitably, the daily dose is between 0.01lpg/ kg of
body wei ght and 10ng/ kg of bod¥ wei ght, nore suitably between 0.01pg/ kg of
body wei ghtBuatePiprrhrkleccafprodeslnarishicd 6s bpag Rewatiglylpeiuk fprarainwcHSVG/ kg
body wei ght t . .suitabl et ween. appr.oxi.mat el . [ kg_and,101. 19/ kg
ody wer gnied TEEARR B BRSSO TR Gy BN

adm ni st r athed d@er@iallpustil ghetrelaink Ynflahjebhodis@ded. Shingtalectiagy atthon) . A
suitable daily dose may be between 0.071.1g and 700ng (i.e. assum ng a body
wei ght of POREIE Proeiceer b mophokay 2504 rdimedylaebueér-16y and 450ny.
The nedi_ca e adm nis bef or. r .aftern i nfectihon with the

vi rus. ?he%g?ﬁ%%lﬁ%mﬁ%& e <té%rﬁnﬁ _Frgﬁler(r)_ezgafc/{vi_gl |e%1hyftgyi>,angr,lo_ :@_10 or 12 hours
after infechlesphehpgpapeh-¢aTRAL (1TRYS) keytBe i stdahedyttiyhhminb4l-(316, 18, 20,
22, or 24 hours after infection. The nmedi cament nmay be adm nistered within
1, 2, 3, 4chkropheng)piapan-afaldiave preiqushbeenmdigatesmy bejngeposetialbgusetul for

L her ebet weep, 28,1 0ASPENJRNL Y i0F AR NETIQAN NOFLDS i yenza s a
pandemic in T Uenza, the squect i'STSonEone trieated wth medi canent s
conprising conpound (I) in whomsynptons of respiratory difficulty arise
and/or in whom cytokine |evels égny of the above nentioned cytokines, but
typi calPy [Thgedotepin amiyrdypypdchef egdeveatiopracisrs provisfed yappnowed s¢presspidr at or y
difficulty. [ f-er abl t he subj i s.a._subj i n m_synmpt ons of
30respiratgwgg%g?g%gangg%y?%]?Wgﬁ ggﬁ&ﬁ’§ﬁ6ﬁ$%V%§%%ﬁ€1nng §ﬁ¥ncrease, at
t he fol | owiffgctidnyBsthahé provasBit 1k chmbbu@nzaos paplopid: of2am-12, 24, 18 or
36 hours or nore (nmore WO 2011/ 018653PCT/ GB2010/ 051317 - 16 - preferably
from 48 houlsedylefpybeninor bd-gdotephesyloronmr ol isanf fefM-72 hours or nore;
nost preferably from 36-96 hours, from 48-96 hours, from 60-96 hours or
from72-96 hours). Alternatively, and independently of whether or not the

i nfluenza iMRirtefandeiClouithlaseizal theheveatibh 8btreiispsRTRaReMEtAodM3IOM synpt ons
of respiratory difficulty arise 5and/or in whom cytokine |evels increase,

at the onsétrevestingaicpyngstngyey apelioredran vine fegion; Hie methpt co@PripRtine syst em
into the infect.ed.l ung, 2SCT | in. .t in vivo us udi es_of

Ecanpl 6 4. WRE R Ee s B R I S AR R T B o o
than one dese 8 uﬁ&mk&gaﬁteﬂrb?itb& b@ters iowada 18 haapPiboye tefied @ith YRt ons of
the influenza infection. Therefore, it is envisaged that nedi canents

conpri si ng PEovsotmEtheIcpMpeynd és umupratier ed2 bl dimethncdnbenine- e subj ect

i n need, of t.nent... The.c y y require admnistration twi ce or nore
tinmes gﬁriﬁékgaﬁgéy&%gpgﬁléggg%pggmggnpound (I') may be adm nistered as two
(or nore dependi ng upon the severity of the viral infection being treated)
daily doses of 15 between 0.07pg and 700ng (i.e. assum ng a body wei ght of
70kg) . A pat isereferred giay e upreriprritaholiye eraRleye injaps pspgeisel thpsWenaks g and
then a secqn ose jn.t eveni i na.t : e regine) or at 3- or

4- hourly i%?g}%gﬁgo eéfgg?fﬁr%e@%ﬁ&ggogﬁxopg%ggggﬁvisaged t hat the conpound
may be adm ni stered every day (nore than once if necessary) follow ng viral
infection. 20 Thus, the compound (I) is preferably suitable for

adm ni s¥r atlihsAntaaters Saliyve chatale geseey fapavie (D praatheruspd i dgiticamentf or

adm ni st ratlgn. &ty e, Al OLeTEALl A0eH RALIG AL 1N, ONRELA! Lol Lienza
synpt ons. 25N terna |vePy, d sl'ow release device may be used Yo pro§|de
opti mal dosesilt@herefrom. The compound (I) may be used as a prophylactic (to prevent the

development of a viral infection) or may be used to treat existing viral infections. The
virus may be any virus, and may be an enveloped virus. The virus may be an RNA

30  vitus or a retrovirus.



conpounds according to the invention to a patient wi thout the need to
adm ni ster repeated doses. WD 2011/018653PCT/ GB2010/051317 - 17 - of the
conpoundswomyiimasdsar nessed and used in the manufacture etTadBwinshily usefu
conpositions. Hence, in a fifth aspect, there is provided a pharnmaceuti cal
conposition conprising a 5 therapeuticak{y effective amount of a conpound
represented by the general formula |, as previously defined, and a
pharnaceutlcally acceptabl e vehicle, for use in the treatnent of viral

i nf ecti ons Forkmmplecbe vl inggtidne vémh@abbe @hact@ﬁrur@ay % 2 pepEpeivh eart y
effective ampunt 0 or any anount

whi ch, when' a Hpﬁ?ng§%%8@B1;f%% é%us suI %xnongg Eggg%ém?eVels of

cyt oki nes, iSdsuashddviot, oarﬁ&olvﬁh& ThavithstaedsifbihcphRviiciesaphey gitdvion, and/ or
treatment of an acute viral infection. For exanple, the therapeutically

ef fective amsantuebuaHseunt 2 (hapdgsises. nkys @@nﬁag@iﬁhabﬂmvws @mlhegl to about
700 ny, [ ferabl fro abou 7 I| to a of
conpouné (?TBM? %%%faogﬁPl? ?ﬁ% \Qm (?nv?l %%ﬁrg gﬁ% (#b about
700 pg. 20 idfectsamjvaet derwayvela@fanysf ﬂﬁbrﬁr&té% dlé’ﬂiﬁﬁ@-hereﬁlr Tde @ st ‘rcrenamv@al and
IS preferably a human bei ng. Hence, nedi canents according to the invention
may be used’@G“Pﬁe%ﬁ“ﬁﬁwt%ﬁﬁWﬁPOfﬁﬁPS6&&HﬁﬂéuﬁwﬁéﬁﬂnPPVé@@@%Wﬂﬂp@@é or may
be used in other veterinary applications. 25 A "pharmaceutically acceptabl e
vehicle" as referred to herein is any conbinati on of known conpounds known
to those sKitehedsinthytHageletd EOnDeeUsOIRIbE Vith! beddItetsisigg phaifregnidcal
conpositions. 30 In one enbodi nent, the pharnmaceutically acceptable vehicle
may be /4 sobilaflucaravirgds; é@ﬂt;%@m%r@ Wrb@andﬂhm@t@@m @fang dstivwiee abr
tablet. A h ceut 18 t hj cl include one
or nore su%@ g%égmiﬂﬂﬁmg &%é'aiéa“%é f¥cn? 3@%6&.ﬁgﬂE?C”Fe%ﬁf%é%%%ants

sol ubi | i sergstelsdgpandudigg dgentis. ax@wﬂﬁﬂuéﬂzbj aumanghhdatics mamﬂm essi on aids,

i nert binders, sweeteners, preservatlves coat|ngs

t abl et - di sulﬁﬂ@@%‘m%g& eryeer all florpendgatigsaing rméyt Rineamsfeth amm@mw&fsa@ﬁémdﬁg
gg‘;'e;![ 3‘:, N {lnﬁ n%ﬁ\%{qrs %]fectt]se ﬁ/rS%l;sgaJng SF?IE% élng IIngf? g;lrvuls Qf%fec% huqngnlga ?I s in
accordimfg tpiost mﬁwirﬂéé@nrﬁfb&rh)ﬂmdrﬂ ah@-ﬂlc%bﬁ)vlﬂhl%% 1@@& weeteagae@t(mmwn@ehm@f@d with
a vehicle having the necessary conpression properties in suitable

propor t i ongngmceehpEst ed in the shape and size desired. The powders and
tablets preferably contain up to 99% of the active agent. Suitable solid
vehi cl es include, for 10exanpl e cal ci um phosphat e, magnesi um st ear at e,

tal c, sugarfhus|@etsad [Mexdybduses t@fredt.andfeatiomof 68! dfUhAS@zavirus A,
ponV|nyIp%rroI|d|ne | ow el ting waxes and ion exchange resins. |In another
enbodi nment nﬂ%ﬁmﬁﬁﬁﬁﬁ%éﬁ@%@é@?$v@ﬁﬁéPéaﬁﬁvwﬁﬁeébﬁ@ﬁ?éh@F%ﬁ%ﬁ@@ﬁﬁ65|tlon may
be in the f e t he 15
pharnaceutlcﬁﬁmm£%%%%{ %nggihﬂ%th§ %1nﬁx%8%O?Tjﬁﬁ%%%§g§ r}1'](-t:1{66r1p05|t|0n

may be in ttlhkﬁe(ﬁfbrlﬁﬂ@énzaﬂiﬁkdﬂei 24 clabslﬂw @ageamrpdhewalrserfumomngor epari ng
sol utions, suspensions, emulsions, syrups, elixirs and pressuri zed

conp03|t|oﬁ@ﬁmgﬁ%ﬂﬁéKﬁﬁbo%%hﬁﬁhﬁﬂmﬁp¥m%§9@B@Cﬁﬁ@s%ﬁV@ﬁ pubdyrspéorded in a
phar maceut | gl% e OfIH% g beypg (I)fdlnﬁgehr{ gilzﬁg\éftfschavg‘%e glilﬁﬁe%.n 14 ganl ¢

sol vent, a nlx har naceu acce e oils or fats. The
201 i qui d v&bh@b&n@@m nG® Medisét aidaa@rt aﬁm&@bﬂna)mhgrsém@@utdfmﬂlue@dm@e\pes such

as solubilisers
25 selected from the group of serotypes consisting of: HIN1; HIN2; H2N2; H3N1;
H3N2; H3NS; H5N1; H5N2; H5N3; H5NS; H5N9; H7N1; H7N2; H7N3; H7N4;
H7N7; HON2; and H10N7, or a derivative thereof. The inventors believe that
compound (I) may be particulatly useful for treating viral infections of HINT1 virus, or a

derivative thereof. It will be appreciated that swine flu is a strain of the HIN1 virus.

30
The inventors have found that, following infection with a virus, IFN-Y and TNF-0 can

cause fluid to leak into the lungs of an infected subject, which results in respiratory



enul sifiers, buffers, preservatives, sweeteners, flavouring agents,
suspendi ng agents, thickening agents, colours, viscosity regulators,

stabi | i zewe 2011/0a86%8- r equl at ors. Suitabl e exanpl es of |i qurdBeetwshzas for
oral and parenteral adm nistration include water (partially containing

addi tives as above, e.g. cellulose deriyatives, preferably sodium 25

car boxynet hyl cellul ose solution), alcohols (including nonohydric al cohols
and pol yhydric al cohols, e.g. glycols) and their derivatives, and oils
(e.g. fractisonearetdaeernomyte dichtughdeagr acliheugdithyy deept wishapbepatnd by

adm ni stratjon, the vehicle  ,can 0 an ohly ester h as_ethyl oleate
and i sopr op})ly Ofr}rlﬁérlf’g]fl%%g?ntgfse}?elﬁfxée ?tq%qqﬁ%ué]ﬁiﬂpl%%y }?aer%segzégrﬁft ‘?rﬁfst erile

| i quid fornfeeimedetinds chObctRdheMiehied: Adpiottigradicidn, diienlpagtibuths vehi cl e
for 30 pressurized conpositions can be hal ogenated hydrocarbon or other
phar maceut ilE&HY sndAEtépatridehps dpedtbanit can WOuREI11D/t1G28653IPGTACBROGO/RE1317 -
19 - Li?uid ph rnaceufj al, conpositions which are sterile solutions or
suspensi on$¥&5A PBE ViR fesEaN by, for exanpl e, intranmuscul ar, intrathecal
epidural, intraperitoneal, intravenous and particul arly subcutaneous

i njection. The conpound (I) according to the invention may be prepared as a
steril e sollild coomposd tl) amytthattarape beeddiossalived nflasuspendedpaimsséthe ti nme
of adm nistration using sterile water, saline, or other appropriate sterile
i nj ect abl ew@&-ﬁﬁfceﬁw%émﬁaﬁm AiandeihRicey 6PBBoBH JFWL?W The form
of a steri Lg 80l Ut o, Bk SUSRENS] BN-LON &1 NN, 0L NRL 138l 8pgTe stgpendi ng
agents (for exanﬁ?g, enough salin or’glucose to ke e solution

i sotoni@), BhipBusdlT snaydeastdio @&k atflahm&RnhhancwenaheatLioRol ysarbat e 80
(oleate esters of sorbitol and its anhydrides copolynerized with ethylene
oxi de) and sthiect} ilbe terhéngdonyybinst @R)efcare zt wdivbtahwhd hrstermdviordy | y
either in lLiguid.ory sohid conposiyion form.(Conmosi i ons suhtable for oral
admi ni stration | nerude $611'd°f orms,”* SUIEHEAS pl%|S, capsdies, granul es,
tablets, angrcpewdeis, viaRgdsuch @ihepbQ iR indviahal as] ARe! HEdiQ A% inSXHEURS,
elixirs, and suspensions. Forns useful for parenteral adm nistration
include sterile solutions, enulsions, and suspensions. Al of the features
descri bed herein (includj acconpanyi n | ai abstract. and

ir o ngy . el AR e BERGTRENY) i RoBRo sRERLE TR s ef 8o en,
may be 20 caabihnedoMistbh anthe@hd kgeAbTaNBuASRETHS coRpaMd @prlédtad bpn, except
conbi nati ons where at |east sone of such features and/or steps are nutually
excl usi ve. fEmbddl maptiodk ustretd Hisseatviteflagup. AowibeilérarpRern ddecoidide; by
way of exanple onl . wth reference t he foll ow ng Exanples, and to
the accompanyag ticsey sar e Bk SR AGS™ T4 eh R B | s gr aph
showi ng the results of an in vivo nouse challenge, in which mce were
infected with a HINL virus, and then treated with a conpound represented by
f ornul @01, Thegriog atsitoas pledifabeeoRa yse @@bmfoamqp@omet@l@nhtmim@se?g(ltb t he

m ce as a sjngle 30,dose and as doub se, ;0n, days 3 and 4,
and the mef%ﬁ%kV%§§®%Pn¥ﬂgﬁﬁgﬁém)hg”%@ga@Péd?ERﬁbg%ggﬁgﬁ%Wg}was added to
the contr olhymd@ithylyan@Bo-1-BicBlr8plenyBp@pdh ARthes RAWAENE NG, SHifsWd ¥the M at e of
mce in the in vivo nouse chall enge described in relation to Figure 1. The
mce were é@ﬁﬁﬁﬁ@@@m@@hﬂ%ﬂ@%ébﬁﬂ%ﬁ?ﬁe as a single dose on day 3, and on
days 3 and 4, and the percentage rate of survival was neasured. No
dobut am ne was added to the mce of the control; 5 Figure 3 is a graph

show ngsSunhlietial, iRk Apdcy, thoetis pRIIRHILY ) -Aetierh)Miing 1 (BUSE
chlorophenyl)propan-1-ol, or 2-(1,1-dimethyl-2-hydroxyethyl)amino-1-(3-
chlorophenyl)propan-1-one, for use in the treatment of a viral infection caused by a

herpes virus.

30 Also, in another aspect, thete is provided a method of preventing, treating and/or

ameliorating a viral infection caused by a herpes virus, the method comprising



chal l enge described in relation to Figure 1. The effects on norbidity (i.e
a general neasure of the well-being of the nouse) of single doses (on day
3) and dowmbl2e11¢iasess (on days 3 and 4) of conpounds repr ese@Bdionsiior nul a
|, i.e. dobutam ne (BCl021) 10and ritodrine (BC1023), were neasured. Line
A: Control (no drug added); Line B: BCl@21, 1 dose on day 3; Line C

BC1021, 2 doses, on days 3 and 4; Line D. BCl1023, 1 dose on day 3; Line E
BC1023, 2 doses, on days 3 and 4; Figure 4 is graph showi ng the results of
an in vivo AABNRECERAID egaicctimnods efsush ssatmens arBeiRpgusice idctictine amermNL
virus, and then,tr d a c r e.

2 (1. 1 ai it Ao S r T B R BN Y p A it 2
enbodlnent}@ﬂﬂﬁyauprMh@n ORhaRephdne]) pBGARII)ne. The bupropi on netabolite was
adm nistered to the mice as a single dose on day 3, and as a doubl e dose,

on days 3 and 4, and the weight |oss of the nlce was neasured. No

et abol i;te as, added .0 Lhe, 20contraly TESs FLaLre: B Ls )8 araph, shoyi ng t he
survival rate of mice i AYhE TRVive se’ C enge desc d TR et ation
to Figure 4fHdigesoser, eresasimpwxswlafsetgpw thSvhe Heups sphplex Vetuab@leit e as a
single dose on day 3, and on days 3 and 4, and the percentage rate of 25
sur vi val Sﬁ%éhs%ﬁrfw lab@mnb@rammci Bufias cegteRlpGrushyapicle zeferrh@scont r ol ;
o e Eﬁo@ B SRATLSBLSLLSKT £uel ane ePRORl.IE o Angl Per

met abol i t ehe @hﬁhﬁl &hca@aﬁge B:E;'Sa)or B@vﬁxarrpl es WO

2011/ 018653P /GB 010/ 051317 - 21 - The inventors carried out a range of in
vitro dfd in vivo experlnents in order to determne the effects of various
conmpounds r SE h Y, nes,

| FN-y and %ﬁﬁﬁ% %39933 %¢§W‘t9g8§g%%§§€}a he%’Eﬁop%{;guﬁdﬁgsscribed

bel ow t hat ebﬁhﬂﬂ) it ermétﬁylemm{lﬁmm@ @moghmgp@maﬁn SiraSasptite2-
(2-(1,1-dineth eth% am no- 1- ( 3-chl orophenyl ) propan- 1-ol , denoted herein
as BC1053) (birdypidvisgihamine- b&-tipiophevdpratant BN gr ARERFIden-2-Buir t her nor e,

they h d; th { f
(it ar e, RO s arimet (R bR ERAE MR Shorhy R I P BB 00 on

in the MirahfesyunPeaQBE i a Berpédtigt i on in wei ght |oss, i ncrease in survival
rate, and reduction in totaF norbidity) in 10m ce. Materials and Met hods
1) Isolatlon culture and treatment of Peripheral Blood Mnonuclear Cells

( PBVC) q_?? eve CO' fe%ct% hfﬂ1 QS% —ae%y"'é&aolé] ?lr 4L 9LR Dng DhinoHl god vas

processed Wi erral s use n- coagtil at ed bl ood;

FCS; RPM - L%@omy@p@wphmqeﬂ 28)-&dyehkeo G, 1adiche B &,thﬁa&m@nqm le tips and
pi pettes; Sterile 15nml Fal con; Sterile V-bottom 96- mell plates with |ids;
Neubauer clshlstserhenyhyroanm-gialés ued tr freat:thapoe! iTACtS qausashby 2 herpes virus,

AccuspipH St 0pAQUE LUbRS (5 HTonfEORA D ARnRACTRIN Bt wla Blill Graml es 11

in sterile
infections in a monotherapy (i.e. use of the compound (I) alone). Alternatively, the

compound (I) may be used as an adjunct to, or in combination with, known therapies
used in antiviral therapy (e.g. acyclovir, gangcylovir, ribavirin, interferon, nucleotide or
non-nucleoside inhibitors of reverse transcriptase, protease inhibitors and fusion

25 inhibitors).

The compound of formula (I) may be combined in compositions having a number of
different forms depending, in particular, on the manner in which the composition is to
be used. Thus, for example, the composition may be in the form of a powder, tablet,
30 capsule, liquid, ointment, cream, gel, hydrogel, acrosol, spray, micellar solution,
transdermal patch, liposome suspension or any other suitable form that may be

administered to a person or animal in need of treatment. It will be appreciated that the



2. Add 30nml of diluted blood into an Accuspi n-H stopaque tube (Signmg,
A7054); 3. Centrifuge at 800rcf 15mn at roomtenperature (RT); 254. After
centrifugadi2onyo1sése red blood cells will remain at the lporigBmhwlsosvt he
frit. The nonocytes (PBMC) will be present on a | ayer above the fit, with
the plasma on top; 5. Collect the PBMC_hayer with a pipette into a fresh
15mL Fal con tube and top up to 15nl of PBS; 306. Centrifuge at 250rcf 10m n
at RT; 7. Discard the supernatant, flick the pellet and add another 10mlL of
PBS; WO 20¢thick18683pCTNaR 8a@rdi5g 31 the-ingentionghowdd e oing (gechais w2B0r cf  10mi n

at RT; 9. Repeat, st 7. - 10. Discar e_supennat apt and resuspend
the pell et tglﬁral?er(r]l byoﬁgg%%%g?év%%ﬁﬁsrﬁqfﬁbﬁlgg%gﬁa@ﬁgg ?‘—b%(?eﬂgiq.og&eunt cells
and nake a adxikdbcrel the Blocsilspensie, didieenpteie stediftdd Adthed@d kthcof cel |

suspension per well in a V-bottom 96-wel| plate. Then add 50111 of
stimul ant @ thedhngd e in conplete nedia, and 50111 of drug or vehicle in
conpl ete nmedi a. I ncubate the cells for 24h at 37C 5% CQ2; 12. After

i ncubation, take 60111 of cell supernatant to nmeasure |FNI)/ and TNFa by
10ELI SA ( Outdehpbsiaimaombying €@t cdNepound 48 nalel (1w he UM inGaduNger $55212)
foll ow ng manufacturer's instructions (BD Biosciences); 2) Human Unbil i cal
Vei n Endot helys alordaptpace; pralminingsiefosawibs geqerist de pihichyg et spsporsd HUVEC

ECACC 200-05n) ; : Si g 154): L-d ut amne | ut i 200mMM
(A 200, 9001 MR TEANT SLPR IR e SLAATLRR 20 o, RO

anphot er i cifgrnBof h Mbldtf @geile of i@l L 3&nkiitdly, BdDSKhposhlibmaepé sehitekergd owt h
factor (hEGF) (lnvitrogen, from LSGS kit# S003K); Basic fibroblast growh
fact or CbHEE)NjE¢t iptcode loddr siepmsdgckiian rSOUBKNraHspas (helus(Qrrgiusiosgen,

from LSGS kit #.S003K): .20 i | ut,on i T4174) . rile PBS
(S grm DesayCEBA ouBor SREP G PR kBT P D2 R RIFNIR: S gme
F9665) HUVEGGaspleats ighidwon (BBdinaanasMy98r Bedioum)cont ai ni ng 10% Foet al  Cal f

Serum 100 Um penicillin/0.1lmg/ m 25 streptomycin, 2mM L-d utani ne,
10p, g/ M gentami cin, 0.25g/ M anphotericin B, |1Ong/ M hunman epi dermal growth

f hE 3ng/ basi G fd | h _fact. bH 101. .tg/ m
20 0r (NEG b AT D3RGS BRI AR QLU LT ASLAL (RHGR aNd B 0h - {0

hepari n. Procedure: ce trypsini'sati oh ey are 80%

confl uemt . appliddepRne siaRdireldlin Bad M&sHd elel hotting gayiedls W fréne Op&aie ERTA and
dispose (4mi for T75); = o .
infections. Topical application to the skin is particularly useful for treating viral

infections of the skin or as a means of transdermal delivery to other tissues.

It will be appreciated that the amount of compound (I) that is required is determined by
20 its biological activity and bioavailability, which in turn depends on the mode of
administration, the physicochemical properties of the compound and whether the
compound is being used as 2 monotherapy, or in a combined therapy. The frequency
of administration will also be influenced by the above-mentioned factors and
particularly the half-life of compound (I) within the subject being treated.
25
Optimal dosages to be administered may be determined by those skilled in the art, and
will vary with the particular compound (I) in use, the strength of the preparation, the
mode of administration, and the advancement of the disease condition. Additional
tactors depending on the particular subject being treated will result in 2 need to adjust

30 dosages, including subject age, weight, gender, diet, and time of administration.



WO 2011/ 018653PCT/ GB2010/ 051317 - 23 - c. Pipette 5mL | x Trypsin solution
in PBS and rock gently to ensure the solution covers all the cells; d.
Renove 4.wotkonfo1sdse trypsin sol ution i mediately; ecTRB20ms1Ne fl ask
and nonitor the trypsinisation under a mcroscope; 5f. \Wen cells becone
rounded rel ease them by hitting the sideg;of the flask against your palm
until the cells detach; g. Add FCS to the flask and mx (2nl for T75); h.
Harvest the cell suspension into a 15ml Fal con and top up the volune wth

10l ser umlf wekbawipresitedi Giat 2 dabad porsrgevilltbeablgospichlaty reqpyashdsses, and t he
supernatant, flick th |l et [ end it indm,of conplete nmedium
P Count -t 1ROkl Fer bR o AR LR AR D el B P Gt oa vol e

of cell susgpensicoRinaticshah&pdides! Kabwh.prd&dureSerdh b alosbedtveriSedivel |
plates with 200ul of cell suspension per well (=5x103cells/well). Incubate

pl at es for enpygapys the PRTOagdcHIsdORy (eawivi sgBYMEaHtiPnetieycal glabegiehed,

changi ng t he dia;every. of her. wher.e ssi bl e, 3) . HUWWE .
St ai onfatr Satpb it Sgh 98 AT PR Bl 7Y el S styic
L- G ut am neegoktsuena2QOMoiesi FrBe &fbddinds 2bd RentreddehéyndBddnapls @) n

(Sigma, P0781); Gentam cin/ anphotericin B (Invitrogen, from LSGS kit#
S003K) ; Human epidermal growh factor (hEGF) (Invitrogen, fromLSGS kit#

S003K) | HeRETIHIPT RN e, N e ekt 7 Sabal P Prg b beligm
D8537) ; Fet@g}ﬁ@ﬂﬁ&&g{%«?@ﬁ%&%ﬁﬁﬁ tht Pugveafi @2dBlod PRadnlehO hf a Erdlanol

(Fi sher 30 E/ 0600/ 17); Si gma D4540); TNF-a, human, natural (N BSC
88/ 786)70 Piipetiasdepsadiag apph avhjs round psusedt Spitahdy, ding dadly slabsis petvRghcon

2 hﬁEErOLd&ﬁﬁﬁefW%ﬁzﬁﬁ%aﬁ Q)B%Sgk)ﬁ%%? e oR s g, ToBedet ol | Cal
24 - HUVEC GO i A 167
10110 m gont AR CRE s ak A Rk bE PRy B e R AR e

g B?Nit g/ L&lcﬁggpéé/i}gg:ohy wilt@hk T aRAS: SuildbRr 10RYBSE 4 - OW Ry 6,883 Q% 2hAHGF) and

10ug/ kg body weight.
15
Daily doses of compound (I) may be given as a single administration (e.g. a single daily

injection or a single inhalation). A suitable daily dose may be between 0.07Ug and

700mg (i.e. assuming a body weight of 70kg), or between 0.70ug and 500mg, or
between 10mg and 450mg. The medicament may be administered before or after

20  infection with the virus. The medicament may be administered within 2, 4, 6, 8, 10 or
12 hours after infection. The medicament may be administered within 14, 16, 18, 20,
22, or 24 hours after infection. The medicament may be administered within 1, 2, 3, 4,

5, or 6 days after infection, or at any time period therebetween.

25 Independently of whether or not the influenza is a pandemic influenza, the subject is
someone treated with medicaments comprising compound (I) in whom symptoms of
respiratory difficulty arise and/or in whom cytokine levels (any of the above mentioned
cytokines, but typically IFN-a, or TNF-y) increase at the onset of symptoms of
respiratory difficulty. More preferably, the subject is a subject in whom symptoms of

30  respiratory difficulty atise, and/or in whom cytokine levels increase, at the following

times after onset of influenza symptoms: from 12, 24, 18 or 36 hours or more (more



Stinmulant/treatnments: TNF-a (100U/ nl); Test conmpounds (100, 10, & 11..tM
wth TNF-a (100U ml); Test conpounds (100, 10, & 11..tM only; Conpound
vehi cl e owotonl@sds®. 5% DMSO and 10 0. 1% et hanol ); | bupr etecaomosed17( 1mV)
with TNF-a (100U nml); Ibuprofen control (1mVW) only; Conplete nedia only

Procedure: 1. Prepare TNF-a at 19U/ ml in conplete HUVEC grow h
nmedi a; 152. Prepare fresh stock of test conpounds at 20mM in DMSO, 3.
Prepare test concentrations of the conpounds (100, 10 and 1!...tM in

conpl et e HPVEEraghdwenh Hrdeis o narcaliemgC ot omNPre of fronpf 2parte of Bispe:of en
control staqck | L. D e mM.in ¢ e H h
redi a wi ¢ h APl Rt e RRAD R gk BEREAL R MY QR St e
vehi cl es (&&9@.%@&6@@;&%6?&6@&@ MvIEIRP| Rthet HWE&@Z@M&?M@M% 6.
Renmove nedia fromwells and add 1501i1 of the tests and controls, in
triplicat ednfluenzy, feqipiiast jsisamepse frovharg shonransee! Byarame g doparisps 4)

Vascul ar. Cel | hesi on l.ecul e- V- CAM-1) ELI SA Protocol -Kit.used: -DuoSet
raron SRS HANREC UL B dnd ool odsin BRI IRRERbe KhatiRelor DUO)
0. 05% Tweenh@faps gembP4EElenPssayhedhfcdettlung, PBS/ 1% BSA (Si gma A30590

Substrate solution - TMB solution (Sigma T0440) Stop solution - 2N H2504
WD 2011/ 018653PCT/ GB2010/ 051317 - 25 - Capture Antibody - stock @360g/m .

Dilute to r ki ncentration of 2q/ - 180) . Det ection Anti bo - stock
@360/ DR IR i B Mo Srd GGt Rk POy 8 et s

stock @ 70mgtdthat Fef shaRdrrd @ &000Pahdlodelsf AQytohidephidutbaitikadP - Dil ute
1: 200 Procedure: 101. Dilute capture antibody in PBS;, 2. Coat plate with
1001. d/Mel mpEvessat opivatrsoanat thedufhenes svesteing Hthe@fesoinstarvpescat thite;

medicaments comprising compound (I) may be administered more than once to the
subject in need of treatment. The compound may require administration twice or
more times during a day. As an example, compound (I) may be administered as two (or
more depending upon the severity of the viral infection being treated) daily doses of
15 between 0.07Ug and 700mg (1.e. assuming a body weight of 70kg). A patient receiving
treatment may take a first dose upon waking and then a second dose in the evening (if
on a two dose regime) or at 3- or 4-hourly intervals thereafter, and so on. Itis
envisaged that the compound may be administered every day (more than once if
necessaty) following viral infection.
20
Thus, the compound (I) is preferably suitable for administration to a subject as
described above, preferably suitable for administration at the aforementioned points

after the onset of influenza symptoms.

25 Alternatively, a slow release device may be used to provide optimal doses of
compounds according to the invention to a patient without the need to administer

repeated doses.

Based on their findings that the compounds described herein may be used to reduce the

30  levels of cytokines, such as TNF-ot and IFN-Y, the inventors believe that these effects



4. Empty wells and wash 3x with wash buffer. Blot dry; 5. Add 1801..d/well
of assay diluent, to block the plate. Seal the plate and incubate 15for 1hr
@room t ewpenatuse3 6. Enpty wells and wash 3x with waskchuds2eroosgiiot dry;
7. Add standards (duplicates), sanples (triplicates) and controls
(triplicates) 601..d/well. Seal the plate_and incubate for 2hr @room

t enper at ur e; 8. Enpty wells and wash 3x with wash buffer. Blot dry; 209.
Add detection antibody 601..d/well. Seal the plate and incubate for 2hr @
r oom t enperathf @mp@ndsmypekerncsscdrmad waehinghe wankiagagh obefricatly usedalyi ng
plate to sQa fog)&i at | east 30 seconds between each wash. Bl ot dry;

11. Add streptavi diti- HRP 601..d/wel | . Seal the pl ate and i ncubate for 20m n
@room 25t enperature; 12. Enpty the wells and wash 5x with wash buffer,

| eaving plate to soak for at |east 30 seconds between each wash. Blot dry;
13. Add TvBlengpdepdifeh st there isotovidgdwerharmgegtical gemppgtien sefaptiviegibat e f or
20m n @.room.tenmperature:. 3014. Add 30!...d/well of ,st SO ion; 15. Read
2bsor batce arLona S el 08 mun iR LT P RS fe
Protocol : Rk bteridusR)decGhdBlah8 fpaamhRcilicRy {&cFrabRakBicRl ) usver @edi vi ded into
four experinental gr_oups containing ten (10) animals each. On day 1,

ani mal s r e¢ErVRNt @A VirpltinigAderl | et hal 5dose (50 111 total, 25 111 nostril)
of Influenza A/ PR/ 8/ 34 under hal ot hane i nduced anesthesia. On Day 3,
animals received one intra-peritoneal injection (100-150 Pd) of the test
conmpound. QmebaftcdorOmapbe addte anttivdhe. still alive received a second
intraperitoneal injection (100-150 IIl) of the test conmpound. 10 All

ani mal %were assessed daily for norbidity, weight |oss and survival from

Day 1 until | eas 0. r bi di-t v vari abl L. 0 ndition,

Post ure, AéAt ?t&/llﬂia ,gutfigfaﬁ)ygééfrfeé:gﬁf %v%ﬁ,gu%eso\giarcghpgﬁ?g%fo%%slelgtseg{%lygéf‘g%? g%% %" and

Ccul o/ NasalanfduseRbiciesheedBinise@ed dedsidfarorreiung it @edrdiged I41OWF Bigolsaal e of
severity: Normal (0), MId (1), Laboured (2) and Severe/Cull-point (3). 15
6) I n vivo sndusel Nty pesIUSihgndterabpiporvidet rabaoiniibe and e thupnepicdan

met abolite known as_2-(1, 1-di nethyl ethyl)am no-1-(3-

chl or ophen$fyHrEpdAcEddt (BCL053), in 10% et hanol, was delivered orally to
influenza infected mce, as follows. 20 Two groups of n=12 C57BLK/ 6 barrier
reared fenmale mce (6-8 weeks old, and between 15-18g in weight) were

i nt ranasal [Bpr chahplentje chanpichtically etthalivedosenobf torhpaeniz@ (a0 BRy8e3d4)m On day
3 post-challenge, the aninmals received the foll ow ng] treatnents:

about 0.07 Ug to about 700 mg, and preferably from about 0.7 g to about 70 mg, 'The

amount of compound (I) is from about 7 lg to about 7mg, or from about 7 Ug to

about 700 pug.

20
A “subject” may be a vertebrate, mammal, or domestic animal, and is preferably a
human being. Hence, medicaments according to the invention may be used to treat any
mammal, for example human, livestock, pets, or may be used in other veterinary
applications.

25

A “pharmaceutically acceptable vehicle” as referred to herein is any combination of
known compounds known to those skilled in the art to be useful in formulating

pharmaceutical compositions.

30  In one embodiment, the pharmaceutically acceptable vehicle may be a solid, and the

composition may be in the form of a powder or tablet. A solid pharmaceutically



group A received an oral gavage of 100111 of 10A Ethanol in water; and 25
group B received an oral gavage of 10011i containing 540g of bupropion

nmet abol i twoi2011103%656t hanol in water. The ani mal s were weipglmazB2arwghsmani t or ed
daily for norbidity and nortality up to day 6, when all animls were
culled. Average weight |oss per group ampg_survival were 30cal cul ated. WO
2011/ 018653PCT/ GB2010/ 051317 - 27 - Exanple 1 - Stimulation Experinents
using Mtogens. LPS and Con A Plasma B cells can enter mtosis when they
encount er afceRblgeRidameninglpde ivak or areyregicebulich max affotasgen is a

chem cal suypstance that, {riager .gnal__tran tion pa y$ . n_which

it ogen act VAT ag Bt Seeh R R R PL AN R AR IR S R IS col 1 to
comence Cebhpddsvios ialR, ink@®tHdegs, b0editdeds bSeserlbtires, d¥ict, Q9eiSysCaitabliet-
effectively used to stinulate | ynphocytes and therefore assess i mune
function. Bisimegrainsdens ThnpHody res alspibesgensansaatinemassdl t b pepldrsat e t he
ef fects ,of A viral i N eethiona 1R § 10, JhALgeNs ek, Lbey ) pyentor s used
to stinulate Yynp%ocy%eéi and therefore assess immune Function, were

|'i popol ysagghari.denhd ddigomadlGeosanamalthdlinfef ). A tabldd3tacicsivongddtcel | s
but not T cells, whereas Con A acts on T cells but not B cells. The effects
of two enbdéeymernikedvithnerchishplaring the peesstant eeimpiesfior pifipgrtes i swtable

15dobut am n referred to in the tahles as BCl021).-and ritodri BC1023),
on the evergbBOFHE it B B Fnd B IR DRl S IR

sti mul at ed pags@yps. coRelin Phes ado BifaRdadirBasdie! Saifabeeddid veRMBOIn WRle Efor

i ndependently adm nistered with each mtogen, LPS or Con A and then

t r eat ed%wi tehaeple kelciugopuesahiaemeagnesiomodedraie. talCogr) laeppre dertiat $atghr e

d d i i P . dded h t ffect 20
fﬁg F§5§|s%§?§$¥%ﬁ§8§h§O$H%9§%%§%ﬁ%&@§” f%%%%?%gg ?é?%ﬁ?%@y gr?ﬁg'presgzce

of the test conpound, dobutami ne or ritodrine. LPS stinulation studies The
results of the LPS stinulation experinments are shown in Tables 1 and 2. The
25 val ues ilfappidemepbedimgne tesphassgedtisd vehislegerycderm g and dlau@ngfositiva LPS

. i | ) i ith | FN-
Onl Y, SO Gl {TWSne K0S, I IMANSRIT A RTLOR Al LR LAk, e ther [Py

or TNFa, expresse S in‘the presence o LPS is said

to be 100%phaishckiitcat ansantiaabe angulf 2addite phhakidaesca bahpaditorexpy Bsged from
the PMBC cells in the presence of (i) LPS and (ii) either dobutam ne or
ritodrine, tht ®rexprevispnad iped celtlgyec3oet intireparpg sehitgng gesReasnns: ol .

oxpr eased FENTS Tovent: Ehviptat B Bssher it of g5 1557 iR iy o -
Det er m nat iberliRblvEddE YushewrliSn U pdeimdcBRiGty ntkghbleniq(iderstRid age ad Thier,

| evel s conpared to 100% untreated cells under LPS stinulation) + LPS
BC1021 ( dobatoaganifeyolwent,pgnixture of both or pharmaceutically acceptable oils ot fats.  The

20 liquid vehicle can contain other suitable pharmaceutical additives such as solubilisers,
emulsifiers, butfers, preservatives, sweeteners, flavouring agents, suspending agents,
thickening agents, colours, viscosity regulators, stabilizers or osmo-regulators. Suitable
examples of liquid vehicles for oral and parenteral administration include water
(partially containing additives as above, e.g. cellulose derivatives, preferably sodium

25 carboxymethyl cellulose solution), alcohols (including monohydric alcohols and
polyhydric alcohols, e.g. glycols) and their derivatives, and oils (e.g. fractionated
coconut oil and arachis oil). TFor parenteral administration, the vehicle can also be an
oily ester such as ethyl oleate and isopropyl myristate. Sterile liquid vehicles are useful
in sterile liquid form compositions for parenteral administration. The liquid vehicle for

30  pressurized compositions can be halogenated hydrocarbon or other pharmaceutically

acceptable propellant.
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Liquid pharmaceutical compositions which are sterile solutions or suspensions can be
utilized by, for example, intramuscular, intrathecal, epidural, intraperitoneal, intravenous
and particularly subcutaneous injection. The compound (I) according to the invention
may be prepared as a sterile solid composition that may be dissolved or suspended at
the time of administration using sterile water, saline, or other appropriate stetile

injectable medium.

The compound (I) may be administered orally in the form of a sterile solution or
suspension containing other solutes or suspending agents (for example, enough saline
or glucose to make the solution isotonic), bile salts, acacia, gelatin, sorbitan monoleate,
polysorbate 80 (oleate esters of sorbitol and its anhydrides copolymerized with ethylene
oxide) and the like. The compound (I) can also be administered orally either in liquid or
solid composition form. Compositions suitable for oral administration include solid
torms, such as pills, capsules, granules, tablets, and powders, and liquid forms, such as
solutions, syrups, elixirs, and suspensions. Forms useful for parenteral administration

include sterile solutions, emulsions, and suspensions.

All of the features described herein (including any accompanying claims, abstract and
drawings), and/or all of the steps of any method or process so disclosed, may be
combined with any of the above aspects in any combination, except combinations

whete at least some of such features and/or steps are mutually exclusive.

Embodiments of the invention will now be further described, by way of example only,
with reference to the following Examples, and to the accompanying diagrammatic

drawings, in which:-

Figure 1 is graph showing the results of an 7z »ivo mouse challenge, in which mice were
infected with a HIN1 virus, and then treated with a compound represented by formula
I, i.e. dobutamine (BC1021). Dobutamine was administered to the mice as a single
dose on day 3, and as a double dose, on days 3 and 4, and the weight loss of the mice

was measured. No dobutamine was added to the control mice;

6.

04



untreated BC1021 only BC1023 only 100111\4 101.LM 11.LM 100111\4
101.LM 11. LM 0.00% -0.99% -0.33% 1. 21% 5. 46% 2. 73% 1. 04% 0. 72 s.d. 1.06
s.d. 1.29%e.2011/0A8&5 s. d. PCT/GB2010/051317
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Figure 2 is a graph showing the survival rate of mice in the iz vivo mouse challenge
described in relation to Figure 1. The mice were administered with dobutamine as a
single dose on day 3, and on days 3 and 4, and the percentage rate of survival was

measured. No dobutamine was added to the mice of the control;

Figure 3 is a graph showing Sum Total Morbidity (not mortality) of the 7z »ivo mouse
challenge described in relation to Figure 1. The effects on morbidity (i.e. a general
measure of the well-being of the mouse) of single doses (on day 3) and double doses
(on days 3 and 4) of compounds represented by formula I, i.e. dobutamine (BC1021)

710 and ritodrine (BC1023), were measured. Line A: Control (no drug added); Line B:
BC1021, 1 dose on day 3; Line C: BC1021, 2 doses, on days 3 and 4; Line D: BC1023, 1
dose on day 3; Line E: BC1023, 2 doses, on days 3 and 4;

Figure 4 1s graph showing the results of an 7z vivo mouse challenge, in which mice were

75 infected with a H1NT1 virus, and then treated with 2 compound represented by formula
I, .e. 2-(1,1-dimethylethyl)amino-1-(3-chlorophenyl)propan-1-ol, which is one
embodiment of a bupropion metabolite (BC1053). The bupropion metabolite was
administered to the mice as a single dose on day 3, and as a double dose, on days 3 and
4, and the weight loss of the mice was measured. No metabolite was added to the

20  control mice;

Figure 5 is a graph showing the survival rate of mice in the 7z »v0 mouse challenge
described in relation to Figure 4. The mice were administered with the bupropion
metabolite as a single dose on day 3, and on days 3 and 4, and the percentage rate of

25 survival was measured. No metabolite was added to the mice of the control; and

Figure 6 shows the chemical structure of one embodiment of another embodiment of a

compound represented by formula I (e.g. a bupropion metabolite, denoted herein as
BC1053).

30

Examples



0.55 s.d. 1.74 s.d. 0.85 s.d. 5 Wth reference to the data shown in Table
1, the inventors were surprised to observe that the concentration of IFNy
was decr emoeediiinsdshe presence of either dobutam ne or riptodyB208/05M312PS
stinmul ated cells. Table 2 - Determ nation of TNF-a | evels under LPS
stimulation (Percentage 10 TNF-a |evels{conpared to 100% untreated cells
under LPS stinulation) + LPS BCl1021 (dobutam ne) +LPS BC1023 (ritodrine) +
LPS 100111\4 101.LM 11.LM 100111\4 101.LM 11.LM 100. 00% 81. 41% 84. 79%

91. 20% 85. 4% i85c Ty 67 ritdopue a28nge df /B agd dr vipy gipegingents in order to

determine the effects of various compounds represented by formula I on the
production of the cytokines, IFN-y and TNF-o. The inventors have demonstrated
in the results described below that both ritodrine, dobutamine and a bupropion

5 metabolite, (2-(1,1-dimethylethyl)amino-1-(3-chlorophenyl)propan-1-ol, denoted herein
as BC1053) surprisingly act as inhibitors of IFN-y and TNF-a. Furthermore, they
have demonstrated in 7z vzvo mouse models that administration of ritodrine, dobutamine
and the bupropion metabolite results in a reduction in the viral symptoms (i.e.
reduction in weight loss, increase in survival rate, and reduction in total morbidity) in

710  mice.

Materials and Methods

1) Isolation, culture and treatment of Peripheral Blood Mononuclear Cells (PBMC)

Blood was collected in 6ml vacutainers (green cap). Blood was processed within 2h of
15 collection. Materials used:

Non-coagulated blood; FCS; RPMI-1640 media supplemented with 1-Gln and P/S;

PBS; sterile tips and pipettes; Sterile 15ml Falcon; Sterile V-bottom 96-well plates with

lids; Neubauer chamber; Trypan Blue solution; 70% IPA solution; Accuspin-

Histopaque tubes (Sigma, A7054)

20
Procedure:
1. Dilute samples 1:1 in sterile PBS;
2. Add 30ml of diluted blood into an Accuspin-Histopaque tube (Sigma, A7054);
5. Centrifuge at 800rcf 15min at room temperature (R'T);

25 4. After centrifugation, the red blood cells will remain at the bottom below the frit.
The monocytes (PBMC) will be present on a layer above the frit, with the
plasma on top;

5. Collect the PBMC layer with a pipette into a fresh 15ml Falcon tube and top up
to 15ml of PBS;

30 6. Centrifuge at 250rct 10min at RT;

7. Discard the supernatant, flick the pellet and add another 10ml of PBS;



6.41 s.d. 7.09 s.d. 4.25 s.d. 2.01 s.d. untreated BCl1021 only
BC1023 only 100111\4 101.LM 11.LM 100p, M 10111\4 11.LM 0. 00% - 151. 15%
WO 2011/018653 PCT/GB2010/051317
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s. Centrifuge at 250rcf 10min at RT;

9. Repeat steps 7 and 8;

10. Discard the supernatant and resuspend the pellet in 1ml of complete medium
(RPMI-1640 10% FCS);

5 11. Count cells and make a 4x10° cell/ml suspension in complete medium. Add
100ul of cell suspension per well in a V-bottom 96-well plate. Then add 50ul of
stimulant or vehicle in complete media, and 50ul of drug or vehicle in complete
media. Incubate the cells for 24h at 37°C 5% COy;

12. After incubation, take 60pl of cell supernatant to measure IFNy and TNF« by
10 ELISA (OptEIA human IFNy, cat No. 555142 and human TNF, Cat No.

555212) following manufacturer’s instructions (BD Biosciences);

2) Human Umbilical Vein Endothelial Cells (HUVEC) Cell Seeding Protocol

Materials:

75 HUVEC (ECACC 200-05n); M199 medium (Sigma M2154); L-Glutamine solution
200mM (Sigma G7513) ; Penicillin/streptomycin (Sigma, P0781); Gentamicin/
amphotericin B (Invitrogen, from LSGS kit# S003K); Human epidermal growth factor
(hEGF) (Invitrogen, from LSGS kit# SO03K); Basic fibroblast growth factor (bHGFE)
(Invitrogen, from LSGS kit# S003K); Heparin. (Invitrogen, from LSGS kit# S003K);

20 Trypsin 10x solution (Sigma T4174); Sterile PBS (Sigma 1D8537); EDTA 0.02% solution
(Sigma E8008); Fetal Bovine Serum (Sigma F9665)

HUVEC complete growth media:
M199 medium containing 10% Foetal Calf Serum, 100 U/ml penicillin/0.1mg/ml

25 streptomycin, 2mM L-Glutamine, 10pg/ml gentamicin, 0.25pg/ml amphotericin B,
10ng/ml human epidermal growth factor (hEGF), 3ng/ml basic fibroblast growth
factor (bHGT) and 10ug/ml hepatin.

Procedure:
30 1. Harvest cells by trypsinisation when they are 80% confluent.
a. Remove medium;

b. Wash cell monolayer with 0.02% EDTA and dispose (4ml for T75);



-145.07% - 80. 18% -56.57% 0. 74% - 29. 75% 9. 82 s.d. 0.62 s.d. 1.70 s.d. 9.61
s.d. 10.00 s.d. 14.95 s.d. 8.13 s.d. Wth reference to the data shown in
Tabl e 2, wbeoitmuesssors were al so surprised to observe t lpatr/dB210/051317
concentration of TNF-a was al so decreased in the presence of either
dobutam ne or ritodrine in LPS stinulateg_ cells. The negative values in

15t he controls suggest that the | evels of cytokine are rising. However,
since the concentrations of cytokines are very low at the end of the
treatment, the inc¢eddreticongnixylpsf prlption V@é@?ﬂd OrBEERMOY WG LD 051317 -
29 - Con A stinulatiqn die The results of the Con A experinents are
illustrated in Tabl essog%éﬁﬁmﬁés all qu'lcgﬁﬁ’e 3 - Determnation of TNF-a | evels

under Con A sti mul &t iRemdveersmenifage ryid Miudod Rvatdaegpared to 100%
untreated cells under Con A stinmulation) + Con A 5 BCl1021 (dobutam ne) +
ConA BC1023 (ritodei Aeycap topHzsk apdapomtor the trypsinisation under 2 microscope;

5 t.  When cells become rounded release them by hitting the side of the flask
against your palm until the cells detach;
g. Add FCS to the flask and mix (2ml for T75);
h. Harvest the cell suspension into a 15ml Falcon and top up the volume
with 10ml serum free medium,;
10 1. Centrifuge at 250g 5min;
j. Dispose of the supernatant, flick the pellet and resuspend it in 1ml of
complete medium.
k. Count the cells using the haemocytometer and prepare the required
volume of cell suspension at 2.5 x10* cells/ml.
15 2. Seed flat bottom 96-well plates with 200ul of cell suspension per well
(=5x10%cells/well). Incubate plates for 4-5 days at 37°C and 5% COz, until
>80% confluency is reached, changing the media every other day where

possible.

20
3) HUVEC Stimulation/Treatments Protocol

Materials:
M199 medium (Sigma M2154); L-Glutamine solution 200mM (Sigma G7513);

25 Penicillin/streptomycin (Sigma, P0781); Gentamicin/ amphotericin B (Invitrogen, from
LSGS kit# S003K); Human epidermal growth factor (hEGF) (Invitrogen, from LSGS
kit# SO03K); Basic fibroblast growth factor (bHGFE) (Invitrogen, from LSGS kit#
S003K); Heparin (Invitrogen, from LSGS kit# S003K); Sterile PBS (Sigma D8537);
Fetal Bovine Serum (Sigma IF9665); Ibuprofen (Sigma 1110); Ethanol (Fisher

30  E/0600/17); DMSO (Sigma D4540); TNF-o, human, natural (NIBSC 88/786); Pipettes
and sterile pipette tips; Sterile universals or Falcon tubes; Sterile 1.5ml screwcap tubes;

70% Isopropanol solution; Virkon.



10111\4 11.LM 100p, M 10111\4 11. LM 100. 00% - 33. 95% 102. 36% 103. 05% 104. 93%
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HUVEC complete growth media:
M199 medium containing 10% Foetal Calf Serum, 100 U/ml penicillin/0.1mg/ml

streptomycin, 2mM L-Glutamine, 10ug/ml gentamicin, 0.25ug/ml amphotericin B,
10ng/ml human epidermal growth factor (WEGF), 3ng/ml basic fibroblast growth
5 factor (bHGF) and 10ug/ml hepatin.

Stimulant/treatments:

TNF-a (100U/ml); Test compounds (100, 10, & 1uM) with TNF-o (100U/ml); Test

compounds (100, 10, & 1uM) only; Compound vehicle controls (0.5% DMSO and
10 0.1% ethanol); Ibuprofen control (1mM) with TNF-a (100U/ml); Ibuprofen control

(1mM) only; Complete media only

Procedure:
1. Prepare TNF-o at 100U/ml in complete HUVEC growth media;
15 2. Prepare fresh stock of test compounds at 20mM in DMSO;
3. Prepare test concentrations of the compounds (100, 10 and 1uM) in complete
HUVEC growth media with and without TNF-o;
4. Prepare ibuprofen control stock at 1M in ethanol. Dilute to ImM in complete
HUVEC growth media with and without TNF-o;
20 5. Prepare the controls for the drug vehicles (0.5% DMSO and 0.1% ethanol) in
complete HUVEC growth media;
6. Remove media from wells and add 150ul of the tests and controls, in triplicates.

7. Incubate plate/s for 18 hours at 37°C and 5% CO..

25 4 Vascular Cell adhesion molecule-1 (V-CAM-1) ELISA Protocol

Kit used: DuoSet human VCAM-1 Elisa Set (R&D Systems DY809)

Buffers:

30 Wash buffer — PBS/ 0.05% Tween 20 (Sigma P9416)
Assay diluent — PBS/1% BSA (Sigma A30590
Substrate solution — TMB solution (Sigma T0440)
Stop solution — 2N H2SOy4



BC1021 only BC1023 only 100p, M 10111\4 11.LM 100p, M 10111\4 11.LM
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Capture Antibody — stock @ 360ug/ml. Dilute to working concentration of 2ug/ml

(1:180)

Detection Antibody — stock @ 36pg/ml. Dilute to working concentration of 200ng/ml
5 (1:180)

Standards — stock @ 70ng/ml. Top standard @ 1000pg/ml (1:70)

Streptavidin-HRP — Dilute 1:200

Procedure:
10 1. Dilute capture antibody in PBS;
Coat plate with 100ul/well;
Seal plate and incubate overnight @ room tempetrature;

Empty wells and wash 3x with wash buffer. Blot dry;

SANEF I S

Add 180ul/well of assay diluent, to block the plate. Seal the plate and incubate
15 for 1Thr @ room temperature;
6. Empty wells and wash 3x with wash buffer. Blot dry;
7. Add standards (duplicates), samples (triplicates) and controls (triplicates)
60ul/well. Seal the plate and incubate for 2hr (@ room temperature;
8. Empty wells and wash 3x with wash buftfer. Blot dry;
20 9. Add detection antibody 60ul/well. Seal the plate and incubate for 2hr @ room
temperature;
10. Empty wells and wash 5x with wash buffer, leaving plate to soak for at least 30
seconds between each wash. Blot dry;
11. Add streptavidin-HRP 60ul/well. Seal the plate and incubate for 20min @ room
25 temperature;
12. Empty the wells and wash 5x with wash butfer, leaving plate to soak for at least
30 seconds between each wash. Blot dry;
13. Add TMB substrate solution 60ul/well. Seal the plate and incubate for 20min @
room temperature;
30 14. Add 30ul/well of stop solution;
15. Read absorbance @ 450nm.



Wth reference to the data shown in Table 3,
the concentration of TNF-a was al so decreased in the presence of either

dobut am nwoaniwdigeddri ne in Con A stinulated cells. 10 TeblraB20t0/051317

Det er m nati on of

| evel s conpared to 100% untreated cel |l sognder Con A stinmul ation)
Con A 5 BC1021 (dobutam ne) + ConA BCl023 (ritodrine) + ConA 100p, M

10111\4 11.LM 100p, M 10111\4 11.LM 100.00% - 1. 80% 32. 77% 63. 40% 41. 69%

34. 25%
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5) In vivo mouse studies using dobutamine

Protocol:

Fifty (50) C57BL/6 female mice (6-7 weeks old), were divided into fout expetimental
groups containing ten (10) animals each. On day 1, animals received an intranasal lethal
dose (50 pl total, 25 pl nostril) of Influenza A/PR/8/34 under halothane induced
anesthesia. On Day 3, animals received one intra-peritoneal injection (100-150 pl) of
the test compound. On Day 4 or 5, all animals still alive received a second intra-

peritoneal injection (100-150 ul) of the test compound.

All animals were assessed daily for morbidity, weight loss and survival from Day 1 until
at least Day 6. Morbidity variables (i.e. Body Condition, Posture, Activity, Piloerection,
Respiration, Vocalisation, Ataxia and Oculo/Nasal Discharges) were recorded
according to the following scale of severity: Normal (0), Mild (1), Laboured (2) and
Severe/Cull-point (3).

6) In vivo mouse studies using bupropion metabolite

The bupropion metabolite known as 2-(1,1-dimethylethyl)amino-1-(3-
chlorophenyl)propan-1-ol (BC1053), in 10% ethanol, was delivered orally to influenza

infected mice, as follows.

Two groups of n=12 C57BLK/6 bartier reared female mice (6-8 weeks old, and
between 15-18g in weight) were intranasally challenged with a lethal dose of influenza
(A/PR/8/34). On day 3 post-challenge, the animals received the following treatments:
® group A received an oral gavage of 100ul of 10% Ethanol in water; and
® group B received an oral gavage of 100ul containing 540ug of bupropion

metabolite in 10% Ethanol in water.

The animals were weighed and monitored daily for morbidity and mortality up to day 6,
when all animals were culled. Average weight loss per group and survival were

calculated.

the inventors observed that

| FN-y | evel s under Con A stinulation (Percentage | FNy

+



39.93% 18.07 s.d. 0.42 s.d. 4.60 s.d. 1135 s.d. 6.02 s.d. 2.35 s.d. 9.81
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FExample 1 — Stimulation Experiments using Mitogens, I.PS and Con A

Plasma B cells can enter mitosis when they encounter an antigen matching their

5 immunoglobulin. A mitogen is 2 chemical substance that triggers signal transduction
pathways in which mitogen-activated protein kinase is involved, thereby encouraging a
cell to commence cell division, leading to mitosis. Thus, mitogens can be effectively
used to stimulate lymphocytes and therefore assess immune function. By stimulating
lymphocytes, mitogens can be used to replicate the effects of a viral infection.

10
The two mitogens that the inventors used to stimulate lymphocytes, and therefore
assess immune function, were lipopolysaccharide (LPS) and Concanavalin A (Con A).
LPS acts on B cells but not T cells, whereas Con A acts on T cells but not B cells. The
effects of two embodiments of the compound represented by formula I, 1.e.

15 dobutamine (referred to in the tables as BC1021) and ritodrine (BC1023), on the levels
of IFN-y and TNT-a were investigated in LPS and Con A stimulated assays. Peripheral
Blood Mononuclear Cells (PMBC) were independently administered with each mitogen,
LPS or Con A, and then treated with eithetr dobutamine ot ritodrine. Control
experiments were conducted in which no LPS or Con A was added, such that any effect

20 on the levels of IFN-y and TNT-« could be directly attributed to the presence of the

test compound, dobutamine or ritodrine.

L.PS stimulation studies

The results of the LPS stimulation experiments are shown in Tables 1 and 2. The
25 values in the Tables are expressed as the percentage value of the LPS only

control. Thus, the maximum concentration of the cytokine, either IIFN-y or TNF-

o, expressed from the PMBC cells in the presence of only LPS is said to be 100%, and

the concentrations of the cytokines that are expressed from the PMBC cells in the

presence of (1) LPS and (ii) either dobutamine or ritodrine, are expressed as percentage
30  of the LPS only 100% control. Standard deviation values (s.d.) are given

underneath each value of expressed IFN-y levels.



10111\4 11.LM 0.00% -3.26% -2.51%-2.61% -1. 87% - 1. 52% - 0. 86% 0. 29 s.d.
0.75 s.d. 0.46 s.d. 0.62 s.d. 0.21 s.d. 0.35 s.d. 1.09 s.d. Wth

r ef erencewbdotihasabat a shown in Table 4, the inventors wece/GBoyw/ewipri sed
15 to observe that the concentration of IFNy was decreased in the presence
of either dobutam ne or ritodrine in CopgA stinulated cells. In particular,
the WD 2011/018653PCT/ GB2010/ 051317 - 30 - inventors observed that the

dose of 100111\4 dobutam ne had a significant effect in decreasing the
concent r at ilahleot - IPxreyminationgyfaliiNig lovels paderlph$ atiingintipn (fﬂeﬁcq&é&@%&ge

cell survi Vf}'eveq?f c%coﬁarAgd %g§ hW}lo%t_g%gateéﬁ%%'u%dEQig's”s‘{ﬁﬂ‘&lg%ﬁ@n)”eas‘” ed the cell
survival r are shown in Table

5. Table 5 - Percentage cell survi val conpared to 100% untreated cells
under Con A _10stinulatiaon
+ LPS BC1021 (dobutamine) + LPS BC1023 (ritodrine) + LPS
100uM 10uM [ 1uM 100uM 10uM TuM
100.00% | 37.22% 29.84% | 82.88% 38.74% 51.41% 44.79%
42.81s.d. 1551 s.d. 6.04 s.d. | 26.61 s.d. 1551 s.d. 13.69 s.d. | 9.28 s.d.
untreated | BC1021 only BC1023 only
100uM 10uM | 1uM 100uM 10uM TuM
0.00% -0.99% -0.33% | 1.21% 5.46% 2.73% 1.04%
0.72 s.d. 1.06 s.d. 1.29 s.d. | 0.55 s.d. 0.55 s.d. 1.74 s.d. 0.85 s.d.

5 With reference to the data shown in Table 1, the inventors were surprised to
observe that the concentration of IFN-y was decreased in the presence of either

dobutamine or ritodrine in LLPS stimulated cells.

Table 2 — Determination of TNF-o levels under I.PS stimulation (Percentage

10 TNF-a levels compared to 100% untreated cells under LPS stimulation)

+ LPS BC1021 (dobutamine) +LPS BC1023 (ritodrine) + LPS

100u.M 10uM 1uM 100u.M 10uM 1uM
100.00% | 81.41% 84.79% | 91.20% 85.74% 85.01% | 62.12%
6.28 s.d. 2.95 s.d. 231 sd. | 641 s.d. 7.09 s.d. 4.25 5.d. | 2.07 s.d.
untreated | BC1021 only BC1023 only

100u.M 10uM 1uM 100u.M 10uM 1uM
0.00% -151.15% -145.07% | -80.18% -56.57% 0.74% -29.75%
9.82 s.d. 0.62 s.d. 1.70 s.d. | 9.67 s.d. 10.00 s.d. 14.95 s.d. | §.13 s.d.

With reference to the data shown in Table 2, the inventors were also surprised to
observe that the concentration of TNF-a was also decreased in the presence of
either dobutamine or ritodrine in LPS stimulated cells. The negative values in

75 the controls suggest that the levels of cytokine are rising. However, since the
concentrations of cytokines are very low at the end of the treatment, the increase

is only minimal.



+ Con A 5 BC1021 (dobutam ne) + Con A (5g/m) BCl023 (ritodrine) + Con A

(5g/m)

100p, M 10111\4 11.LM 100111\4 101.LM 11. LM 98. 33% 48. 22% 71. 40%

81. 09% 75w 0%1/A8666% 80.61% 1.68 s.d. 2.32 s.d. 1.52 s. ecTHB810%050B3172. 72
s.d. 2.77 s.d. 5.80 s.d.
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Con A stimulation studies
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The results of the Con A experiments are illustrated in Tables 3 and 4.

Table 3 — Determination of TNF-« levels under Con A stimulation (Percentage

TNF-a levels compared to 100% untreated cells under Con A stimulation)

+ Con A 5 | BC1021 (dobutamine) + ConA BC1023 (ritodrine) + ConA

100u.M 10uM 1uM 100u.M 10uM 1uM
100.00% -33.95% 102.36% | 103.05% | 104.93% 106.20% | 103.92%
2.31 s.d. 1.44 s.d. 2.66s5.d. | 1.53s.d. | 250 s.d. 222 5.d. | 4.87 s.d.
untreated | BC1021 BC1023 only

only

100u.M 10uM 1uM 100u.M 10uM 1uM
0.00% -42.84% -33.21% | -35.44% | -14.80% -24.69% | -5.94%
6.39 s.d. 1.10 s.d. 4.03 s.d. | 2.55 s.d. 18.73 s.d. 2.81 s.d. | 6.46 s.d.

With reference to the data shown in Table 3, the inventors observed that the

concentration of TNF-a was also decreased in the presence of either dobutamine

or ritodrine in Con A stimulated cells.

Table 4 - Determination of IFN-v levels under Con A stimulation (Percentage IFN-y

levels compared to 100% untreated cells under Con A stimulation)

+ ConA5 | BC1021 (dobutltmine) + C|onA BC1023 (ritodrin|e) + ConA|

100u.M 10uM 1uM 100u.M 10uM 1uM
100.00% -1.80% 32.77% | 63.40% | 41.69% 34.25% | 39.93%
18.07 s.d. 0.42 s.d. 4.60 s.d. | 11.35 5.d. | 6.02 s.d. 2.35 5.d. | 9.87 s.d.
untreated BC1021 only BC1023 only

100u.M 10uM 1uM 100u.M 10uM 1uM
0.00% -3.26% -2.51% -2.61% | -1.87% -1.52% | -0.86%
0.29 s.d. 0.75 s.d. 046 s.d. | 0.62s.d. | 0.27 s.d. 0.35 s.d. | 1.09 s.d.

With reference to the data shown in Table 4, the inventors were very surprised

to observe that the concentration of IFN-y was decreased in the presence of

either dobutamine or ritodrine in Con A stimulated cells. In particular, the




Untreated BC1021 only  BC1023 only 100p, M 10111\ 4 11.LM 100p, M 10111\ 4
11. LM 98. 81% 44. 95% 69. 80% 76. 89% 72. 56% 75. 25% 78.69% 1. 06 s.d. 2.78 s.d.
WO 2011/018653 PCT/GB2010/051317
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inventors observed that the dose of 100uM dobutamine had a significant effect in

decreasing the concentration of IFN-y.

Example 2 — Determination of the percentage cell survival of Con A stimulated

5 cells
The inventors measured the cell survival rate of Con A stimulated cells, and the

results are shown in Table 5.

Table 5 — Percentage cell survival compared to 100% untreated cells under Con A

70 stimulation

+ Con A5 | BC1021 (dobutamine) + Con A BC1023 (ritodrine) + Con A

(Gpg/ml) (Gpg/ml)

100uM 10uM 1uM 100uM 10uM 1uM
98.33% 48.22% 71.40% | 81.09% 75.27% 79.76% | 80.61%
1.68 s.d. 2.32 s.d. 1.52s5.d. | 2.78 s.d. 2.72 s.d. 2.77 sd. | 5.80 s.d.
Untreated | BC1021 only BC1023 only

100uM 10uM 1uM 100uM 10uM 1uM
98.81% 44.95% 69.80% | 76.89% 72.56% 75.25% | 78.69%
1.06 s.d. 2.78 s.d. 1.86 5.d. | 1.04sd. | 257 s.d. 2,18 s.d. | 2.59 s.d.

As can be seen in Table 5, for all doses of ritodrine and dobutamine, percentage
cell survival was higher in the presence of either ritodrine or dobutamine
compared to the untreated controls. Accordingly, the inventors have

15 demonstrated that administration of either compound to Con A stimulated cells

results in a higher survival rate than untreated controls.

Example 3 — Determination of cell cytotoxicity when exposed to digitonin under

Con A stimulation

20  Digitonin is a glycoside obtained from Digitalis purpurea, which acts as a detergent, and
etfectively water-solubilizes lipids in the plaama membrane. Therefore, digitonin can be

used to permeabilise cell membranes. The inventors therefore investigated digitonin’s



1.86 s.d. 1.04 s.d. 2.57 s.d. 2.18 s.d. 2.59 s.d. As can be seen in Table
5, for all doses of ritodrine and dobutam ne, percentage cell survival was
hi gher i rwpheipnssence of either ritodrine or dobutam necrammrarmdiie t he
untreated controls. Accordingly, the inventors have 15 denonstrated that
adm ni stration of either conpound to CoR{A stinulated cells results in a
hi gher survival rate than untreated controls. Exanple 3 - Determ nation of
cel | cytotoxicity when exposed to digitonin under Con A stinulation

20Di gi t oni well srembyrieclopsmdebibpratiees ot ban Di-gimalkicd cplls tptdeéeamlwhéh acts as
a det er gent to%mﬁ(jj gfffec%sc (5% V%ld)flnvcmotred’o_hg?arggllel ! a%%e é S olwdssrh st e pl aama

menbr ane. ere ore, drgr onin can Fieapi T i se “eel | menbranes.
The inventors t herefore investigated dlgltonln s WO
2011/018653PCT/682010/051317 - 31 - ceII nenbrane perneabilising effects on

Con A-sti mH ol —¢ S i PALCE Pk for disftapingungier Goodr i ne or
dobut am_ne. Taglgip shoms the results Table 6 - Percentage cytotoxicity
conpareé t o 6tor digitonin under Con A 5stimulation + Con A 5 BCl1021

(dobut am j&) ConGop [BCHR @b ReANRS) £ [GIAT | BE)1023 GoddAinepF Toh AINT | gairested
100111\ 4 10111\4 1p,b4dPQR, M 10111\4 1p, M | (5u0/ml)

100uM | 10pM TuM 100uM | 10pM TuM

50.35% 38.65% 32.21% 34.99% | 34.44% | 35.55% 33.39% | 49.86%

1.46 s.d. 1.66 s.d. 1.14 s.d. 1.68 s.d. | 1.35s5.d. | 1.55 s.d. 2.36 s.d. | 3.05 s.d.

untreated | BC1021 BC1023
only only
100u.M 10uM 1uM 100uM | 10pM 1uM

52.09% 32.33% 42.94% 47.71% | 43.81% | 43.63% 44.54%

1.78 s.d. 1.14 s.d. 0.85 s.d. 1.05s5d. | 1.79s5.d. | 1.70 s.d. 1.68 s.d.

With reference to Table 6, in the vast majority of cases, cytoxicity rates were
lower in samples treated with either ritodrine or dobutamine. The only
exception was for the 100uM dose of dobutamine, but the inventors believe that

10 this result 1s statistically insignificant.

Example 4 — I» vivo mouse studies using dobutamine

Using standard techniques as described above, mice were infected with a HIN1 virus
which was allowed to become established in each of the subjects. Each test mouse was
15 then treated with dobutamine (BC1021) either with a single dose on day 3 after
infection with the virus, or as two doses, one on day 3 and one on day 4 after infection.
In the control mice, no dobutamine was administered. The weight loss of both treated

and untreated mice was then determined.

20 As shown in Figure 1, the mice that received two doses of dobutamine (on days 3 and 4
after infection with the virus) showed at least a 10% lower reduction in weight loss than
the control mice. Accordingly, although the inventors do not wish to be bound by
hypothesis, they believe that the reduced levels of the cytokines, IFN-y and TNTF-a, in

H1N1-infected mice upon exposure to dobutamine results in the mice maintaining their



50. 35% 38. 65% 32. 21% 34. 99% 34. 44% 35. 55% 33. 39% 49. 86% 1. 46 s.d. 1.66 s.d.
1.14 s.d. 1.68 s.d. 1.35 s.d. 1.55 s.d. 2.36 s.d. 3.05 s.d.
unt r eat edwB8GLOAT 86381 Y PCT/GB2010/051317
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weight. The inventors believe that the single dose of dobutamine had little effect on

the mice because it has a shott half-life.

Referring to Figure 2, there are shown the results of percentage survival of mice treated
5 with dobutamine. As can be seen in Figure 2, mice treated with two doses of

dobutamine, one on day 3 and one on day 4, showed a higher survival rate than the
control, untreated mice. Again, the inventors postulate that the short half-life of
dobutamine was to blame for the single dose of this compound having little effect on
the mice.

10
The inventors also investigated the effects of dobutamine (single and double doses) as
well as ritodrine (single and double doses) on the Sum Total Morbidity of the tested
mice. Referring to Figure 3, there are shown the data of these experiments. The value
of Sum Total Morbidity corresponds to a confidence value of the general “wellness” of

15 the mice, and takes into account the quality of the fur and grooming of the mice, and
whether or not the mice are able to feed and walk. Measurement of Morbidity values
will be known to the skilled technician. As can be seen in Figure 3, all doses of both
dobutamine and ritodrine, whether single or double, resulted in an improvement of the
morbidity value of the treated mice, giving a clear indication that the viral symptoms

20 had been reduced. However, it is particularly noteworthy that mice that had been given
two doses of dobutamine and ritodrine (i.e. Groups C and E), showed the most
improvements, with Group E (i.e. doses with dobutamine on days 3 and 4) being the

most effective.

25 Example 5 — Iz vivo mouse studies using bupropion metabolite

As described above, mice were infected with a2 HIN1 virus which was allowed to
become established in each of the subjects. Fach test mouse was then treated with 2-
(1,1-dimethylethyl)amino-1-(3-chlorophenyl)propan-1-ol (i.e. a bupropion metabolite,
BC1053) with a single dose on day 3 after infection with the virus. In the control mice,
30  no metabolite was administered. The weight loss of both treated and untreated mice

was then determined.



BC1023 only 100111\ 4 10111\4 1p, M 100p, M 10111\ 4 1p, M 52.09% 32. 33%
42.94% 47. 71% 43. 81% 43. 63% 44.54% 1.78 s.d. 1.14 s.d. 0.85 s.d. 1.05 s.d.
1.79 s. d.wo 2011/018653 PCT/GB2010/051317
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As shown in Figure 4, the mice that received a dose of the bupropion metabolite (on
day 3 after infection with the virus) showed at least a 30% lower reduction in weight
loss than the control mice. Accordingly, although the inventors do not wish to be
bound by hypothesis, they believe that the reduced levels of the cytokines, IFN-y and
5 TNF-a, in HINT1-infected mice upon exposure to the bupropion metabolite results in

the mice maintaining their weight.

Referring to Figure 5, there are shown the results of percentage survival of mice treated
with the bupropion metabolite. As can be seen in Figure 5, mice treated with the
710 metabolite showed a much higher (about 30%) survival rate than the control, untreated

mice.

Summary

In summary, the inventors were surprised to observe that both dobutamine and

15 ritodrine acted as cytokine inhibitors (i.e. IFN-y and TNF-a), especially given the poor
pharmacokinetics of these two drugs. They therefore believe that any compound
represented by formula (I) may be used as an IFN-y and TNF-« inhibitor, which can be
used in the treatment of a viral infection, such as influenza. The encouraging results of
the z# vivo mouse studies described in Example 4 clearly demonstrate that mice infected

20 with a HIN1 virus can be effectively treated by administration of either single, but
especially double, doses of dobutamine or ritodrine. Hence, it is clear that any

compound (I) could be used to treat viral infections.



1.70 s.d. 1.68 s.d. Wth reference to Table 6, in the vast mgjority of
cases, cytoxicity rates were lower in sanples treated with either ritodrine
or dobut avone11/0ik&3onl y exception was for the 100111\ 4 dossBrbiodbsisiram ne,
but the inventors believe that 10this result is statistically
insignificant. Exanple 4 - In vivo nouse,studies using dobutam ne Using
standard techni ques as descri bed above, mce were infected with a HLNL
virus which was allowed to becone established in each of the subjects. Each
test nouse was 15 then treated with debMMfi ne (BC1021) either with a

singl e dose on fter-dnfection with the virus, or as two doses, one
on gay 3 aﬁd onge§ﬁ§%§§K§ﬁg?gg?ﬁ#ﬁfection. In the control mce, no
dobut am ne was adnrni stered. The weight | oss of both treated and untreated
mce was then deterqmined. 20 As showgsin Figure 1, the mice that received

two doses qf, dobutam ne (qQn days and 4 after infection with the virus)
showed at |'eas NG | ovee egucitQn in wei ght loss than the control m ce.
Accordi ngly, he invEntors o not wi sh to be bound by hypothesis,

t hey believe thj
HIN1-i nfected .
mai nt ai ni ng g'eir D 20TRE018653PCT/ GB2010/ 051317 - 32 - weight. The
inventors b&’i eve tlhat the single dose of dobutanine had little effect on
the mce because it ,has a short half-life. Referring to Figure 2, there are
shown the results Bf percentage gurvival of mce treated 5 with dobutam ne.
As can be seen in Figure 2, mce treated with two doses of dobutam ne, one
on day 3 arche@e-on day 4, showed a higher survival rate than the control
untreated mce. Again, the inventors postulate that the short half-life of
dobut ani’ne M@ H ke {dF5 t he single dose of this compound having little
effect on t i e.inwentors also investigated the effects of

dobut am ne g?%gﬁgagﬁgnégggkgﬁﬂoses) as well as ritodrine (single and

doubl e doses)is BINCHNE KaltpeRof @lbstadd ¢h dngulpsitdtb@ atest @dupliaoe.s alRgf@rring to
Figure 3, there are shown the data of these experinents. The val ue of Sum
Total Nor bisthory! ssown ©ppordy stbstiuted pithdascs mee e O, emogadépal " wel | ness”
of 15 the m t ak int count. t he ity of, the fur and groom ng
of 1he m coPiEnaB RSP R O R ATRA LD SRR A RES LLG Sk

Measur epentR3ahd Monkd ¢ich Yndé?lsﬂ}t&&tly\/iH, lOThex kaiowa, & euishigntskbd hedbitgadani ci an. As
can be seen in Figure 3, all doses of both dobutam ne and ritodrine,

whet her si ngliee giougoeitd €15 Alked ar tleeryl aroan. ersmethepsniitgdd vivk oppphimgirte y val ue
of the tre ] i Vi r iipdi.cati on viral synptons 20
had been rS%Sggg%%ﬁ%V%§%??ggﬁxﬁgfgé??Pﬂﬁﬁ§¥#§f%épéagé?ﬁ"that m ce that had
been gi ven R®WwpH¢gloses of dobutam ne and ritodrine (i.e. Goups C and E)
showed t he nost inprovenents, with Goup E (i.e. doses with dobutam ne on
days 3 and R4)s Het hgs thhel gipar csrpeetiedevitho® Exanpl e 5 - In vivo nouse

st udi es, .usi ' |ite As described above, mice were infected
W th a7ﬁ1pr%?$E§{&ﬁ#@ﬁaagéﬁgﬁiomed to becone established in each of the
subj ects. BaGhcdrEiSihedBUERWRR I iR a brgaliedhad, bin2hed or cyclo- Ci-Co alkyl

(1, 1- di met hyl et hyl ) am no- 1- ( 3- chl or ophenyl ) propan-1-ol (i.e. a bupropion
net abol i t e 2BCLOBBYNANY frfluding pryl @ Botehcwiodsym 3 df taspon pfckes apd wi th t he
virus. In th trol..mge,. .30 n | ] dm ni stered,,.The wei ght
oss of borhopyaarai st fio el sk akPohER BB, 33 108
shown in Fisgiteurdd witheond @enddd@dHIRCRi; Wkdxd odaiel @bup;he bupr opi on

nmetabolite (on day 3 after infection with the virus) showed at |east a 30%
| ower rZQducyfhe@rgop]Ylplm Bhend R?, together with the associated ring carbon atoms, form an

optionally O substituted cycloalkyl, cycloalkenyl, cycloheteroalkyl or cycloheteroalkenyl

educed|l evel s of the cytokines, IFNy and TNF-a, in

group of 5 or 6 carbon atoms, or 4 or 5 carbon atoms and a hetero atom;
when combined, R¢ and R8, together with the nitrogen atom carrying R8 and the carbon
atom carrying R¢, form a 5 or 6 membered cycloheteroalkyl group; and,

25 when combined, R7 and R8, together with the nitrogen atom carrying them, form an

optionally benzyl substituted 5 or 6 membered cycloheteroalkyl group;



| oss than the control mce. Accordingly, although the inventors do not w sh
to be bound by hypothesis, they believe that the reduced |evels of the

cyt oki neswol2biV/ois@Bd 5 TNF-a, in HLNL-infected m ce upomrce)gBesLvis13ie the
bupropion nmetabolite results in the mce maintaining their weight.
Referring to Figure 5, there are shown_the results of percentage surviva

of mce treated with the bupropion netabolite. As can be seen in Figure 5,
mce treated with the 10 netabolite showed a much hi gher (about 30%

survi val r&te pPhaapecenécalp ptceplablegalt peselerte fieeeot; Sutmmary  In sunmary, the
inventors were rprised to ve that both dobutam ne and 15ritodrine
acted as cy o |ﬁ%ngnn%fﬁ%ﬁﬁagéﬁﬁlapﬁﬁly and TNF-a), especially given the
poor pharnacokinetics of these two drugs. They therefore believe that any
conmpound represented by fornula (I) be used as an |FN-y and TNF-a

i nhi bi tor, Zwhi chAcamPeend se@rding thelaint Lﬂ’%ﬁﬂ Rotis ahydrpgyalky ﬁg@@pi @ such as

1 venze, JASRSISPUARA0.L RRALIS,oh OIE AOCYLYOERLSG S Eush AR flecr bed
can be eff%ﬁ&@@@ & et @dnl dptﬁﬂl@lﬁWﬁéﬂeﬁiRQ@foOHIdr@r single, but

especi ally double, doses of dobutamine or ritodrine. Hence, it is cl ear
that any conpound (1) could be used to treat viral infections.

2011/ 01865%PCT/ %20%%4 92 317rd-1ngéﬁ2any éA‘CJe%glcl]éim \x%l)e 1n ég pﬂﬁ}ﬁ@% - Rl
N

| wherein:- or’ co is H,
H, a halogg@phgcagbstltuted or unsubstituted am no group, a C15 al kyl or

al koxyl group, optionally substituted with one or nore O, OH am no and/or
optionally C13 al kyl substituted phenyl group, or conbined with 10; 10 R3

and R4 are jeach jnc ge@nqiear&gg%lrgte%y g??( &ng%BﬂP hesr%9‘°1$3'léplt Rq{ AR OIR Ny y

unsubstltuted am no grou koxyl™ group,

substituted with one or nore 0, OH, am no and/or optionally C13 al kyl
substituted phenyl group; RS is H R6 is H a Cl5 al kyl grou or conbi ned
with R8; 15 R7 ilscompencasapiciradonny rraRedingglains, whspnridds DEiRG or R7, or

is a Stra'@ﬂﬁ(ﬁﬁ@i Cbrablllqazimche mﬂl{%L?$H§§¢g%%ﬁléﬁelgroup, optionally

i ncl udi ng one"or nbre om S car eton and optionally
substitmyted with one or nore OH, and/or C56 aryl group, optionally
substituted with one or nore OH or Cl15 al koxyl or alkyl group

6 compound according to any preceding claim, wherein R is methy1 ethyl, or

H.

7. A compound according to any preceding claim, wherein R7 is H.

20
8. A compound according to any preceding claim, wherein R® is a straight chain or
branched C>-Cs alkyl group, optionally substituted with OH, phenyl, PhOH or
PhOCHs, optionally wherein R8 is tert. butyl, isopropyl, -C(CH3)>OH, -CH.PhOCH3,-
(CH>2):PhOH, -CH(CH3)CH2CH2Ph, or -CH(CH3)CH-CH>PhOH.

25

A compound according to any one of claims 1 to 7, wherein R8 is :-

CH5CH53
4@@[ ——(CH2)s0(CHy)s
CH5>CH;, of



20 when conbined, 10 and R2, together with the associated ring carbon
atons, forman optionally O substituted cycl oal kyl, cycl oal kenyl

cycl ohet ewoabkiyl1sess cycl ohet er oal kenyl group of 5 or 6 eerTwBrENGIE; Or 4
or 5 carbon atons and a hetero atom when conbi ned, R6 and R8, together
with the nitrogen atomcarrying R8 and_ghe carbon atomcarrying R6, forma
5 or 6 nenbered cycl ohet eroal kyl group; and, 25 when conbi ned, R7 and RS,
together with the nitrogen atomcarrying them form an optionalty benzyl
substitutedV5 or\ eompedset asgorsing hay ereailiegiclagpoulpercinyghen combined, R

2011/ 018653PCT/, 010/051317 - 35 - or a pharnmaceutically acceptable salt
or solvatea?ﬁzggg ;%Fﬁgéﬂ%é intreating an acute viral infection. 2. A
conmpound accordi o0 claiml, wherein R2 is a hydroxyal kyl group, or a 5
car bonyl oxy gr is, preferably, H OH HOCH2-, 0=CHNH, CH3PhCOO-,
NH2CO00-, or a hal ogen, optionally wherein R2 is H OHor d. 3. A conpound
according to preceding claim wherein R3is H NH2, OH or CH3PhCOO-. 4.
A conpound i g/%o any preceding claim wherein R3 is H NH2 or OH.

5. A conmpound accofding to any preceding claim wherein R4 is H OH,
NH2CO00-, or a hal ogen, optionally wherein R4 is Hor . 6. A conpound
according to any preceding claim wherein R6 is nethyl, ethyl, or H 7. A
compound aggor ding, 4 G, AMYcBLEEEN NG B AL M NG B Jifiafke anfl RAEOMPOUN
according to any preceding C arm_ Wher el n I'ssas ralﬁﬁt chain or
branched C2ofbimldkioe@ieovuph daphiropal hiynsebsinstRited e thbGdacophemyling PhOH or
PhOCH3, optionally wherein R8 is tert. butyl, isopropyl, -C(CH3)20H,

- CH2PhOCcH3 R’ therpirophoxglohetpading prrpaidpmbesy atoosieetd ) EpeR2epoH. 9. A
conpound according to any one of clainms 1 to 7, wherein RBis :- - 36 -
10. A conpound according to any preceding claim wherein when conbi ned, Rl
and R2 for et he Age@upound e drhgbrokhy Are@edipg dhin ackatidiwvignt Ry aadRsprecedi ng

claim wherein when R6 and R8 are
10 combined they form the group:-

O

13. A compound according to any preceding claim, wherein the compound (I)

includes any diastereomer and enantiomer of the formula represented by (I).
15
14. A compound according to any preceding claim, wherein compound (I) is a 2-

adrenergic receptor agonist.

15. A compound according to claim 14, wherein the B2-adrenergic receptor agonist
20  1is salbutamol, levosalbutamol, terbutaline, pirbuterol, procaterol, metaproterenol (or

orciprenaline), fenoterol, bitolterol mesylate, salmeterol, formoterol, bambuterol,

clenbuterol, indacaterol, isoprenaline, rimiterol, ifenprodil, buphenine, dobutamine or

ritodrine.

25 16. A compound according to any one of claims 1 to 14, wherein compound (I) is

bupropion or a metabolite thereof.



conbi ned, together with the nitrogen atomcarrying R8 and the carbon atom
carrying R6, they forma cycl oheteroal kyl group of 5 carbon atons and 1

ni t r ogen woemi/d8&s4 conmpound accordi ng to any precedi ngpcraiBmivdsesiei n when
R7 and R8 are 10 conbi ned they formthe group:- 13. A conpound accordi ng
to any preceding claim wherein the congeund (1) includes any di astereoner
and enantioner of the formula represented by (1). 15 14. A conpound
according to any preceding claim wherein conpound (I) is a 132- adrenergic
receptor agonist. 15. A conpound according to claim 14, wherein the
132-adrenengi ¢ receptor, A0 st, 2005, Sl byt anoh,. | evosal but anpl. ;. %—.(l 14
terbutaline, pirbu erof procatwerol’, metaproterenot (or orciprenalire),

fenoterol , datoklkeyDhmiRsy|RBtiGoropatFipesin, -l &li@kihybanbut er ol ,
cl enbuterol, indacaterol, isoprenaline, rimterol, ifenprodil, buphenine,
dobut ani ne hafraxyetheianiao-1-G-cBiorophepy ppropapd ins)-460 3R mg e d-@ilai m 16,

wher ei n .t he;. hupropi an t li,te s 2- 1-

G et hylPet R SHems O i, ERP bR St isdatoh (82t dh et hy .- o-
hydr oxyet hylinhe@fictghdmino3t-chélosephemyip)arapat IS osehre 16 ,2R) - eryt hro- 2-
(1,1 - 5dineth¥>eth | ) am no-1- (3-chlorophenyl)propan-l-ol, (1R 2S)

- eryt hr o- 2difqt] Ibtlﬂi;ﬁfétﬂlﬁ?yl-&W@l)opﬁﬁ@mfwan(éo AT GrRo%ﬁethWO)%(b n-1-ol,

1S,2S) -thrgo-2-. ((1.1-. di et hyl e | }am no-1-{3-chl or ophenyl ) propan-1 -ol,
or (1R 2R Fe Byt pdni HRE LRIV AR ot 1

(3-chl orophenyl ) propan-1-ol. 1018. A conpound according to any preceding
claim wherein the wirali Lnfeet] on. which be treated, /s 2, pgramyxovirus or
an orthonyxovirus i nfeéection. g conpgundnaccor ing 10 any preceding

cl ai m whergiith & heacanpapathniykpvirs ds@bri@nbyeatuginfdcabect i on of any of
I nfl uenzavirus A, Influenzavirus B, or 15Influenzavirus C, or a derivative
thereof. 20. A conpound according to claim 19, wherein conmpound (I) is

used to treat an, infection of,.any serotype of.lnfluenzavirus A sel.ected
from the. origup- ot “SaRatbRe LuRob T Rl Ui e i el B Y brlPo R Por.
H3NB;  HONL jusédbNrealtafdifeddntdi™By oFfodNRienkhdihs AHTMNRientidiNGs BHANA; HIN7; HONZ;
and H1ON7, or a derivative thereof. 21. A conpound according to claim 20,
wher ei n5conpdumdayitus G, oraslstvatettheeet. viral infections of HINL virus, or a
derivative thereof.

20. A compound according to claim 19, wherein compound (I) is used to treat an
infection of any serotype of Influenzavirus A selected from the group of serotypes
consisting of: HINT; HIN2; H2N2; H3N1; H3N2; H3NS; H5N1; H5N2; H5N3;

20 H5NS8; H5SN9; H7N1; H7N2; H7N3; H7N4; H7N7; HON2; and HION7, or a

derivative thereof.

21. A compound according to claim 20, wherein compound (I) is used to treat viral
infections of HIN1 virus, or a detivative thereof.

25
22. A compound according to any preceding claim, wherein the compound (I) is

used to ameliorate inflammatory symptoms of virally-induced cytokine production.

23. A compound according to claim 22, wherein compound (I) modulates IFN-y

30  and/or TNF-Q.



25 22. A conpound according to any preceding claim wherein the conpound
(I') is used to aneliorate inflammtory synptons of virally-induced cytoki ne
product i om0 2011/01863. A conpound according to claim22, woergs20103maoeund (1)
nodul ates I FN-7 30 and/or TNF-a. WD 2011/018653PCT/ GB2010/051317 - 38 -
24. A conpound according to any precedifgg_claim wherein the conpound (I)
is used to treat inflammtion in an acute viral infection of a nave
subject. 25. A conpound according to any preceding claim wherein the
compound (B} i s /sempounsl aceeingatoviny areckiliae elaip, wherein the prmpesndof) is
preventi ngy, L1 cal LA ARG QlonAMEh LOLALIAG- ADLACHE ¥l aliydgf ection, the

nmet hod conprising a nlnls%erlng, 0 a squec I'n" need of Ssuch treatnent, a
therapeutically effective amount of a conmpound as defined in any one of
claims 1 to 25. 10 27. A conpound represented by the general fornmula | as
defined inZany onecpowidicagrding o a5 pricgding skim nvhdenttheeempendf) ia vi r al
infectiqgn, with th Vi SO that the conmpound is not bupropion, or

2-(1, 1- iné?%}VE%%€F$%%f%%?EE(S-chIorophenyl)propanl-Ol inany form 15

28. A nethod of preventing, treating and/or aneliorating a viral infection,
the nethod conprising adm nistering, to a subject in need of such

treat ment, 24 t hey mpdad ddirevendng deefivgandienamebdrating onpotntird éfeeiant ed by
the general, [ ol a ka8 delhnodhn, any O08.Gf LAk o fnfihy, M Lh the
provi so tha tie conp undei’s no ﬁ%uproplon, or

2- (1, 1- di nebdyp&iibply)ctfecing adndar olilh @bOPBEAY by dfhRAM hnyobnd of Adws flapms.  29.
A pharmaceutical conposition conprising a therapeutically effective anount
of a codftpound represented by the general fornmula |, as defined in any one

Che'treat matt of G PR SuRHFatT: i et SRR AR RHEN By b ot o 1.

(3- chl or ophemyt ) ps 2Padr hiseGh thOfredmehtlofle viral infection, with the proviso that the

di met hyl 2- hydr oxyet hyl ) am no- 1- ( 3- chl or ophenyl ) propan-1 -one, for use in the
treat ment GPMROVR{ &l NdtphpEdieh o& ausedlimythyleHadpénasi (shloggphepdpropan-

2011/ 018653P 2 /051317 - 39 - the herpes virus is selected fromthe
group consﬁ*ggégg%g%gbrpes zoster, Herpes Sinplex Virus type 1 (HSV1),

Her pes /Si npl ex Virus type 2 (HSV2), Herpes labialis, human and mnuri ne
cytonegal ovi rus, Varicella zoster virus, Epstein barr virus and human

her pes virds, typestleodpfprevengngareating andy/ or gmebemaiingt Myaljinfgaioms the

(3-chl orophenyl )prap..an-1,-ol r2- 1 - di hyl, -
2-hydroxyegﬁﬁk?%ﬁyﬁggﬁ%%%ﬁgﬁﬁg¥%§héﬁyé%%?653ﬁ? E%ﬁ%jﬁ%%ng?hé to either

claim 31 orkh&hpduiicdR, effvbeFintodMer ARbPGSUN FdpSeseited DR ERPLS el fRh@Xa Viy US,
such as HSV1 or HSV2. 1033.2- (1,1-dinethylethyl) amno-1-
( 3- chl or oplefiged srasp oanof cloims bro 24 with, the peivisst thgt the compound is not

20  bupropion, or 2-(1,1-dimethylethyl)amino-1-(3-chlorophenyl)propan-1-ol in any form.

29. A pharmaceutical composition comprising a therapeutically effective amount of
a compound represented by the general formula I, as defined in any one of claims 1 to
24, and a pharmaceutically acceptable vehicle, for use in the treatment of viral

25 infections.

30. 2-(1,1-dimethylethyl)amino-1-(3-chlorophenyl)propan-1-ol, or 2-(1,1-dimethyl-
2-hydroxyethyl)amino-1-(3-chlorophenyl)propan-1-one, for use in the treatment of a
viral infection caused by a herpes virus.

30
31. 2-(1,1-dimethylethyl)amino-1-(3-chlorophenyl)propan-1-ol, or 2-(1,1-dimethyl-

2-hydroxyethyl)amino-1-(3-chlorophenyl)propan-1-one according to claim 30, wherein



2- hydr oxyet hyl ) am no- 1- ( 3- chl or ophenyl ) pr opan- 1-one according to any one of
clainms 30-33, wherein (1S, 2R) -erythro-2- (1,1-dinethylethyl) am no-1-

( 3- chl or opbenylgipssepanl-ol , or (1R, 25)-erythro-2- (1, 1-ecweiBryioaisial)

am no-1- (3-chlorophenyl)prop an-1-ol is used to treat the viral infection
caused by a herpes virus. 15 34. A net hodgof preventing, treating and/or
aneliorating a viral infection caused by a herpes virus, the nethod
conprising adm nistering, to a subject in need of such treatnent, a

t her apeut i ¢la¢ hgrpes viapts veccssoltion the gwpup-consising Grederprerdsydr) daipapSimpylac

hi h . 2= o 1.11- ¢ hy L- thyd 1.nQ-1- +(3-
chi or Ophenyl LRI a8aN IS Ol) B i IPLR Y ProbAnupet MK 2TLAGS Haa

murine cytomegalovirus, Varicella zoster virus, Epstein barr virus and human herpes

virus, types 6 and 8.

32. 2-(1,1-dimethylethyl)amino-1-(3-chlorophenyl)propan-1-ol, or 2-(1,1-dimethyl-
2-hydroxyethyl)amino-1-(3-chlorophenyl)propan-1-one according to either claim 31 or

claim 32, wherein the herpes virus is a herpes simplex virus, such as HSV1 or HSV2.

10 33, 2-(1,1-dimethylethyl)amino-1-(3-chlorophenyl)propan-1-ol, or 2-(1,1-dimethyl-
2-hydroxyethyl)amino-1-(3-chlorophenyl)propan-1-one according to any one of claims
30-33, wherein (1S,2R)-erythro-2-(1,1-dimethylethyl)amino-1-(3-chlorophenyl)propan-
1-0l, or (1R,2S)-erythro-2-(1,1-dimethylethyl)amino-1-(3-chlorophenyl)propan-1-ol is
used to treat the viral infection caused by a herpes virus.

15
34. A method of preventing, treating and/or ameliorating 2 viral infection caused by
a herpes virus, the method comprising administering, to a subject in need of such
treatment, a therapeutically effective amount of a 2-(1,1-dimethylethyl)amino-1-(3-
chlorophenyl)propan-1-ol or 2-(1,1-dimethyl-2-hydroxyethyl)amino-1-(3-

20  chlorophenyl)propan-1-one.



