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The defence against disease is critical for the survival of all animals, and the mechanism
employed for this purpose is the animal immune system. The immune system is very

complex, and involves two main divisions, (1) innate immunity, and (i) adaptive immunity.



Thl cells pronote a cell-nedi ated adaptive i mmune response, which invol ves
the activation of macrophages and stinulates the rel ease of various

cyt oki neswo=ochnsssél FN-y, TNF-a and I L-12, in response POTAB2aMGsgs8. These
cytoki nes influence the function of other cells in the adaptive and innate
i mmune responses, and result in the destyuction of mcro- 20organi sns.
Cenerally, Thl responses are nore effective against intracellular

pat hogens, such as viruses and bacteria present inside host cells. A Th2
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cl assi cal g&ﬁ%%%ﬂgmgicghai ite infection: aches, pains, fever, and nausea.
Sonme 10isncubation periods are as short as 1 day (influenza, rhinovirus),
indicating that the synptons are produced by local viral multiplication
near the silihé cgifs REpmPE 2 oshneselinmgst Aoy cdme] a8 siseortE U ECh ieles bR aftyation
unconpl i cato@qmua%hﬁ%@d se S, BREALEL BSaBh6 drifal e lin, di ap) e prduced

by sneezing or c I ng, an eginreplicating in ciliated col umar

epi t hel i al TcdR]is refpotfraonespiigeat Birage tytalotes ildaenewhk nfredcbn otisthei eellpims ar e

produced, they, spread.to nei ghboring 15cells . Vir can be.isolated from
Dhroat swaBl: BFPRACAR BL BYTOREC PP ad) SOt Bay o &HPRPT PRfSct i on,
Wthin 48 hewhsndf (Rhehif @61 kQPoSyPt 0ie BRS¢ agaaRtinth@ielad @shogahgut 3
days and then subside. The infection is usually cleared by the innate and
adapt i ve r €4PONSESSHANGbwtaPreaysnsidohesyedls thihdpatioart hoseuarlly feel s
unwel | for EyarAkd WPekSwRACPRSAUERE Rl ih A ABARGE Jrg dieJfaRI ratory
epi thel ium by the cytokines produced during infection. 20 Acute viral

i nf ecti ons nestwdiking sntilnklicsenzch andtheasioes imaneity. é8onsgiobbae afcomoepi dem cs of

di sease invglving mllion f individual s each year. Wien vacci.nes are not
var tabl e Hesie tetacrr bt R, Uik £ FoNteT P A et o
exceedingl yelth fAdc6Mdlrolyl e GOREDhn@Et BedisttLELDORSs frBvilagge papdhat i ons and
crowded areas. The frequent outbreak of norovirus 25gastroenteritis, a
cl assi ¢ acEhFHTRH, AR GHINEgRthSEthe probl em Antiviral therapy cannot
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acute vira of a broad range of viral infections, including acute viral infections, and the treatment of
respiratory diseases caused thereby. An acute viral infection is characterized by the rapid

onset of disease, a relatively brief period of symptoms, and resolution normally within days.



infections. WD 2011/ 058346PCT/ GB2010/ 051858 -4- The inventors have

determ ned that certain either alkyl substituted or un-substituted 2-aryl
acetic acw0,20avos@4aryl , N-hydr oxyacet anm de derivatives RraT&R2hB/(5185perti es
to be useful in treating mcrobial infections. 5 Thus, according to a first
aspect of the invention, there is provided a conpound of formula RL Ar 0 10
wherein, Ar is an aryl or substituted aryl group, RL is a C, alkyl group or
hydrogen, and R2 is OH or -NHOH, or_ a pharnaceutically acceptable salt,

sol vate, ortiggpuplly eccempaniedby calhdrediction g infssdoysyitanaand glgnianiqonttect i on
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formula | may used to treat "an infection w ap causes a
ful m nant pedppemtsachyasdithenereyirusland dneovernvbodrure nirgl itfheione npoundvet, of or mul a
| may be used,to treat a vir i nfection, preferably a te Vvjral

nfent i on. tombledn R e B Syt BbEer e PUR i g i el b
preferably Jaygiagen or a nmethyl group. 20 R2 is preferably -NHOH When Ar
is a substituted phenyl group, it is preferred for the bond joining it to
the remai nder of the structure shown in fornmula | to extend directly to a

carbon atomi.n. ~ | Ehng . ~ ~ ; The
preferred cIR ol Hﬁ%&h%g%&g?g%lﬁ 3{1 %g% gtl%&lt% %%(%]%géﬁugﬁg gélgéﬁgé% g&%&é Jﬁ%ﬁaé
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Specific enbodl Tent 5 ot comounds, uastul LD Lhe BLESErt. L Byggtion | nel ude

70 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 example of a
classic acute infection is 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

75 cells. Virus can be isolated from throat swabs or nasal secretions from day 1 to day 7 after
infection. Within 48 hours after infection 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 usually feels unwell for several weeks, a consequence of the
damage to the respiratory epithelium by the cytokines produced during infection.

20
Acute viral infections, such as influenza and measles, are responsible for epidemics of
disease involving millions of individuals each year. When vaccines are not available, acute
infections are difficult to control. This makes it exceedingly difficult to control acute
infections in large populations and crowded areas. The frequent outbreak of norovirus

25 gastroenteritis, a classic acute infection, highlights the problem. Antiviral therapy cannot be
used, because it must be given eatly in infection to be effective. There is thus little hope of
treating most acute viral infections with antiviral drugs until rapid diagnostic tests become
available. However, it should be noted that there are currently no antivirals for most
common acute viral diseases. There is, therefore, cleatly a need in the art for improved

30  medicaments for use in the treatment of viral infections, and especially acute viral

infections.
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4

The inventors have determined that certain either alkyl substituted or un-substituted 2-aryl
acetic acid, or 2-aryl, N-hydroxyacetamide derivatives have the properties to be useful in

treating microbial infections.

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

I:-

R1

R2
Ar

10 wherein, Ar is an aryl or substituted aryl group, R is a C, ; alkyl group or hydrogen, and R
is OH or -NHOH, or a pharmaceutically acceptable salt, solvate, or solvate of a salt
thereof, for use in treating an infection with a pathogen, which causes a respiratory

disorder.

75 The compound of formula I may be used to treat an infection with a pathogen which
causes a fulminant respiratory disorder. In one embodiment, the compound of formula I

may be used to treat a viral infection, preferably an acute viral infection.

At is preferably a substituted phenyl group. R'is preferably hydrogen or a methyl group.
20 R%is preferably NHOH.

When Ar is a substituted phenyl group, it is preferred for the bond joining it to the
remainder of the structure shown in formula I to extend directly to a carbon atom in the
phenyl ring.

25
In the context of the invention, the term “aryl” refers to groups derived from arenes or

heteroarenes.



The af orenenti oned specific conpounds can each al so be used in the form of
a pharmaceutically acceptable salt, solvate, or solvate of a salt. WO
2011/ 0583%6RCT/0ERBR010/ 051858 7 Certai n conmpounds i n acceciaaBelnisidsst he
invention are chiral. The invention therefore enconpasses the use of such
conpounds in the formof racemc m xtures, enantionerically enriched

m xtures, or as substantially pure enantioners. The conpounds of the
present 5 invention can be obtained fron1conner0|al sources or nanufactured
using st andde@rdyrdreniroupiotseddingso the inrengos atontyaSpeieroxyrdserads. o 2-

rovi ded ngﬂ cally acceptable salt, solvate, or
golvate Ofggi%§%%¥% her OF%&?%mBg%%ﬁ?ﬁ%#%gatlné an |gfect|on mnth a

pat hogen, which 10causes a resplratory di sorder. PentOX|fyII|ne or a
pharnaceutgcal%¥ aﬁgﬁﬁtabl salt i or sql.vate of a,s It t her eof may
be used t o SPRul “HRAPEEeT o RirH %\S% thBGBHS SRR CRIRANSEEE B ul i nant
respirator yoldjwserder . For exanple, pentoxifylline, or a pharmaceutically
acceptabl e salt, solvate, or 15solvate of a salt thereof, nay be used to
treat a viral infection, preferably an acute viral infection. Thus, in
anot her aspect, the present invention rela@ﬁs to the treatnent of V|ral

i nfections using pentoxifylline, or a -harnaceutlcally acceptabl e salt,
sol vate, or solvate of a salt 20thereof. I} is kngwn that, during an acute
viral infection, such as influenza f hegonlnantly f ought
t hrough the host's innatg i Mmung
response, and subsequent|y by t .
Furt hernore, 25the inve i ncsusceptible individuals (i.e
the young, and fit a i NTH ual s), the Thi responselfo an
i nfluenza |nfect|on can b? extrenely strong, and can give rise to a
so-cal l ed "cytoki ne storm W?HV%WV|ng a significant increase in the
concentration of certain cytoklnes such as FN-7 and TNF-a. This "cytokine
stornf can result in serious inflammtion of infected lung tissue, the

| eakage of fluid into the lungs and 30significant damage to the |ungs of an
i nfected individual. The end resul. can be a respiratory disorder, such as
pul nonary oedema or a secondary batterial infection, which can eventually
kill the infected individual, rather than the virus itself. - 8 -
Baungarth and Kelso (J. Viro Q96, 70, 4411-4418) reported that
neutralisation of the Thl cytokineNIFN-7, can lead to a significant
reduction in the magnitude ¢f the dellular infiltrate in | ung tissue
following i@ ~and sugggst ed/t hat | FNo7 may be involved in the
mechani sns t haty# he i ncrepsed \ eukocyty traffic in the inflamed |ung.
They al so 5post ihat | FN-7 aff H | ocal | lul ar response in the
respiratory tra ' QI g& T esponse to influenza
virus infection. i On tudy, the inventors of the
present invention considerjgd whet her suppression of the cytokines, IFN-7
and TNF-a, may be useful f|pr treatAng influenza. 10As described in the
Exanplg%, the inventors st@died the in vitro effects df al kyl substituted
or un-substituted 2-aryl acetic acid, or 2-aryl, N hydroxyacetam de
derivatives or pentoxifyl |Owectagm bl ood cells that had been stinulated in
such a way that they

Cl \

v

15 Benoxaprotfen



refl ected an acute viral infection. As a nodel of viral infection, they
used bl ood cell sanples that had been stinmulated with mtogens

(1'i popol ywwacehznsdde or Concanaval in 15 A), conpounds th&CTiGB20pa5188gnal
transducti on pat hways, and which thereby stinulate |ynphocytes present in
the bl ood sanple to conmence mtosis. Thjs nodel therefore closely
replicates the processes that are induced by a viral infection, and enabl es
the direct assessnent of the inmune response exhibited by the |ynphocytes
upon treatnment with the test conpounds. 20 As described in the exanples,
the inventors found, using this in vitro nodel, that ibuproxam
benoxapr of en hydroxamate or pentoxifylline effectively inhibited the
production of both of the cytokines, IFN-7 and TNF-a. Thus, the invention

i s based on the control of the Thi ne system which is driven by

| FN-7, and which | : Re hyperidgmune cel | - nedi at ed
response that cayg \pi | apse [in susqgepti bl e individuals (e.qg.
t he young d# 3
active conpounds
2-aryl acetic acid;or ﬂ derivatives core
structure or pentoxifylline and which are kno to exhibit simlar
physi ol ogi cal activities. This famly of conpounds is defined by formul a
WO 2011/ 058346PCT/ GB2010/ 051858 9 (1) and it follows, becau¥e they al
share the sanme activity providin%_ tjf, that they can all be effectively
used to’prevent |FN-7 andBﬁ@@ﬁﬁ)Pg&dq¥QQ%ﬁnrising in the "cytokine stornt
following a viral infection. 5 As described in the Exanples, the inventors
have al so denonstrated, in an in vivo nouse nodel, that the conpounds
described herein may be used to prevent, treat or aneliorate respiratory
di seases caused by viral infections. The inventors therefore believe that
they are the first to denonstrate that, in addition to sharing other
properties, the defing¢d either alkyl| substituted or un-substituted 2-aryl
acetic acid, or 2-aryl, N-hydroxyacdtan de derivatives 10or pentoxifylline
can be used to~godul aNe TNF N-7 iJNsuch a way so as to be usefu
in the tregt acute \ [ 7al Th{ﬁptions. A common

pat hogen-i npduced respiratI i acute respiratory distress, is
hospital -anfd co ni ty-acgui pneunonfia. Pneunoni a is characterised by
cough, chest™NpatAS 15 _FEve - ulty in breathing due to pul nonary
oedema. These SynptonB occur 1n all pneunpnia Ppatients regardl ess of the
pat hogen t hat causes the pneunonia, which can be bacterial (e.gqg.

St rept déoccus pneunonia), viral (e.g. influenza virus) and fungal (e.g.

Hi st opl asna capsul atun) . (QL§?§ of the pathogen causing pneunoni a, the
synptons are the sane and t i nfl anmat ory processes, regardless of the
stinmulus, cause exaggerated inflamuatory 20responses, resulting in
potentially fatal pulnmonary oedema. In animal nodels of respiratory

di sorders associated with the influenza infection (i.e. a viral pathogen),
the end points are degigned to nmeasure pul nonary oedena rel ated end points
(i.e. post infection iurvival). The effectlQn post infection survival for
t he conpounds_descri brd herej in e inflnenza assay, supports the

| i kel i hood R eCt s KR oedent cawgped by any type of

25pat hogen,|| be it |viral, | : ngal . Accordingly, the inventors
believe th t hesgq conpoupds may| be used to conbat respiratory disorders
that are can Ty & A CRQbj et or patﬁogenic i nfection, such as
bacterial, virdal (e.gS acute~iral infections)wr fungal, and which, in
sone cases (e.g. influenza 30infections), can cause death. WO

2011/ 058346PCT/ GB2010/ 051858 - 10 -

Compound B

The aforementioned specific compounds can each also be used in the form of a

pharmaceutically acceptable salt, solvate, or solvate of a salt.



any di astereoner and enantionmer. Diastereoners or enantioners are believed
to display potent cytokine nodulatory activity, and such activities nay be
det er m newiolry1ws8346f appropriate in vitro and in vivo ageIGR20WAISLEFSW | | be
known to the skilled technician. It will also be appreciated that conpounds
for use in the invention may al so include 5pharnmaceutically active salts,
sol vates or solvates of a salt, e.g. the hydrochloride. Furthernore, in a
third aspect of the invention, there is provided a nmethod of preventing,
treating and/or aneliorating a mcrobial infection, the nethod conprising
adm ni steri -t J: ' ~ n .cally
effective g%%ﬁﬁfggﬁogﬁggﬁ%%ﬁ% n§§§ 0%%é€#%Eg$%ggéggheg?ﬁ¥%gﬁﬁﬂ§§ﬁ%%§s have
denonst r at edcdniyatsses e wowpawhdsmpbuitidien irvent pbraceray nipetus echantiorbdreally

t r eat ment Of'%?ﬁ nunber of q%croQ'al i nfection and reﬁ%hgaﬁor di sorders
whi ch may STt TREFEf ¥ S HEH A PreibAre™ TS EBpotndd "My BE used as
a prophyl aghicaridt @nle dhiev@Ntorh BemARME! aRABA lor BfandfhER&RI KRAL A SOr der s
associated with mcraobial infection), or they may be used to treat existing
respi r at or yyhasriescduigssoci ated with mcrobial infections. Thus, the
conpounds described herein are of utility as conpositions for the treatnent
of respiratory disorder associated mcrobial infections. 20 Exanpl es of

m cr o- or ganh s sEcondhseht, drye is auseled peespifyllateooya chasonaeticallhicefprabhayalte
treated mﬁtqrcoqpounds gcc r ingf;o the inventio .na§f'ncl de bacteria,
viruses, fOHETC GroBrorhIch: ARt Ay DInErIBaChBGEHE" S FATRErDad Man ch
cause r@spkﬁ@%ggMBQhﬁ@@@@bﬁktThese pat hogens can cause upper or | ower
respiratory tract diseases, or obstructive or restrictive |lung di seases,
each of which nay be treated. The nobst comron upper respiratory tract

_25| nf e_Ct I Ofpeh @yl _CCBngth&%e(Ati a\ﬂ’?hg@ {IBY SQE S(gl(fﬁé‘,to?QdVJttQ 099921111&191@ t may

i nfections of specific organs of e Bpper respiratory tract, such as

si nusi ti s, beonsi tltichi B inferiidn sithre ghthpggphahichgadstsa ahdinharryspgitors are al so
consi dered as per respirator ract infection whi ch nmay be treated with
The: comoureHEoE bttt b Fha SR SR ot ThsBei Gyt r act
infectign isslvBOBRBMN @ere¥h)hGh bERYedRS teh@AliRbintctibn & GPRRAUAdS végscri bed
herei n. Pneunonia is usually caused by bacteria, particularly Streptococcus
pneunnniaeﬁﬁH6%@ver, tubercul osis is also an inportant cause of pneunoni a.
O her pat hogens, such as viruses and fungi, can al so cause pneunonia, for
WO 2011/ 058346PCT/ GB2010/ 051858 exanpl e Severe Acute Respiratory Distress,
Acut e RespiThat,on ynddhgtasess tIByrdieonipvanicn peexsmoctis tiegmpnieefrmmli iatectldrer ef or e,
t he conpounds of the invention may.be used .to treat Respirato i Stress
Syndr oo ( RS PEHEU R P RTBy 50t FS00 b Se O AR GV At e Lung

I njury HALTered addition the conpounds may be used to treat diseases with
5concom tant pat hogen infection such as chronic obstructive pul nonary

di sorder, cystic fibrosis and bronchiolitis. The method of the third aspect
may be_ usefiii 1, Qi BLEVEAR Racutd Al 1AB:BRYLGT 1 HRLLOL Bld g, & T espi ratory

di sorder caused by a bactérial infection. In particular, the conmpounds
10descr i begrdieonenamtlmayughethuset thohost’henhtceatmmpabysein andviare cébyedifited, Thl
respiratory bacterialbinfectio , includi@% br.onc ulnnnar¥,i£fections,
for exanpl & BRANNHH; HP>HPTEEPY Toutmoan g PRAGEE Tt et IRNS, TP Bkl e
odds nedi a,thSinfietibds bslievt @ty ngkdsc&idRAndiBbANEE] Be ydhig, hactiend umIeausi ng the
infection may be a G ampositive bacteriumor a G amnegative 15bacterium
Exanpl es ofindadtay. the Thhicepotaye thijdecya peegsion sabpy cdfcsshderngagdictist whi ch
the compounds 4n: ACGRLARNSS e hOYERL LR E SIAEEL e MY be

sel ected frroma flst consisting of: Streptdccdccus spp., Staphy/ococcus
spp., Haenephdchtisti@p.certich ebskiatd, suchpp IFNEseHaNICh] Bhis pitokiRseudoranas
spp., Moraxella spp.,. Coxiella spP., Chl amydophi | a spp., 114-ycopl asma spp. ,
Legi onel | a e in srguehilamipgion epplecrd lagatsius thsfcabagetad frig intwihe ngwsdcause
a 1 espipat oyl ohfiete 30N o MAliGNC LORIRATRSHE AAScLR APGOL dance wi th
the invention are eff ctive, y be selected froma list consisting of:

St r ept occocopsatpryeliymdirawch 8t aphmphot ocdus @urseus\dMadmogphil linfsction, which

i nfl uenae, Kl ebsi el

. i E | chi i, P d
aeroginosaFWBnggpbgh@g%%ﬁ%ﬁ%?ﬁ%#“%%@?Qk%éhﬁh 05%?7%$Htﬁr22330phila



25 pneunoni ae, Mycopl asma pneunoni ae, Legi onel | a pneunophi |l a and Chl anydi a
trachomatis. The nethod of the third aspect nay be useful for preventing,
treati ng woadborossssel i orati ng a fungal infection. The corpo@risicdisssssi bed
herein may be used for the treatnment of a variety of fungal infections and
di sease condi tions, including bronchopulgmonary infections, 30 for exanple
pneunoni a. WD 2011/ 058346PCT/ GB2010/ 051858 - 12 - Hi stoplasma spp.

Bl ast omyces spp., Cocci di oi des S&P. Cgﬁtococcus é?p" Pneunogsti s spp. and
Asper gi | | udaepgartissdidee G Virelng?90, ihide hl - eaased Bt aensiaksaiion 9 @Fsor der
agai nst whi.ch the. c itions in.5agcordance with the.inventio re
effective,T%éfy%gmgéﬁééiéﬁn(?%%%%ﬁIPgﬁ%E%bﬁgfgf?ﬁﬁng§¥mﬁﬁ% %% %@ﬁgrcap

sul atum Bliggt-arveRs Hﬁﬁgﬁmb%h%ﬁ§&mm§9%&igig&@%ﬁhhﬁﬁlﬁ?§myG@E&&Q&P&US

neof or mans, Pneunngs%ls jiroveci, Aspergllﬁus flavus, Aspogillus fum gatus,
Aspogi | | us tid dedhanisms Aspeggited ingentgerkocpspaitiyi ihltusinfanasiung.c liseyaurd
Aspergillus tenruys. 10The nethod of the third aspect may be particularly
useful for Pﬁ?%\?@ﬁtql%éFNfWé&HSﬁbe Lot cetulag desppioicat ge%@ra%ﬂawrathﬁévékl%n. The

conpounds  GeSSLiRRth AESAl BspTRY BeARRSh iRk idB&ich! %§§eg%'ﬁtth9ﬁn(ﬁn%</@(ﬂitﬁ%y of
viral infections, |nclud|n5 bronchopul monary i nfections, for exanple

pneunoni a. siEy,Fheinvaventaitls frejenewveerttivatconhderagbwhoberdspptssidneofithwent i on may

be used in the treatnent any nunber of acute qQr chronic viral
i nfecti ons V& e%z@§ﬂV§@aﬁéﬁﬂﬂgﬁgﬂé?ﬁﬁﬁgﬁéﬁaW§?n ¥d4it therefrom The

conpounds may be used as a prophylactic (to prevent the devel opnent of a
viral infection) or nay be used to treat existing viral infections. The
virus may be dagibedinsghe Axdnpiesy thraneemtenseldipkdic vi riuscttcPheohdlliyus may be an
RNA vi rus or . are rovirus. 2QFor exanplﬁ, the v&ral infectLgn whi.ch may be
treated, may HE U Pat By REVICH dsBrCl 6 t?fo%ﬂ%" VT PEEOP AT vi 1 us
causing ther E&tt@ﬁf}ﬂl@l@, HrRylobe callshBXviadUseen kindRWANHSucH NQgRIHat tey OF
torovirus. The virus causing the infection naY.be_a filovirus, arenavirus,
bunyavi r us reflacted antrgbgoiial imectipn. As2 modikefgan iophgeyiveddlondycdie a
hepadnavi r us or.onavi fus, or | ayi virus. 4,25 In rticular, the follow ng
Vil ot estrRSHR AR A et s Rs P2ae TR e s Tope il

Respi 1 at;or W) Sydeydndl Vit ftier HuRR BraRQRAMbDA BEchwilWIRA RAIKAUEEHS stBlAatcHET pes
sinplex virus 1, Varicella virus, Adenovirus, Parainfluenza virus,

Ent er ovi r usymthocken pessiriis thagARsd vimpls to SARSass oétosis-ethis orodalabtietse  Sin
Nonbre viru Adenovi rus.

 Respiratory 30reovjrus,. Haenophi l.us. infl
VO 2011/ 058348 PE 0 5RTaRs 4 13 N I GRT ngresg ARt bs® fhie

treat ment QhircéMk@EihaRto\hd Mndlend Aabdnsesxiabitanyy @k Ifhshadyfspsndi scl osed
herein. The term"derivative of a virus" can refer to a Strain of virus

t hat has miteatredit Pidrthatesesospoyngisvi ral strain. 5 The virus may be sel ected
fron1t@$ group of viral genera consisting of Influenzavirus A

As described in the examples, the inventors found, using this 7z »itro model, that

ibuproxam, benoxaprofen hydroxamate or pentoxifylline effectively inhibited the
production of both of the cytokines, IFN-Y and TNEF-a. Thus, the invention is based
on the control of the Thl immune system, which is driven by IFN-Y, and which is

25 responsible for the hyperimmune cell-mediated response that causes respiratory

collapse in susceptible individuals (e.g. the young and healthy).

These compounds are representative of a family of active compounds that share a
common alkyl substituted or un-substituted 2-aryl acetic acid, or 2-aryl, N-
30 hydroxyacetamide derivatives core structure or pentoxifylline and which are known to

exhibit similar physiological activities. This family of compounds is defined by formula



I nfl uenzavirus B; Influenzavirus C, |savirus and Thogotovirus, or any
derivative of the foregoing viruses. Influenza viruses A-C include viruses
t hat causwoinflossssea i n vertebrates, including birds (i PeT/GB20END51858

i nfluenza), humans, and other mammals. Influenzavirus A causes all flu
pandem cs and infects humans, other mammpl s and birds. |nfluenzavirus B

i nfects 10humans and seals, and Influenzavirus C infects humans and pigs.

| savi ruses infect_ sal non, and t hogot ovi ruses infect vertebrates (including
hunan) and @ ﬂVélﬂttf@H@‘ﬁ% dscauhthey al éh%é@l‘fﬁf@ﬁt?facﬂﬁ@ Piovisking watheletseeysad to

treat an i | nf | uenzaV|r

1 uensavi 6 el R e bt Pdt RRE R T P puletB B RGh 8 Taiinne
conpound ngﬁﬂgpfgﬁggn aQridreal-khg an infection of Influenza A or a
derivative thereof. fluenza A viruses are classified, based on the viral
surface proteins henagglutlnln (HA or H) and neuranlnldase (NA or N).

Si xt een _H sub s, (o er ot s). and ni ne es | nfl uenza A virus
have beén |A(§é%¥‘ip’£ %é“ él’?r%ﬁ§mp]¥£ehe)18ﬁ?%?fﬁb§% aflsoct% O%E%?‘Iflmo%‘? Y’ B8 Used to
treat an i migel mmt&fcoawuﬁ&r&w&ed Qfrennhiyuenzay td pevet sehestactlidhid rom t he
group of serotypes con5|st|ng HIN1; HIN2; H2N2; H3N1; H3N2; H3N8; H5N1;
F5N2; HENGTesPBNGY disngs cppnd by Hanpeqpng; Thaangenty NieretpgNstieva sept dheyorez,  or
a derivati I ntion
may be. par s cl ey e s o LSO PR BELLENE (AL GARRRUIS, Al DR LNt [
a derivati \sebiuhmcbqun Juibstivirtel Zkyeylapqmcaada@relalarylhhft hyshwxyecefdmid¢ deravastes ai n of
the HLNL virus. 25 The inventors have found that, follow ng |nfect|on wth

a virug? | PRPTaHERRean be divd da e up e i N P dd ER-Y 9ol A&t ihfeodE a
| nf ect ed subigGh bl el SR Lk Saldbrk&HPUEAL ALl Sor der s that can cause
eventual death. Although they do not wsh to be bound by hypothesis, the
i nventors believe that the conpounds of the |nvent|on nay be used to treat
30viral |nfect|ons bec §¥ can ag} ' 8 % g
product i on,* &K PRPHAPE Gﬂ lﬁiiucf’ ERE7ORAE Oéacué%ﬁsﬁnﬁ‘é?fy PHEPef ?%W]t hey
can be usednd Gothfr@aity- qulrw@wuhﬁ)mr Yneins6iiel @rcheacsfdd by caudh, Elddst paafsect i on.
- 14 - The conpounds of the invention may therefore be used to anellorate
i nf | amédt or§ & ypApEBRe Bfin bicrdingflur fIDeBWhayosks e Prodtietntons oqrein all
anti-inf | anyal. 06y, CARAYRL JTBY Ohﬁl\égba% & ﬁﬁ%aug@ e%)ﬁto%' Reich Bvgver,
preferably it nodulates I'FN-7 and/or = The conpounds may be used to
t reat infl dawetal Gng. iStrepawvecaciuwteronmin) gikal {(ad. efcﬂqexm xmlfus)aandafvr@a}s@lgbﬁe@p/ﬂsw'ﬁhe term
"nave subjectlt gn f@r tg an HQdIVIdua| who ﬁg 8Prewou%hcy been
i nfect ed wWiTHYRe VIPUS Y Wi A" %“S%QHS‘%%%F% VB AN i ™ i dual  has
been i nf ectaﬁ@lmlhﬂunanytbfy@ow&la ragardledsPEshe difatus] ddbvdxagiatatad ihflarahu@ys
retain the infection, is especially intended t hat the conpounds nay be
used t o't r é8PORIe ffﬁuﬁéﬂg 1%?%@%%&%#&%19@%{1&%@ PRfebt 1'gRAl naerteh Adespigosnd
stages of IgiblHRNEAciafliey BOMR AURMSERIERENTEA 0 fORIRR AU R points are
pentoxifylline may al so be used to treat a viral e-‘up. A €|ra rlare-up
can refer KngnﬁhenK@hEep@c@nmencéﬂmﬁfbﬁﬁeaé@omyﬂptQmsmn@pman&mnsﬁm of nore
severe sy a i-ated that th und of forpula (1) or
ent oxi 71 TR ey e baTe RGeS A Fre Pt S GRCY Ry oitpBeoPons i o
a monot her agyty, (sbprisubelilefihddiefo effReLingulthonadl deha cAlst@bnatyityigl of, the
conpounds of the invention may be used as an adjunct to, or in conbination
with, kﬁomﬁm%ﬁgﬁhbéﬁdﬁ?%bm¥%@¥%ﬁP@§' For exanpl e, conventional antibiotics
for conbatlng bacterial infections include am kacin, anoxicillin,
aztreonam cefazolin, cefepinme, ceftazidine, ciprofloxacin, gentamcin,
i m penem  |/cneoiglydihenafeoidr lbqhievepﬁhptedlea@iCbhipnpn@@nﬁyib@omd wtdombdal f opri sin,
ticarcillin, tobra cin..In. dditLon conmpounds, used in
oot il eherRey et 0es PRSP Sy st B0 b s SRR R & er on,
nucl eot i de bagteO Hnﬂall(elge&&tedﬁ}ral iARcBbisP bSFuakal F RMaFISEh, Il @ﬂ&caagd@t(@g enflenat ease
i nhibitors and fusion inhjbitors. Furthernore, conventional antifungal
agents<$ncP%%@KmfoPmé%&ﬁﬁké farnesol, clotrinmazole, ketoconazole,
econazol e, fluconazole, calciumor zinc undecyl enate, undecyl enic acid,
25but enafi ne hydrochl oride, ciclopirox olaimne, mconazole nitrate,
nystatin, §hhowﬂaz@b@ﬁaﬁﬁdh¢@V@ﬁh@ﬁkﬂ@bh¢dm@@ﬁ%@ﬂtd@grEENbeUn&mmpaunds

di to th t b d t th s
ant | bact ar AT PR i Pt aRGT ARt FEGAR Boanre /it SoRpbONa arhaiue

i nvention may be conbined in conpositions having a nunber of



30 different forns depending, in particular, on the manner in which the
conposition is to be used. Thus, for exanple, the conposition may be in the
form of awpaedesglssabl et, capsule, liquid, ointnment, creamGRrelo/osssdr ogel ,
aerosol, spray, mcellar solution, transdermal patch, |iposone suspension
or any other suitable formthat may be_agm nistered to a person or WO
2011/ 058346PCT/ GB2010/ 051858 - 15 - aninmal in need of treatnment. It wll be
appreci ated that the vehicle for nedi canments according to the invention
shoul d be @RedigHFEAMEANdERNtosIcEr B IYTrher anjasets 116 bakyad fa difiaygi ven,
and prefer i ~ : ~ -br-ain
barrier, o%lal |¥1F gg@?{}eef?lggta%fg}ggc%igg{ %#J;%tcgg&%&ts ﬂ@%ﬁtﬁ ﬁ%gglﬁ% ??gs.eq{fhe Vi rus,
bact eri um appfoungu) yi/rsudh @ abdaes, Shighgsl] bé kn@vdertht ekiladeathnidma. desdi r at ory

di sease. Co sitions ri sing.,the conppunds of the invention nmay be used
ina nunbelagg%e\?ﬁ@fg?mtﬁ‘g&?ﬁ%?%%g‘ ?PO(Slyaff meatg%nﬁf:%'{oﬁ“é??yo%soﬁﬁ “$e required in
whi ch case phighcamRaundHi e ) olcant & BREteWbE Dialt, ao GROPRELIHGNIt hat may, for
exanpl e, be ingested orally in the formof 10a ta%l et, capsule or liquid.

Al ternatively, the conposition may be adm nistered by injection into the

bl ood stre | g hnt r, i i ~

subcut aneogqs%}%éﬁogg’g%?ﬂlﬁrﬁ?%é%% {.h@tl ‘%}égﬂgﬁ e&é{g%&t&i}ﬂ% ac%grr%g(z %)J? 0%81218 pri sing
t he conpoundstigfantiher dnmliertihgm nicybiblen&dmimilstrectbod bymparnay altiioefes, g.

intranasally, qr. by noyt r rectall e.g. ,suppository). A5 Conpositions
my al oo ba® b ot it Bt pbr P B tpeke ek SPBRRE =¥ ardp SRS e
appl i ed/()tOpEé];Q)@Kidlaﬁn@i[ eas in and around the nouth or genitals to treat
specific viral infections. Topical application to the skin is particularly
useful for treating viral infections of the skin or as a neans of

transder nal I J j zlal el Yol t he
anount of (;f élg}g%vlﬁﬁgﬁ%/}h%tg digrtél&?%r&héid?g qiﬁzcﬁggdg%%%%%e %{;Wi ts %&oﬁ%ﬁ%gﬁg
activity ancatpicpav@inyatoidbet yf mwmbet idtectious, and eppindsry eivotdees winde maf

adm nistratiopn,, t hysi cochem cal ,properties of .the conpound, and whet her
The. Compourorte i HEbh HEThoMan S eR SR D R AR BPRI Eh: dpy The
frequengy ofcvagimhpUistddc@no tebpitth9 dRErdéR akddklaa@nr@eanRYoHid éhfection), or
above-nentioned factors and particularly the half-1ife of conpounds wthin
t he subj ectth@yenigPetiehitodetat eptingussPiveagbyrdss eoded Witk rasredalialgcns.
determ ned i 0. the.: , ~ i ¥ W ticcul ar
compound 11 se R BTG i o B N e Iod BB e
30adni ni st respiranyy dAsvdddrhesoadicd moewbnt inGictivdse di sease condi tion. Additi onal
factors depending on the particul ar subject being treated will result in a
need to adjust dosages, including subject age, weight, gender, diet, and
time ofzadmxBinples 3f mdfo-ordsd0 Wi 53RN, (B2 ARIRRE whidkbmnay hd Wi | | be
appreciated that a skilled person will be able to calculate required doses,
and opt i malteeiEncEhtcPRPPER AeFordinapo s dEnyion my prhtdsHrf T, iviescatiuagitoir get
ti ssue, ba 0 I | ~ ~ ~ Ki

pr ocedur es P S aa R Bl PR R P BT e S R e T

i ndustry ( egthogensicoocaxpepicrenioati aapiracdry miactalisebics icalobstretice o1, resragtiiee used
to establi ih specific fo%ggl ations of%j;l}g congounds of the invention and
oreci se t hAPERREEE FebT B LOE R K8 sihilly THOLEI " PR SSRBBURAEnd ¢ he
frequensy offeadminibs teb@iid@nbld, GBRBMMyIHE, tredted dinl Md6i08 8n REiRSOMeRRIH. 001Kg/ kg
of body wei ght and 20ngy/ kg of body

organs of the upper respiratory tract, such as sinusitis, tonsillitis, otitis media, pharyngitis
and laryngitis are also considered as upper respiratory tract infections, which may be treated

with the compounds described herein.

30  The most common lower respiratory tract infection is pneumonia, which may be treated
with the compounds described herein. Pneumonia is usually caused by bacteria,
particulatly Streptococcus pnenmoniae. However, tuberculosis is also an important cause of

pneumonia. Other pathogens, such as viruses and fungi, can also cause pneumonia, for



10 wei ght of the compounds may be used for the prevention and/or treatnent
of a mcrobial (e.g. viral) infection depending upon which conpound is
used. Suiwalbyyossire daily dose is between 0.01p. g/ kg of PodaB2omVFS8and
10ngy/ kg of body wei ght, nore suitably between 0.01p. g/ kg of body wei ght and
| ng/ kg of body wei ght or between 0. 1p. g/jkg and 100p. g/ kg body wei ght,
and nost suitably between approximtely 0.11..i.9g/kg and 101..i.g9/ kg body
15wei ght. Daily doses of the conpounds nay be glven as a sing Ie

adni ni st r atieRPlE dcvgre Acws Reipéa@ai Piptrsj @6t BAspERtosy @isrfeqséypéfﬁmealpfion) A
suitable d body
vl ant of  T0kay SR e B YBEG: A o b ek g S 38 s0ng
The medi cafentiraney [hercad¥pindiateRded) befuor Be@'rratafyc Iémtrtsafsgmirpmn (ARDIS) tone

P oo Al b P L PL A P E ot B2 e bt Risat S S or

i nfection. cbhentrdt gARRR i1BYtiocRQuatiF diisihesidutiveuindihy diforddBeysdd, 22, or
24 hours after infection, The nedi canent may be adm ni stered mnthln 1, 2,

3, 4, 5, orfibesitapd batchioliinf ecti on, or at any tinme period therebetween. 25
In enbodlnents where the infection being treated is an infection of

i nfl uenza, independently of whether or not the influenza is a pandem c

i nfl uenza, Iﬂhenahdﬂ@ﬁﬂmth&dngﬁoneybtesi@dbwﬁﬂﬂtnmgdM@ahgnms/@nmmﬂb&hmg t he
conmpounds of the inyention i S t.0ns res ory difficulty arise
o or i GOy PR AL BT & SRy U0 PG A6 8 Sh et SRR oki nos. . but
typi calby ldedhiBed Bereih Ny Jusé ok e@staeaaﬁentt Bea enest ofatspsy iRt Biveeriaf

respiratory dlfflcuI%¥ Mor e preferablé% the subject is a subject in whom
synpt ons oftfe@nsiriag efige enehapulntgpagrinketioninier é—%anﬂme WO Bkihaibevel s

i ncrease, ahq NGkl NGr LaIBR: odis %Yedla ahisRls, B&ﬁ%s ofd di nPlfthHr%Dza Synpt onms:

from 12, 24, 18 or 36 hours or nore (noré prefer from 48 hours or nore,
from 60 hours or nore, or from72 hours or nore; nost preferably from 36-96

hours, fro 96 hour s om.60- 96 hours, or from 72-96

A ternat ] vals PR AelE HERIE R iAot et SRR DT o ek ety
pandenm G i MhE@DE A xamm AR f BaERCHhich nSQRRABA résPirkIBMi Y AR QMG hich the
respiratory difficulty arise and/or in whom_ cyt oki ne | evel s i ncrease, at
the onset (BfPagEidsyn afcaBncofith Beiyicthehie sifcgtve it selgecd ﬁfﬁﬁh?eh%yst em
into the i he
Exanpl es, '? %§§%ﬂ§gent aﬁ%%\;ggg v(/%e /9[%)”}315 %{be%é% G Hnmgégmgcf n?zctb ‘!g?bé% wth
nore t han ope, Beserahs sapcMowlmlmpp NGaxpA/a gp. ﬁéw@ébp/rzlnppmviémxm eppsy Npt ons

of the influenz |nfe$Q%9 Therefore, it is envisaged that nedi caments
conpri si ng &8 GuRk " P 4e®Poxi fyl 1 ine may be administered nore than
once tapthe subject in need of treatnent. The conpound nay require
adnlnlstratlon twice or nore times during a _day. As an exanple, conpound
(1) may be Saerssifi SREFEd VASD WY e TSRO RS e #4ingpBRCl His cOBPEPIIPYS of
the viral inf&cli.on bel pg Mﬁa{%@m cfaldy rgggﬁa%sse@&e@%ﬂﬁmt OoRflihgoand 700ng
(i.e. assum ng a body weight o . tient recelving treathent may
take a f|rébﬁd@@@mpp@mmmﬂdmuwhmmhbwmmIéwa@@@mdmﬁmaeIUMﬂMhpm@Mkang (if on

s anvi sagdd THAE " e Bbe e ity BeJariis ok oy S ETRR)“day e RBPE han

once i f2sneeessahiy) NN ARBMiak, RlogickBlia Dh@BbPL AN wnd WS dik hessmmpounds of the
invention are preferably suitable for adm nistration to a subject as
descri bed above, preferably suitable for adm nistration at the

af orement | %@%GQI% (stfhéJl lﬁt%ras%& 9?@@556@&1 f%rggrg%ﬁﬂ t]@( a?lg‘/aor a%?ehoratm

Al ternatively, om/re eas ce may used opt i nal Yoses
of conpoundéhagbmﬁdnmgjﬂccbm@ownkehumbnih@maqmﬂhamwdﬂwtmwmmnhQEOﬁeed to

adm ni ster repea o on th r fin t the co nd
descr : E ed P{&jil }7 ﬂ% ﬁ;&ga Eﬂ_}fe (ﬂ]gga ach(%FegﬁeucCog 1|[t1ﬁ)85 I1ncgudn%sbronc opulmonarynpglcjtlonss,

30 tor example pneumonia.

Examples of fungi, which may cause a respiratory disorder, against which the compositions

in accordance with the invention are effective, may be selected from a group consisting of:



30l evel s of cytokines, such as TNF-a, and IFN-7, the inventors believe that

these effects of the conpounds may be harnessed and used in the manufacture
of cli ni cabI2g1msedsal conpositions. WO 2011/ 058346PCT/ GBROAB2081BTH8- 18 -
Hence, in a fourth aspect, there is provided a pharnmaceutical conposition
conprising a therapeutically effective_agount of a conpound represented by

the general formula I or pentoxifylline, as previously defined, and a
pharnaceutlcally accept abl e vehicle, for use in the treatnent of an

i nfection WA/ pairh Sge sprehC 4 M@pa Cosfsiorasopy Ddissrderp- dThe

i nfection gﬁéﬁ? ute or chronic. A "therapeutically effective amount" of
a conpound r esented by fornmula (1) or pentoxifylline is any anount

whi ch, when administered to a subject, results in decreased 10l evel s of

cyt oki nes, such TNF- Cﬁi and IFN— Ya .and thereb rov dg greventlon and/ or

Y eat mone SPUCA SHEb AT Afceiiooh e S8SKE SRt eV bR PR ER B For
exanpl ey tiaecdr&%aw&ﬁmeclabdnyioﬁa{e&eﬂetm @HPH@iele@fedCfﬂJ@QgM (cbhm%g of

pentoxi fylline used nay be from about 0.07 p.g to about 780 ng,

pr ef er abl y g aboatour. flegorpes %fﬁfefﬁéffzdzv&q@wﬁ@f inmpHie s oo %Wﬁ@)und (1)
|s from ab A
Subj ect - o ok L P SR R R ARl O

pr ef er abl y “&pdnatmprivéicmgnd Hetegés svedi. canent s according to the invention may
be used to treat any mammal, 20for exanple human, |ivestock, pets, or may
be used in other veterinary applications. A "pharnmaceutically acceptable

vehi cl & asthe@h@kddest thotHnargpdt man b@paraaﬂarpﬂﬁ@ﬂunﬁ)& F%ei&fﬂgkt@@a\ﬂﬁg gRIpRUNds
known to those skilled in the art to be useful ormul atin

phar maceut i2@%lioedigosrd inderson 2Bhg anéh%embﬁéﬁterm ey bﬁaﬁr@é&@@é}ﬁu cally
accept abl e yvehi gl gf J‘%e% f%%lthegmor%rﬁﬁdhﬁl %BM@ %S’I{hqgm‘ecﬁgné Rthe form
al | ccepta

of a powder or ta solid armaceut | vehicl e may
i ncl ude onexonplapnensulyst ances mhlch may al so act as flavouring agents,
| ubricants, solubilisers, suspending agents, dyes, fillers, glidants,
conpression aids, inert 30binders, sweeteners, preservatives, dyes,

coatings, Ometaheks l%h%t&&lgﬁh@-t:(brﬂﬁoﬁﬁ@ BE the &J%ﬁu&@&hpb@ug&ayn BHeSRADNADS
encapsul ating material. In powders, the vehicle is finely divided solid

that is in28dAMRPES aGHE A ‘fhﬂi@mF vHR isfeeHons.ded ffééltffr‘t(}@ da@écﬂﬁr {hick may esult

conmpound ('tﬂer&‘;or{?e%é’&rfl%édrfdg‘ﬁmg%gQge‘&'a@g fhgah f%%nQ’PQe ddvBob@APh&)S, the
active agent nay be m xe WO 2011/ 05 346 GBZOlO/0518 8 - 19 -

vehicle hamwu@ihhemne©essabyu&ﬁnpme&skcnmpwo@eﬁtxess|ThaNMMEahbéepmoportions
and conpacted in,the, sh ape % si ze,desired Rgggers and tabl ets

pr ef er abl y "EBhe & HUB° b 96861 e Stvﬂf\‘}%mﬁijB%%“ YEBI%8 BT T Vehi cl es

i ncl udey f Glor exeaifN, ehCatalintidtiph Qsdahe; bdmm&lsmfrbéapﬁﬁ@mw@abpan sugars,

| act ose, dextrin, starch, gelatin, cellulose yvi nyl pyrrolidine, low 5
nel ting m@é@o@ﬁﬁo‘@@ﬁlﬁé%@ﬁanabe Figsj qqesing the 1nfect10n may bea poxvirus, iridovirus,

thogavirus, or torovirus. The virus causing the infection may be a filovirus, arenavirus,
bunyavirus, or a rhabdovirus. It is envisaged that the virus may be a hepadnavirus,
coronavirus, or a flavivirus.

25
In particular, the following viral infections linked to respiratory complications may be
treated: Respiratory syncytial virus, Human bocavirus, Human parvovirus B19, Herpes
simplex virus 1, Varicella virus, Adenovirus, Parainfluenza virus, Enterovirus 71,
Hantavirus, SARS virus, SARS-associated coronavirus, Sin Nombre virus, Respiratory

30  reovirus, Haemophilus influenza or Adenovirus.



I n anot her enbodi nent, the pharmaceutical vehicle nmay be a gel and the
conposition may be in the formof a creamor the like. In yet another
enbodi merwQ 20ti@sgdrar maceut i cal vehicle may be a |iqui d, PamaGGR20B/051858
pharmaceutical conposition nmay be in the formof a 10solution. Liquid
vehicles are used in preparing solutiong;_suspensions, enulsions, syrups,
elixirs and pressurized conpositions. The active conpound may be dissol ved
or suspended in a pharmaceutically acceptable |iquid vehicle such as water,
an or gani ¢ 96IEAtON extedy tRiths teptisst AT iBFechpir Rt et REEs Pyl dht WBises oi | s
or fats. T*El?scl'ﬁke%%egei%{.@@e%rﬁl CRABVRRALAL B Q0heR e%%il &%‘%h%%'?@%.‘%%ﬁa!sca'

addi tives such as solubilisers, emulsifiers, bu fers, 15preservati ves,
sweet ener s mdthtad bom mgexagentisi ssuspendi ng agents, thickening agents,
colours, viscosity regulators, stabilizers or osno-regulators. Suitable
exanples of liquid vehicles for oral and parenteral adm nistration include
wat er (par tihahlis enbaiducRd et ¥esH dSviabaves Bngsting@F Il esavies Avati ves,
pref erably sodi um carboxynet hyl cellul ose solution), alcohols (including
nonohydr i c laflecarpias BnilsenapniusG: dsayireomd| hogatopirug Py dyivaig of Hsi r
derivati Ve%oreg&ﬁ‘%%&lﬁé.slnﬁﬁer&a b AW ENRLRE «GOEORML Eé mﬁﬂ&zﬁlﬁé&éﬂeﬁm‘i’ésl ) -
For parenteral adm nistration, the vehicle can also be an oily ester such
as et hyl oliehtdngandisi(isopriopyHuemen), state, arst @hdt rearhingjslildflwa@biciue & @nes usef ul
in sterile |i.quid, form conpositions for parenteral .adm.nistration. The
aut ' venbid et S TRSE i e Rt rBRb RaRl BuchaPbeiarah e Scar bon
or othey pharRRCAldtAalhY IaReapiabl € iptapphhattind 32s LigHhdepRakiaeest,i cal
conpositions which are sterile solutions or suspensions can be utilized by,
for exanpl énd fhpgpeprifewesitasct virrbraeEckidingdpimagr #id inysitcbagsr i t oneal |

i ntravenous and particul arly subcutaneous injection. The conpound accordi ng
to the invention nay be prepared as a sterile solid conposition that may be
di ssol ved Ghususpendstt cdithd inecrttiomenagtbe 3@kl trehstriatecdon ofsinp@t st eri | e wat er,

saline, or ofher appropriate sterile injectable nmedium The ound may be
admi 1 st or SATGTATTY (' EHE PERHn bf” PUERAT TS SOt SR BE TS Henet on

cont ai nisng padrbedd el it esmpeursiusRandisbgfR GRS dnfiffec@radihBucrenaugh sal i ne
or glucose to WD 2011/ 058346PCT/ GB2010/ 051858 -20 - nake the sol ution

i sotoni c), defiyasivedicteof Hdlyena A yersat 4ta claggicdi haarr opHsIVEaefagaIgsEsbat e 80
(ol eate est ~ j i ~ i i it | ene
oxi de) and}%%%g fﬁ%?&g%%Pkgﬁggﬁﬁﬁﬁggggﬁﬂggg§€N53%§%¥E?g&g o 5FE§ ?%her in
liquid or sod nthe®Ombogict pOfluormA Gorposd bécondensitied. dbihues, thorompadnds of

adm nistratjon include.solid forps,. such as pills, 5 ul es, granul es,

Fabl ot s, ant Bvider o e g PHeRe o G e e of PR TR S s 1,
and suspensidaite grQpaY stSBfpdd cdr@istias et 81 al 1RdpHINS] M3t amNaahig sterile
sol utions, enulsions, and suspensions. Al of the features described herein
(i ncl udi ng HERYL AEOGHHEAE hGNSH Hiph; Habdt HaNe: BAdS 16 uhdWmgd1ON%ned or al |

of the stepnRly BRYdREAAUNAoPPREGS RSN BUREL BEdm IRKADE: FOTRENRA W L
any of the above aspects in any conbi nation, except ‘conbi nations where at

| east sone nofy bspehicfledt urces farndhong stadpsecapes ol Udl Myusexrch dgivweve

Enbodi ment s, of e invention will now.be further. d i bed, by way of

exanpl o ontyoesi o HBEFBrEP At s PR ol BRI and ot he
acconpanyi ng di agranmmatic drawings, in which:- Figure 1 is a graph show ng
the results of an in vivo nouse challenge, in which mce were infected with
a HIN1 vi r 43¢ immdtorhleve towalttbd, Wllowing idorpourith 7 eprseldent edd BYH@cmul a 1, 20

i .e. benoxaprof.e C1005), beno r.of en, hydr oxamat e (BC1006) or oxanetacin
(BC1009) - BRHO IS BrGh 5 Bt SR B T DS B e AC I Thas

adm ni st er @@hotderd g dah eusasSvannsl Aghle AAsRiBm&AY ndt dnd tb be bv@idht | oss of
the m ce was neasured. No benoxaprof en, benoxaprofen hydroxamate or

oxamet aci n etheid €y wEnigiebdisHt hat thriespowsls PF&ﬁrl’éVCEUP% mgy §¢ BpH S HEW ng
the suryi valorigkeidh LGS &by LGl 1 Hivaniause, hal bersidesariped in
relation to Figure 1. The mtce were adm ni stered w th benoxapr of en
(BC1005), benexaprrof-gandyitoxamatiet(BELODE)haTcanbameidas ira(tBELHZ)koms a
single dose on day 3 and the percentage rate of survival was neasured. No
benoxapr of &itordse et Bl Hyetiekamat e or oxanetacin was added to the mice

of the control; 30



Figure 3 is a graph showing the results of an in vivo nouse challenge, in
which mce were infected with a HINL virus, and then treated with a
conpound wepna#assidsed by fornula |, i.e. ibuproxam ( BCLO28X/GR010/051858
pentoxi fylline (BCL042). I|buproxam or pentoxifylline was WO

2011/ 058346PCT/ GB2010/ 051858 - 21 - admjpistered to the mce as a single
dose on day 3, and the weight |oss of the mce was neasured. No ibuproxam
or pentoxifylline was added to the control mce; Figure 4 is a graph

showi ng thél){@&pmpm dsjoahe 1pFenigpe @y thareferd by wid & aesticstcREMNBAGS 5

descri bed i t e r

|buproxamo$]n%)eh?(§)|>£??al qgﬁgggéﬁgﬁg?%&eualgsgwgﬁg%gggggbgﬁg &ﬂBM%gggghtage
rate of sumwioal ef?@ﬁomﬁi}zsdyf&dle Pﬂ@we@umr&xlamy@trm@@nztte@qu hidyer wag-added to
the mce of the control; Figure 5is graph showing the results of an in
vivo nouse ToR&PMEAgK!s My %S%wrﬁe@@n%@?l@aw i@eriedirglipiscEor I RIaFier us, and
then troat egpi.t i, FARAYDLIEP! &560LLE MindiAtmH holins horaliBUANAXAM
Ibuproxan1wa§ adm ni st ered he mce as a single dose on da and the
wei ght | ossnfefted tveh mecxeru\adswrfdasampeamatd&ahatbmpar oxahvwas! ladtedh ihctelevithont r ol
m ce and instead % Brofe ma (gnLnls ered to thﬁée nce as a conparison
conpound; 4dnd"15§ grg> 5?‘% Eﬁ'ﬁﬁﬁﬁ“?%gmé Vi%al rate of mce in
the in vivo nouse challenge described in relation to Figure 5. The m ce
were adm nistered with i buproxamas a single dose on day 3 and the

per cent age If 1éF@eélﬁﬂYslﬂF€9ﬁ%q%aR/@§ cofERde d12Y R raslupriskiahs Wad saaered 2vgak he
mice of ot NGy EQRk! Gleh G0fh eﬁétsﬁgreg JEBHRE RS CR1URSBHRISIEL L B0k ABSE o Ce as
a conpari son conpound. 20 Exa The inventors carried a range of in
vitro and ipﬁnmbd\fﬂhrexp@frdIMtlsed m) tmademrihﬂad:etperl’wim@é tiheenpefah ecttstoafthgrar i ous
conpounds rqpresentedfgﬁ ﬁ y i ne_on the production of
the cyt oki &S HERSSY esﬁ%ﬁgﬁnn%ﬁ%m? W@h d?geﬁgvieﬂgﬁﬁﬁgirated in the
25resul ts descri bed beIOM/that t he conpounds of the invention surprisingly
act as inhibitors of IFN--y and TNF-a. Furthernore, they have denpnstrated
in in vivo Il %’G@P@dﬁ%tthea@ﬁi%u’%‘fl phtaraHladh %QF@O@%W@M crgglitts in a
reductign i i ase in
sarvi val e o el Ty T e R e €
and Met hods\ltelmtivily chapuseustuct tbs mvElnthnoo@ he Fed pyan(BIncOo78L6 f emal e

i 6-7 | d d d t
ggﬁ$a§ningmggﬁafgﬁ}&ghﬁﬁﬁggaéééﬁgq%ﬁ @HT ??gﬁ%ﬁﬁiPEé%%EQ%%'ﬁﬁgﬁﬁg anasal
| et hal dos@&od @hbatihg bRtadal infRtiddslind@&t dnhikacirQhmbfitillnenzoMReBL3%h, under

hal ot hane |nduced anaesthesia. On Day 3, animals received one
i ntra-peri teiseiare fqﬁ}a@étmc.ﬁlpfoﬁma%@ewl)m% inpiRgneipdin Y PBHE (Psmwﬂlm

| bupr oxgm @&%gf}&)mda% h&ln X ATREA G b kBl 002) nc&rﬁ%}lﬂ ReRQnRR fbf u
1005), 189p noxapr of en "hydr oxanmat e (BC1006 %) ani na
assessed da$$ymh0uwn®ﬂbn@yMyhdmquhwmhasgqtn@fs@mmnuakaﬁr@mv@dymikumtlI at
non-nucleoside inhibitors of reverse transcriptase, protease inhibitors and fusion inhibitors.
Furthermore, conventional antifungal agents include, for example farnesol, clotrimazole,
ketoconazole, econazole, fluconazole, calcium or zinc undecylenate, undecylenic acid,
25 butenafine hydrochloride, ciclopirox olaimine, miconazole nitrate, nystatin, sulconazole,

and terbinafine hydrochloride. Hence, compounds according to the invention may be used

in combination with such antibacterial, antiviral and antifungal agents.

The compound of the invention may be combined in compositions having a number of
50  ditferent 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, capsule,

liquid, ointment, cream, gel, hydrogel, aerosol, spray, micellar solution, transdermal patch,

liposome suspension or any other suitable form that may be administered to a person or



| east Day 6. Morbidity variables (i.e. Body Condition, Posture, Activity,
Pil oerection, Respiration, Vocalisation, Ataxia and Ocul o/ Nasal Di scharges)
wer e recowoOeduiassardi ng to the foll owi ng scal e of sever PCY/GBRoromaEssg0) ,
MId (1), Laboured (2) and Severe/Cull-point 15(3). Exanples - In vivo
mouse studies Using standard techni quegsas descri bed above, mice were
infected with a HIN1 virus which was all owed to becone established in each
of the subjects. Each test nouse was 20then treated wi th ibuproxam
(BC1048), @siambiratses of Betoo) , [tpdhbsapreivy heckoosicle fnsmpdiprenten

hydr oxamat ~ 6 £l hi: i fter
hrecton v RITe e B REH BLte oSt ol R E b RS ARt
oxarmet aci n i{ BCHOAR) prefoerhbxapblof dhiv¢BCE 1805 ts hensxapblodbdhranydhroxaomt e
(BC1006) or, pentoxifylline (BCl1042) was.adm nistered. The weight | oss of
both tr ear EERGS St Tt B8 T et AR HabdPii g A RN IR IR qur es
1, 3 and 51&@@, ioeRr th@dat feced y@g)ryd@ig@ge‘of i bupr oxam (BC1048), oxanetacin
(BC1002), benoxaprofen (BC 10(?5), benoxapr of en hydr oxanat e (BC1006) or
pentoxi fylline (BCL042) showed at |east a 10% | ower reduction in weight

| oss than " M ' ~ : o [ do not
wish to betc%gntfﬁ)gmgg@%o;r%oqts{?gg?%?d%%ﬁog%g%g |é%/nevg{l tﬁ](glt M'Eg}ﬂ%é LPSE% 32%‘2%%6?& of the
cyt oki nes, whaN-Eor igtchcd,NiEal admims tialfid mian be cigedechinoehidporse tixgosppend may

i buproxam ,oxanet a¢i n,. benoxapr.of en, benoxapr of en hydr oxamat.e or

pent oxi f yl I R POt ki A Op R HO B Bk P b 'aﬂ]ﬁTet E%i“%e%ﬁ%ix‘&%.m tRfghorm of

2011/ 05834 GREBIEBRAIOL0RLED B\ It tivelRah@Esrhfigition drlydier@idsterdd BAchi&ok her e
are shown the results of percentage survival of mice treated with

i bupr oxam iRabelaed fircape dakais e beprrosays drde Hydirgramitsebegiancous

pent oxi fyl |4 an b ~ | it tacin,
benoxapr of %@%ﬁ%ﬁ%@pr%%ez%%ﬁ%;ﬂﬁgonr%@ﬁ%ﬁqé)gﬁ%lg% P%/é Hogﬁg@%sﬁgg\?\g% a hi gher
survival ratentitramat beadnointsteodd, byunbala@ahddg. micamasallp, oriby meush) wd iresally (e.g.
stimulation experiyrents using mtogens. LPS and Con A Plasma B cells can
ent er mto§F%pq§%5%tﬁ>'they encounter an antigen matching their

10i mmunoegl obulin. A mtogen is a chem cal substance that triggers signal
transducti on pat hways in which mtogen-activated protein kinase is

i nvol ved, tlesiropyioshmau syrhigraviest ot opicdmyeAde ineBhfe. dingPeitoMay Peadi ng to
mtosis. ThySicd®) HRIRRS aCANa R ELAE UELYL UPBiAR SLEMULALR lpmphocyt es
and therefo assess I mmune function. By sti ating ly ocytes, mtogens
can be usedhftoionepldpgat aptitreioetd getskinof patisdlarglusetnf toc treomg virdl iffeetidnao

m t ogens thﬁt tgﬁ inventors used, to s 'Li\rrul ate Il)/nEhocyt es, and therefore
assess | min& ORI OA MR ¥ RSP EAEChE PHE (T#8) " and Concanaval in A
(Con A2 LPS acts on B cells but not T cells, whereas Con A acts on T cells
but not B cells. The effects of two enbodi nents of the conmpound represented
by for mul alt Villibeappicsiaise! ahea the(aetust peeprirpund thay itherited dscradnegdrons) and
benoxapr of gf, 93[ RERAPLE GECIIR., And Reahorbl bhng: Lbel o Ll fidn, the
tabl es as BC1042) on the lTevels of IFN--y and TNF-a were 1 nvestigated in
LPS and Conhéplgticoakleat@bipragsaysot tReromppamalanBivdotheMbaanmpbeat is Gehg ss¢dPVBC)
wer e independentl?%adrri ni.st er eg. V\Cﬂiéb?} each. m to?en, %P(gﬂ.or Con A1 gn% t hen
treated w th? BB RIN CHERERARFGT B R dr Ok AiEted b Pt FEREETTN YRR Peont r ol
exper i ment snWRh&ddy thOKHVehesibfed¥hi6R aR@ phitSuleily GomaALINAS Bagedadssuch t hat
any effect on the levels of IFNNy and TNF-a could be directly attributed to
t he presenddthit thegebieceing grpedind, i bupr oxam benoxapr of en hydr oxamate or
pentoxifylline. Materials and Methods 30Isolation, culture and treatnent

of Peripheral Bl ood Mnonucl ear Cells (PBM)
Optimal dosages to be administered may be determined by those skilled in the art, and will

vary with the particular compound in use, the strength of the preparation, the mode of
30 administration, and the advancement of the disease condition. Additional factots
depending on the particular subject being treated will result in a need to adjust dosages,

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



WD 2011/ 058346PCT/ GB2010/ 051858 - 24 - Bl ood was collected in
6nilvacut ai ners (green cap). Blood was processed within 2h of collection.
Mat er i al swo=ed/058&#6- coagul at ed bl ood; FCS; RPM - 1640 ne@Ca/GBpplisnesst ed
with L-An 5and P/'S; PBS; sterile tips and pipettes; Sterile 15m Fal con
Sterile V-bottom 96-wel|l plates with |igg. Neubauer chanber; Trypan Bl ue
solution; 70% | PA sol ution; AccuspinH stopaque tubes (Sigma, A7054)
Procedure: 101. Dilute sanples 1:1 in sterile PBS; 2. Add 30mL of

di | uted bl dbuillihstaprigaiake chs pisklsd Rerspaglidc ablséo rairarcqarabipses, and
Centri fuge at. 1 ~ )

centrif ugato?%%?p%hgénrtég%roo%gm% g?ﬁ&&ﬁﬂ%&?&% r%&g% att%rgetbt%ﬁeé{ﬁ%s %F W t he
frit. The nongeyheskneBMOL thd ¢Hosdrecopresiedt Konwa pkayéurcgbahesteefit, with

t he pl asna 150”'t9ﬁF 5.. Co %eg} %he PBNVC quer ith a gi$ette into a fresh
15m  Fal corf P BEOHINE CPBISYERY B PERT G F SEENTStY 88 s r P e U 25 B et

10m n at Rials, etc.), may Ho usell SCakAbliiN &P &SrAala@bhs of the empdiadpel et and add
anot her 10nl of PBS; 208. Centrifuge at 25O cf 10mn at RT; 9. Repeat steps
7 and 8; i dovepiryIdPrEnE BepriuHa raHtcesdrshre slysionts af e gemosnds #d the  of

conpl ete nqﬂ%ggkggfghﬁﬂgégﬁég%)FCS); 11. Count cells and nmake a 4x106

cell/m suspension in conp e nmedium Add 100/11 25of cell suspension per
well in a V-bottom 96-well plate. Then add 50111 of stinulant or vehicle in

conpl ete ia, .and, 50111 dr hicle,nc | et e dia. lncubate
Shercel s Rortslh Mpodnt sfbebbtPo B Ak G R R TR R R R s of
cel | super %E%mbf the cORBSEHE nhdyMNeYus@nr TR idk-Andhof LPpduEkA dTumiBrobaN- Y,

cat No. 555142 and human TNF, Cat No. 555212) 30foll ow ng nanufacturer's
i nstructi onde (BB Bifersien arasng vppvPeh cronesabpeTyicRr0ady.0sgsg dogss - |LpS
stinul ation st udi he .t esul t.s, of e LPS sti,nmul at] on experiments are
Shown 1 76 0P e 0B B 1R L e Foal s Bk 8-SR PR TEBi it age

| f | i 1 o) . . .
val ue of 't e PRQINIE ROk THRs of BRHTRAHTUILGR0GERLEAE QY Mo he:

cytokine, eit | FN--y o TNF-a,” express ro ells

presence ofbodnilvyighfihd SosalidhHobdeecchGPPpoxandell heugdacadtinagikgnedef t he
cytokines that are expressed fromthe PMBC cells in the presence of (i) LPS
and (iiy iBﬁﬁ?ﬁxan1(BC1048), benoxapr of en hydr oxanat e (BC1006) or
pentoxifylline (BCL042), are expressed as a percentage of the LPS only
100/ 0 control. Standard deviation values (St error) are given underneath
each val ue Iy ég:ms e gggtom@plun@s nogy BENE-ca ab evigpls admnistration (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 ot 70kg), or between 0.70ug and 500mg, or between 10mg and

20 450mg. The medicament may be administered betfore or after infection with the pathogen
causing the respiratory disorder, such as 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
In embodiments where the infection being treated is an infection of influenza,
independently of whether or not the influenza is a pandemic influenza, the subject is
someone treated with medicaments comprising the compounds of the invention in whom
symptoms of respiratory difficulty atise and/or in whom cytokine levels (any of the above

30  mentioned cytokines, but typically IFN-a, or TNF-y) increase at the onset of symptoms of
respiratory ditficulty. More preferably, the subject is a subject in whom symptoms of

tespiratory difficulty arise, and/or in whom cytokine levels increase, at the following times



Table 1 - Determnation of IFN--y and TNF-a | evel s under LPS stinulation
(Percentage IFN--y and TNF-a |l evels conpared to 100/0 untreated cells under
LPS sti mweatzoom)ps3sbFN- -yTNF-a 100 M 10 M1 MIOO M 10 MPLTMB2010a051858

signal -1.28 96.62 89.21 109.93 105.67 105.78 BC1048 LPS St error yo 1.33

17 -

after onset of influenza symptoms: from 12, 24, 18 or 36 hours or more (more preferably
from 48 hours or more, from 60 hours or more, or from 72 hours or more; most
preferably from 36-96 hours, from 48-96 hours, from 60-96 hours or from 72-96 hours).
Alternatively, and independently of whether or not the influenza is a pandemic influenza,

5 the subject is someone in whom symptoms of respiratory difficulty atise and/or in whom
cytokine levels increase, at the onset (or eatly stage) of recruitment of the adaptive immune

system into the infected lung,.

As described in the 7 vivo mouse studies in the Examples, the inventors have shown that
70 mice that were administered with more than one dose of a cytokine inhibitor showed
improvement to symptoms of the influenza infection. Therefore, it is envisaged that
medicaments comprising compound (I) or pentoxitylline 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
75 more depending upon the severity of the viral infection being treated) daily doses of
between 0.07uUg and 700mg (i.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 necessary) following viral

20  infection.

Thus, the compounds of the invention are 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 of

the compounds may be harnessed and used in the manufacture of clinically useful

compositions.



19.86 9.78 2.39 2.35 1.32 signal -6.29 -3.67 -4.14 -1.28 0.48
3.14
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Hence, in a fourth aspect, there is provided a pharmaceutical composition comprising a
therapeutically effective amount of a compound represented by the general formula I or
pentoxitylline, as previously defined, and a pharmaceutically acceptable vehicle, for use in

the treatment of an infection with a pathogen, which causes a respiratory disorder.

The infection may be acute or chronic.

A “therapeutically effective amount” of a compound represented by formula (I) or
pentoxifylline is any amount which, when administered to a subject, results in decreased
10 levels of cytokines, such as TNF-0L and IFN-Y, and thereby provides prevention and/or

treatment of a microbial infection, such as an acute viral infection.

For example, the therapeutically effective amount of compound (I) or pentoxitylline used
may be from about 0.07 lg to about 700 mg, and preferably from about 0.7 Ug to about 70
75 mg. The amount of compound (I) is from about 7 Ug to about 7mg, or from about 7 lg to

about 700 ug.

A “subject” can 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,

20  for example human, livestock, pets, or may be used in other veterinary applications.

A “pharmaceutically acceptable vehicle” as referred to herein can be any combination of
known compounds known to those skilled in the art to be useful in formulating
pharmaceutical compositions.
25
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 acceptable
vehicle may include one or more substances which may also act as flavouring agents,
lubricants, solubilisers, suspending agents, dyes, fillers, glidants, compression aids, inert
30 binders, sweeteners, preservatives, dyes, coatings, or tablet-disintegrating agents. The
vehicle may also be an encapsulating material. In powders, the vehicle is a tinely divided
solid that is in admixture with the finely divided active agent (i.e. the compound (I) or

pentoxifylline according to the invention). In tablets, the active agent may be mixed with a
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vehicle having the necessary compression properties in suitable proportions and compacted
in the shape and size desired. The powders and tablets preferably contain up to 99% of the
active agent. Suitable solid vehicles include, for example calcium phosphate, magnesium
stearate, talc, sugars, lactose, dextrin, starch, gelatin, cellulose, polyvinylpyrrolidine, low

melting waxes and ion exchange resins.

In another embodiment, the pharmaceutical vehicle may be a gel and the composition may
be in the form of a cream or the like. In yet another embodiment, the pharmaceutical
vehicle may be a liquid, and the pharmaceutical composition may be in the form of a
solution. Liquid vehicles are used in preparing solutions, suspensions, emulsions, syrups,
elixirs and pressurized compositions. The active compound may be dissolved or
suspended in a pharmaceutically acceptable liquid vehicle such as water, an organic solvent,
a mixture of both or pharmaceutically acceptable oils or fats. The liquid vehicle can
contain other suitable pharmaceutical additives such as solubilisers, emulsifiers, bufters,
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 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). For 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 pressurized compositions can be halogenated hydrocarbon or other

pharmaceutically acceptable propellant.

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 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 sterile injectable medium.

The compound 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

21
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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 can also be administered orally either in liquid or solid composition
torm. Compositions suitable for oral administration include solid forms, 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 ot process so disclosed, may be combined
with any of the above aspects in any combination, except combinations where 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 a graph showing the results of an iz vivo mouse challenge, in which mice were
infected with a HIN1 virus, and then treated with a compound represented by formula I,
i.e. benoxaprofen (BC1005), benoxaproten hydroxamate (BC1006) or oxametacin
(BC1002). Benoxaprofen, benoxaprofen hydroxamate or oxametacin was administered to
the mice as a single dose on day 3 and the weight loss of the mice was measured. No

benoxaprofen, benoxaprofen hydroxamate or oxametacin was added to the control mice;

Figure 2 is a graph showing the survival rate of mice in the # vivo mouse challenge
described in relation to Figure 1. The mice were administered with benoxaprofen
(BC1005), benoxaprofen hydroxamate (BC1006) or oxametacin (BC1002) as a single dose
on day 3 and the percentage rate of survival was measured. No benoxaprofen,

benoxaprofen hydroxamate or oxametacin was added to the mice of the control,

Figure 3 is a graph showing the results of an iz vivo mouse challenge, in which mice were
infected with a HIN1 virus, and then treated with a compound represented by formula I,

i.e. ibuproxam (BC1048), or pentoxitylline (BC1042). Ibuproxam or pentoxitylline was
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administered to the mice as a single dose on day 3, and the weight loss of the mice was

measured. No ibuproxam or pentoxifylline was added to the control mice;

Figure 4 is a graph showing the survival rate of mice in the # vivo mouse challenge
5 described in relation to Figure 3. The mice were administered with ibuproxam or
pentoxitylline as a single dose on day 3, and the percentage rate of survival was measured.

No ibuproxam or pentoxifylline was added to the mice of the control;

Figure 5 is a graph showing the results of an iz vivo mouse challenge, in which mice were
70 infected with a HIN1 virus, and then treated with a compound represented by formula I,

L.e. ibuproxam. Ibuproxam was administered to the mice as a single dose on day 3 and the

weight loss of the mice was measured. No ibuproxam was added to the control mice and

instead ibuprofen was administered to these mice as a comparison compound; and

15 Tigure 6 is a graph showing the survival rate of mice in the 7z vivo mouse challenge
described in relation to Figure 5. The mice were administered with ibuproxam as a single
dose on day 3 and the percentage rate of survival was measured. No ibuproxam was added
to the mice of the control and instead ibuprofen was administered to these mice as a
comparison compound.

20
Examples
The inventors carried out a range of 7z vitro and 7n vivo experiments in order to determine
the effects of various compounds represented by formula I or pentoxifylline on the
production of the cytokines, IFN-y and TNF-0.. The inventors have demonstrated in the

25 results described below that the compounds of the invention surprisingly act as inhibitors

of IFN-y and TNF-0l. Furthermore, they have demonstrated in 7 vivo mouse models that
administration of said compounds results in a reduction in the viral symptoms (i.e.

reduction in weight loss, increase in survival rate, and reduction in total morbidity) in mice.

30
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Materials and Methods

In vivo mouse studies

Protocol:

Fifty (50) C57BL/6 female mice (6-7 weeks old), were divided into five (5) experimental
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
anaesthesia. On Day 3, animals received one intra-peritoneal injection (100-150 ul) of the
test compound (360pg ibuproxam (BC1048), 54pg oxametacin (BC1002), 180ug
benoxaprofen (BC 1005), 189ug benoxaproten hydroxamate (BC10006)).

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)-

Examples — I» vivo mouse studies

Using standard techniques as described above, mice were infected with a HINT1 virus
which was allowed to become established in each of the subjects. Each test mouse was
then treated with ibuproxam (BC1048), oxametacin (BC1002), benoxaprofen (BC1005),
benoxaprofen hydroxamate (BC1000) or pentoxifylline with a single dose on day 3 after
infection with the virus. In the control mice, no ibuproxam (BC1048), oxametacin
(BC1002), benoxaprofen (BC 1005), benoxaprofen hydroxamate (BC1006) or
pentoxifylline (BC1042) was administered. The weight loss of both treated and untreated

mice was then determined.

As shown in Figures 1, 3 and 5 the mice that received doses of ibuproxam (BC1048),
oxametacin (BC1002), benoxaprofen (BC 1005), benoxaprofen hydroxamate (BC1006) or
pentoxifylline (BC1042) 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 TNF-o, in H1N1-infected
mice upon exposure to ibuproxam, oxametacin, benoxaprofen, benoxaprofen hydroxamate

or pentoxifylline results in the mice maintaining their weight.
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Referring to Figures 2, 4 and 6, there are shown the results of percentage survival of mice

treated with ibuproxam, oxametacin, benoxaprofen, benoxaprofen hydroxamate or

pentoxifylline. As can be seen, mice treated with ibuproxam, oxametacin, benoxaprofen,
5 benoxaprofen hydroxamate or pentoxifylline, showed a higher survival rate than the

control, untreated mice.

In vitro studies - stimulation experiments using mitogens, I.PS and Con A

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

70 immunoglobulin. A mitogen is a 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.

15
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, i.e. ibuproxam (referred to

20 in the tables as BC1048) and benoxaprofen hydroxamate (BC1006), and pentoxitylline
(referred to in the tables as BC1042) on the levels of IFN-y and TNF-o 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
ibuproxam, benoxaprofen hydroxamate or pentoxifylline. Control experiments were

25 conducted in which no LPS or Con A was added, such that any effect on the levels of IIFN-
y and TNF-uo could be directly attributed to the presence of the test compound, ibuproxam,

benoxaprofen hydroxamate or pentoxifylline.

Materials and Methods

30  Isolation, culture and treatment of Peripheral Blood Mononuclear Cells (PBMC)
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5 and P/S; PBS; sterile tips and pipettes; Sterile 15ml Falcon; Stetile V-bottom 96-well plates
with lids; Neubauer chamber; Trypan Blue solution; 70% IPA solution; Accuspin-
Histopaque tubes (Sigma, A7054)

Procedure:
10 1. Dilute samples 1:1 in sterile PBS;
2. Add 30ml of diluted blood into an Accuspin-Histopaque tube (Sigma, A7054);
3. Centrifuge at 800rct 15min at room temperature (RT);
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
75 on top;
5. Collect the PBMC layer with a pipette into a fresh 15ml Falcon tube and top up to
15ml of PBS;
6. Centrifuge at 250rct 10min at RT;
7. Discard the supernatant, flick the pellet and add another 10ml of PBS;
20 8. Centrifuge at 250rct 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);
1. Count cells and make a 4x10° cell/ml suspension in complete medium. Add 100ul
25 of cell suspension per well in a V-bottom 96-well plate. Then add 50pl 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% CO,;
12. After incubation, take 60l of cell supernatant to measure IFNy and TNFu by
ELISA (OptEIA human IFNy, cat No. 555142 and human TNF, Cat No. 555212)

30 tollowing manufacturer’s instructions (BD Biosciences).
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LPS stimulation studies

The results of the LPS stimulation experiments are shown in Table 1. The values in
the Table are expressed as the percentage value of the LPS only control. Thus, the
maximum concentration of the cytokine, either IFN-y or TNF-a, 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 (i) LPS and (if)
ibuproxam (BC1048), benoxaprofen hydroxamate (BC1006) or pentoxitylline (BC1042),
are expressed as a percentage of the LPS only 100% control. Standard deviation values

(st error) are given underneath each value of expressed IFN-y or TNF-u levels.

Table 1 — Determination of IFN-y and TNF-« levels under LPS stimulation
(Percentage IFN-y and TNF-u levels compared to 100% untreated cells under LPS

stimulation)

IFN- vy TNF-a
100uM 10 uM  1pM 100pM 10pM  1pM

%

signal -1.28  96.62 89.21 109.93  105.67  105.78

LPS

BC1048 S/t error 1.33  19.86 9.78 2.39 2.35 1.32
0

signal -6.29  -3.67 -4.14 -1.28 0.48 3.14

no LPS st error 0.76 0.35 1.66 0.13 0.37 1.41
%

signal 2121 16.67 35.29 57.77 10147  106.25

LPS

BC1006 s/terror 4.21 3.12 11.08 3.96 0.30 3.40
0

signal 12.38  13.46 16.74 11.97 -2.27 -2.29

no LPS st error 1.80 0.24 5.58 0.70 0.50 0.59
%

signal 40.73  98.28 102.11 114.60  107.28  113.04

BC1042 LPS S/t error 2056  13.60 42.65 2.05 1.37 1.51
0

signal 2.03 1.48 3.98 -0.80 -2.45 1.15

no LPS st error 1.16 1.33 0.47 1.03 0.67 0.63

With reference to the data shown in Table 1, the inventors were surprised to
observe that the concentrations of IFN-y and TNF-o decreased in the presence of

ibuproxam (BC1048), benoxaprofen hydroxamate (BC10006) or pentoxitylline (BC1042) in
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LPS stimulated cells. Ibuproxam completely blocks the production of IFNY after

stimulation at the highest concentration (100 WM), while there is less of an effect on

TNFa. Benoxaprofen hydroxamate consistently inhibits the production of

TENY (35% to 21%) at all concentrations used (1 to 100 uM), and its maximal effect
5 against TNFO was at the higher concentration (41%). Pentoxifylline inhibited the

production of IFNY in a similar manner to ibuproxam, having an effect at 100mM,
although this effect was less pronounced than ibuproxam, and, again, less of an

effect was seen against TNFOL.

70 Con A stimulation studies

The results of the Con A experiments are illustrated in Table 2.

Table 2 — Determination of IFN-y and TNF-o levels under Con A stimulation

(Percentage IFN-y and TNF-« levels compared to 100% untreated cells under Con A

15 stimulation)

IFN-y TNF-a
100pM  10pM  1pM 100pM 10pM  1pM

%

signal 78.18 97.25 94.90 79.25  106.74  109.64

A

BC1048 Con S/t error 12.67 0.87 1.70 9.32 2.97 1.85
0

no signal -1.04 -0.01 -0.68 -1.25 0.48 3.08

ConA st etror 0.13 0.06 0.27 0.13 0.36 1.38
%

signal 3.78 33.81 98.35 51.50 38.65 83.37

A

BC1006 Con S/t error 0.60 5.36 0.31 8.61 12.73 11.24
0

no signal 1.82 2.80 3.76 19.51 1.62 2.84

ConA st etror 0.32 0.55 0.20 1.66 0.32 0.30
%

signal 92.61 97.98 108.10 103.71 10231  101.46

BC1042 ConA S/terror 10.71 5.92 2.65 4.18 1.58 0.87
0

no signal 0.58 0.42 1.13 -0.77 -2.37 1.11

ConA  stetror 0.33 0.38 0.13 1.00 0.65 0.60

With reference to the data shown in Table 2, the inventors observed that the

concentrations of TNF-« and IFN-y also decreased in the presence of ibuproxam
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(BC1048), benoxaprofen hydroxamate (BC1006) or pentoxifylline (BC1042) in Con A

stimulated cells. In this iz vitro system, ibuproxam had a modest effect against
ConA-stimulated IFNY and TNFO production at the highest concentration.
Benoxaprotfen hydroxamate had a greater effect versus IFNY and TNF0 with clear
effects at 10 and 100 uM. Against this stimulus, pentoxifylline has little effect

versus ConA-induced TNFa or IFNY production.

Summa

In summary, the inventors were surprised to observe that ibuproxam, oxametacin,
benoxaprofen, benoxaproten hydroxamate and pentoxifylline improve survival in
influenza-challenged mice. They therefore believe that any compound represented by
tormula (I) or pentoxifylline may be used as an IFF'N-y and TNF-a inhibitor, which can
be used in the treatment of an infection with a pathogen which causes a respiratory
disorder, such as influenza. The encouraging results of the iz vivo mouse studies described
in the Examples clearly demonstrate that mice infected with a HINT1 virus can be
effectively treated by administration of a single dose ot ibuproxam, oxametacin,
benoxaprofen, benoxaprofen hydroxamate or pentoxifylline. Hence, it is clear that any
compound (I) or pentoxifylline could be used to treat viral infections, or other pathogenic

infections which causes a fulminant respiratory disorder.
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CLAIMS
1. A compound of formula I:-
R1
RZ
Ar
o) 1
5

wherein, At is an aryl or substituted aryl group, R is a C, , alkyl group or hydrogen, and R
is OH or -NHOH, or a pharmaceutically acceptable salt, solvate, or solvate of a salt
thereof, for use in treating an infection with a pathogen, which causes a respiratory

disorder, preferably a fulminant respiratory disorder.

10
2. A compound according to claim 1, wherein Ar is a substituted phenyl group.
3. A compound according to any preceding claim, wherein R' is hydrogen or a methyl
group.
75
4. A compound according to any preceding claim, wherein R* is -NHOH.
5. A compound according to any preceding claim, wherein when Ar is a substituted

phenyl group, the bond joining it to the remainder of the structure shown in formula I

20  extends directly to a carbon atom in the phenyl ring.

0. A compound according to any preceding claim, wherein compound (I) is a 2-aryl,

N-hydroxyacetamide, or 2-aryl, 2-methyl, N-hydroxyacetamide derivative.

25 T A compound according to any preceding claim, wherein compound (I) is

ibuproxam, oxametacin, benoxaprofen, or benoxaprofen hydroxamate.

8. A compound according to claims 1 to 6, wherein compound (1) is:-
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R2 0 5 wherein, Ar is an aryl or substituted aryl group, Rl is a C, aIkyI
group or hydrogen, angd R2 is OH or -NHOH, or a pharnaceutically acceptable
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S VI
10. Pentoxifylline, or a pharmaceutically acceptable salt, solvate or solvate of a salt

70 thereof, for use in treating an infection with a pathogen, which causes a respiratory

disorder.

11. A compound according to any preceding claim, wherein the compound is used to
treat the common cold, sinusitis, tonsillitis, otitis media, pharyngitis, laryngitis, pneumonia,

15 Respiratory Distress Syndrome (RDS), Acute Respiratory Distress Syndrome (ARDS), or
Acute Lung Injury (ALI).

12. A compound according to any preceding claim, wherein the compound is used to
treat a bacterial infection.

20
13. A compound according to any preceding claim, wherein the compound is used to

treat a fungal infection.
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r espi r ator Yoa@hS6URE or ad drthdn GORPEUAEAGCOr ding to any preceding claim
wherein the conpound is used to treat the conmon cold, sinusitis,
tonsillitis, otitis media, pharyngitis, laryngitis, pneunonia, 15

Respi ratory.Di sty &35, ¥AArQI® é dher AGHE €1 FESPLLALANNe Lrfidu88 s c¥qdy ome
(ARDS), or gbute fuﬂﬁ I njury ? E? .er?%. A conpoun accor |ﬁb fo any
precedi ng cteati am intwhigrredfrany e ldupound A dntisedatios By eatnflactyaciterG,al a
infection. 20 WO 201%/ 058346PCT/ GB2010/ 051858
derivative thereot.
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17. A compound according to claim 16, wherein the compound is used to treat an
infection of any serotype of Influenzavirus A selected trom the group of serotypes
consisting of: HINT; HIN2; H2N2; H3N1; H3N2; H3N8; H5N1; H5N2; H5N3; H5NS;
H5N9; H7N1; H7N2; H7N3; H7N4; H7N7; HIN2; and H1ON7, or a derivative thereof.
15

18. A compound according to claim 17, wherein the compound is used to treat viral

infections of HINT1 virus, or a derivative thereof.

19. A compound according to any one of claims 14-18, wherein the compound is used

20 to ameliorate inflammatory symptoms of virally induced cytokine production.

20. A compound according to claim 19, wherein the compound modulates IFN-y

and/or TNF-QL.

25 2L A compound according to any one of claims 14-20, wherein the compound is used

to treat inflammation in an acute viral infection of a nafve subject.

22. A compound according to any one of claims 14-21, wherein the compound is used
to treat a viral flare-up.

30
23. A method of preventing, treating and/or ameliorating an infection, with a

pathogen, which causes a respiratory disorder, the method comprising administering, to a



- 30 - 14. A conpound according to any preceding claim wherein the
conpound is used to treat a viral infection, preferably an acute viral

i nfecti orw0 2011/05886 A conmpound according to claim14, wrergBrotonsigsenpound
is used to treat a 5 paranyxovirus or an orthomyxovirus infection. 16. A
conpound according to either claim 14 ory15, wherein the conpound is used
to treat an infection of any of Influenzavirus A, Influenzavirus B, or

I nfl uenzavirus C, or a derivative thereof. 10 17. A conpound accordlng to
clai m 16, \Rh‘é?féllfhﬂffeﬁ@f cesbparEctts sepcHislcase VR TIONRERd GIROPNARAY
serotype of I fromthe group of serotypes

consi st i ngdS’?HJdﬁ}if%l &ﬁ&ﬂ{ﬁeﬁxﬁiﬂ%ﬁﬂs H3N2: H3N8: H5NL; H5N2: H5N3: HSNS:
H5N9; H7N1, H7N2 H/N3; H/N4; H/N7; HONZ, and H1ON/7, or a derlvatlve

t her eof . ound accordin n the conpound |s
(fereal. 19y 18, QuRIbong aceordng. Lo el Rl Mer L e compound |
A conpound 36 ?@lﬁrdi RGddDc@RYarQRBic OF clehai 1Nt 224:mE8, pHMlﬁJ@uﬁban5h@c@pIMQund [ s
used 20to ane iorate inflammatory synptons of virally induced cytokine

pr oduct i onvehigg, fopusednphsurfatragé of dt Ageetnetidl hvatgogephehieh fustiet conpound
nodul at es 's@&&ogﬂﬁ&>é JNF-a. 25 21. A conpound according to any one of
clainms 14-2 rein the conpound is used to treat inflanmmtion in an
acute viral infection of a nave subject. 22. A conpound according to any one
of clainms 14-21, wherein the conmpound is used to treat a viral flare-up. 30
WD 2011/ 058346PCT/ GB2010/ 051858 - 31 - subject in need of such treatnent, a
therapeutically effective amunt of a conpound as defined in any one of the
precedi ng clains. 24. A pharnaceutical conposition conprising a
therapeutically effective anount of a 5conpound, as defined in any one of
clainms 1 to 22, and a pharmaceutically acceptable vehicle, for use in the
treatnent of an infection with a pathogen, which causes a respiratory

di sorder.



