Sul f onam de Conpounds for the Treatnment of Respiratory D sorders FIELD OF
THE | NVENTI ON The present invention relates to sul fonam de conpounds which
are agoniwbomfo7BHéRg, and to the use of such conpounds pterGB20®/dobat nent
of respiratory disease. BACKGROUND OF THE | NVENTI ON A broad spectrum of
respiratory di seases and di sorders has been recogni zed and many of which
have overl apping and interacting etiologies. Two of the nost w despread and
preval ent of these diseases are chronic obstructive pul nonary di sorder
(COPD) and asthnma. Respiratory di seases have a significant inflamuatory
conponent. For exanple, current therapy for COPD and asthma focuses mainly
on the reduction of synptons using short and | ong acting bronchodil ators

ei ther as nonot herapi es or comANaIMPROVEDISEAILNg b2 agoni st
bronchodil ators with inhal ed cortrcosterorads (1cs). COPD is a | eadi ng cause
of norbidity and nortality worldwide with an overall prevalence in adults
over 40 years currently estimated at between 9 and 10% (Hal bert et al,

Eur. RespirJ, 2006, 28(3):523-32). According to the Wrld Health

Organi zation ( £ l%ci% qg)oql mllion people suffer from COPD, with sone
three mllion i sease each year nmaking it the third | eading
cause ofs nortality and fifth | eading cause of norbidity in the world by
2020. dinical features of COPD include breathlessness,. cough tum
with chronic alhGRiESHHIPYREPR BHAEHE TURPTAVREFFhf %eglnls ga}ﬁ%ulaﬁg g?’tsl%oéf

sare
chronic bronchifi JRMY ikt be@Red a bRONMNItApistol MPusing;S@emes) .
Chronic br onch§&a1h%h€ggggcti vﬁﬁgﬁ#}ﬁcsh is prom gent in agl?onchi al gast hma is

al so found in EPDfadipjeayt in emsdok rsef-i n COPD | eads to persistent and
irreversible airway narrowi ng and mucus hyper secretion. The direct cause
of airway narrowi ng and hyper responsiveness is unknown although it is
general {gy pr opqﬁeﬁgm%atam[mhﬁaﬁes in the airway snooth muscle function
results in decieased or rnpaired relaxation or increased contractility. COPD
is a significant cause of death and disability. Treatnent guidelines
advocate early tectl j { I S/all B wRl e ans
to help reduce%rrgﬁéleg{&ngﬁgpﬂrommra% gﬁr’gl‘aetg W&h’g&% géﬁaﬁdg@gll!e{sﬁggtg? However, early
detection and diidagrmge sf fealsnibe dielddi fyprally tHinis carriedravbto pyevang assagse 0f@OPD

takes years to devel op and snokers. oft.en den ny, ill effec f snoki ng,
attributing thdlWhFP o T9Eieg 1 ppether, £05 %P“@ies‘g‘byt@raeraeﬁﬁ‘lree&s?esnﬁ% é"( agrghlzﬁ};i gn

of age.;Si M | ar) e RSt R IE Pré¥enDHRITN thoi ehusaiy dnege@utsidcingnsezed by
the general practitioner as early signs of COPD. Many patients exhibit
features of noraeeat han one di sease (e.g. chronic bronchitis or asthmatic
bronchitis) making precise diagnosis a challenge, particularly in early

di sease. Also, many patients do not seek nedical help until they are

experi enci ng NONRBers ChEr Rals YITPEWEEn assoaitiales dundetdoinge celated hotign ftherc ttheon,
such as dyspnea, persistent cough, and sputum prodycti on. conseguence,
the vast maj or inrgblem Ysaemesmaregiicyl despl g?@d"e@re ?W%‘ﬁt‘%@%n%felcgf"ﬁg@e are
In a m)g@ fadvansggldel?rhgg%e%sﬁ)' € botHeRREEE THREMbEGE Hen 2BVRE GREAr bhake have
been made in undeérstanding the Calises of respiratory disorders, they renain
not ori ously di féehicelbimetito Additibnally tira scak efeoreatyodminpart a derge Besiiverfotthat a
need exists for identifying novel conmpounds for the prevention and
treatnent of rd&8pH¢Mhtory disorders such as COPD and asthma. Currently, COPD
treatment focuses mainly on the reduction of synptons using short and | ong
acting bronchodilators either as nonotherapies or conbinations of Iogg
acting b2 agonilst ther oflchddsthatfor exemple diffraedtypey tafctsdative ongeoR |988) ¢ The
di sappoi,pting anti-infla ory . .data f Fther, al on | B pati on
Wi t h b22ggoni o trrerplaed TR fetaiin) 2 E&&?‘Jé’%‘ﬁf ot tagn&ee (g e AR 8

anti - i nf | anmat ogenefhllyGylindric@OBRingNk thy patdieli sasimgikousingvios &idgdl; ithem. the

whet her novel, denonstrably anti-inflamrmatory agen can. hal t, or sl ow
function decl i nseak hetivgen de dill andthecegsime peeddide %ﬁ aﬁ’rﬁ"etof‘?"élh%’rqc%’ éﬂt(@%ry

severity of exagehBfbl %g%rﬁ‘ﬁsln*%ﬁg&{@ R 1865, SpSloRghMiRRAbARLongAn@RLis Or

COPD t her apy as"Ché prognosis for patie OW ng exacerbations is poor.
Anti -i nf | ammat osftht patamndithe filBDhoasidg causesthhdifficiley.expect ed to reduce the
frequency and severity of exacerbations,inprove quality of |ife and perhaps
reduce @€cline in lung function. Effective antiinflammtry therapy in COPD
may al so producg, gl Bm%%éfﬁf{ﬁﬁ&nsi, fool SURG seainfkteal caffedsalt irsapRl Weaslof ther at i on
Recept or ganma receptor (PPARg) agonists are a class of drug which increase
sensitivity to glucose in diabetic patients and currently two PPARg

agoni sts are approved for clinical use in diabetes; Rosiglitazone and
Pioglitazone. See Canpbell ITW Curr Ml Med. 2005 May; 5(3):349-63. Both of
t hese conpounds are thiazolidinediones (TZDs), and are, in practice,
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effect (Haffher et al, G rculation. 2002 Aug 6; 106(6):679-84, Marx et al,
Arterioscler Thronb Vase Biol. 2003 Feb 1;23(2):283-8); (ii) Rosiglitazone
has been weporw@shiso exert anti-inflammtory effects i nparraag®/ wbosani mal
nodel s of inflammation, including: carageenan-induced paw oedema (Cuzzocrea
et al, Eur J Pharmacol. 2004 Janl; 483(1):79-93), TNBS-induced colitis
(Desreumanux et al, J Exp Med. 2001 Apr 2;'%93(7):827_— 38, Sanchez-Hi dal go et
al , Bi ochem Pharnmacol. 2005 Jun 15;69(12):1733- 44), experinmental

encephal onyel it} i.pst g I rol. 51(6) - 102).
col | agen-i nduceggm( %ﬂé{zﬂzegl(s':r gigeel!t?a&%%, 5 IrA\t }%}fg?§%5%l?rgoﬁ§éggea%e§:e§? a?%e Sea?

48( 12) : 3544- 56) matedalatijes manérgapel wed dvidr thervatioss &rfiloles] iAlierradtivaly, ifffhé sehl

Phar macol . 2002 Jul 19;448(2-3):231-8), carageenan-induced pleurjsy
(Cuzzocrea et aff'{ga&%faf% Stﬁ‘?fﬁ%&%ﬁ%lt.e%@sml capginfliof wegr o Hiese articlet and

oval bum g-i nducgsgh inHime théif hdwgrti on (Lee et al, FASEB J. 2005 Jun; 19(8):
1033-5) and LPS-induced lung tissue neutrophilia (Birrell et al, Eur Respir
J. 2004 Jul;24(1):18- 23) and (iii) Rosiglitazone has been reported to

exert anti-i nflgaymt . S;.h@ i solated. cells. including.i NOS
expression in We%négﬁééﬁ%edguﬁlﬁeg%ﬁﬁ%é s lrﬂ?ﬁrﬁa“ﬁﬁhfi iaBIe%Icfﬁ%ﬁe %3l Pe ol
Physi ol . 2004 Maain2@@dIpr 48dag 9 peridd\NEspassitlec &drepPerfler@ O the deyl dl &t kan
bronchi al epit E&i‘efloi aL cells (Hetzel et al, Thorax. 2003 Sep; 58(9):778-83),
human ai rway snSotdih haedeusand|expenstyer dYigteousr. ome deal elementssare jn diffiewhcol .
2004 Felpy 141( 3)[o8hitne Dharf e P uiek SbEAS %n@%oqﬁy.tré@g@xﬁe%t% QOB 204y
Based on observations of "anti-infla tory activity 1n cel rel evant to
the |ung, the ufurthet,pomt seudaRgneatpoare stesl inhoageiney wherh apadedeat aipremiiwsand f or
the treatnent of j.nflammatory respiratory disorders including.asthm, COPD,
cystic fibrosis?’ gﬁl%ﬁgP?PF?/eBrtSE'l‘s“? R the s5at & e&b&“ﬁség‘f ihBﬁ§“ plesg01,
W02/ 13812 and éﬂ@ﬁ/&gﬂ@@s.liﬂ@gﬁ@eg Lipgur es i ncl ude adm ni stration by
both the oral and inhaled routes. D patients are known to be at a higher
ri sk than other clinical populations fromcongestive heart failure (CHF)

Cur k Il et qal ] 1.60l,.:2006: 16, - lettj et al.. hit J
(CurenssLy, . By S05550 Ml A0 d i FOE Sl el
activation of tdnd dBR¥pRge o pobpicvicublser kepdridl Qo feenrtatingLialér dffesecalial bBOtS to

avoi d increasi the |ikelihood of CHF. Adm njstering respiratory drugs by
the inhal ed r o[}%geéw?? %ﬁée%lprﬁ?tﬁ’é{%ll‘ﬁqdothP srdleer pisten) yHee materiahis often housed

anti - nf | antrat ofiviadaed| o stfordie REAG SYSHIEE e 2 ARG Bhod AGUALAIOAL OW
reduci ng the likelihood of systenic activity and observation of' side

ef f ect s. Ther ef dndicated kpwever ithis requiresithe dphmtipo bemgivmdertakieh 16 bé khsehd®ny
utility,of PPARg ,receptor.agonists in th reaf nent of respirator i sease,
and wei ghi ng t K %Bﬁgenielcg?lgﬁ?r?t?lpw tﬁ@é?ﬁs‘%“"ﬁ‘h@ %EB&t‘?da'i?I lg'e‘é‘inagaé?fﬂ’é%t s of
hi gh system c gxppshed&iligolehi s drug class, there is a need for PPARg
receptor agonists that are effective in treating such di seases, have

physi co-chem cal properties rendering themsuitable for pul nonary delivery
by inhal ati on, e | 1. . ollowi ng ipnhal atipon.

System ¢ exposulfghd %‘P%ﬁ“i %#gfé%%g{rpdgve?@832ﬁ%§%Fﬁ %/o C) H}dgvae%‘aagb) ?%esﬁé{l%ods.
Fol I owi ng oral abobhalpedblans.oflt & & dspheradtgécy odritg ptésebOMvehtioth® grSaiean

del i ver by the device (e,q. ibnhal er or nﬁ,ggl iser) is delivered to the
respiratory’ t r dEWIGE methed Of pbtaining geseak whighsaddessesnthe rabevs sEablems ard i on
in the lungs. Wedid I een netabolized by the

| ungs, is deliver ecg?g% qeﬁga%n‘ggw?gkpggwg@fg%lggci rcul ati on. Once the
active drug is present in the circulation, the clearance rate of the drug

fromthe plas i S cri;t)' al totits system c activity. Therefore, a desired
property of aHMQMe treatnent of |ung disease is to have
| ow pl asma area under the curve (AUC) relative to the dose adm ni stered as

this will limt system c pharnmacol ogical activity and thus reduce
li kel i h3fbd of Aeserding toca Krst aupectsdtheabyérition thgre i growidedit conpounds in this
regard can be assessed by determ ning the plasna AUC followi ng .i.v. dosing

at equi val ent dosages. Conpounds suitable for inhalation for the treatnent
of lung di sease ddvide thpvevide 4 soul petasi a Aisiag foreOmMpoinp dendnk elich dsa ditlve a
propensity for systemc side effects will have a higher plasma AUC

Fol | owi ng” oral StHMaPsiqng th like, padherma'dng clemey, the ot her 50- 90% of t he

i nhal ed dose is swallowed. Therefore, another nethod of reducing systemc
exposure by an inhaled drug is for the drug to have reduced oral

bi coavailability (ability of the A tract to absorb intact drug and deliver
it to the circulation). A conmpound having |ow oral bioavailability wll
have significantly | ower plasm exposure as neasured by plasm AUC

foll ow ng oral dosing than when an equi val ent dosage of the sanme conpound
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and chronic infection, including tubercul osis and aspergillosis and ot her
fungal infections; conplications of lung transplantation; vasculitic and

t hr ombot iwodbemrrsiaes of the |ung vascul ature, and pul nopramrGBYEALLESASI ON
(including pul nonary arterial hypertension); antitussive activity including
treatnment of chronic cough associ ated with3 i nfl ammat ory and secretory
conditions of the airways, and iatrogenic cough; acute and chronic rhinitis
including rhinitis medi canentosa, and vasonotor rhinitis; perennial
andseasonal allergic rhinitis including rhinitis nervosa (hay fever); nasal
pol yposis; acute viral infection including the comon cold, and infection
due to respiratory syncytial virus, influenza (prophylactic and therapeutic
t her apy), cor orthewdevise comptisidg ngstGARSvelrid raidanseal materiah therovedlr havinte am,

pul monary enbol j neunonj ul nonar.y .sarcoi.dosi s,. silicosis,, farmer's

| ung and rel at eodl%gai %(gné? ege W@Bea?’saé’ﬁslll G léitﬁililﬁlr‘?é%ﬁrﬁl?ﬁ%élpg ,Seq’lé’%tf?%{tt&afipw
failure, acute in@she Epice bytwdes tHedobisiay And heBnowRPEYHERHorE Alse4li C
bronchitis, tuberculosis, and lung cancer. In accordance w th another
aspect, the present invention provides a nethod of treating or preventing a
respiratery di . i 2 . i 1n
parti cul gr , h?ﬁﬁg%hgéﬁ Ia%%?im%gr%%g)srﬁu?%ggo l(%(?ac%cﬁg lg{()gfs}ig’!teﬂ%ﬁrg%%ﬂ ?i%g%geﬁél%mpass
t he preventi on tapcssurisattinesehl mhbtetihleandefspk itaduw b thdiapeage. such as t hose Used
above in an individual in need of such activity conprising adm nistering to
said individual a therapeutically effective anount of a pharnaceuti cal
conposi ti on CONHel sehal Barf tHeATBRUB cOtinuN yRwel )wittfut ThP RALIFBEEME loCaut Y
acceptabl e salt thereof; and one or nore pharnaceutically acceptable

exci pi ents. hi domnsangpseationof the invention, the conpound of formula (1)
will ofygn be adm nistered by the inhaled route. In another aspect, the
present 1 nvention provides a pharmaceutical conposition, such as a

conposi ti on addpefethblygrthe rieall piccmsobyorhjprisenase & moRl ifonomeRy, ithé g each
conpound of the invention, and one or nore pharnaceutically acceptable

exci pi ents. To TBRROMET FEACHRR q Ioyd R RasYmere doneric iatgdaly ean EF‘e?rql"r?éfH‘p Rd¥ES n as
follows. As usqgle DesRitbs fdird®oMthelska ! m tsanﬂl U ORE N’ RAGREbAUen
strai ght-chain saturated or unsaturate a?l phati c ﬁy rocarbon groups havi ng
from1l to 10, rmememmrefarthilored tmsdte anpchamgean semb matdoial teiqniréd.ng exanpl es
of suit?gle al kyl groups include nethyl, ethyl, n-propyl, isopropyl,
n-butyl,”and t-butyl.As used herein, the term "al koxy" nmeans a chai n of
carbon atons ar@btichallefth€8&hl precubKifichides a cHEBICE iitakdt bl AP BBe t:1i@$ or
defined above. The chains of carbon atons of the al koxy groups descri bed
and cl ai med herfegenragical queducar de, acaelgratse thet redctipn hehugen monpmarse hefgain
Exenpl ary al ko I et hox r Qpoxy, 1 sopropoxy and
the Iike. As u)sﬁe{eg ogéfgﬁrﬁ%&%h@g@e@%t&gﬁé y(r)n.er(r)rlratéfﬁlaf)soo%g méﬁ nmeans fl uoro,
chloro, bronmo or iodo groups. As used herein, the term "hal oal kyl" neans an
al kyl ag defined above wherein one or pore hydrogen atons on the alkyl is
repl aced® by a HYEYEp cde o ophenally, peagtionapStwissn Jaemamers isuputiated| ude
trifluoromnet hyltherﬁml?'ronet hyl, flouroethyl, chloroethyl, trilfluoronethy,
hexaf | uoroethyl and the Iike. As used herein, the term "hal oal koxy" is

hal oal kyl - O, where hal oal kyl is as define above. Exenpl ary hal oal koxy

groups include trifl.uoronmethox chl oy omet hox f | ouroet hoxy, chl orogt hoxy,
trilfluoronet hoé&",ve%%ii‘f’ F@Sr‘gee‘%{??owhﬁ{?ﬁ ?W@eﬁa?/‘iz%.mﬂEO'ugbe&“%é? e‘foﬁl,tro[ ng term
"carboxyl i c acitémpératutSoftht 6¢as nfdkerial. S am des” nmeans ester or am de
derivatives of carboxylic acids. Exenplary ester and am de derivatives

i ncl ude2@ONH2, CONHMVe, CONMe2, CONHEt, CONEt2, CONHPh, CON( OVe) Me, COOH,

peci f16d ot herfieanty T sl Stellord AN B prdidihe” B WisgtieRF o

or variabl e at thropghdutche seal pacaisopdistribugednthtoighib e itkevdlindep ahegatticufatd t S
definitions el sewhere in that l.ecule. |t is understood that substituents
and substit uti dpatpraldethes oaﬂoaaglgf ipudrspebidetitluorpethylens on asdisa glass-be

sel ected by one of ordinary skill in the art to provide conpounds that are
chemcally stable and that can be readily synthesized by techni ques known
in the a@t as WBlel pa@ssurh@sertetevhotlls @stbn fisrddvaitegeeusly Tirevided by hydrealicrent , "
"treating," "treat," and the like are used herein to refer generally to
obt ai ni ng a dedI'¥8¥phar macol ogi cal and/ or physiol ogical effect. The effect
may be prophylactic in terns of conpletely or partially preventing a

di sease or synptomthereof and/or nay be therapeutic in terns of a partial
or conplete stabilization or cure for a disease and/or adverse effect
attributable to the disease. "Treatnent” as used herein covers any
treatnment of a disease in a subject, particularly a human, and incl udes:
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N-{3-Chloro-4-[ 1-(4-fluoro-phenyl)- |/i-pyrazol-4-yloxy] -phenyl}

- Anet hyl - benzenesul fonam de 2, 4-Di chl oro-i V-{4-[1-(4-fluoro-phenyl)-

| H pyr azovecow/@3pmp - 3- methyl - phenyl }-benzenesul f onawcagsB206brdobashl or o-
-{4-[1-(2, 4-di met hyl - phenyl )-1 H pyrazol - 4-yl oxy] - phenyl}

- benzenesul f onam de 4- Met hyl -i V-[4-(1-p- t_g_l yl - | -pyrazol - 4-yl oxy) - phenyl ] -
benzene sul fonam de N-{3-Chloro-4-[ 1-(4-fluoro-phenyl)- |

-pyrazol - 4-yl oxy] - phenyl } - benzenesul f onam deConpounds and | UPAC Narne

2, 4-Di chl oro- zniipga&hiyom- ﬁllreésuile pheiilon thErsealraaetialdprebesor) is pheviydd by a
benzenesul f onam de N{4-[1- (2, 4- D net hyl - phenyl ) - _

| H pyr azol - 4- ybiston] opetacsthy hydaaukie tprgsswenzenesul f onani de

N-{3-Chl oro-4-[1- (2, 4-di net hyl - phenyl )- | H pyrazol - 4-yl oxy] - phenyl } -

4-met hyl - benzenesul fonam de As used herein, the terns "pharnmaceutically
accept ayl e" salpdvaitagddiaymesisage drlidedac deptableahe salumer aff ssakmgieriekial |y to

a salt or conplex of the conpound or conpounds in which the c und. can be
ei t her ani oni c ther welhenabhing an oreraipife dﬁ@%ﬁ‘?é’t’ replaremant éeaitf't‘fﬁ%{%? needS on or

ani on, respect ité’&i. Xd‘%ﬁat. is generally .considered suitable for human or

ani mal consunptioh. For exanple, a pharmaceutically acceptable salt can
refer to a salt of a conpound di sclosed herein that fornms upon reaction or
conpl exation with an acid whgse anion. i s gener.al der isiaple for
human or ani nalct(’@?ﬂ?&‘?ﬂfg't&‘ﬁrﬁ‘“% SF’E?“? WP cl,{l M) a#%a%grg{&% glgﬁjsyﬁlla&clceptoabl e

salts ifipl ude Saliise\Whd SurRc8aniaCofaké @fston surfaos gadiatl mixings of Bixhimpgeatiof
phar macol ogi cally acceptable salts include, but are not limted to, Li

Li,
K, Ca, My, Fe, beweeErsealvmatexiahiprecyrsae @ng| ssphinaianiali AmrHeT cgayepigntly, the
caffeine, 2-diet gxl am noaq%@anol , 2- di methyl am noet hanol , _
N- et hyl nor phol i*HE°NE &¢HYTpi peri di ne, gl ucani ne, gl ucosani ne, hydr abani ne,
i sopropyl am ne, nethyl gl ucam ne, norpholine, piperazine,

pi peridi ne, procai ne, purines,, theobramne, trjethylamne, tri am ne,
tri propyl ar ni ndreferabhet FEEsURRIndisAtof hsa.'ﬁf)lf"g‘fﬂ Wée?q@é}eﬂﬁ:e RE> Suer{ Ay é%gi am ne,
N N1- di%henyl et hyl enedi am ne, N, N -di benzyl et hyl enedi am ne, N-benzyl

phenyl ethyl am ne, choline, choline hydroxide, dicyclohexylamne netf Pr mn,
benzyl ami ne, pHBrydestdeyirefiiahly, includésia lexehi indicator fasheyy diléws! of srabmalesta

am nopyrim di ne, am nopyridine, pukine 1, dine: i

gl yci nol, phenyl tl@ﬂ ‘Q’E?n%f‘e m&f%%‘)lrﬁsefurtgllmé%r?%g g|rl %&hg%%%g?ﬂégw{egg}ogﬁg? ne,
norl euci ne, tyrQsiieof thY sdal Rterial) SHesiod Passivey thicughnlee hqursivigi ne,  hydr oxy
proline, histidine, ornithine, |ysine, arginine, serine, threonine,

phenyl al ani ne; unnatural am no acids; D-isonmers or substituted am no acids;
guani digg. subskiduiigg gue cgha'%@e%?'tﬁh AP Hhdrd UE Blsvidddea SRéREd o€ from
nitro, no, al f<y , al kenyl, al kKynyl, amoni um or substituted amoni um
sal ts and al umi froducieg 4 Scal,shd phthibésompiisingtlestepsiebsphat es, perchl or at es,
borates, hydrohalides, acetates, tartrates, naleates, citrates, succinates,
oxal at es, pal noat es, net hanesul phonat es, benzoates, salicyl ates,

hydr oxynapht hoat.es, f s 69k bai s thadevirriaghdiap hdbasing or
ket ogl ut ar at es%ﬁ'he @g%%ﬁﬁghlcgﬂﬁ%gﬁegﬁw@fat ed@g’;nq adni ni st ergd in ag
prodrug form In genechisingpr putioyef & ceppprosasing pideiabpaartsts Wihmhidsa 8gal t he
cl ai med _conpounds whi ch, are.ca | e of. being enzymatically activated or
convert@g into the rfﬁ&%b%@?fi?/gﬂg?}egmus}fng’rm Thus, in the treatnent nethods
of the present {iﬁvenﬁkodbvid”ehl@avﬁ@ Mstaagd Mickit @r fetail 2 vead Matesads a tdheseable
treatnment of the’various disorders described V\'gt h the coHpOﬁFc{ spegei filcal |y
disclosed or with a eunpuuisaiingharsHuragoRnscting the starages Well Wiih Jpy SEEAlp ¢
whi ch converts to t hs?ur?a@? e hfd ?c%mﬁjf] Nlel RnMi@ &dal GhatBGD PreSirsdH tdBet O
the patient. Conventiona procegurés or the sel'ection and preparation of
sui tabl e prodrug der inwatiicedsinar the deslc nnd pressurisingexaans! to, apply MesfEnto the

Bi ochem_ Soc. Trans. 375-82 (1986); Stella et al., Prodrugs: A Chemi cal
Appr oach0t o Tar get edsqat G’@teﬂé\’i very, in Directed Drug Delivery 247-67
(1985) . As usedfigr elirodhéifig HBWABIe SEN et preclusbhmicmammungisndll, scl osed
herein refers tg pecies t %t have chem caI_Fy- or netabolically-cleavable
groups wher ei n, (ivhdeallphingitid gl predurswriasetiivasealimaetidleci es becone,

provi de, release, or are. transforned,intothe. i iin. I'n
thi s manner, prZ@rugépﬁlé‘ﬁlgr%rlsses}igeew?ﬂtge rggﬁ%%ggﬁe%gf]ﬁé f?ﬂrﬁé\%é\zgggc[??\%ﬁél

conpounds di scl osed RgpgitiheFipert@RaiiR) the Piepdvalgme detpeesibathousivgand gn

i nclude, but are not limted to, phosphate-containing prodrugs, -

t hi ophosphat e- cont ai ni ng prodrugs, sulfate-containing prodrugs,

pepti de-cont ai ni ng prodrugs, D am no acid-nodified prodrugs, glycosyl ated
prodrugs, b-lactamcontaining prodrugs, optionally substituted
phenoxyacet am de- cont ai ni ng prodrugs, optionally substituted
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of respiratory di sease have been described in the introduction above. An
addi ti onal advantage of delivering an anti-inflamuatory therapy by the

i nhal ed rwoteidmsoshe treatment of respiratory di sease ipeTidBbod/do2gzan be
adm nistered in conbination with-an inhal ed bronchodil ator drug.

Bronchodi | ator therapies are first |ine tﬁeat ments for chronic inflammtory
di seases such as asthma and COPD and provide rapid synptomatic relief. La
contrast, antiinflanmmatories can have | ess pronounced i nmedi ate benefits
whi ch canhi nder patient conpliance, despite offering significant clinical
benefits followi ng chronic therpy. Inhal ed conbination therapy of an
anti-inflanmatory with a bronchodilator can inprove conpliance and this has
been found with b2 atsitenesgil chegpact istiwegnube bousingaidcngshdie.nat i on pr oduct s

such as Advair(r)/ Seretide(r sal neteral, xi nafoat e/ fl.uti j.onat e)
and Synbi cort ( é‘bl} (f Bedren Ifz“ftéﬁ?a?eélt @F%Hﬁlegifﬁ?ra‘ér) %0 f&%alﬁssg %%g{rggﬁg,ﬁp?{ﬁe
phrases "combi natiogofRerapy”, "co-admnistration”, "co adm nistering",

"admi nistration with", ""adm nistering”, "conbination", or "co-therapy",
when referring to use of conpounds of Formula (lI) and a respiratory

di sor der5 treatgen 3 ent .(chF etﬂ}ga,. °"PARg agoni st, are intended to
enbr ace “adm ni n a sequential nmanner in a reginmen
that will provide beneficial effects of the drug conbination, and is
intended as well to enbrace co-adm nj stra&i on, of .these. agents in

substantial |y Jheuinvemissvilkapem be pesibed oWl FEEICEE 1 |a§°‘t"f‘5’aa“£(%n§ a
respiratory di gorderc LhRA! B! bP9aP o Qkhapleldidy) voRRARPIAITY Sdal. My the

adm ni stered in one”l e t'herapeutic dosage form such as or in two or
nore separate dhesviageuti c dosage fornms, of which at |east that containing a
conmpound of Forrmula (I) is inhalable. Sequential adm nistration of such
treatnefii s enconpasses both relatively short and relatively |ong periods
bet ween the adiFfirst [dh bamwaly saRGHewbf & Balidg biskahd thitnder,esent et hod.
However, for purposes of the present invention, the second drug is

admi ni st ered whiigure 2hea faprgew@f aglack; still having an efficaci ous effect on
the subject. Thus he pr.e t: | | ge of the fact that

t he sinultaneo ég‘B?gslse%?:%t o a@rtshde@:'\)é%\{’mtgl?%g?\?%ﬁg%} Q%\é@gi bound of Forrmula (1)
and a respirat @igured 40bdesc filusrdterdrtopageint obthesealingdhock d?PARgedgoni st in a
subj ect has a greater_efficacy than the adm'hg)i ?.tr%ti on of either agent

al one. h§ sone ragHse diilusirtes the,sealapbrstaingan g RO %r ugs is to be given to
the subject w }f}%&e%hﬁuﬁt&@&%gﬁblq,ﬁ[&’sponse tinme of the first drug to be
adm ni stered. For exanple, the present invention enconpasses adm nistration
of a conpound dfigies falaillusirate@nehbodimtsintof arindicaierrqdaed adni ni strati on of
a respiratory di.sorder  treat nent, agent S. | . qpratory disorder
treat ment agent 1glge%g?f]8m1&5g'?t8& htoggflﬁgsasbﬁebljneag[é% va%?fr}elaﬁﬁggg%%ound of Fornmul a
(1) is still present in the subject at a level, which in conbination with -
the level of the respiratory disorder treatnent agent is therapeutically

ef fecti 2@, and Retaded/E n ofthe Imyention  t he terns "therapeutic response
time" nean the duration of time that a conpound is present or detectable
within a subject's body. As used herein, the term "nonotherapy" is intended
to enbrace admi Thesieqairéentab farm angezalibetwoén Foo elehen(sl 9f @ maghisebjoerrevent
suffering froma respiratory disorders or respiratory. disorder-re

conpl i cati on asfluid Slonghas besalagundpreepfuriss ﬁ’éigllwet }c'qﬁ%tty %ﬁs“i‘gﬁ’f‘f’ ipf)c;r@%g&

t herapeutic tre—g}ﬁg@n CURNhbS it{oAk Yo ES Miply HtepbsiRRta At

ot her than a PPARg a%sct)nl st.bl?-lo(\ag\t/%rs?est%ﬁdedo?grrpound of ggr rrufag (I%l may still
be adni nisst er edinpermedtié pareied ogtEgfebdrdeneonfaimsdso thtehape b earhElgpetdfiPa (1)
may be adm ni stered iq on r nore inhal ed powder or aerosol doses. h sone
enbodi nents, co SHQI?WﬁH@raﬁb‘gﬁS'i n accordance with the invention may

i nclude the inhaled adm nistration of a conpound of Formula (1) in

conbi nation with bronchodil ator nedicines. As used herein, the term

"br onchodi | at or Sucheamarrangementisrushellyt sueeessBilly,and r54£1,¥ éﬂve‘ﬁwﬁ’z’ﬂeethfég’8| ting
i n expansion of the bronchial aj C RE RS bl AieatsS
are, without IifCPSEPER Sci%ﬁonaar r{éezaé&g??:&geg%rﬁtﬂs#é mgﬁgﬁagg @{ateﬁbﬁt erol,

banbut erygl , t er kygtialrbRgve fmiohetheh diffioultied ecank., Shch asitvatuin fanmecuat where

sal meterol, salneterol xinafgate, arfornoterol, arfonpt eﬁd Lar %@%%i?ﬁ

i ndacat er ol ( QB example, on¢ pbtherdlements s mBISERJNOBPE 73 £Yider pER )
GSK59790, GSK159802, GSK642444, GSK678007, GSK96108, cl enbuterol,
procaterol, bitolterol, and brodxaterol, TA-2005 and al so conpounds of
EP1440966, JP05025045, W093/18007, WDP9/64035, US2002/ 0055651,

US2005/ 0133417, US2005/5 159448, W00/ 0751 14, WO01/42193, W01/ 83462,
W02/ 66422, W02/ 70490, W02/ 76933, W03/ 24439, W03/ 42160, W03/ 42164,
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becl onet hasone (e.g., as the nono or the dipropionate ester), flunisolide,
fluticasone (e.g. as the propionate or furoate ester), C clesonide,

nonmet asongo(2e10p73@s t he furcate ester), nonetasone desowrcadaB2oidoggzeni de,
hydrocorti sone, predni sone, prednisolone, nethyl prednisolone, naflocort,
defl azacort, hal opredone acetate, fluocinglone acetonide, fluocinonide,

cl ocortol one, tipredane,. prednicarbat al cJ,onet asone di propi qQnat e,

hal onet asone, ' 'levgﬁg? 8 olbod’ﬁ'é‘gpﬁ%'fﬁ t?né‘?esfa]téfa‘&%idbr‘? go‘t’i‘e‘ﬁos_e contact
bet anet hasone, it eheOmovink iekditt, WEE GhYBO stalCASGHhE QAR belpile PR &81 will
eti prendnol dicloacetate and the like. Steroid drugs nmay additionally

i ncl ude st er oi d8etefere negdh tedie replagndeat dreiqnent dnteeialsetoapeeant lepkagerafShiid andr y

di seases such 9 - - 1020, ..

NCdexanet hasonga?soay-@a%gg(?%ﬁse-%éﬁg( ég?lﬁergﬁ%? J‘%%“Qbi% n%‘%g' %a,(gtrlr%g’udnu stort%? erred
to in infernaticosadf thaseaistthapslvesghitaiss iNRRS b2 S ossWPP24duRB6Btime due to

W002/ 100879, 3/ 06225 ,.WCOSQQgglgl and W003/ 042229 W02/ 88167,

W02/ 00679, WOO3F BXE8SES t’&mﬁs?vﬁ 0 VI%QF%MMFPV&Q/ ingtho pil ipgysinyanany;
andW004/ 66920; . sesik @reN A calily 33 cd¥R¥Klednd Ak onQR&! l'%ldc%lafﬁ%n @Qﬁgn%‘?&&r ation
mol ecul es in devel opment with reduced side effect profiles such a

sel ective gl ucdagdditionisepls agapdaevationsomichtas anSHEGERAK) drilling Higdwhege B¢ Dad6348

and conpounds ref.er. LN Apternational t ent | i.cati ons
\O- 00/ 032585, @ﬁ@%«ggﬁ@%ﬁgﬂ DS B ENEs O Hrkers B HgE.
WO 20051®@35518 and WO 2005/ 035502 and functional equival ents and functi onal

derivatives thereof. The conbinations of the invention may optionally
conprise one orlheoEseRbHIVERMaIeeky 1o Rrelongrhe Jifitimre ohi serl Ay dreviding a ssabe

useful in the tygat enh Gk i (VAN oY S : ' rase
(PDE) 4 inhibitors (such fect 8 ’L“%]h?a%et"% %%B%}%ﬁi nﬁf?*&.h%%?%m%éﬁﬁpﬁ%%ﬁﬁet ors,
| eukotri ene D4 threbgh urcles presandk dhe seahanaBAial shithdttasrike ldadingkidge o$ tiaf seal
egfr-ki nase, p38 MAP kinase inhibitors,. NE-k at hway inhihitars such as

I kK i nhi bi t or s, "R HER I WEYr Eﬁe’b’?{‘}F‘a‘aB“B‘HP‘E e hepeak 88 tglff@ % Plagfyin
inhibitpss (suchnst WithaRImblingiekdnch@ed 8ddifi6e RMREmRAY RICMLRERD is added
Interleukin-1 signalling inhibrtors, CRTH2 receptor antagonists, protease

i nhi bitors (sudf thesvelumeradspalimaserialt veswté filoitbtheesl/elgvint iinthifhie; ¢ snsure

Cat hepsi n i nhi by -8 si gnal |.i;ng. nol ecul CX i nhi bj t.oors, CXCR2
inhibitors, i N&&t%igjé?aétdg?ss?&acﬁfn %heé%?’g&éeﬁf SW(‘?’-nﬁlﬁ’?ﬂr?Pgﬁ%E}QW{e&'@’;?aéﬁ B and
super oxi de di sradtied avithione the g}illingVepdoatforr eeustripase, Whbrebidf@y Sconsidedatipsy ; for
exanpl e rosuvastér?iei n,.mevastatin, |ovastatin, sinvastatin, pravastatin and
fluvastatin; MIERFST rBisufmprasticablse pithy 3 mEnim 7downtanaftesibe , Prefdussieadet |

CS- 003, 54 al net qggnufmﬁgggme 51 - 1956, gefitinib; and/or NK-1 receptor
antagoni sts. In one aspect, the invention provides for the use of inhaled
adm ni stration of a conmpound of Forrmula (I) in conbination with other

ti-infl t d br onchadi | at nbi pat i i.e. tripl
corbi nat i on pr QuRe TR MPREF BUE BB 1% 1 At oG iegisnty of i Seal are ' ©
xi naf oat e/ f| ut ish@sANThRREHIAAAL Bhéwll Yidle! ik B bRIVIdEL dal abbRAPL&LIAE of the

f umar at e/ budesoni de ( Synbi cort(ré), fornmoterol fumarate/ nonetasone furoate,
f or mot er ol f undeAPIOLHER baist 4 ohbe el dfi candrean pisontneeved) githef by wherical

Fur oat €25 | ndac o Srar B ehdRr (Ged b ioR eedd by B P6&k B Gab 37 ik iiB00s
GSK642444/ GSK  6a&i@8inaf wrth®ds of the bamelatoe/ ci cl esoni de, arf or not er ol

tartrate/ciclesonide.ln anot her aspect, the invention provides for the use
of inhaled adm nistration of a conpound of Formula (lI) in conmbination with

t her bronchodithat iDabLiRaR mAaLd Sl @b '
other bronchodifiatQy lql,wa?pg@&;iaz%ﬁlﬁaﬁ m&&id1' /14 1§rrlat3ég1§§t‘?’ﬂﬁl Iﬁ?fc{hlg;ﬁlﬁgl It

ant agoni st conbinations (1.e. triple conbination pro
not |imted tonsalenef steel oxiottet caitalfly i vtongpandmcbirosiom eesistant nmbteriall To

fumaratg{ti otrqpi. brom. de | .1744 CL/tiotropi um brom de, . . .
i ndacat€r ol / NV, #‘% Hepnine-4f e ipeR atas ‘Prf)‘lrhﬁ%‘f)léng ;]nl’l_thS?ﬁ‘?T‘y% ispepvideligy ) Gsk
573719, $K159W3/s@6n§ﬁ7&8§etﬁ§%g Golts P73 ThE ho@@ﬁgcaﬁiye% 1Zsaa/ 05,

GSK159802/ GSK 233705, (GSK642444/ 33705, and conpounds whi ch possess
bot h B2 agoni stcavifidl B whichdbnbeal matarial ist ngtainedt KEhesgakseatwheityul B d¢fineala

functionality) ) 1081...The co unds ,of, the formula () of the
present invent if%#%v?\bu ndf%?v lglghefsu e,rtlcfagy agﬁg%?n@ﬂlqudrvé%ﬁﬁwgﬂb% I?Ogg%ﬂ fPat ory
di sorder synpt ansecasd, foapined@yl Griertabd Hofgon 1186 agamat haron@ly AR Rhia@sd,
dyspnea, wheezing, hyperventilation, difficulty breathing, bronchospasm
and bronchoconstriction in a subject suffering fromsuch synptons. The
conpounds of the present invention would also be useful to prevent the
occurrence of such synptons. As used herein, the terns "therapeutic
response tinme" mean the duration of tine that a conpound is present or
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conbined with a suitable solid or liquid carrier or diluent to form

capsul es, tablets, powders, syrups, solutions, suspensions and the I|ike.
The phar ngoeuiowradicconpositions, may, if desired, contaipaTassody @b
conponents such as flavourants, sweeteners, excipients and the |ike. For
parenteral adm nistration, the active ingrfdient can be conbined with
sterile aqueous or organic nedia to forminjectable solutions or

suspensi ons. For exanple, solutions in sesane or peanut oil, aqgueous
propyl ene glycol and the |ike can be used, as well as aqueous sol utions of
wat er - sol ubl e pharmaceuti cal | yacceptable acid addition salts or salts with
base of the conpounds. Aqueous solutions with the active ingredient

di ssol ved i n pdioyiigrd 3x ppenseente dke dbarrdi 10 whichathersfdre ensldels fher seahjratariabl e
sol utons. The Jql £6l.ARl & $9L4LIARS WRAGRAT R Tn this manner can then be
adm ni stered i ntravenous §, in ﬁ%ﬁerltonga y, sSubcutaneously, or
intramuscul arly, with intramuscul ar adm ni stration being preferred in

hunmans. Tabl ets, dragees or caPsuIes having tal c _and/or a carbohydrate
carried binder IBrsehaessuicIsAPRlIphLq theyseal mptedial whishdoresp thegeabpgginst the
applicatgon. PIleicabl the iG] WaISI a0t hebhidiS10. IRRURCEmMaGRRS UifiSuddf ! Ude

| act ose, corn starch and/or potato starch. A syrup or eliXir can be used in
cases where a shesin eressurgaghiappléedchy nizenenphqysdn 1Bpsagh Korgsd hgrinniakal or

i nhal ed adninistratioglnagtconani§nILy be fornﬁlatgd as.ﬁﬁiosols, .

sol utions, susp®RE BRkece gbhe al malrrighnd e casyEs that seal malgrialHags mef PP t he
preparati on mayr&attaé BideNS e pisvsh 14)Pistsh RAls 18faré hSueH BRRAH thaNBRdkLI 1N

di ssol ved or suspended in a liquid carrier, in particular an agueous
carrier, for adt®albbeapailycenvisaged thab ag therpisten rhdyis designgdntoaphss arared theich as
sol ubi l jgi ng a I ol , surfactants, absorption
enhance%% suchqgg%fg%@g%?ﬁﬂfgﬁ%§%%§®$§$ﬁg%§line) or cyclodextrin or
preservatives such as parabens. For conpositions suitable and/ or adapted
for inhal ed adglnislraﬁion, it is preferred that the conpound of the

i nvention is ina’30QPE 1Q9aHoRy areund ircpigtop Jimmeanyiatsoravided ik thenfoym; pfea

si ze-reduced f QRidupSpRIIEHAEIE X M AHBMNeE RteMhICHUY RRLdd0R t-ﬁg%el seal
preferable particle size of the size-reduced (e.g. nlcronlseés conmpound or
salt is definedamyy 43050 thglarebagimensoshiowd. thist faciityois latetedi withinsa pbsition

exanpl e;as neasut. usi I r_dj %raction) Aerosol formyl atigns, e g.
for i nh}afed ad %H(%?%?rr zri(f({]g%', a@i‘ﬁ r%do (1553 and Jallq, i1} gespgpser ‘i‘%egﬁg“geﬁs%h of
the active subshags in theecaPlpN BB Gufthérakalyl S5HEaRE aHak thafHA€ QithirPihe RAVIAFIUEOUS
sol vent. Aerosol formul ations can be presented in single or nultidosée

quantities in JdBlors otleakRytn a seal ed contai ner, which can take the form
of a cartridge or refill for use with an atom sing device or inhaler.
Alternatively the seal ed container may be a unitary di spensing device such
as a single dodeessarsahnibalkatrerd @rthapisaasdddly the sqpeestional incheckntwininahe

nmet eri ng. val ve %Fﬁ;ered d@ﬁg_in aler) which is intended for disposal once
the conf®nts ofit HOT E¥HPRIEYATaRG o pRamaticessuie £an \ag @ppligd da dhysprgasurer m
conprises an a ( . fﬁﬁ@&d | NS;a: SH

propel | ant undg&ﬂgggégt§§€§i§%mg§kg§g%ressed%éﬁgﬁagggﬁ%%K%#G§?§%ﬁg?tg%

or gani ¢ propel Ipmgssurs ire thezsalaegipar of | uor ocarbon (HFC) also referred to as a
hydr of | uor oal kane (HFA). Suitable HFC propellants include 1, 1, 1

2,3,3, 3-heptafluoropropane (HFA 227) and 1 ,1,1 ,2-tetrafl uoroet hane (HFA
134a). The aer a%elindasR@ecddsonibed BébindisSiatenad® farhesel B BdrphnclioR UM at @Al ser .
The pressurised aerosol may contain a solution or a suspension of the
active €dnpoundnaterigl svhighyissapplicdes @imaonamesicss partiaby-potymatiged psnapolymer

exci pients e.g. - V. . f. £ Q. ki e e di.spersion
characteristicéngﬁﬁﬁﬁ%ﬁggéﬁgﬁ?gﬁg%néﬁég§§@?§%§?bgﬁ%ﬁgp?§H¥? g%dﬁﬁ%ﬁﬁ'
formul ati ons mpjstal port riégbur evhidhepaphdetises widin clis gtlvenits 1Suhfons £télanol .
O her exci pi ent difiers,qay al so be incorporated to i nprove, for exanple,
the stability &RGFYFICBAeRAland/ or fine particle mass characteristics
(amount and/or profile) of the formulation. For pharmaceutical conpositions
sui tabl e and/ or adapted for inhaled adm nistration, the pharmaceuti cal
conposi 30 on nmaylhbere:pdiymep canl gheréfnteatonipirse ooeposidré oronoeacsh tagethernmpdthid | on
can conprise a 8yder base.ﬁ%ch a léactoae, ﬁlucose, treha“gée, nnifol or
starch, the cor’r@ RESEHOT SPaioL (?) cPIEuEGy: Ui RAOMETSH CaR PUISTEP jthfrma
particle-size- reduced form e.g. in mcronised forn), and optionally a
performance nodifier such as L- |eucine or another am no acid, cell obiose
octaacetate and/or netals salts of stearic acid such as nagnesi um or

calcium stearate. Preferably, the dry powder inhal able conposition
conprises a dry powder blend of |actose and the conmpound of formula (1) or

Y . Y oy . e



punp actuations. The dispensing nozzle or orifice may be configured for
insertion into the nostrils of the user for spray dispensing of the fluid
f or mul at iwo 20m3dige nasal cavity. A fluid di spenser of prhesmbevmpsnt i oned
type is described and illustrated in WO- A- 2005/ 044354, the entire content
of which is hereby incorporated herein bygreference. The dispenser has a

housi ng whi ch houses a fluid di.scharge device vin : I np
nounted on a cD‘PiV’éi‘ieﬂﬁ“of‘o‘ihegBH%"ég SR SHIPPEG lﬁtg%rc efq‘évﬁ P%&@ﬁﬁéh@ﬁn&ﬁﬁg has

at |east one fLNGES R eFARbGect!iphitee iyhiitained Mauabloavity wardhyyolutich
respect to the housing to camthe container upwardly in the housing to
cause the punppblymedspionsate smthapwhishyiekds the palyamss 8apnge theorBERIPRETSh out
of a punp stemthrough a nasal nozzle of the housing. For the purposes of
inhal ation, a |arge nunber of apparata are available w th which aerosols of
opt i mumspar t i clopeSdfz€ poBmepie MaBatlahidblanibr adeian sompedhdsUelongingnto the
i nhal ati on technique which is appropr# te for t%ﬁ.gﬁtient. In addition to
the use of adapebidicorafamilys Sughpmaisia 3¥V%ﬁ&mﬁa OfRWBed containers (e.g.
Nebul ator(r), Volumatic(r)), and autonmatic devices emtting a puffer spray
(Autohaler(r)), for nmetered aerosols, in particular in the case of powder
i nhal ers, a nunber of technical solutions are available (e.g. Diskhaler(r),
Rot adi sk(r), Turbohaler(r) or the inhalers for exanple as described in
Eur opean Patent Application '0 505 321). The dosage reginmen utilizing the
conpounds of the present_Lg%PgLLon is selected in accordance with a variety
of factors including type, species, age, weight, sex and nedical condition
of the patient; the severitygrpf the condition to be treated; the route of
adm ni stration; the renal and hepatic function of the patient; and the
particui@r conmpound or salt thereof enployed. An ordinarily skilled
physi ci an, veterinapi.an o | iniclian canreadi.l : 1 he. kES\WwH ibe the
[li)fg g’foéla’ﬁlilrfeéﬁolf rch‘:?}lq:d. yfh%ectg&yr% % ofaaq‘;gé) i

effective ampunthest Rilfang Fevent, CO ror-arrest the
progress of theg,candinti @R cotfpeis®Ter BRGEME] £ aldal aopdnhebllie comphoulvdsng he

invention can be adm nistered in a daily dose (for agn adult i ent f,

for exanpl e, arprgana¢ ligandsar&hst @lﬂ]amatfﬁ@bCWCQP]@?dnCQ‘nﬁ@VS@O%‘%gﬁGé&%%Q}POr

0.5 to 1000 ny per dﬁy, or a nasal or inhaled dose of 0.001 to 50 ng per
Oty

day or 0.01 to per day, of the conpound of the formula (1) or a
pharmacesitical ly acceptable salt thereof, calculated as the free base. This

anount nmay be given in a single dose r da r te usual |V, er
(such as two, tiRmagdditiondgfhe W?X}%erlfrm%tf“g; ad’r”%‘ﬂ'@?}%%éff)aé‘r edté%/m%éﬁigﬁ%tr é}g{{?t he
total daily dosaelugﬁcét&%éﬁiﬁhiénasgﬂ‘sgs?ﬁtrédﬁeix@rmu@én pétwaerS@k sed] heit@til andray be

determ ned as a proportion of the effective anmount of the conpound of
formula (1) perthsebatrel t He sad hbemlsofcanhdepraestow  fiistiont im#eridnsUendbunds

herein d i bed in detail f h I ' j . :
ypi cal |y adm redvgreiporeetaians ETEEL c (REhorinb o Shraleinel, dnPoforive o,

exci pi epps or Chflisl San(KeOhde8 Glthdtedsya feplaement fop ohar additiastd tharubrémating
materials) suitably selected with respect _to the int

/ . : , End‘ed form o} h
admi ni strati on, matesial. i An abrasivetmderal can s thegyst @ other wregwlgrifiessiram dhe e
i ke, and consi stgnt Wt n [ 28 ' i e reBRnyoOVvel
conpounds of th&T F%gmerﬁaﬁr\gllefr/l'?Itéﬁgpwﬁe%r%Rg%gg(g?%gmggs‘ggrrgi&ggmtlg&?%e gr ocedur e
of the foll ow ng aicbeomtaiaing sbraivel materialgo rgatdp penplic ateeninaoétiediasrehh@ ar e
further exenplified by the follow ng specific exanples. The nost preferred
conpounds of th® befEd @ are any or all of those specifically set forth
in these2 exanpl es. These conpounds are not, however, to be construed as
form ng 15he only genus that is considered as the invention, and any
conbi nati on of Fiparedigmssedsd embodimient ofui seal, denctiepingtis ghe samsriashionyenihe. The
foll ow ng exanples further illustrate details, f A sthe
conpounds of thﬁmg?%g’«?m R NEYE] irn. e’l’ﬁ%cgggs%slw&g@eﬁﬂ%{ ﬁ{é)%%?% %g ?)Fo‘?glg ily
under st and t hat Lkpows 1\idhbidtANGcRbf WhthGop@didedns catlthepnboesses of the
foll ow ng preparative procedures can be used to prepare these conmpounds.
Al'l tenperatures are degrees Cel sius unless otherw se noted. An enbodi nent
of the esent inventio rovide (N DS i qr;@gbmmlgm@f
for mul ap{Q) acc(L)[?laipﬁoﬁefsgb){)ﬁ'ew}ﬁgo%%l%?%? dtnﬁgnﬁgtlalmg\%lﬂg schlgmes, usi ng
appropri ate mat @ ks fighftesoskpdrisadfeired tthewhich ané showre indFigyreuh asr shoamd
t hat known variations of the conditions and processes of the follow ng
preparative procedures can be used to prepare these conpounds. Moreover, by
utilizing the procedures described in detail, one of ordinary skill in the
art can readily prepare additional conpounds of the present invention
clainmed herein. Al tenperatures are in degrees Celsius unless otherw se
noted. General process: The follow ng reacti on schene describes the process
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limted to, nethanol, ethanol, propanol, isopropanol, THF, di oxane, water,
or, their mxture and the like, at a tenperature in the range of -78 0C to
refl ux tewpeoavus@eof solvent, for a period in the rangecefcek@oomomsbes to 7
days, to obtain a conmpound of fornula (l1d). Reacting the conpound of
formula (1d) with fornmula (le) wherein X éepresents hal ogens, hydroxyl or
its derivatives (OMs, OIs, OIf and the lIiKe) or silyloxy, in presence or
absence of organic or inorganic bases such as but not limted to TEA,
pyridi ne, DVAP, DI PEA, NaOH, KOH, CaOH, K2CO3, Na2C03, NaHCO 3, KHCGB,

sodi um - but oxide, potassium -butoxide, H BuLi, r-BuLi, or m xture
thereof, and the like, in presence or absence of solvent such as, but not
limted to di mefifhythe famemféremce miibetsor omet hane, et hyl acet at e,
acetonitrile, methanol, ethanol, |PA, acetone, THF, dioxane, water or

m xture thereof and the like, at a tenperature in the range of -78 0Cto
reflux tenperatyie, of 450MmY Q841 mtefialds RREWR AN dlilified fangefiding 1he vavityt B to 7
days, to obtain a Tonpound of formula (I;SI). Hydr ogenat i ng tgqe C rrpou.nfj of
formula (1f) wi(this ia showméi moomdatait wl Figunes))y Sresenrp Inexertsd on tbs sqa matedgl ¢ o
Fe, Co, Pd/C, Ra-N,.Pt. Ru,  Rh Io thel L X [ ; t he
pressure ( 1 at'ift 1§ Py %rteliﬁur%?orﬁglc?f oggﬁ{’b"%ﬁg’?&?ﬁ 'E% Eg%é% nggliagh@ogﬁla'

net al - base r eageetui U6l @pubiiitheniton il Aiohedthe cedlahaielial 4bd/ ddGbe th8rplECP{

Fe/ AcOH, Zn/AcOH, Snd 2, Al/NaOH, Zn/NaOH, anmmoni um f ornat r their .

m xture and t heedljpaterigl té?b‘%“eﬁ\bcéeé)r"“bf’gg@n%rt&}fe GVHP deN ‘&&ﬁ tﬁﬁ nydll it e or
absence of sol ven ibAtY ithONPfiGertYibssae toRlabe®! |
et hanol , | PA, faﬁﬁh&ﬁ,“g'%é@?% gdjg‘m I,rlCllﬁl'r“oné}éjfl %ﬁlit %9%3?‘5‘?4“‘THF, " DVBO, Et OAc,
acet one, wat er sealctettenfotmid.e lowilt heirecoghisedithat dredsolidifiedi seal materigl should
tenperature range of -78. Cto reflux t rature of ;solv i od
in the t&nge ofPOsEFSHFHICIEAL FIBSt*f’ltéfé?scf‘a@g‘Rﬁ%fegrHlaéerlcatljr%r%ck)%rﬁg}%? fﬂ?é(')?tﬁﬁ?g?(l g).
v Reacting the gogpeuRreiofoaf ormula (1g) with formula (l1h), in presence of
organi c or inorganic base such as, but not limted to, pyridine, triethyl
am ne, dinmethyl amno pyridine, LiOH NaCH KOH Ca(OH)2, K2CO3, Na2CGCB,
NaHCO3, KHCOB, .sodi.um Nu ' . ' = [ = I otari ' r

m xture ther eofﬁ‘ea%latopﬁgg'ﬁ?bggdlfaggéﬁgéeﬁg 06‘?“% %ﬁ}%‘%ax?ﬁ@%%;éenga&d%to@
limted to chl ahohensihg di Gidiettimgahhiamdty i shiublr ot tharseal, matieoalawears TWEY  DIVF,
DMSO, Et OAc, acetone, acetoni tﬁi Le, t hanol , et hano*é?,n 1 PA, 45 %O—l vater,
or nixthfe therdsito thpamatior qfjthe barzgl 10, and refpring oW 1o Figups 40.78¢ prespiy
reflux tenperatyre, ofeiSa gx%rgeal foeridl Rk Ak pigtdTachlans@risl aldfy Mendiv@s to 7
days, to obtain a conmpound of forrmula (I). neral Synthetic Procedures All
el uents for col Lam The fistom 1#ahenefort i maved rlypsythouspetpl dpthedey dsadic Bwer t ed

as vol une: volune (v:v) solutions,. The ant i t. nts
used for reacti@Hg’\%r‘ﬁtpu@e()"Pilﬁ?%éh}?n?eg%l %‘i"}‘%‘ﬁgz’ ce]tL? %géééell?? %/3? %g??téﬁﬁggd by
one trained in theuad bn He fREERNAS i IRNEICTIsedl yidtbreal idsopsahid it reliquaiity thy of
these sol vents and reagents used is detern ned based upon synthetic

experi edbe and pgspraopndisateondsds to the specific reaction. For exanple: 1)
crushed ice quantity typically ranged from about 10-1000 grans dependi ng on
reaction scale; 2) silica gel quantity used in colum chromatography
depended on nat ehictheqeianbf §eal maminl deops yelow apradetitesel, andeaitedeprefpolymer

chr omat ogr aphy col utm enpl oyed and typically ranged from ahout, 5-100

grams; 3) extr atstadded g@p&éﬁ?%}@ﬁ&%%@ﬂn?g%&gé‘ggf}{‘g1}5{?86% 1ﬂ1t3hed%ﬁ¥éxgi3ng on
reaction size; dj F2p0 | s QtHi 2 e ehvith am amgout
10-100 nL of soﬁ%/cg\é\?psigretﬁ%gﬁgg%gﬁrggggnt dg[ggﬁ%?l%gklg%sscal e of rezcti on; and
5) dryi g reageit sufficientttsnd fooite bi sohicbsfbreriticaches it apartuertp diraasrel $&di um
sul fate, magnesium sulfate, and the |ike) typically ranged from about 5-100
grans dependi ng on the anmount of solvent to be dried and its water content.
The fol |l ow ng agl glYiBove 3RAHMRY addehlORScontiftdly @A taRId frid renowed avithobedr used
t hroughout the experinental section. Acronyns or abbrevjati

i . THE
(t et rahydr of ur anyed fe@ithe agrinodtthe barged)10 Wt?%@a@W%Pgﬂ%dP@h}nq\EZ SO
di | phat e) 3 | f i i Pd/ C
(Pal | ad um on- cariser of paref et Aol EbreRAC LU PRRe. Thin

| ayer chypmat ography), nol (nole), mml (mlli nmole), nL (mlliliters),
MPt. (nelting point), rt (roomtenperature aq.(.aqueous),. m.n (.m ), h
(hr, hour), g (é}P&fﬁégOP of the dexicsde pHEdEge Preag?&m%d’gtﬁg@?ﬁ"rvé‘)r‘/e‘&)",“h‘?{}ém( Pr?ntvlég
spectroscopy/ spectrometry), HPLC (high performance |iquid chromatography),
IR (infrared ), NMR (nucl ear magnetic resonance). NMR abbreviations: br
(broad), apt (apparent), s (singlet), d (doublet), t (triplet), q
(quartet), dq (doublet of quartets), dd (doubl et of doublets), dt (doubl et
of triplets), m(multiplet). Exanple 1 Synthesis of 2,4-dichloro-
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washed with cold water, dried under vacuum and further washed with

petrol eum ether and dried under vacuum Anmount: 2.5g Yield: 76% (pure) Step
3: Preparwbi20m/@b016- (4- Ni t r o- phenoxy) - | - p-t ol yl - Lf f - pyr azelgB20d97qp2960! y! - |

H pyrazol -4-ol (1.0g, 5.75mmol) in dinethylformanm de was added to the cold
slurry of sodium hydride (344ny, 8.61mmol ). Reaction mixture was stirred
for 0.5 hour foltiﬂ%/ed. b géﬂc& tion of 4-flt |9g')ro nitro benzene (810ny,

5. 74mmol ) in cotldMEoRFion 6h drepsacen dis Apng giterwmanually; pio gugmaticallys ™ dorf or
20 mnutes. VAtgLnMRS WiHa engld I 1OLY: +hi ayer
was extracted V\né{ah di’etﬂﬁypg?%gﬁ&éélﬁmtg ﬁle Coﬁ%?ﬁ%&’?%%’gﬂ?’c‘hﬁg%g%%ﬁgﬂ%géhed
Wi th brine sol utauema smathing sigraldo de garenyodf. oAs oberd®@ thenTduds po-pepmem@sthe
evapor at ed under._vagyum,at 400C and t he product.was purified by colum

chr omat ogr aphy %é’l‘t?ﬁggmr?%% rree'p8lfyn1§éfsr%4agﬂlﬁ‘flgetrﬁé‘ ﬁcé‘?{ﬁp FSAYFF t‘ég‘é“t‘%f}@.p‘ﬂﬂﬁt)nt:
.19 Yiebd: 65%4 ppwals,Sir@ipadditidy RP@ntihi@uMil the level in the cavity 13 is at the

4- (I -p-tolyl-1/Z-pyrazol - 4-yl oxy) - phenyl am ne: 4- (4- N tro- phenoxy)-1-p-tolyl
-1 Hpyrazol e (%689 le*lo3nmi) was taken in ethanol and iron powder (1.13g,
20. 33mmol ) was .added and stirred at 20-35 OC for 6 hours. Iron powder was
renoved and et hanol was evaporated under vacuum Residue was taken up in
wat er and pH waAlterdjtirvelys dthe odr@p usi thg indicatoatred NaldGO teotasifigared fherig@ueous
| ayer was extracted t%g etp%l? acetf_\}/e, was vYashed with brine solution and
dried over anhﬂi‘&%ﬂ%l BEPL theavily [ 3, with PHEROMIShor at ed under vacuum at 50
C and the product was dried in high vacuum Anount: 600nmg Yield: 100%
(crude). Alternatively, reduction of nitro conpound was al so done with 10%
pal | adi um car bo# arderriineagase thegnixing angnigtegratipd of imrodaterbppipetyener Shtephs:

Preparati on of o iV-[4-(l-p-talyl-]li.:pyrazol -4:vyl - .phenyl ]
benzene sul fonasr%nméergétg{%ll (Efg%oﬁegéqyrqgl-%ﬁysggpz/gﬁa{eﬁ@b%?(iillsvy‘ffh@%Ingn%%é”{%‘i'@)o ny,
0754mml ), 2, 4 wiick hbgupedihn zen esirdriadrah bepkefiledle (92ngy, 0. 754mmol ) was
taken in chloroformand 0.2m of pyridine was added and the reaction

m xture was stirred at 20-35 OC for 3 and half an hours. Chl orof orm was
renmovedisinder v, : A .

chr omat ogr aphy ﬁi?ﬁ%ﬁgﬁ%ﬁg&% g’?yhg{rlmgﬁzc}fgcyﬁ%{ehg g?%??ﬂ&%lg%{“ I%(l):rl“%lreﬁfi el d:
34% (pure) M P:6a18R-lawer sufapdvil pODEIpBton 6@is conBifecauking aldi&oltiity iR-tHO( S,

IH); 7.53(d, IH J=l..6Hz): 7.5.1(s. dH: 7.48(s, 2H); 7. 31(dd, IH,
J 223. 8Hz, S 2=2. zﬁ'f&fJ‘;’e v '32(525?1 ra%?rlé(e%’flaﬁ%eblef. ‘6%‘%’3 po%{i%g. J g’é‘.’@(ﬂé’) thegsufaeq), oH,
J=8.8Hz, 6.88( 183, of tHe-pibtbn 62. ihSFifsre A broWBeestditidMENtation B ﬁ{ené&éélg%f the 00,

1186. The fol | owi ng Exanpl es 2-15 were prepared by using procedures

anal ogous to tHB¥CEA. Exanple 1 from appropriate starting material and by
using apgropriate substituted phenyl sul phonyl chlorides conpound in
step-5. AN | MPROVED SEAL Field of the Invention The present invention
relates to an iThersuvfackss&salo7 ofhydstemsabd,i 66 Repdctivell afd Yerfaddd, Wdfich $erfafigndi |

i ndustry to provi dﬁ a}?se | between a piston and a Ei ston housing; or as
part of a slip JOVf Shamp ispentinyaiesjand possy |8eere yratks it the seal masertal gvhidthe
requirenment to I . ! in a
wi de range of teﬁea?:lﬂﬁ:tca I%fpi%g}%esr%%%?%ﬁﬁlgq{uﬂ% ?@g%gﬁﬁ%@gﬁ? IS{’ (I)A‘i %%eent
passage of a flth¢ discortinuitmebategénothet nevalyointredycefioseak xaugriab addethé alrdady
requireg&ant to qgsilqttai nr.a}djpre sure diffgren ial or to prevent the fluid
from cafidi ng daANaga BUFLT PECT Ie NP Py Menhas 3¢t he seal is between two
articles undergoing relative notion then the probl em becones nore
difficult, because if the seal elenent is to be effective, the seal elenent
needs to engagdn¥8taddiionplcerabodimpet, gptindieatehend ewiEigiresctr7dris rémowbld

el enent. Additi . .. el nt can i rt a force. resistive to the
motion. In the v@?fﬁl F%Hﬁsl? I?{/ﬁcgﬂrltage)s{g%fsfgargpg Toélpgﬁfx?eﬁ)é‘?ﬁ &at?@?ﬁql?}’eﬁ%ti on
can be cont enplhatdeded bthin nigd didicagort @dnduEiEEHe Birodiittiohesn BEsheHghia AL

W t hin ?Ogeneral Ix cgl I Bdr,i cal casi_ng. In the case of a casing housing for
a drill2%then PREUEEE| THeindicatorvd igifqrmed of dwe Feair glemegtsnar guter incke Hbl e t o
wi t hstand the r,glateryvimt hdR ikt b - ' Jts

| ongi t udi nal m?ti on al gng t% axllnsﬁkg?lg%tZb'piﬁgl?ot{rllﬁg%rcd&?ﬁ?)%f g}eglﬁsge}%gz%fgng
causes the di f fpagsadl tdownl thebanbrabthannels of shet vetei gaeket ¥band ahé imsege?d are
material can result in rapjd wear of theseal,6 elenent. Too hard a seal
material can ré%tﬁ’!nf’d f%eg’egb%f?e@%‘i’foaaicr?%_ E%dgg tf@?’é‘r ptfhe gepxym (?Pdé)gg?fge
wel | with the vadi PHSo@Ed dubfaSof ik lofifed fck¥e YhasialscledPthiifar ROGRAEEN RO
strongly with the articles then it can'inflict wear on these articles and
also inhibit their notion. Wthin an oil industry drilling operation it is
i nportant that an effective seal be maintained for as long a period as
possi bl e, as replacenent of the seal el enent can be both hazardous and
expensi ve. Mreover, sone seal elenents are in difficult |ocations many
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and conprise a polyneric rubber material, often having a |ayer of

| ubricating oils between the seal material and the drill or piston. The

mat eri al we 20fd@piboused within a seal block affordi ng sceesodomosspl ace
the seal elenment when required. As indicated however this requires the
operation being undertaken to be cl osed dgin and for the section containing
the seal block to be isolated to prevent ckflow fromthe drill hole. It
is an object of the present invention therefore to provide a seal to
address the above problens. It is a further object of the present invention
to provide an inproved nethod of obtaining a seal which addresses the above
probl ens and reduces the frequency with which downtine occurs. Sumrmary of
the Invention Adloordiemod 70 tabe fittesltin pegiion. of the invention there is

provi ded; a device to provide a seal between a housing for a noving el ement
such as a drill string, piston or the like, and the noving el enentthe

devi ce conpri siTig #ovt @fraggenyédt bndblestRd Bisért 92 2dncBRhEdatint matt@ialVBAd sehlayi ng
an outlet connecting with an aperture in the housing enabling seal materi al

to flowinto the spevedpdhoeapovehis pglivtedpyathe nemewingvidef the éerit’2fapitn a
seal an knlet pQLdt [ d 1. N%.0 ; .
pressuri gi ng rrecg%]tél glgﬁg;eggl S?ﬁ?g“{?{%&g{égﬁofnn%@ es??lgﬁt %ﬁ%n? g%tctgg?f Ol}éﬁb élgg t he
aperture. The swedkerand tlvetvaftopectien mordovery as the ineneldeid unsdréwed c4ules the

requi renent to S% down, Eln olp rati o Preferably, the seal grecuraor
conpri ses one oAb BB Ipebrgak ayay alloving ghe prsuitant apertues iy ¢ eARPSH il
pol ymer. Pol ynexj&mamicdy, ithd fnlsé‘rﬂmz,l@)%cegﬁl:ﬁféﬁ%gn bOrdped hAEitPERPEIHLESHE,

required of the seal material. Mreover, the reaction between noners can
be tailored to suite any change in seal material required. Optionally, the

I i i cal iRt h f di cal f
" adi ol Tor oducer MR LA G nE Bobu LR BV idn Rankt Bt 8 A fhere "

t herefore, furtibao indicdtootoduraneansef pebingarp the kel Imdteridbtiak Red. element
Alternatively ar further optiopally, reaction between nononmers is initiated

thermal |y. ConverRTeKded ast ﬁé’rﬁtgw ring cWhighsist Bsgrtsdatnte ehe dleskoll Lnedhe to
control the tenpefahbl el Sk fi i j ' I
precursor incl lr}geso ae%gret?titeghltag?e rradteggri%%l a&%ag%eﬁ?%-%?gﬂh{i%r 8{J§Etgﬁt?@tltﬁet°%eal
precursor di st radgatwrch prevegtsoytdrauis predsurising Thed fimnt pendtrating atveseh ahe

further pptionally includes polytetrafluoroethylene or a silica glass., The
pr essurég)exertee&e%?f'ttﬂ@ &es]ﬂ(g‘ﬁ"\%s ﬁ?ﬁfg@&)’é‘i%?‘ &rawl&éaeﬁyren%?fmqaé .

pressure. Opt i onddrhant tb Afe A RaMH Be BX SnhIELal e cSiRBhedRithin| tBE bIBLRGYS SOT 1S
provi ded by a piston operated by hydraulic pressure. Advantageously, neans
are included to determne the volune of seal material in the well enabling

o0 98T 201 0 MBI OSBRGS0

Conveniently the n-surface in ¢

profiled to i ndyomds® jolietogethtnte difghil @éaltdlémdit Hn@nhé UeWRCRis&Rd deslef Xi NY
of and [ntegration between seal material precursor and seal material.

Fur t her 2€onveni ¥ means an darip 4k form ebpn adbesivepmatesihpl ¢ nertigneof primer
indicator is i : hi S [ | Lce
preferably i nclr\ﬁlléi‘glg%gn }pgr\}i‘eiﬁ&%l |1(Ii:li§% E)Hr%estugflr agﬁoévgtﬁ ﬁeel}lrﬁee\l;}gsf \é\%#se ueeapsarlr)g@eﬂrlg al in
the wel|l. The itnghthetvatienitbe prentikiests.pr ef erably a rod whose | ower end rests
on the surface of the seal material, the rod passing through the housing.
According to a second aspect of the invention there is provided a nethod of
produci ng a seal, the nmethod conprising the steps of: (i) nmounting a seal
form ng device to a casing, the device including a housing enclosing a
portion2df a reciprocating or rotating article with which a seal is to be

made with the h jr N Il devi Vi n .storage. well to retain a
seal material, gl{ginogfe(é(g'lrgee) B%%Sr%eﬁ?ﬁg%{ﬁlﬁg%pl g’?%}oél %?orf?ﬁz%’f\q%ﬁlgtot'ﬁ% SB¥%Y%ge
wel | with the eaktsisnddscsbyd Bereinpfwlich afd ghiks, byavalyndfebx a6 dng &RAthat

material precursor to be _introduced into the well, and pressurisi nfg means
to apply pressuieEony medifisations nande plterptions; pie) ppssitle dwithingthel seaps| ef gbhal
material pr ecuriﬁ%ntiiogto the storage well, (iv) allow ng the seal precursor
to set into seal material, (v) applying pressure via the pressurising neans

to force the seal material through the aperture into the open vol une
bet ween the housing and anarticle to seal the space between the housing and
an article, (vi) . introducing further seal material precursor to retain seal

material in the storage well. Brief Description of the Draw ngs The
invention will now be described with reference to the acconpanyi ng draw ngs
whi ch show by way of exanple only, two exanples of a seal. In the draw ngs:

Figure 1 is a cut away side view of a sealing block and cylinder; Figure 2
is atop viewof a block; Figure 3 is a cut away side view of a double seal
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Detai |l ed Description of the Invention The requirenent to forma sea

between two el enents of a machine, to prevent fluid flow, has been known
for centwoOesiotsoia | arge vari ety of sol utions proposedPCThB20w3102950mMoON  of
these solutions involves sinply interposing a fluid inperneable barrier,

whi ch barrier conforns to the shape of each el enent and so does not all ow
fluid across. Such an arrangement is usughly successfully and readily

achi eved where the two elenents are stationary relative to one anot her.
However, where the two elenents are in relative notion, then difficulties
occur. Such a } on can occur where for exanple, one of the elenents is
a piston noving in a cylinder or a drill shaftrotating within a guide

housi ng. Due to the seal elenment being in close contact with the noving

el enent, wear on the seal elenent can be rapid. The seal will therefore
e o tolavedaRtoulek 89'Eiad RLENMATd0n REGYSRE 1 £REAAGVAE diribdl 20
al so damage to 't he ‘el enent's.” Repl acenent can be expensive: partially due to
the coss of the seahshtbhedrBIcHss, pibioh oalikdikerant dienmovihg tlemennss - of
production tinme due to the machi ne being switched off. Mreover, especially
in the oil industry many seals are not easily accessible and working on
their replacenent c 3 : . Folil ; hidr Lans,
such as an offshore@%#?FV?ﬁggﬁﬁgggﬁﬁggﬁggﬁ?hgggéi%ﬁéédﬁﬁgﬁh%?b$ﬁ§5§§g| and
its housing needs thaviez kepttl¢tccoanexting muith ail pegure Se rat housingn¢riabling éeds t o
prolong the lifetine of. a seal. roviding a seal . whicgh is in effect
continual Iy being rBAEHR .osf%‘ﬂ gx?ggi%ggﬁqengéﬁew %Jémgr?ﬁgtt ¢ Byine et
pressurg, the seal pR{@Hhalsef0 that as the | eading edge of the seal

material is worn away, the material behind the | eading edge takes its pl ace
in contact with the noving elenent. In addition replacenent seal materi al
is added to the vol yne,of s terial ., re f . I

interface, to ensurgmt %?“%ﬁ@hggng@8§§ ﬁéﬁg%%ﬁﬁrgﬁg}%Q%ggga%%giﬁggﬁ%h

repl acenent mat eri aprec@sortte baddésd inictthewtellf he drilling operation ceasing
or, where safety considerations render this inpracticable, with a m ninmm
downtine to the production or manufacturing process. Wth reference
therefqge to Figur e?re@su@isi% tHEarRas | greRLETEME S mhidRaSHRbursE Carkh WM itThe
probl em as shown hete is tg provi de a seal about the outside of the

reci procating bar r ebutlf theTdpertbsr rel 10 can be a piston noved, either by
chem cal or nechanical energy (such as notion induced by the waves at sea),
in a direction longitudinal to the axis of the barrel 10. The seal naterial
a solid, resilhent mpd&idedlccarthg 1o Claindil NRHerdir the Redl phetusdon Gothpris@tsheof
steel or other suitably strong and corrosion resistant material. To
facilitate cl eani ngopmorenaonames, the eneachmangmep iasiinggto farm a pelyiisi ng i s
provid in tw sections, held together by housing bolts 12. The housing 11
definesa gel seal cavity 13 in which the seal material is retained. The
gel seal cavityg. 13 defigviasacotding tto gtaim dnorlGaimil,chhdreinvbe tsealapreyuras ayed
and |inked via a connection portion to a sec Jonqitudi aluyo ri entated

nd,
portion 13b. Said hwludshashemicalingistorsuethes Feediealdt ffretadiclPioquesr War r el
10 which therefore gnahlgs eagRabefflefhdHomMrd hin the cavity 13 to engage
the barrel 10. In use, pressure Is applied to the seal material which
forces the seal against the outside of the barrel wall 10a of the barrel
10. In the enbodinments, illustrated herein pressure is applied by neans of
a piston 14, which is urged agai nst the upper . surface of the seal material.

To ens® that 4seal Ardeweq 2Acorbr tonGlaia e At LAl ol NHeraif: the) lgatiogrbetigeni st on
14, piston seals 15 : piston 14. It will be readily
envi saged that as tﬁ@ﬁgpgﬁﬁﬁﬁgﬂﬁ%gﬁgggP ned to pass around the barrel 10
the piston 14 has an annular form At various |ocations around the piston
14, means are provided in the formof a through-piston port 16 to enable
fresh seal material to be passed into the gel seal cavity 13. In the

embodi ment shovin t hik devies peooyding tq d sepRaIatife sAnfrohmsars isilpHudeddioccongel r od
17. The rod 17 rise f R to the level of seal material in
the cavity 13. A fuﬁp e?uggékgfgﬂgﬁgﬁﬁggaﬁﬁat material within the cavity 13
does not |l eak out. Pressure can be exerted on the pistons 14 by the
conventional nmeans known in the art. For exanple hydraulic or pneumatic
pressure can be applied via the pressure ports 19. Atest or cavity
pressure port 20 is provided to indicate to the user the pressure in the
seal region. The invention described herein is intended for use in
conjunction with a seal material which is supplied as a nononeric or
partial |l y-polynerised pre-polyner in the formof a freely flowng |iquid
whi ch can readily flow down the throughpi ston port 16, but which
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In addition to the polynmeric material a particulate solid can be included
to provide a lubricator nmeans which assists in reducing friction between

t he seal waterw@Boiand t he barrel 10 said beads can be aPCEHGH2009M02BA

mat eri al such as pol ytetrafl uoroethylene (PTFE). Additionally or
alternatively an abrasive material can be used either as a replacenent for
or in addition to the lubricating nmateriajs3 An abrasive material can strip
the rust or other irregularities fromthe surface of the barrel 10. It can
be envisaged that the seal material include regions or slices containing

abrasive material to enable periodic cleaning of the barrel 10 to be
carried out. FbgureA3dpgce aseqrding tennydpreeading lagn skhgreins the $eRbATSSHSPH t he
sanme fashion as the.enbodi [ [ 1 jent  of
housi ng 30 providinﬁ“%%%g3gﬁﬂgui%ﬂ%%%ﬂéﬁgé?bgggﬁﬁgﬁggﬁfgﬂngghgfoduced as
outlined above. The process by which a seal is forned and maintained is
shown in Figures 4a-4c. In these figures, those parts referred to, which
are shown in Figure 1 are showmwith the sane reference nunbers. In Figure
4a, the seal miteri & déwcestmoanding to Glaim 6i whereinftbe particqlate gienslds selested 13
(this is shown in re detail .in Figure 5)....Pr ure is exerted on the sea
material via the pi cwﬁpﬁyg@gﬂpgvg%?@geTg;ﬁhg%ggﬁ%e is typically exerted by
a hydraulic fluid. The fluid acts to push the piston 14 onto the seal
material and cause the plug of seal material to be pushed out of the
aperture (not $hown)A datict aedesdingtepnypreceding slaHs: Wgﬁélf’o@?r%?ss‘i‘@ gxgrted
sufficient anount ang Wetdeap Hiatdifal PRIcuRBESS Provided BAUSSIsBnE@R operitdldeby
formed. It will be recogni sed that the solidified seal material should
possess sufficient WASHIEPISFSWE enabl e the seal material to forminto the
shape of the barrel wall 10a. The piston position indicator 17 at this

poi nt iﬁ%at i ts maxi mum extensi on out of the housing 11 indicating the
cavity is full. As the seal .materi al ars.away.due to the npti f the
barrel 10, and % ef erh ARYCHBWOFYNEIGA " W,gmtgt%anﬁlr é@g{ﬁ%m a?sn%rggfﬁctélg%gﬁgt he
seal material forcesjdimiR 48 vBfunteAsedliAéridlvitlihg wdlle cavity 13. The

pi ston 14 therefore 1s noved along the cavity 13, the hydraulic fluid
noving into the volune 4 1 formerly occupied by the piston 13 to maintain
the pressure on the piston. As the level of seal material drops this is

i ndi cated by the position indicator(ii. gnc t.he l evel. o sggl mat.er.i.al
drops bel ow a pflesetA|dyEr aceiidingde ey é?EBPQH%TW Felges” ?%ﬁﬂ&?ﬁﬂgugh
the gel ;injection porf, 16 .t d¥ idAPmblBalieyRIied) the cavity 13 back up to
the full"mark. The pre-polynmer polynerises within the cavity 13 and in
sufficient tinme for it to be solid before it reaches the aperture to the
barrel 10. In the above manner a seal is continually maintained and renewed
wi t hout the need for the action of the barrel 10 to. be StP ed. Downtinme of
t he machi ne or bkoceé§¢V@PaWﬁV@HgﬂhghﬁaﬂpeWh%EmﬂgeB”E@ﬁ?fa? ISSEHEHEF-or e
consi derably reduced. Operation of the device to introduce pre-polyner into
the cavity 13 when the | evel of the piston 14 drops, can be done either
manual |y or automatically. For exanple, when the indicator rod 17 drops to
a preset level {his ganebReS8gdcording OtoC aH§ EprResMBidi E1Ginsi GORMiHeO D eprepsuen

off. An operator then adds pre-polymer to the cavity 13. The pre-polyner is
added uffer suffici eimdigara@d)detemainingrthepreprargpisthe seal malgyinh e “fﬁ%d
addition is continued until the level in the cavity 13 is at the required

| evel . Alternatively, the drop in the indicator rod 17 can be configured to
trigger automatic filling of the cavity 13 with pre-polynmer. In order to

I ncrease the m Q.”g angb i LILREALR Ay AridenPEUIAh RhEreROiY MRYick Hhduddlia
solid material of the set polyneric séal material, the |ower edge of the

pi ston whi ch engages ldavhkindeator hadaernahg the devebef ssrlonpteral witlkinithe wellr at ed i n
Figure 6, a nunber of different profiles can be used In Figure 6a, the

| ower surface 61 of the piston 60 is concave, causing a discontinuity in
the surface of the seal material which enables better bonding. Simlarly,

t he surface 63 t he Ri ! oL 6 H o Hn the
surfacej%f t he ﬁgter?b@%ﬁ%ﬁ%mgﬁ¥?gggg&'5?36gh%%ggggsgﬁgqgiggggkﬁtspgcgiver
are serrated, which séopsatdwersept msisden sheasypfade afoweal makariabdn dhal Wedls $heap| y
score marks in the seal material which enable the pre-polyner to penetrate
the bul k of the seal material and so m nimse the discontinuity between the
new y introduced seal material and the already present material once the
new pre-polyner has set. In an additional enbodinent, an indicator rod (see
Figures 7a-7c) is renovable which particularly facilitates the cl eaning out
of excess seal material which has hardened within the indicator rod during
the introduction of fresh liquid seal precursor. The indicator rod is
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preformed el ement can include a seal arrangenent noulded or fitted to its
top edge which prevents hydraulic pressurising fluid frompenetrating

bet ween twe 2ei0am8ns and t he housing. Means are provi dedpto/@ERpdYOPISESSUr €
to the seal elenent to fuse it against the original seal already contained
within the block 11. In addition to the above enbodi nent of Figure 8 neans
can al so be provided to bond or join toge}fer the original seal elenent and
the newy inserted el enent. Said neans can be in the formof an adhesive
material or a portion ri.mer, which can partijally. solubilise the surfaces
of the elenents, suﬁgggaﬂgFﬂ9gHFW&@HBSP@&@Eﬁ@ﬁhﬂﬂﬁﬁmFﬁ%@brenix sets. It

will of course be understood that the invention is not limted to the
specific details described herein, which are given by way of exanple only,
and that various nodifications and alterations are possible within the
scope of the ingentifomeBodlolbroliucifg de¥ilCBe netifdongRistheIRabepedmeen a
housing(l | ) for a noving elenent such as a drill chain, piston or the

| i ke and the noving elenent, the device conprising a storage well (I1) to

retain seal matgrial, Lig. Weld; s t c 1 ] Lt h an aperture

in a housing egllzbl i r%o sea% rratleélﬁ}a{t{l tg %‘ﬁ% %vté %aﬁ{ng ?’Eggg%%g%h@éé%g%usé &

housi ng and t he noviengoghgapottioand of ecipraatie@br rdthtmgdeticle evifhuwhizira seal

including an inlet port(16), enabl i seal material precursor to be added
Bl ieatnbe B

into the well, pres MWessurise the seal material precursor
and force it ol of fBeARShAHUAE a doraBe APMI ¢6 r&GHOH SeAIMbRrifd, ¥ BlodeayiIer €i N
the seal precursor conprises oné or nore nononers, the or each nononer
reacting to form a ponypwaicaiGe apertie i canentingr tiengjorage el mith the Giterinal 2,

wher ei he seal precursor.includes a .chemcal initiator. such as free
r adi calnloz)r free r ad?%rgarcep(r’% W&o al&clgle]el?eepﬁﬁléngt ﬁ%glrlgﬁ'@flf‘lgﬂreﬁ}é‘f%éﬁebe
nmononers. 4. A devi @rodacsd thtd)thetwel(lanl PressOiisift aleahsdto ¥pRY BredsurB o pgACt i on
bet ween nononers is initiated thermally. 5. A device according to a
t enper ature control PREE¥SGi s included to control the tenperature of the
seal material.@.\A oy ' t - [ | al ein the seal
pr ecur sor inclgg%s gﬁg%@§wgu g%gkgg?égvgﬂﬂgggﬁgﬁgHﬁggﬁ¥ﬁ%g%%ﬂ§&t its
vol une. 7. A déw) ce aleowemedhaspat preGlrsdmv Get infoesesli matetia, parti cul ate materi a
is selected frgglpoéﬁtetrafluoroeth | ene or. .a silica glass, 8. A device

pr

according to a RIS GPTEF STy 1anRE FRIPSSUTIHRE JReads (P dowg dhe sgalomaterial seal
material precursor kigoRdPedffriie Mt SFnlMuRRHAVER MY HYGHEYnlCan
pressure. 9. A device according to any preceding claim whereln "nmeans are

i ncl uded to det er ni Adiclthie sedithmepacs beswaen thethensing and arhartickehe wel | . 10. A
devi ce accordi to. I m r,.Claim9,  wherein. the piston surface in
contact with tha sezlalqroﬁgaf 1él§ifgph?rsseﬁr BfeFYggr mpkena t%é@?lgeseglc%hi‘iaﬁff % caim
10, wherein the pistwragewdilace is serrated. 12. A device according to any
precedi ng claimincluding a pressure indicatot(20) determ ning the pressure
of thePeal material in the well. 13. A device according to any preceding
cl ai mwherein the device includes a level indicator to determne the |evel
of seal material within the well. 14. A device according to C aim 13,
wherein the level indicator is a rod(17), whose |ower end rests on the
surface of seal material in the well, therod(17) passing through the
housing to display the level. 15. A nethod of producing a seal, the nethod
conprising the steps of: (i) mounting a seal form ng device to a casing,

t he device including a housing enclosing a portion of a reciprocating or
rotatirdd article with which a seal is to be nade with the housing, (ii) the
device having a storage well to retain a seal nmaterial, a closeable

comuni cating aperture connecting the storage well with the external
surface of an article, an inlet enabling seal material precursor to be

introduced into the well, and pressurising neans to apply pressure to the
precursor; (iii) introducing flowable seal nmaterial precursor into the
storage well, (iv) allowing the seal precursor to set into seal nateri al

(v) applying pressure via the pressurising neans to force the seal material
t hr ough3& he aperture into the open vol une between the housing and an
article to seal the space between the housing and an article, (vi)
introducing further seal precursor material to retain seal material in the
storage wel |.



