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Enzyme and Receptor Modul ati on This invention rel ates

to a general nethod of increasing or prolonging the
wa@edaoemioys of a conpound whi ch nodul at es t he acPCUGBR06/001637

an intracellular enzyne or receptor by the coval ent

conj ugation of an al pha amno acid ester notif to the

nmodul ator. The invention also relates to nodulators to

whi ch an al pha am no acid ester notif has been

coval enikym COPRYFA! CRrcBirks BafRkbAdwheEL! ReSEMBLY

| dentrcatTonof—suoctconjugates havi ng _super i or
properti es RANDaMEFEODS OHcMPHNPEACTHRE- THEREQH ed

nodul ator. The invention further relates to the use of
nodul at ors containing am no acid ester notifs that
raki ewokrheysehagnde oaccunul ati on of am no acid
conjugates inside cells of the nonocyte-nmacrophage

| i nefbe. PB&ERGLoGHT NG 1ORe TRAGERE &R Mgfyrnements

intr [.1.ul ar nd .r.ec Oof; e t &dY, and
CBHSF%&%S@t%%éﬁﬁgﬁﬁgggﬁ%'3?5%3% Higﬁﬂ%b ufﬁ?gﬁihé{y
taet stabee® fhynkl mdicug stse st Heir madtiinge ksl tagsce BRE3Iass
appear i.n Tabl e bel] ow. ,To reach the target e S
PERILPESENT G T Or?%ﬁﬁdat%éfr %@nﬁ&?ﬁ%ltnuls v %roﬁlrr}gé&@
201859 0lshe ocalda MR dacempl asme/ ext racel | ul ar
flurd. In general, charge neutral nodul ators cross the
cell nenbrane nore easily than charged species. A

pRRE AW I8 URieg set up whereby the

en plasma and cel
i nt errher baAsincd ediddl ofs tise feguid idby jaurhotdleogical
intracel lul ar residence, tines. _and concent
R 1%k G A ) rore BHOY hes: ant TASER o2
RS 19fHen S Oh OV c £8IPE Gl add Wiy casesradper eed henertia
modul ator is rapidly cleared fromthe plasnma. The
tottdricibesl agfce har ol St RSt A hcé?‘éﬁfﬁ? e pobrd deshit e
t hei r_.hi gh. i ndin L N t el nEPEZYAELOlthe
rreesceop 1&99 q@é;g%l t ﬁeér g%lr?%éeogd%gi?%b?lggi %ni nmet hod
Bt v aid albe found noy eadj ngtite G reeetral af its
concentration of a gjven nodul ator .of an intrace ar
BHATRE BIMFStept oS Thi SN0t W rdsuitdlh an%%%g slé%r'hjé
Méﬁw’w}ﬁ{@h biya & 0 ongk &g dbeivesigeqey of bhkance
modul ator inside the cell would result in inproved |
qiharmpookd et ¢ te Bpde phaf HEeDdyPRHP E1 Y operPlBsat\Br gL ven
congéstgggeexposure and reduced dosi ng frequenci es
WO S be athi eved. A further benefit could be obtained
if the drug could be targeted to the specific target

cells responsible for_its therapeutic action, reducing
SUMYARY Obxpde (FRVENAIHRNce side effects. Brief

§g§§éé@tg§9i§& hhgukp¥enptEon This invention provides

, escribes inproved nodul ators
i ncorporat fhyst hesseetict thal Ppesert ple¥eBhifhi ERLERES tO
nmethod i s _based. Lt a g f batess,
FEhOPRIPTES ( 8mFB%Ig%? §8%rg%%gbgeﬁﬁggf%gﬁfrﬁgpe%ulegss

passithraugh the cekhimgnbnanéiandemnhgr stelges of the
relatively easily, and hydrophilic (higher polarity,

- eah?ped) ShBILREUFeB2RELAGE "I Rence, if a |ipophilic

motifais; aktachednbRearOb¥eh: HRULakQrhakl ewiRgdt be
nmodul ator to enter the cell, and if that notif is

tonmengedpinafhbadehket epohagef Bhgletepbindidiey 1sit is
to _pe expecte hat .t he dul at or _w. t.he Ahj (SUS
B%FE%FP§gﬁg¥igugtPgéhgécigﬁﬁgeagcS%ﬁng%QMf$ﬁ?E%fﬁ§lc °r
6ehkr Re6¥irdhngcouehdareat ikokgoptitaahed ito a lskate which
nodul ator in a way which does not alter its binding

node with the target enzyne or receptor, the
accumul ati on of nodulator with the higher polarity

notif attached is therefore expected to result in

prol onged and/ or increased activity. The present

i nvention makes use of the fact that there are

car boxyl esterase enzynes within cells, which may be
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the al pha amno acid notif or the way in which it is

conj ugat ed, nodul ators can be targeted to nonocytes
wapaeredpdphages. Herein, unless "nonocyte" orPCT/GB2006/001637

"monocytes” is specified, the term nmacrophage or

macr ophages will be used to denote nmacrophages

(i ncluding tunour associ ated macrophages) and/ or

nonocytes. Detail ed description of the invention Hence

hdl, aig U pact ashiactl tden prepentd i hwventhohc pnevhdescal

coval ent conjugate of an al pha am no_acjid esteﬁ gnd R res

FRANA GO BFLGhe i VES yott a0eRehRt i NEF JBRFOfaFelates

E0Z3 e Y4 rﬁ?ﬁ%ffraﬂm% ek N5 t e, €SALEN ONOYBs Of . Ehe

conjugate i s hydrol ysabl e"by one or nore intracellul ar

cagbbxyl e sdevealsep eng yapsrab) tthede ok eepoadPhgrasigy of

and the al pha amno acjid ester is_cpva tly.artac
SEE heHIUA koo n OSSP ey eRSEETt F o bhatpEndras”
hotR! f agseaheteend hee Rdus ad et randlyhpreat get skapymg of

or receptor, and/or 1Is conjugated to the poduyl ator
swehsphiarlt hendi wep nfl Fbber® }Fﬁ@eEBnPEgEPEdlﬁﬁﬁﬂ &PBr
&leébgs s@j, s o0y r egPeding 851 § 1 oybheckasget ngnzyiBrial
or-receptor is the sane”as that of the unconjugated
aodal ahoe . shovkedwladsenianethettaapmenhepipienti-6n the

PAEFater| G EreBUtanty Androf * BshH8hte bi R8 BFa LatoT

Redubat oh, of sthenasthytiy.of 1a banget wortlsacehleul ar
enzyme or receptor conprising structural nodification
epnvaet ipdal atbrSbyCcERALENELREt SEhKEAt 2PAe PG TN

g ! er a,PPskbhin@ftr 6ARER BreMatleded..
%#%g?ﬁgg?g?egggggggét&ggﬁrtﬁe nodulato? and the qugef
ghzyhenefitecept bhisandhfigsuehtibat ofhbaBiendiengorade 1S

of the cqnj ugat ed_nodul at or d e _said _corr di ng
Jeraieactnk il EE aRbSRe tBr PECOion PORERS DM e
that efutherHacgpiygatednieduli ahofayt beoesder agmetpodf of

the conjugate bei ng hydrol ysabl e by one or nore
frrmasel bubalazarberyiast érase ERFPhegicalt pecillator

carresRondi,ng %ﬁ%g A3 S5katad, ntstﬂgu.h{é\ﬁ%md.o%?)ﬂi%ing
CORCErAEd witt h nodi Fication o% nodul ators o .
ifatrmaaegl bukabrenpyresd age riseogpbalsncal tshrougly tiederial;

principle of the invention is of neral applicatian,
g60eradindc Ped 6§ 1t \FngaE’hgfﬁ é’&ln%t&%ﬁtel t’\?‘eo;:l e ©F Yayers
RAULALOk hR ol Re lident i ofi rehe itndy gefe GRZHTE ¥am at the
receptor, it is strongly preferred that the nodul ator
Beyverme orhdrvexer esdi 2 usifec i egip tidhee MG} ndi ng t o
the target enz r. recept RAsed t

WSS ée%f”éecetn is)én%&%tt g%%o@aﬁ ent |a(ri1)rgi ng to&?cheg?zﬁgaer}ce
eMEM IRy @onpedepher a Sipioelf endraactdrcadlagtiild tinndwe

car boxyl est erase- hydrol ysed conjugate is required to
FEHERCATERE PRt addIUITe BImE ad kALY G THe-"9
Q%&%Hﬁaqqdulator with its target enzyne or receptor,
attachment of the ester notif nust take account of :
t hat Pegfiereidnyt,, tiki dmng [atiadhmamy i GUt tHeted Fhal Y

ami no ,aci d _carhoxyl gst er ase .est.e [ f.l

e hodti SE0rAduoh FNE e B o g ods STt e 1o e
GOd RS RARHNY Lhend1estardase: tyar olysi s fuseuct e kd)
the corresponding acid) to the target is essentially

tiiems drRgeddiathd Udcsi} Ugi etP ot ator. I n general
this 'Pﬁie%%lya%\i by, £ oval snt, i achneuoftidecentral
car boxylesterase ester notif to the nodulator at a
posidd @t riemotspiframghelhdiiig dwter feRbl HerfMWeRAt he
nodul ator and the target enzyne or receptor. In this
way, the notif is arranged to extend into sol vent,
rather than potentially interfering with the binding
node, In addition, the am no acid carboxyl esterase
notif obviously nust be a substrate for the

carboxyl esterase if the forner is to be hydrol ysed by
the latter wwthin the cell. Intracellular

o S o, o e - e o
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It will be appreciated that any chem cal nodification
of a drug may subtly alter its binding geonetry, and

wo b@oabseps stry strategy for |inkage of the PCT/GB2006/001637

car boxyl esterase ester notif may introduce additiona
bi nding interactions with the target, or my
substitute for one or nore such interactions. Hence
the requirenent that the hydrol ysed conjugate's
i ndiney et theet asfedpidnd heats@bahse the for further
unconj ugated nodulator is to be intergreted.as o
Dol ¢ Fen teRIRTes | s TRESE AT PFeaTeS phiY ul DAt FoR bfe
t fie. o ndi i Do PLhel 1 WoL dsothad £t berbbndisg node
?%g%gg ﬁ%ng¥§qf'% Q%ﬁe as that %f t he unconj ugat ed
omtd B¢ orwiMhen ¢cdieambquiaeeehal i suletasthersdipitride,
bi ndi ng characteristics of.the paren u .are
$etLFedca the® ﬁ???eﬁl%ﬁﬂdgn%%d%Fﬂgg %%%% é?br%r
é}@l’ﬁnéﬂ o¥erakh sONERALSEt LOf alfndi ngtehatastici sti cs.
he” "sanme bi ndi ng node" and "renote attachngnt" : £
péehponance ar eCad bl ndrwhbERapse, 0hsCEhgte8°%BLVREIPRE ©
usual . ) gyi €502k 89l REyMRISS take
T2 %F%%ﬁ%n$£?§£ %g§t$gcﬂ8t%gécgﬁboxylestgrase notif at
plpeént in the nodulator nol ecule which is renote .from
the binding interface between the inhibitor d.
targe?h%nQ%E%rbfir%EEp?g?y Eﬁﬁgygp? Fng%gu ggbékﬁg%gd
thet LheserkequhbpeeRhs de nekdi pl ¥ bhatntkespring.
conjugate and/or 1ts corresponding acid nust ha¥ﬁ th%l £
same Thevepréngrmpheyicd meduPst BEGSEBLEAcya§ thET T2
ar ent nod 10 alsh ROWRYSE, Wik hl $Phafeiued |
PRagLpnE el g?%@%ﬁy%?%?&%@dsggrboxylic acid has a
peperayihg aayemsvi ir specdyrie- formr efephotosi @di Agnic

assay no |l ess than one tenth of th Qt.enc f e
psrEnfe¥o8G 466 'iﬁrFﬁgfagégafpo ﬁg'?ﬁggQi%§9é§%%h has

%_e&%‘b%%ylcien d%PQ@J Luldare iaet bty wasisay. attHeeastl aasive
1'g

as that of the parent nodul ator in the sane . .
asvayendl tisotigh cerad tieswaa lnedi dingalr shvemts gy eloping
met,.hods of nappi .1, urg-activiflyy 8liald anshd Rghen the
ke’ rF?@FFy%%E%%b%éto Hﬁ&éﬁi%%?iﬁb a%ﬁg?%gchnent
stifraicegynt @ feetant Hes froresgoiaig. v s ey didivig mode "t d

"renote attachnment" requirenents dernte l.ques
§¥kﬂ$%¥53ﬂ%§aéﬁﬂ‘§€ %Qﬁ gﬂyﬁ% 190 GH ﬁ%@émﬁgg%ﬂ%%u T
the PUM WeLS, idr infay &t GREIM fafatmmabindi rgradeeably
of a known nodul ator of an enzyne or receptor Rf be
kitewsp m gl etedranimdb 6 TSP i forhmt iU LS i34 Heraverses

vast jarity of ¢ s in the public domain, or can-be

ﬁgﬁﬁﬁﬂgtqﬁgﬁﬁﬁﬁg%ﬁ%ﬁﬁéT based nodel |'ing met hods, such

as |i gang doekigig wiid dremd doys rrodel Inady  Hes eceromni n kg

known bi ndi ng, nodes of structurall imlar__.

TRRIA ok GRS 70 & M RMGUE STt tT ST THe TREUS P ermen
NZY4E Of e dl ECOPE R dudlV t S ko edge o0&

3%E¥E?H%?%g%%%§e of théanodulatoruobtgfned by these

t e eiefrom he 1abfend bebng osuFePundipE HARherbflt e 1eft

car boxyl est ey ase est er_npf | eq il tifiefunds £

Lﬁﬁﬂﬂ?%%? Y %dgg%%ﬁe ﬁ%{va p%?n?ﬁgﬁgtigkﬁvgﬁlgto?r

Wi Shhd 5 §esmi e {60 tbee bsad) ngsi axpt daced beboren t he

i nhibitor and the target enzyne or eégpt

or. .

| nt r acBile udaine cer PoxiHed 1 BR BsRS et chPabl §Ybtder or
hygdr ol ysi Ng; 1he esher o8 eHR Rhtéheacophugat edeal phar
aft no- acid to the correspondi ng acid include the three
kponfo husape cpehoxkyh st ekasehe” ACEClanzghe PSoFdBes
hCE-1 (al so known as CES-1), hCE-2 (al so known as
CES-2) and hCE-3 (Drug Disc. Today 2005, 10, 313-325).
Al t hough these are considered to be the main enzynes
ot her carboxyl ester enzynmes such as bi phenyl hydrol ase
(BPH) may al so have a role in hydrolysing the

conj ugat es. The broken cell assay described belowis a
sinple nmethod of confirmng that a given conjugate of

.
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conjugate fromthe cell, and thereby contributes to
its accunmul ation within the cell. Indeed, the cellul ar
w@oienz3psdf the nodified nodul ator is predom nBEL/GB2@6®01637
to the accunul ation of the acid and its nodul ati on of
the activity of the target (although the unhydrol ysed
ester also exerts its activity on the target for so
long as it remai ns unhydrolysed). Since cells in
SANSRlr GIH alangavsr alnd Ypes afnepiddsmgrnivydiessnsion
I's preferable that the conjugate, or nore espec

|
. cttheéchiey dradleysied. dorjrugdtie (3 e spnditg Ior‘)&}“e ?/%dge

t .a substrate for N\ ; In paddcaday, At
O:}g tﬁer of g lyn%rre}foersrneoéyt a%e(g%%phae amno acid lz&;’t er
WHouHy shoudd awtotiest heutGirey nopeata el eneia rrfprmed

di peptide notif in the conjugate., However P : N
ReF@eRHRY diP oﬂ‘et f?é‘%o‘%#%o%ao%?%n?]?a kfegc%?rielnr}(ﬁgp ko
- Lhe aphg, Ao ach d £54@r1 JEd g dmyorhe) cavatientdyrespond
attached to the nodul ator via its am no group,% Vi a

fid sSpaliphla TR ors Wit o EHSREUE Heh Hrbk Mt o 1y | Furround

have a_ conveni e i achnment for the

%r%%&%&?%r%%y%g?%rgﬁgﬁ%ﬁénd in other cases a

synt hgtd o&in abegying |hahavee t anpepdevi skeeh f bas¢¥ sor

attachnment. 1t has been fogndtthat cel | s.(t:ahft C‘%{%}"a

P esRe VRt LA BHRYT estBr a5 BEEheE B Chndt 57 - hcE- 3" and

L SCRaDI DRt £ 91 nBrofapbesenengynes Wi bbmonhyt bydr ofyskese

am no acid ester conjugates to their resultant acids

pfecheiontmageniel réwouprphicahihBuas d BFBERTRRLY/

ei ther unsubst i k i rect i.n non.. ..

%%?g%ﬂw‘d%?%u‘%lf%%ggeggc%’é??é ggn%}ép%?ngsﬁ&?fror

£66088i Dagkr hE€E=Antgnebydr gl. y§aGalrhreraci doppAFUYAPEE T

wth a wide range of groups on the pnitrogen._This. .

%@P%Eti@ptyl%%%%ﬁ%%‘g?e%f RES B e R lc:%ng%@]u“tlon

%ygﬂegohgeﬁgy@HE§9§e\§ﬁ96§fﬂ_bc't&oheﬂébhﬁdqhbat,_ tbhethat the

nodul at or shoul d target enzynes or receptors in

betbnia epkingypey 8hp. bet TRaBeBedRoTotRE EREE PRECe of

relative anmounts S ree L yl ra r and

BRE ot v ATy Dot ROMA SR Pty bes “(aenoE gure 1 god'e

dapabasepat . hirhp: ket leasegifl comglySymatreds renbdee sihtraed

in this database hCE3/CES3 i si_fef rredlto y theaini so

EyapolhRL F2m?36 1) tielt R S56d NtafBr St A nfENdéd Fo act?

Qak¥ikn ceklnbyres cten8 nChek dus slod a saleh@alimed  of

a carboxyl esterase ester notif wherein the am no group

i ddivielctally pleintsed st d sa NGEEBS a0Then (hén PEesaTy|state of

rgsul tsti n the hydrol ysed nodul at or conj ugate

&CCuftitati ng preferentially in cells with effective

concent lsatioars reff inGmeht rStlatted ito amet herthealy, (disclosed

specific accunmul ation of the acjd derive rqm t he

o 0 20 S SHgle A4T . PaRBRESEh S el T o
igved by | ki 31 |, 65 tef1 amid fsgidde

%gagﬁ%act%m&nlﬂ uchlr% ﬁ}?%hma%wt“ﬁgé ni trogen at o‘m%f tghhe

amteriad d cestemuisinotatharkefileie ecta5pnis &f Erdonyl |

or is |eft unsubstituted. [0 ges :

AP e PHOIED 1971 111 AR PO o oy eyt b ugh Fher e

r8) 18886 102 ICHOKI Nesi i Parinicet spadivka readetdall (van

Roon et al Arthritis and Rheumatism,h 6 2003 thickness

AR E38)d ane rdebhei BT ML i YY) S el bt C

caont riut or j of ' ARt f®itd an expedient

destt ulgisl gneﬁ%'eﬁﬂ% niIRI\?éEng J.M)l\)él;d@&gom, 350, P

259 260 Adict ophagesn ae et b sepd el vET | Fhe uppbprmost

growt h and devel opnent (Naldini and Carraro in Curr

Drug Targets |Inflamm Al lergy , 2005, 3-8 ) . Hence

agents that selectively target macrophage cells could

be of value in the treatnent of cancer, inflamuation

and aut oi mune di sease. Targeting specific cell types

woul d be expected to | ead to reduced side-effects. The

present invention enables a nethod of targeting



10

15

20

25

30

accumul ate i n macrophages. There are of course many
possi bl e ester groups which may in principle be

w@e@sapiovi n t he carboxyl esterase ester notif fBPCT/GB2006/001637

attachnment to the nodul ator. Likew se, there are many
al pha am no acids, both natusal and non-natural,
differing in the side chain on the al pha carbon, which
may be used as esters in the carboxyl esterase ester
dmti f.wiSorre ed e Bad 10 et s est erst tachmapt dly the
hydrol ysed by one or nore of the hCE-1 ,, -2 and -_3.
m&&h%ﬂﬁgﬂxnwhﬁﬂ¢s$Qﬁnﬁ%ﬁ?&?&PT%é?%ggﬂ}yﬁE%FeMm??gaglc
ﬁtkﬁ‘m_ﬁé S Al e DL e 5bowhyr hydr ok sed, £ani Ty ds ek ysedi snhyde
0 a very small 'extent. In general, if the
wiarb ontyd et ez aspahiniy odhydes o ddlkeshvie nRdaktd ester

to the parent acid . jt_ wl| ubi h car
o periRe I f i hicend R Bt ADeil caEpombot
&ydr ob¥seoihe msy ebe NBpaEchepacovatent tyecbnpegadeds at

to the nodul ator. Hence, the broken cill agsgg and/orche
a heiven| aeeduedPBokyrastiradeSB3say BeStritbe .ﬁngpn
B’iﬁ’&d&?& sttal-9btf prwaedihgui-6k1aadpsbprketibnshs
screen for esters which have the required hydrolysis

e otrieed EsheWONDOPE£046P43t e - Un PHalna§THa)JIt ke Kelled

re-assayed in_the_sane.carboxyl est wheng .
REAPORAL o™t Pt He  noUUL AREF viashe Ehosan  con uGatr on
RBeri Sbrypol gmeenbicr Bryhat ci-tibgestmbkbraal such as wood
car boxyl esterase substrate in that backgréound

SapeabbPe £55e80ardestdf WPFI 2Be lBPSEUSEEE6S SRAPEG Such

.?ﬁa&hkﬁﬁg?hﬁggihogﬁﬁ Q?e”@ﬁhhﬁ?@%sﬁﬁ@?th@ Raskeerlement

ound utyl esters of al pha am no acids are
rel.gti egllyndea) suobstkeatednf seghder]devedopR@nta with
wher eas iycl %pentﬁ%l .esters are effectively hydrol ysed.
SHPPABCE tal-BhETRF TG ™ Eci ds will al so be discussed in
nore ggtakhbabelow] chihtat st bire fpeiablyi shappdbeuch that
menti oned t hat phenyl al ani ne, honophenyl al ani ne, Lal
phenyogdlly eifnepapad sgdierd adr @n&e%@mlﬁeﬁﬁ%“& T
sters .of caondar e prefer redcAs Statat
g%&\?}g‘, l;%hg%?l g%a%é)mp%]gcs%%?id%égtlgr ng;}%rbé’%%onj ugated to
ti e Inmidisl amoropeind ridhe eami.n@ grlddp iof thite cariimeleidi wall

ester, ar via the .al pha car.ban (for. . I !

oL S ot o AR P R e or
radi 63Jadmy demRirasentp heteresi | hthearboxylegieraikel to
ester notif and the nodul ator. For exanple, the al ph]: ‘
amienexdd elesiadr gy RE & waidW e t N ot &t oreadren

a radical, of_fornul ) £ shereh i Octhe -
@ﬁ%d%ﬁa% ¥ hae a“%y e(g%éeérﬁg%%%fpa@v% ioscr:hhéﬂi s hsydr'ol ysabl e %y
Qe i0fg Mgteali ndaracedn ulrare car box W esterastes ke yes $pAcer

Do AT Qo2 Lo e Side ehal ofsfae
Ry Orr Pt d onad | i sarhsd | dteth Gind6 at&ybre E8r&ily

cy%f%lgﬁ}ﬁ, aryl or heteroaryl or (C=0 R3, ,-(&C:O R, 3.
drher{ GNR Bwharads FECRES e TydnthR  AptTbral ‘P% the

substituted 1- ' B ocycl stenin
hse‘faecf‘%%y%f?l%érﬁ n&@%g%%) 6 f hgwg?kgré %%fe?ﬁ 9 s 7
ligked ¢0 @ovéngleat bonsadhasensd fhetnéngenlindgenslipped
shown, and ring Bis optionally fused to a second

AF BocHRe i eheke R eFBRYElic ring of 5 or 6 ring atons
in whi t© Lth&Bynhbexhsom afring spaaein
said s%goﬁ@f%én%‘ea\l(@ima bond, -C(=0 -, -S(=0 2- ,
-t (O ONRS-betweprnsSinngr 3and | OUEPENERKRICES -
S(=0) 2NR3- wherein R3 is hydrogen or optionally
substituted C1-C6 al kyl; Y1 is a bond, -(C=0 -,

-S(@) -, -¢=0)0-, -0(=0-, -(CGONR3- , -NR3(C=0-,
-S(R)NR3- , -NR3S(2)-, or -NR3(C=O NR5- , wherein R3
and R5 are independently hydrogen or optionally
substituted (G -C 6)alkyl, L is a divalent radical of
formula -(Alk 1)m(Qn(A k2)p- wherein m n and p are
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heterocyclic radical having 5 - 13 ring nenbers, or
(ii), in the case where both mand p are O a dival ent

wo adeazdoodf fornmula - X2-QL- or - QL- X2- wher ePOT/&B2008/001637

-0-, -S- or NRA- wherein RA is hydrogen or optionally
substituted C1-C3 al kyl, andsQl is an optionally
substituted dival ent nono- or bicyclic carbocyclic or
het erocyclic radical having 5 - 13 ring nenbers, Ak 1
ANt &Y K %nﬁﬁ?ﬁ&ﬂﬁ&é"tiysﬁ@@i@@%ét@@éhoﬂﬁél ynner series
substitute val ent C3-C7 cycloal kyl radicals, or
@®t¢@hh$l@n@um¢l@®¥%ﬁ“%ﬁa¢@h¥ OF BPhhEhed PEIPESSAgE
enyl n

Ty aiBR LT €08, e 7 onabkunyleseratyy
ﬁ@r@éhethé ijlnghm@beheal(ts-adoptaa1noucstwhiyhl|nk
mhereln RA is drogen or, optiona substi tut
RFRYHAex ?e‘ﬁir%%%nfegal%n*ae W%f@ou‘g f 032" | £le Eeugglde
g’ﬂt‘@ eyl HAFO NR-&m, tﬁBs@%anHB51nSldHR3ﬁhiDﬁg stiol
-S(=0 Nﬁs wherein R3 and R5 are independently
m:y@:m@mgofonpth@néqtnys%@@sﬁww@dt@ldeéaarekw‘f cenfgact

c%n % g§ andAl k 3 represents an optionally
Subs |¥ val ent C3-C7 cycloal kyl radical, or
optionmélynsabspatﬂm@dbetwaeghadpacbnancbédS €s- C6
al kyl ene, C2-C6 al keny ,or C2-
PEAFRERP K| ﬁmﬂﬁ§d0b9|BHQF?QHEBEtQFﬁtOFr%8¥ ngtgtﬁges
?@a@lﬁ&ra(p%ybar&a' esthebr(sSringl maferaal- NB Be) slliikd
wherein RA' i s hydrogen or optionally substituted Cl-C3

ap kyrovrﬁ@ iedividsedr SPEANYEst 8Fi fPeBTENEBYRYY eieésrﬁlbed

h -
aﬁgc er| HQOB@&E g%erggﬁggkgnaggakggﬁggé ?%%ﬁ?ﬁﬁe
ahﬁéboanQGhteAScuiéd her ebhaihkd terdny( Ca- Cefaldeylthese
wherein a and b are inte ers re% to a ral ht e i1e

brakchegatRarh aFRyF Pad 5§Fnﬂa éhﬁﬁoﬁ cafb
aLoaeribAus when a is 1 and b |s 6, for exanple t he

termincludes nethyl, ethyl, n-prop I sopropyl

n- but ﬁpr tb@bmtayhlngég BGEYE, atftﬁert ;)éleatn tﬁ@ﬁttwené“md the
n- hex d t iwval

PEATts) pkSrand raY Sebel IR.PEVE 1% oot regare
Feflees m@ta satupabed hpdeadaibor . @hmpmﬂymﬂnuidamnmﬁpams

to b carbon atons and tmo Cgfatl fled val e ces..

ysed RerePHOYRE Yerm PPELSCHPArK |ﬁ¥%ﬁ%§1f

angti At egerecr effehs (lidid ySthdl Ghloc Ayttt ehaim be
al kenyl noiety having froma to b carbon atons having

ampkeisst 6re tdeubirererd oldi-t her E or Z

stere I I|

for e%gﬁpﬁ gl&ﬁwg %H%%R %%Egﬁg . butga f

Zafretrhyll- asp rmp;e:mdluce@s blmxzéelmercem dchiel & erﬁn tkda val@entby
(Ca- Cb).al kenyl ene radi cal " nmeans ,a hydrocarbo ai n
A&V S oo midmMed S FarFor? Wedns Mgt leeaé?eatch%({]d f7p this

p%%es%nqst %nwl%%té et Nl LRgRS-+ A tisedh hereinithe
Ca-Cb al kynyl" wherein a and b are integers
cefrerds  ttdes tauditgmg c(rmthmlrm amreivetd th diay Bk

groups_havi fraom car t i ng
in addit i onrr%g rlftp ecr)lﬁcd é‘Pﬁ:’ ?qt ere%“i’jvo g nQ?nude
oL, fﬁﬂww'prebaﬁwyﬂethbd antl ﬂanbnﬂrxmydne or
2- et hyl - 2- propynyl , pentynyl

3-
m@é@t@%ﬂncezsn@aﬂﬁr ThifedARAct pen%ﬁwww but

- ?‘825 %{&jﬂ( 1:1,3%411@4@_@ tde éeefamlcdldﬁl&éhﬁbon fibre in

e radical" wherein a and are
|dmﬂ@nr$aﬁﬁnx15gnlngﬁlvaIent hydr ocar bon chaln havi ng
from2 to 6 carbon atons, and at |east one triple
bond. As used herein the term"carbocyclic" refers to a
nmono-, bi- or tricyclic radical having up to 16 ring
atons, all of which are carbon, and includes aryl and
cycl oal kyl . As used herein the term"cycl oal kyl "
refers to a nonocyclic saturated carbocyclic radica
haV|ng fron13 8 carbon atons and |ncludes for

o o oy
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As used herein the unqualified term"aryl" refers to a
nmono-, bi- or tri-cyclic carbocyclic aromatic radical,

wa@eaeilzgobuides radi cal s having two nonocyclic PCT/GB2006/001637

carbocyclic aromatic rings which are directly |inked
by a coval ent bond. Illustrative of such radicals are
phenyl , bi phenyl and napthyl. As used herein the
unqualified term"heteroaryl"” refers to a nono-, bi-
or t micapreliinglar,oratdre medi ded montiaead ey et st Kbr e
het eroat ons selected fro , N.and O and ingc

frodiied & RAAAIFS ﬁ%%n%%o%m%l‘?%‘b% %?C%ﬂgats%%h

;{@&Pagyl% G of | G AN QN8 SDAOCHEH & Surdddtt ddmige i sdrigh -
are directly linked by a coval ent bond. IIIustratlve
mtmmrwuw@w@nw@watmk hienyts 9ie§e, state.
benzf ur daz enzi
Jtrhjf%lzaol%‘_’i rgé/fhz Qilnééz%lﬁl[l QI %%%#‘II%.%O ylé;nfjlfégib{iej
bengt $o4 & a@lteyﬁlapyrmblyﬂlg bbxazuilwérsmaxa’2©r§1al to
I soxazol yl , benZ|soxazqﬁ¥ |soLh|azoI azonI
@ﬁ#ﬁ@r?%&cﬁ@@nn?hl%ﬂl%% yE, Cokhg ?a%%?%?gu Taithyl ,
%é?@lﬁ i naPYEF Mk n&’&llpﬂéﬁﬁ%nyé aiét@dl}ﬂy|a layer of
and 1 ndazolyl. As used herein the unqualified
ﬂ;leee mﬁherepmwna/terml hereabtyel Fee ratledegaterial to
etepoary ef I ne e nop=a ic
SRS o 26a AR oER BERY Pea s 41, ELSnoBs 25088
@@@@éoﬂ@tiﬁsrﬁﬁm£3|f@ﬁﬁfaaﬁdngemDElng hbeelhEEespab@ns
selected fromS, Nand O and to groups c?nsiéiin% %&at
makorbeyel | EnRonnhpBABEFE PARPEARLcORt BFRFHG2BhE Br
g g-sugh heéef)f?éfegﬁe&hbﬁ@etswﬁ@ém @Bt bYeL‘Blﬂ&@drte@ with
thér stch radical or to a nonocycl i c carbocyclic
padcmahonlmhdstch&nvelafWQQGh waau@arglé?é E?rpéﬁyl

fur ien eridi zql Lyl ,

e S e e e

BXEEdi ANk, oRYEBOLE dgnplocpyki BirdbRyk, photphadlthoyland

pi perazinyl, indolyl, morpholinyl, benzfuran%k 1

phemnghl P56RAREI PIOCBEAZPH @¥z6 Precision materia

g‘égg¥5§nﬁg'agéy89eEyllemlgaily| enedi-oxupheryk cansl alaedo or
stcci ni mdo’groups. Unl ess ot her wi se specified in

bheezobkext tirranhiech ineanscofs anyheavedengdiibsh e dnown

as a plled o0 any noi ety .herei a tist

ﬁBeF H8ur %8n§5 51 & §%&OPlt§2§$% Iazlac %ﬁ ‘ﬁﬁ%f@ﬁé%ly

ipdepandents! ¥ hary oFe ,thfeo Is paiaplaed @:Grechl)aa)Inleles, @ @e

6) al koxy, hydrox rox G -C 6)al kyl to
rf)@rrmﬁt é(ﬂoo}(/;e(;pé]yl@)q y( l@)ﬁ) Y s’l'ﬁrgg:ny pPreferably,
h%ltf%l | nglud #)rfg_nfgl lfh%,rt%'rlglo'l% %Ct:%iu%@) into the channels

uor one trifluoromethoxy, nitro, nitri
(nChe Gheet- mwho@@omeetcwthmnd @Gﬂﬁ@d a small

CSOPNH2, - CONHRA. - SO2NHRA, CONR ARB,
dNﬁzleteMHﬁﬁere RRARB? - ,p%%BWRBI,“d

lcul‘ﬂlaQO@%Atné\lF&Ems a{‘ﬂ-ﬁ%l%‘hd -NR 1S GHheet .
“NREBSCZORA, - NHCONH2, - NRACONH2, - NHCONHR - NRA(

HRB, .
TNHEONRARE Moy SIFATONR B, WA STHe RORARA BiP e material
i.ndependent ( Eyicdoal kyl1 ,of
%81 ﬁlﬁgﬁ&%ycﬁgccﬁ%?%réi ngﬁgéﬁ%b g’or rlng(D
a(ta?cr@claqn rzgptitanalbe uhsda tamkucheghdle g rm&ft@hveal laid

fore substlt ent_gro The, t rm"si de n_ of

é”hd% ql é% %ﬁﬁﬂh HeifF©TE 2?% o
cg%}] E?fd'hﬁﬁélt’f?énoét Wl@i(ﬂ[ aha @M mel ade doné or

forﬁ%{ tgﬁéﬁ?h 1) - COOH. Exgﬁﬁﬁes of S|5§ chai ns of

nat ural al pha am no acids include those of al anine,

argi ni ne, asparagi ne, aspartic acid, cysteine,

cystine, glutam c acid, histidine, 5-hydroxylysine, 4-

hydr oxyprol i ne, isol eucine, |eucine, |ysine,

nmet hi oni ne, phenyl al ani ne, proline, serine, threonine,

trypt ophan, tyrosine, valine, a-am noadipic acid,

a-am no-n-butyric acid, 3,4- dihydroxyphenyl al ani ne,

honoseri ne, a-nethylserine ornlthlne plpecollc aC|d

o . o o T



10

15

20

25

30.

of those side chains, the functional substituent may
optionally be protected. The term "protected" when

wag@d/ 12395 el ation to a functional substituent POT/&@B206801637
chain of a natural al pha-am no acid neans a derivative
of such a substituent which BsS substantially
non-functional. For exanple, carboxyl groups nay be
esterified (for exanple as a C-C 6 al kyl ester),
8 1 Qs D Sp FoYe HE € 0BT epb Bginé o1 gat tles, (éarbenaspteon,
as a NHCOC1-C6 al kyl am de) or carbamates (for exanple
0 g INMG( =0) oG & 62 BERY | 0Br IRpRR E6) BekbPR - car bamat e)

hydr 9 p§Q%Py“ 0 IQcethens &4 ti
exangﬁékﬁﬁﬁ%%n- a}€§?£o$¥gi%§%:l-%ﬁ alkél)% e%illng
eiher)abrhess evserif stierdnpremat s pOpPR1e@6CHLkPHer they
ester) and thiol groups.may b opnverted thloeLk
13 BrPeX TR ?%rv958?9|l§r %%ﬁ%g?st%503%%%%?Hoﬁggsﬁﬁ by
%Pé9§§$@1f %i@éi§%@th@c§a556§lcmétﬁﬁdalhylare known in
hi oest er) . Exanpl es of side chains of ngn-natgﬁal. N
thehpreed pboachasPrAekhge PhoYatFBf 8FFESt dPhEPSW RRVSTTY
the di i op.of ; yi Lah! gE AYPSiEAr susabn
%%n%%bﬁ%gggf ?ﬁggﬁggségg ﬁgéﬁtioﬁ. %he gste? ?oup R1
bpradiivés pnoroalhernetiivedyebty phat orhmosst ef gh@up
nmust bhe hydrol ysabl e e .or _nore.int Ll ular
SREDRS, OF 1 Ehal LBoopPer eiaeroPror Sone Bagrreat: demovel
tfaL: sxanpg! 8£f Bheny Sheni waaem, neskrationlof lalker or other
conjugate) that it be resistant to hydrol ysis Q%Q
bapbokyresnenkyaeanys oty 285z VRIS 1ERY ﬁeoﬁli§ﬁa, “ice
this,ensures the conjugated modul ator, will survive,
SFter system ¢ administration for |ong enough to
penet ratespelhgsasnthedésigesupbbritdng siafsire afaitaer Peo
test any given conjugate tg neasure its pl f
ﬁﬁﬁédaént%étggﬁérﬁbb Wgﬂﬂﬁ% i¢§+%ﬁw%&Ya§ﬁaaéggdggéﬁfve

§&eaa%ieﬁeeu&0%@45@@s et g dietd eealthy wierdhyeded rom
econdary al cohols are nore stable to plasm

cacbexykds ter tinpdAainpsing hart fds et itHo e v dPol OF
f.rom_pri mar I 1 1F i 55 heen
flggr?&%taﬁgt a Ct%hgcgl%gé Zas le:JCg otr{gg{gsl Ilynt degﬁgvkgéd from
te@huil @y eadlueaRolo: aren gpeneriatd y steatifesl tie pilespame exact
car boxyl ester-hydrol ysi ng enzynes, they are often al so
BRSO -st abl e to i ntracel lul ar carboxyl est er ases.

Taki ngihese o 'dl%é%idrmrc? ancoY ard palipesentdyages
preferred that R in formulae (1A), (IB) and (1Q

&by eomips edre ety gricripc ot L fHIRRAE LT R P et i e

RO is (i) R7TR in ' tdonal bstiintedeal,
SRR (3 ) At ey o e Yo i
- Gl kemy Heh) afrtfid) al hydns wherain waveldpgth fpem the

Zl1is -O, -S, or -NH, and R8 is_ hydrogen or
(KD CEY ARGA L WHE - ﬁ?u%‘h'\{aeﬁsc?%mg% ofg‘?s‘{(h%lf MR a2y take

r it ot eyvr afgi atteghed forman optionally
gﬁﬁ%&?ﬁd?éggﬁgp%%@digloa%kyl r?ﬁg or an optionally_,
subst i Trutee E chet 8 cegEl hemeihg dfCERTRUGIT | Fyraphnkibre

or (ii) optionally substitut cyel
e G TSR b havEng 6T o B P o B ey PRy e Y
these: ¢d assesns &gy bre tarbexafipbeesmbbhyl sleehigl of -
n- or iso-propyl, n- or sec-but]\{l,_cigloheéylr aLhX"the
phehyner berey| Other suipable BotehyfhelRyf Provides

: i L 0f 5- 45y rahydnef i ansBedl mekrix, i.e.
2%%§%£%% H%%ﬁégggréﬁtkir%§gferred Is where RIO is

cycl opentyl. The am no acid side chain R Subject to

the requirenent that the ester group Rl be

hydr ol ysabl e by intracel |l ul ar carboxyl esterase

enzynmes, the selection of the side chain group R2 can
determ ne the rate of hydrolysis. For exanple, when

the carbon in R adjacent to the al pha anino acid

carbon does not contain a branch eg when R2 is ethyl,

i sobutyl or benzyl the ester is nore readily
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the characterising group of a natural a amno acid, in
whi ch any functional group nmay be protected; groups
WO poabl2300R6 where Alk is a (C C eCal kyl or PCT/GB2006/001637
(C2-Co6) al kenyl group optionally interrupted by one or
nore -O, or -S- atons or -N(R )- groups [where R7 is
a hydrogen atomor a (Cl- C6)al kyl group], nis 0 or
1, and R6 is an optionally substituted cycl oal kyl or
9%&& Q8] KNV - 1Y b thenzyl O Suhstd dudieed | n thiee
enyl ring by a group of fornmula -OCH 2COR 8 where R8
p:s:dqairmgyltréa?rﬁwts((ﬂ C6Jal kOXy, phenyKd-C Jal koxy
(Cr C_Jal kyl am no, I nQ, - Phaerv)
6) al ky} aftho® %%eogeagl ?lﬁ%ﬁaé(nyéagn@r% g%rld or alcg:slgd
hHddaioest &b @meseraterdvattive glmpind , ofatlde spring.
resi due being linked via an a sai d amnp. 4
o P T TP S SRR et 1o G151 e Hont AT aRp HeoCie oF
Mal L es o gucd ney i@@'%%éﬂ@alpﬁe@yéﬁtwl@eatéyrmsene
trypt op% serine reoni ne,” cystei ne, nethionine
@umr@lmmm‘clwsmm 1*h$%lf drRecxaPENAL LY, coated
tam c _aci and a | c (
B4 150 ot B et TBbt g L b T B e Sy SR o e
@brﬁm@saétlu@edadHﬁef@ethebﬁe omyctherr i og Whehshekying

nitro, carboxy, (Cl-C6Ja ><¥ ](: Cr CeJal lf%noyl
%*Fiiﬂ@dﬁ%lf‘re‘?%y‘l)f @HC?%]?%F?E} Ckﬁ%ﬁl?%&? LPbFhyl TA no,
%%ﬁ%?%@%éw a1 fas’tegiaiCc@ﬁmgﬁyéambﬁonnagmb@apband( €6C
hydr oxy”~- Ctal kyl , mercapto(C 1 Co6) al kyl
ohha ¢ Gid] m?atkybphenyﬁn@ﬂhypneaﬁﬁrangr@éizi LeRCRORES n

ohEBecRed' ey s B ek PybRIEESIORAL! v wouns

£6) ll.ﬁﬁ)’BM' anpbeByl( 6ir- mafdabkybyr OC8rE&8)yysbodhlayl maoy
Rc |s hydr ogen and R3 and Rb zilre i ndependent |y phenyl .
pEehEpERedr on 3uER™®STpPAPEYEL-orRO is hydrogen, (G -C
6) al k al kepyl prEG3rE8) ahkyorb, rpbesyl (G- Ge
6) a Ik‘%/(l’Lte“(gggﬂfﬁE ) cycl gg Egr and Ra and Rb together
pilbhetihéncar borpatem pbamneéﬁeﬁh@?naﬁéhétrtl@@héﬁpfa&arﬁlélg

ered l.oal kyl r
RBEBFOUYEr 6 FIGone R ap AT RRTogoher it ™ T
cacheBJatemro ewdisc A st heyaaecat ttachetef ayhiamdrical roll
tricyclic ring (for exanple adamantyl); or Ra and Rb
asedesenibrdepdRdént |y (Ot ©C6)al kyl, (C2-C6)al kenyl,

(C2- | Y | hk |roc%rssa FHr=a5y by one
defi ﬁg%}gf g%ﬁgRg‘aletEg\I/avﬁgt(fggﬁa?)ﬁgn ydrogenp&cr)r Ra ar?/d F%b
bageblrer ofi muhtmeiscaxfomr@mmaa@m,crpxﬂﬂéy-%ﬁtelonr

feorb g, ey te iR, TR i ffthees
GAebertlwanoaldyime EHAGH, cdﬁ@:(r@n’d?@)raj\#ﬂ;dl,ng a greater

CI:CerJaIkI C2- C6) al kenyl =
t@@)na?{qaﬂwegrs@(@c%dow%mﬁoﬁ%( 63‘6‘%% tgeke‘h 1
ﬂ%%c% Ahdenpe DR sy, i OypectR W
Srei v represents a bond ‘or - -S-, -SO or
-£HERk ek \A/rrobprmelmtsexa:qmtﬂergpaclpmﬁwimlkwl The polymer

STy FeRRRLI r 1o

h%l%rﬁ%flncﬁ{ J}@ﬂ%roaﬁaf&ea&lkad {5 Q3ED, e WP Ela g O Upw &Y by
optional Iy be substituted by one or nore substituents

|tﬁd1aoemdmﬂ3%/ and et ed Frons e Hy Xy | SPaGE dyehvesnsoils
Egt COZr&Cﬁ‘l C6) al kyl, - CONH2, -CONH(CrC 6)al kyl,

- -CEN§T) ;- CHO, - CH2OH, (Cl-

4) perfluoroal kyl, -O(Cr C6)al kyl, -StC QGal kyl,

-SQ2(C1- C6) al kyl, - NO2, -NH2, -NH CrCeCQal kyl, -N((Cr

C6) al kyl )2, -NHCO(C r C6)al kyl, (Cl-Co6)alkyl, (C2-

C6) al kenyl, (C2-C6)al kynyl, (C3-C8)cycl oal kyl,

(C4-C8) cycl oal kenyl , phenyl or benzyl. Exanples of

particul ar R2 groups include benzyl, phenyl,

cycl ohexyl met hyl , pyridin-3- ylnmethyl,

tert-butoxynethyl, iso-butyl, sec-butyl, tert-butyl,
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“and z are poSSI

met hyl t hi o- 1- met hyl et hyl , and
1-mercapto- 1-net hyl et hyl , phenylethyl. Presently

w@e@baeiesl R2 groups include phenyl, benzyl, PCT/GB2006/001637

tert-butoxynet hyl, phenylethyl and iso-butyl. The

group R As nentioned above, uof the nodul ator is

intended to act only in cell types where hCE-1 is
present, such as macrophages, the am no group of the

car boxylestaraseleastebmtid shable be sbstotntediethod

e T o s g oup el e (e,
?Pgéﬁ%ﬂé féj %é@ A kyi o Iﬁg’nﬁa&&’&f@m k’]ﬂhls aéah 0 :

eroar exanpl e nethyl, "ethyl, n- B
a@@arﬁphpfmed d%clkospafbplycy tl@@/cd%@lpzermycpr %QJéJr@ﬁgxyhen placed

ph , |
£56e35s oty YRoae PEQLFTOATY P Fab b6 PE-CLG-0f i,
e EOR ﬁ@@radlﬁ&rﬁdjﬂn&w@ﬂ@l anRch smaydbegelnimed to

optionally substituted (G -C 6)al exa e ,
n@@ehwe B HYPrOBFURAINGr CPES.- BF ?J‘?Pgdaﬁa ERBCRBBECCTRE the

Pgmgr ﬁ”goséféiﬁg‘ BrE 89 o L Q syskep:B may bewene
hosén from for e anp ? he foll ow ng: The radical
e&'gé Xar Ekdes Wehheheoallpharamm@edct@ escepyj @ position
conjugated to, the inhi 23,85" c 0
tPAYRERF STRAFFEYP ?8?‘3@%%3)pa??%%sgg!rjo?hhtehép%grguég ars
ehgni SEp¥mSi al egiushaseattoahdnkohheaani watadind tést er
notif RICH(R 2)NH to the nopdul ator. d eaély th<=1
vhénnst Fgpseransgy PeEVERBt CABHHI FHE REY vary wrdery:
and thus; 0 stof chBgr¥athabkesuYarl, X

H QHQXSSbF‘QbEIQtElegEOU dea sg be note ut ﬁat t he
bheneflbbseat blife tari spracid fegment§ar3§@>’€yfleestTé’rle§s@aY be
notif described aboye (facll I t I h
PEFBEXYEEs Pr H§énﬁy§|‘”6)l V&g ﬁeﬁ r%)‘éltt ﬁ% %el FJI%OQ]% but wit
ageunuliatiien Wt Bi nywhenegldd ebiaelli wastarbaxyddvwe dei ¢ach
hydrol ysis product) are best achi eved when .t he |i,nka & of
lpéta\i&een tlhle?e paRitigo ngdf ess i ngo e E A h &g RA afo=s ©
i S not ub r.at.e uq&_r& e Bl Vidih M ddighd Newer
é)&el &N wh %h resu |ne|%?§avage “of the anino acid
famatdee orfoltemn@lx(a‘l csqmlse; tst disillliowy fhe true course of
i ntracel | ul ar pe‘Ptl ases, is easily te ted

%H&’tﬁcﬁfglk%eﬁje co R A e A M

?ﬁ%ﬁﬁ?& WP H adh SU leaipges twidm ten.
or egoi ng gdéaﬁl:er al observations in mnd, taki nlgythe

vari affihes smacmnﬂg may tHhen &f dated, ohgEe )

. ecFAFiR@ht of
I‘?Lﬁrﬁé:etd“t NeR 1_161? oﬁléf%&p%?%ﬁ rl%p%@l fic pref erred -
exargl @sgtaf \f |tﬁoé uldeovm bopelt snC=Qhe x¢C=YNRERT a3

(C=O Q. However, speci fi ci
aﬂ%‘#&?@rﬁ%d’%ﬁ@%@iﬁg %C]-E%fh Jflerbgtao‘){?\rqgﬁ nfﬁ?b??mlnal

f ke fhdactk lsiww@l bea@ hbad. |n

a(ﬁula‘f%%%%aité,) %k?(}gén'pl es of Aaluf<1e and Aliz arlgdl cals,
whest gr @skenthe | pet fidemedHn | thigHP@R- - CH2CH2CH2-

- CH2CH2CH2CH2-, -CH=CH-, -CH=CHCH 2- , -CH 2CH:CH-
CH2 CH=CHCH 2-,-C G, '-C=CCH 2- , CH2C=C-, and
GERCrEEE2yhdddi ti onal exanples of Alkl and Al k2
include - -CH 2CH2W - CH

- RGBT 3L <he oRERn 5 CREE Lot InBCRBRRL 40942
RO %%Eﬁcgﬁlve%@Eed%ba?led, maSs, apPbhdagd( €Hs3pblies.

or - CH 2- . Further exanples of
Akt asd ﬁikﬁ lnwlUuerma¢aBépan@y@nopP@pVﬁgnetlcally
cycl opentyl and cycl ohexyl radicals. In L, when n is
O the radical is a hydrocarbon chain (optionally
substituted and perhaps having an ether, thioether or
am no linkage). Presently it is preferred that there
be no optional substituents in L. Wien both mand p
are O L is a divalent nono- or bicyclic carbocyclic
or heterocycllc r adi cal mﬁth 5 - 13 ring atons

L T Y 1

oy o
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Q may be, for exanple, a divalent phenyl, naphthyl,
cycl opropyl, cyclopentyl, or cyclohexyl radical, or a

WORweA2300F5 bi -cyclic heterocyclic radical havi POI/&EBR@&801637

ring menbers, such as piperidinyl, piperazinyl,

i ndolyl, pyridyl, thienyl, of;pyrrolyl radical, but

1, 4-phenylene is presently preferred. Specifically, in
some enbodi nents of the invention, mand p may be

g%&lh‘tfvgebgﬂa&ce' nnebher neRbadpaRRt ¢ RhandppeR@y e

eln . In further enbodinments, m n and p
anyechlelgl lsh@AldnpstDNIlldef GorhsheeABOUSHEANS Mindjeheentre

be 1 w nacycli ¢ heterocyclic
PSd?%ﬁFtoé}ﬁdeSﬁa?%béC%%o%a an&FkThe%& "Alk2, when
presett i s MY sbBesal aetedpllieiedChr2vipusCl BgH2he, uard of
-CH 2CH2CH2- and Q may be 1, 4-phenyl e e SpeC|f|c
bRAABRESYOPLERES RETABNCIRIL SRIEES P2 Ofndidgders, or
=0 i, 8% LCHW o G2) MG
g% %;c %&ng\% U}‘IC( C%)%n%%kl(cCI—I%Z) \%V% welg(h ed on
OEHR) ¥Owher biLnng mms Perpeadisudnd Wa $he pzla@rars
-C(=0-CH 2- , - (=0 - CH20O,
%éga@)feNY—ql-ggzﬁé Sur (gfe ‘C(=0) - NH-CH 20-. The radi cal
-L-Y A- sMBeAqt aepelcmh@famh@op&@s@nesumvanslmmmgatm to
to the inhibitor as a radical of fornmula gdﬁ} this
thei cabe( vheBend CaldeRde SRTINY F&% ifc Aldrd théifiddi ry
J4HALOXABNASEA il Tk JuG AR LAMRAMPTs A NO
acid ester nmotif in formula (I'B) or (1C) to the
mdmhauom wilth theilsat tier tws@ratwere lasy divylgitdn jthe

directly.linked ha carbon through the
Png@ﬁP% iy b gﬁs q? fiTlg systemB.) Cearly the

: cherri Skl Y tSt malsegydrerrdihatt eoupldargl reypecer yofnitded y,

and thus many conbi nati ons of the vari abl es and Y1
e Se6Ss IBHVEN O SEARNES My PP dhove
'J:%cteli%a%q_ret (?L)flt égr ré{;&gvcfr%rfgalboréé- %J{ng'c’i 2 -5 - baEEane
anple, in some e dinents mand n are 1 and p is O
@hlesel- @nd amd. N kerd siregeopthlonall yEhsbxeie dtedoe

stral t or .branched, C C6 al kyl ene
%%éealtwléhe ‘rgadljb I(’ééh(mnafylto’pt %n&%wﬂg@
%‘1@@r treyyH naécﬁiiifhc&[eﬁtdflﬂfadhrﬁ)eﬁt émrmamhere g.

(-S) or amno (-NR A-) link mhereln RA is gdro en or
Systreniald sy BEiuEsta Tt e TH S %ky| . The TRERR?

Oq.'r%%}f cbr{nm{%%_{)e o §3Chy D8 1a 180 0hh Be SHEde 1

cases r exanp e a 1, 4 phenyl ene radi cal,
Qarssaan@mj Oﬁlﬂ]tlyéoe Toyca dh@mqugpq:@brcp@q:nyla’@cpr mechanism,

?%feré%é:?g{ : dl%ﬁdas%emaibﬁvfgé?e_%?zﬁl%} ggi/a}?ge wheel

(f%}p)l(%ocfﬁnw nelsc 0f 14 hend nverth i @nba\haﬁhe aspriﬂg, and
be adm ni stered systemically, esters with a s|ow rat

of Roartsokdyihest briies CRRRGRGRISF PRt et edon sPhE ebﬂﬂ%E}ce
& de S taboLi she FBELT th
el AR RS, LonBEE oY poPhLColT AR05 ) Sihe °
tﬂﬁﬂ&ﬁdﬁemhemlemaeda hodetﬁermedetheaﬂlnefenneeﬂhedf ‘the
et tissue.,into.th

d he |1 f the .
L ASTRAeS PR Foca et AratrarPsaibifefgt fanle in

eﬂ@%dﬁr@(}é&?ﬂlﬁi@ restLyaf@ptbedripléheot angetinhessuall
or directed there by, for exanple, inhalation, it wll

otm@mdmé deemﬁ@r@bmat thhemest epPRaBIAIP apF deKRRBIBPLE
Lerase cleay EéQem'QgﬁSﬂ%\,ﬁw EcEXROSHIE apditg

c TEeqtdht M linwant ed”stde ef fect s ere the esterase

nedtfedSohdnkgdodvet he andukmhbrsVaaelne ahiinb gkodp,

as in formula (1A above, if the carbon adjacent to
t he al pha carbon of the al pha amino acid ester is
nonosubstituted, ie R2 is CH2R (Rz being the

nono- substituent) then the esters tend to be cl eaved
nore rapidly than if that carbon is di- or
tri-substituted, as in the case where R2 is, for
exanpl e, phenyl or cyclohexyl. S|n1larly, mhere the

T L L T T T oy e o o
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of a ring systemsuch as a phenyl or cycl ohexyl ring.
Modul ators of Intracellular Enzynes and Receptors The
w@eioaa2pbes of this invention can be applied tBCT/GB2006/001637
nodul ators of a wi de range of intracellular targets
which are inplicated in a wide range of diseases. As
di scussed, the binding nodes of known nodul ators to
their targets are generally known soon after the
srgtgyﬂaa}lcg % themsel vescbasones known. t 4 roaui t i Bach
nodern techni ques such as X-ray crystal ] ography and .
AWRratay & apib | ot e Feve ¥R S Ueh BF ridff ?%p%%;ob{l%sbore
an eoq;gﬁé Syr2s. are traditional nedicinal chemstry
et SO "Chat ac eéfising structure-activity
r el ati e disly Witd slicika kiopd @tige;wo tof smore) mass
straightforward to identjfy where in the stru r
%pﬁg@rv@gqﬂ%o&ﬁ%t %th‘éﬁt%%\rJB%x%‘é%t%?%Js Sy e%ongbgfsa%nce
&ﬁ%gf{kx@fgfggggg Whi hodbt dbgE Ups i ngly henbi bdireg ate
the nodul ator to ¥he enzyme or receptor by use of
Sormed usabs danbiakby BREAPREICTABFete FhetBlaBReCE the
i n racellulai enzyme or receptor targets where there
Pl i ¥Ree  erystal structural data. Table 1BALANCE
SPRI N&: e RECAL AT FDe BAh ANCE s \kHEEe n ASSEMBLND ANDe NETHERBU L ar
OF MANUFACTURE THEREOF EI%LD OF THE'|NV5§£EQQdTheThe
presbpy invERLFBnar EFEEETLBIr BRF RemBnt S“Eoncer ni ng
Qﬁl:éfﬁg T@eﬁkeﬁgﬂ?ﬁb@'}dakkﬁhQGd?E@eégggﬁ&, tandeichee the
shape of and processées for naking bal ance springs
peevi apskydager 6dudééd bprehe present inventor in WO
2004/ 008259, and / 9 A THEs wall . .
| NVENTHONS Tho b BREG AREEY aa%i & Tonnd T RCg e
har ehegieak cheehapiasmlde lotoed tpr dobsilen axstsr-udiet s

required to oscillate isochronically providing,.t
peglil PadPFREFERR 10 PFe b SHes S5FERg é?errg&r%iﬁ%élar e
?LQg.pltﬁbuEgﬁc_ a:gisVend eshier i@ eauplse pok fidtaial anae into
Spring the inertia of the balance may be found by
adieustiitsg dehe icemmbe neintiited gyrdeeey ofadde THRE s the
case i_.n high_quali.ty tj ke r Is v fieed 1t
activgnlEh%tﬁggptﬁgﬁbﬁggﬁgﬁrﬁﬁg %ﬁ ﬁ&gfggbﬁgﬁﬁjTiqu i
RS RIS GNP i gihebalenper athered .. SUMVARY OFR s
THE | NVENTI ON Bal ance_sprin facture In firs
25EEERRRe SN At GBI AR C8 P TOr THEERE™ one
| d NG-@|nu A4 M) PrQceSBanar) side. The
Bgr%%%hegfﬁiqgkzﬁ¥orning aﬁ%&%inishﬁﬁg stages of the |
halcnce reptd ey ¢ menodweterent iR ¥y sin ridie meakhtof setting
provides a.further nethod o r.m I r NCEr t 1
s e e o e TR bt T BT Bt gt o rag
axs | disi el s S1 tabbend oin@ es@i e art osherimatieei al
considered isotropic and in a state mhichnay.en@gdy
iamEpfanla ks imemel eped | Bt nEtharteefs 1R e
charaGterisli Lt s, nogd weneradd . widel mebhogreferably
r%ﬁﬂ?@é b‘%%t??%gﬁ%%% g%iral (e.q. a‘glat Ar chi medes
ipet neguarlys tevky opentisgd ral ) comided upr opthsrwise
pégch?llcliég v?{th a layer of material which as well as
providing increased adherence, also allows for the
absorption of the mechanical and or thermal expansion of

the setting assembly.
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coils froma layer of the spring material using a

| aser beam Beam cutting permts extrenely precise
wa@bapitzgy9df the spiral, and the first refi neneP€T/6B2006M01637

i nvention exploits this by cutting froma |ayer of

spring nmaterial a bal ance spri ng whose i nner

attachnment part, i.e. the part for attaching to a

bal ance wheel in an oscillator mechanism is

non- el13slirGt vk Bf NeF aeridsiortdia € ament ¢ onbid t Bl@stignent

split ring collet and other known elastically behgvingce.

nandre dtrtsrhrehtdpee sl ari e ot derlte THRr pRadRf FES B¢+

t.his caonfigurati f_b @ggﬁbspring is discussed with

Wnﬁ%;eﬁ1%9$%5¥%%ﬁ$%?r% %%pect bel ow. Thus, the present

i NVentHon- Myl Pt Dvd del emeret hiod wfefeorabhy &ovhl Adke

spring for a horol ogjcal, osci]l ator chani.s h
NN SR MLt SRR At it cati S

%2y§5§e&iﬁgpal§H08t§82iﬁﬁrﬂ§Ieﬁh@|re@ﬁmatahgnglambaSemay
amto pehetrate the |ayer or |ayers and c

t
bdesetéwodghntanthdi FeEting Phel? é@?ebaaﬁ?it bypgeans of
| ayer or, ] ayers_and Sj r t] MeRtrical
R hTEBG BERC Lot Rat CPRe ) Shet “Betn sar S att & ba

e eam cuts out a bal ance
SEhyPE. COpprening ahepireghlaning pbarenistingoj fiher setting

attachnment part fromthe, |l ayer | ayer.s _of rkn
WAy eFRUFS PREEBREDFYPAPAEOPNRES g&?t géﬁ%ﬁ% @Eg& ds
EH&EQE?&EMMW fiheaspir aks Hawawparitit tics cans@act; the

possible to ¢ ut these pieces separately and a tachb
tegglating elemend) ishémkewdeenhérl Il Vi St HE Spricg.>Y

Preferably, .the | r hea Lhe GeM e SP@REent
6%Sfﬁ8r§HiF§Fe$g‘%%a ¢ %é%gggggr%%%ﬁs ¢ errmi nat t ached
toathechayebr ahe sptitigondterial e.g. for further

production processes: _Thes rocesses _may. . incl t
e canhﬁgr89u9ﬁ§lﬂ&heﬁépﬁ§gaﬁﬁyn§aﬁgrﬁio 1%%?6%%§%5¥£¥/0r
%é?”}%' € o PN 13 GOrAN GO, enindl sp4ew as bgrlimder being
Artride, sil'icon car bi de, silicon dioxide or other

ceriartiet] ecorergoliarailortd ditm GRHDAT RSt i he

el gsti c perfarmance.  Coat | ' Of Pt her

EOE RTINS Tof© ity i S %n}’y‘:t?;e i WO 2004/ 008259

Py Al taka Pl Gie es orfdhes fmaitter iladngit . aviBlye fpansagre formed
spiral may itself have a spiral sha and be used, i

B G S gk AT S e 4 TR p b e e
i it dlals 51 AGHR OfciBdy Pl adacked sbeet fioymlight
wi th Or Wit hout . separating layers. A specific form
erphiotprowr dHnilte beasphefopeediscdt brefe?ably ¢bol ed

| aser of, deep perforpmance de | beam W dbB. the
THHRETE TV S Hovehknt 7S ?% @%%g%“?g%%€§| of the

regul Bl dey ek Dphegt spitiel i spasecfougd wibhi pashege may be
Sgggaéosfgéggefgggémgggetpge appendage assembly is in situ
by means of beam treatment, laser or otherwise of any
wavelength of the spectrum or by plasma or anodic

erosion.

In the case of a screw with a head, the
eccentrically drilled passage may preferably pierce the.
head of the screw. Whether the regulating element is of

screw head type or plain cylindrical type, the regulating
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direction of beamis preferably perpendicular to the
pl anar surface of the sheet or sheets of material. The
Whe@d133eF ce nay or may not remmi n stationary.PCT/GB2006/001637
Preferably the spring material is novable e.g. rotates
and traverses through the bgeam path. Once the spiral
space has been made the remaining spiral material form
defines the bal ance spring and when the sheets are
nstacked i ndi vi I 1195 AR 2RE alMeed Sfaram tEHieian
eESWﬁP i'ﬁgegﬁﬁp\éﬁng:%r}gl%prrgtrgri al )gra Feft c_o%ect ed .
apitrhiufet Rei fHindi wauals sheetrtsur 1eowmes iFdrl f (FRaRs tool
production processes,, as expl ai,ne e. &S’ of
fPépﬁﬁieqllfé’Woé’é‘S]aﬁﬂjiuG% e_pca &ﬂsl%ﬁ g%%oranl;?her °
thfd %ﬁhl%‘%%% Qf1 delth tTBRYd @r whese e detsemert drives
per pendi cul ar to the circular end of thecylinder for
bexdamulee whaered .cut s into the | ength di nension of the
material form,_.The | Y S tnd Y qugh gdher adge wf
t he 53171 i éige otrhanhcotéhge:%gep ropri eﬂe. Preferably , a
Rd.tHeasssrsciot hresricia tiay Wperetdiohla 5opefYIFdRd 2
perpendi cul ar to the axis .of raotat.ji L hdes
mimp maK kst PReRed (@ EIthfR FRER L i%@f)}%&?ch or
G %'dofotl§@i£é"&t§ g5 Whitd) i s hdpubet Beaped SO
br?wcgﬂerl al surround as qﬂg@scri bed in WO 2005/ 040943., The
deam it amye HERCHPRt prBEF 5PHnOT a5 et Mor 2PBAT e Beam
~technique, or _.electrao, anical, ultra sound,
T %ealt%rr%%%%%rs%aﬁgggg a conbi nati on of these
pr ecisi®n&md es f athe enoyal at ohné beeent Aray epabpybe of a
cool ed, .deep .cutting_excjmer, .qr, other.cogled_ QL NGARing -
-gptedl pAasERaFeehhPYtelOF. J@Hgﬁ%‘g%géégs?fc%g%gr 3Vapour o

Laser &P Laser aheolssde BBFecpeateaabfyownover its
conjunction wth conventional beam defl ection

techacgques, so that the bal ance spring nay al so be

formed fromthe s Lege of -ABt eLkah s@snkhelbakancer
wheel ,uﬁgﬁgﬁggrgt gg? B%%?I 8? and i n%ul se Blbn The. ,
vhel eignsembhe =By ttiher ehgr bebefskaped fthorm tise capEtric

initial piece of materjial and renmainin ni fd ed,
anthpuevi-eguiPritn @ dc b0 EPEoESSe by S TG U
B%@Ei aStnes 1NEERSSAY iRt he spuesent: esipatra tafret he

art. i second refinenent relates to the nethod,

cdinpeheadd.onn NG OB/SE40043)F fide PR HSIFRSIW drs °F
flat spiral bal ance ri IS, desgnihed whefgidh. The
b&P&H‘@@ Sprolrndlergaatccelr‘ﬁsegﬂ Y?)g%lr?lt i%nuous Year bon Ti br e, =
%%rc@glit.cgifdamlgﬁ hdleirealfﬁecdd ~11_wuﬁrmnl 'erg edamizort 5 fradd yor jxetting
wound in a tight cylindrical, roll, with an
imie msyya dln ¢p e e stébaﬁ‘df{tné“aoﬁ?e R ptél%n%et%%rre of
hay 'a%%o%?%cdféﬁﬁwsﬁé)\ﬁ%feﬂﬂi% lemaithe Jdleandaw ertiexl with
as now found an expedi ent nethod for achieving an
extyisses pacitregnferatimes candervost coiisa which | ater

faC”igfg é};gfyﬁﬁﬁﬁgﬁmggmﬂfytfgaconstructed so that the
appendages do not protrude either above or below the
(preferably co-planar) surfaces of the balance wheel but
are retained within the thickness between the upper and
lower co-planar surfaces.

The assembly may also be. inserted into the edge of a

balance wheel in the lateral position radial to the
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mechani sm where the continuous carbon fibre, ceramc

fibre, ceramc, polyner or carbon famly spring is
worawe/12d0bh t he -interspaci ng and a non adhesi VECEHGBRG06/001637

According to this second refinement, the outernost

coil or coils may be spaced gpart fromthe inner ones

at a given radius by locating a . spacer el enent

between the inner and outer coils of the rolled

é&ﬁ%&ﬁfﬁfcgb@§t§@§caﬁ@eﬁyiﬁgV$&£Q95é94@848heepgan@y

Inserting the rolled preparation into a cylinder of

sui fate eofratleeiablarcy. wheehl br Polynersertbegapgelating

-fibre .mteri S p d

e i TRerTBre R0 AROE ORRER P8, FRE RRRI AL PR

ai® &@a@dn¢ﬂsméeeéb&rSD@Cﬁee&IEuehé deelgedeyl i nder)

and kept in regul ar devel opnent MAtE %dentigal  ht

ARt RFRDatYRbY FheoBpheearleh etbnte il pFirer 8HFPRRABYI

pachsdpaly the ROothe 0L agPEi NgnaBE 8EH 3l cBRE1khSr

I nterspacing material fills it and is conpressed in

diredheos@acer elenent i ncl udes an opening, e.g. a

slit j.n the cy r p i n
o5 TS EES ehetSht S EF Fral SELE0FLER A e
Pref er abhy bﬁﬁaﬁbétwhéepawatheLOWOthEEmaXIsxpﬁnsion;.the
rotation of the cylinder. The spacer

t .
@@%¥é@%bm§yh%§V§na6u?éFe§9ﬁP5%epgﬁabea §ggﬁ PRaPethe ©-9-

sPEh ga”fééhaﬁaﬂogenEbQQEdEOtﬁs weHRdeodtrsi-deathen of the
spac el enent (preferably in the sanme sense as the
bmSameemwhdehg) Th¢heXbanénb@ﬁn§pﬁ§l©ﬂ ricadrrgdldr e

r ef er, abl ound_an ar d
BERLFaEe Febnalaparh-ARE  TRBoRSANL Sa?) B hifpaipe
bapeien hagt pai Bg age@deESCﬁmebadeylaeesucbn&&aalon of
further géllnder sli pped aqver the mhgle enseng g hi
PAFS aFréa @ehﬁﬁ?rrWQSFhPBQnE§§ of PRE LF8EEFCEF nﬁﬁtt 1s

&Qh%&gﬂfs PSEME%ﬁe'&a%eraa@ BQt%heSQEB@Q%%lnbh%ﬂéﬁEht is

. may provi e a spaci ng between the innér seriés of
pneferahﬂytheeowuéhnascoeéﬁDCQEHCODEsthEW@aéa§§@Q@Slon

gh _the openin a I t rably
W ?8@ EharERFhg PeF % %gopgaﬁgggurgéghﬁ1ch
provi des a w der spacing betmeen the coils on the
outside of the cylinder fromthose on the inside,
EBEEEEESEEEEE&L&&E@Eng for the finished spring to
di l'at g eﬁaFenEE?%EtCB%C%ﬁ%r?Qégéﬁt 1 hRR nitRer $RAGIBE to

bet ween adj acent coils is preferably renoved in
snbseqapatoﬁe@almme@tm@mnngtagegrl@@ﬂ|qyt@rp¢@gan@@l

oII of sprin I slic r QVj
Pﬁa Pata ngpgl %%ﬁﬁ'ig% &§§ﬁgﬁsﬁy€a§g Fihed %pr
%@Qﬁﬁg4gﬁé3oszﬂ§l%ﬁ%k*%&s&%ﬁﬁb&oﬁshbﬂﬁbﬁimﬁ%ﬂﬂUlm@emeeper
and outer coils is obtained during or before these

rEaPtthrEaPrest sdsps PeCEsFd Mg to this refinenment of

the The  problems to be overcome in the present

generation of balance wheel and balance spring oscillator
systems require the use of new materials which overcome
present day magnetic and thermal fluctuations as well as
the intrinsic inaccuracies in the manufacturing and

assembly process.
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invention . For the machining steps after heat
treatnent, the spring material may need to have its

wo paoenzmpd vol une filled with a support materi BAT/GB2@6/001637

pol ymer foam (foans used for buoyancy in boats have
been found suitable) so that,a degree of rigidity and
shock absorbency can be inparted to the prepared roll
Preferably, a soluble polyner or other renovabl e

mat ergial 1.5 d.d oéyfﬁﬁgbfﬁve&@vé&el&&éisugé weog Berro-

by injection, Imersion or other suitable nethod. Wen

‘tidlee prakkesy dasd conpd Bt eeananghbasuppos s meteipal ahg its

fully cur e cu ng_(nachinin roges

R Lengt e RRnehRe o RelBlalRAT S RoERiebRY S

P PROSE H R ﬁmetﬁwgleie@aaatﬁhyanth@dspflﬁgrmbngteaehed

or nore bal ance springs. This aspect is EartlcuIaH
Butthptwaker usFyety Bl s abf eC‘P%Ve%E%%ﬁ?% Br 2E5PHBARIShed

trix S c g h y
L R oh oy a A S R S ar e ar ey
$Mu®lm@|£ayrmsm|@¢3mbrpnedhanngnaoglmehefrpqeensyonf

strunment conprisin t rodu bal ance .s

Eﬁ?%ﬁ Iﬁfw?ss Hrden® s?%?eeag#ﬁ?ol%S%ﬁg ﬂe?n%Srﬁed in
Pe Sl § AES @évﬁcé|@%|bh§ vatenspage. material; rolling
the interspace material to cause the channel to form a
coi | e clots | e BN, maeharEse L WaBSh oFUERePEBEI WBEKARY

do by I h t eES e i a

PReRTH t'-'ﬁe“‘?%l PlEszibat hep| 1SESDREE MRt B ahee uogd o
emmtr@ﬂnmm@reﬁfeétnwelwSrgxeenlengtb ¢d ths Bpmahg as the

f i the.int terial. Th
it Rie S hatite  ro L pPaf cRRRRGe A b hb "pag eronay
ehPi s Or e dcsbeps t ¥hi Gheh St REEsPEERGI 88mBEst Anpbeebsitant

made channel s which run parallel to one another. The
¢hehnelre Pd9YSbe made by a nechanical engraving or

rol | ifg, PEOCESS; %%e@u@ﬁ@%oéftPﬂe389c£EFQ£8§'sgﬁtem can

et ching process o% preci sion material renov
MQa@sfbwe@hbﬁ1aabtheatmethedeandlthht asby efitetheg the
bean1trea

ns of vel engt h of he known
et THES PatareBcthonL oYt RESUHARfel tPg Cente of
elesaPlyat b sRI® Asthbat 18f ehPeospai N aBdchle of high
channel s may be formed on one or both_surfaces of the

gpebity PR eha®h yprafisiorheTBpr Pﬁgl%@épm ipgthese
%Eé@@gcgg iHéQr&H@nEBagﬂg'%ekﬂeﬁhféégeépér Whal Bave no

I's then wound around a small diane ore e.g.
aucly| pimer which is preferably | ai d perpendicular to
the sheet. This co

t he cfannels at o na
|t ents GREATS  BRCRTES bbrBE g™ hESHRFGRF &) DR CpRERnCe.
@H@ngﬁfﬁn Thessubsefugntc@y Wi BAr t6al hi ghksef dewtee alf

t e treated such that the material |ai
accuracy in the oscillator mechanism. The spring must
develop, that is dilate and contract in a regular
concentric manner about the central axis of rotation of
the oscillator and all the coils of the spring should
remain within the same plane as one another perpendicular
to the axis of rotation and parallel to the plane of the
balance wheel. The coils therefore should not undulate

out of plane in their development.
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weeowene30ed t he processes of pol ymerisation,

on the . sheet in the Lgreen state' then passes to a
subsequent transformation stage which may include one
PCT/GB2006/001637
car boni sation, sintering, vitrification or
.graphitisation . Once the 'jndividual springs

i ncl udi ng supporting materi al have been sliced from

the prepared cylinder they 5 may preferably be worked

'n batigheso e fesided ol ahto Do piefarably Rgelsdoncnat
mechani cal nethods as are known 1 n the precision
reepeoag | odefofatth jewedsgnlat heroswluseeyioy is

rindj ng,, | i nd pol.ishing with_suitable
s 8st0 oo Ha PGP Dt s PR b 8PL6n g ot
J18t hoglsi ©f pfhied ya€ ont & oblh eslrs £€1 54 ShemBhi@rpaint in an.
removal consisting of chem cal, water, electrical,
IRFBEFULR bR Here b theat nerRe FRAR Bf Oan¥S wavePengt h
ﬁgl#gﬁ{$5mWﬁ%S§@&&ruﬂﬁe'poin -at whicHNen&PEbPY8Rg is
I ncludi ng supporting material may be 5 fixed in
doatt adiesd t o stippostisd wid htmey ore nbgnaolh davehe spring
recisjion, cut recesse f.precise depth which.are
B o R ST e HBAGP O et br AT PETbeRI OB obPe
w1 dmESr §agLer sushthdbaduabin6opposent sat nth8esbatigh are
si mul t aneously or consecutively worked to the sanme
xRt DR d| HehsPRAEA Ve ntFREUN AENEP BN ngl ¥PAgEsXERdMasS
PPLLS0L NG, SL 0SS 8T £ COBPELE: o Nend NERAER! nd outer ends
supporting material can be renoved by eilther heat,
achepheatprehgectaisal intethanhe cal ffivatbtjienr ahgaithe

t t I th,f t 25 Kk
Rt Ein PR TEr ¥ olt | TaS RREYrdatRehe CrRpoTaRE
PtaLgehtal egthdelgaindhbsnséagentl al amf @8It §nment which
refinenent, a continuous carbon fibre bal ance spring

sarhowphEsyLEarbonthat FRChagNbe halevbyuEoafi R§eor

i i the carbon fibres in a sleeve of 30 .

%%?g%%%?%rbr other suitable material which provides

t he regeiopdraensgt frefuecaybom conthetfonashgdfinally

matrix, i.e.once _the non-carb n,g1ateriaL gaa geﬁn

TV aeHAtBAYi Rt Ret PP otREST AR r 5P nBRERCI2TSY PALRAERe

wes81 9teaipelyaBec8l eavedchpr RheeRbl yneorkhauadsSng of

fibre Eéeparation, t he shapi ng_of the sgring . 1S

plee f 6RFEH WReACERBP pbEYABr PYWALERBENThBRADPPASTLENOPE the
) b SnkNif LS Leakly: pLasti tey, The

STERVREER) 21 St chE T aRIUREETEOY Ry PR LG T For Pllorease

cpatiedrakth annobheadheivaglagehh sb that spdjiageand thus

goils of the sgrin do no%hadherel;o one _anot her, or

HETSPEEVPNGTi t8EFF2HhHIbEDGT ORGh  dah8F et STUSACY

s£babagt gyl 8bi pa1dhbe Phepar ahpont-Qhematerial

configuration may be wound so that adjacent coils of

any oReespiidgimaglfolishcengcahbonetly Theustedvesd 2

fibr reparati op.may u Si n o+ 2

%ﬁn Eg? g? %?hrgﬁﬁgﬁsﬁgiﬁgg EgﬁyEHgLXag aéﬁu@%ggﬁt of its

relative position. The stud arm has a common centre with

the axis of rotation of the balance. wheel this brings the

oscillator’s dead point into correct relative position

"with the escapement. The stud and curb pins may

conventionally turn together and maintain their relative

positions.



10

15

20

25

30

are formed on a conmon mandrel. Alternatively the
prepared sl eeved fibres nay be placed in a prepared
waeb@angdob®d non-adheri ng separati ng sheet w t hP@r/GB2006/001637
suitable small dianmeter core |aid across the sleeved
fibre ends as a mandrel for tde cylindrical roll as
descri bed above. The thernal transfornmation process
preferably by one or nore of nethods of carbonisation,
pyrolTisatdopl i gaaphhds sdbsOve@riyi théfiésattonoof the
ol ymer reduces the overall volunme of the conponent
%%Yﬁ&%ﬁ%@gaﬂ@?e@@@@e§é%a?%@%bha%@¥mﬁﬁﬁtﬁﬁé aEpECcRAY
id.s; 5 Thus il ' d 1 pe y
e Tt hatie  The &) da L PR A 8P Me MR B EPE B Long
sipaod gy nat eriak ic Theopbéysein coaposattoneofntihbring
Sl eeve allo for nore or. less v ia ile non rbon
TRRTTSE RO BerBoapor B0 et avieget M-t hPE” proteds and
ddws/dden s esahdli NG SPALLO PSS HBENTEOLESNES materials have
determned.. It is also desirable to be able to
PeTFRth anderAvanbRI¢PES t e PRCERBLSBEFRgaBAOBLEARA| Bew
r j : r i inits
P g L O O e 008" by heating the
spri e areaspr i hgsm whiee gob@cech tied e ehP 1 302 $hb osfd

y parallel plates of sui tabl e non adheri
s B Y ch e B R F e f ofhec BpyEeBngonal “Col fec
W riseh Ngoe0RE aht aiebegnd ondhe £88t EReOfiskherspri ng.
In so doing the upper edge surfaces and | ower edge
S FF sl @Fng hiee @gm guaref uegydecr onakeupyore pesi then
' eighor QY ra S d HLNQci
T Fothh P 2 P P A0t 000 Burener
dhepad| afiree i 2pt esentd ealt et sveern f hgseat wonpavél tellet in

Iﬁia es. It is alﬁo exgedien to en sure the regul ar
evet ophent

s 2l SPBrFRgtdtomits centre. This may be
per f arired: Hymdist NGeh&0a PAr S d etn PFQt £5p &St aPPVELDUbresent
with the addition of a Lv ' shaped spiral naster
Hrovvel o ehepopeatecthees phhtatgrobyeg bethgthe

i ' L LLOf i e n h i.ch ur age
PHEED B obs R Talls Dol PRl G it g
sprlielyg 49 fol kowwh hent the couwvesetddndhearnsendbeder
shaped groove when the two plates are brought. together
%é%%%@ s%?f%go eFQ%eﬁp¥h%£1°%h% Sh¥PAgLRRYTE hard pend
gieatesh Shep cal ! yneFo@herh i sabtyptisat edr 05 chheat edng
by beam treatnment of any mavelengt% of the known
FigRt THevieasi fonehic drl anepesphgneor Bdgusprhgy has
éﬁsggg%fgr'ngegngrgg éﬁg term nal curves or its
physical characteri ?lcsyhay al so preferably be
per f dimedinvenhl sn wayy BatEncenodeebsopdsé hen exact and

. publ i shed tent application WO 2005/ 040943,
precise attgghment gP the balance spring to the balance

staff and to the watch frame by eliminating the elastic
split collet as in the conventional art. Necessary beat
adjustment can be achieved by positioning the outermost
end portion of the integral spring which is equipped for
this purpose without.the need to remove or interfere with
the balance wheel, impulse roller or collet and without

affecting the overall oscillator frequency.
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the present inventor described mass appendage
assenblies for use with | ow thermal expansion

woenesreagpet i cal | ysensitive bal ance wheel s how BCP&BR006/001637

t he appendage assenbly shoul d provide for the

adj ustnent of the centre of gyratory mass of the

bal ance wheel. This has been acconplished previously

by the use of laterally placed peripheral screws and

or Waslierso1 DEt CECOMN 1.6 S6d 8y Of s SEELRLEI €nlBerner,
shaped wei ghts fixed on pegs or in blind holes

Hee peri¢ur drheovol vl phhnbirdbat ancee Mheehcsudf gcdonaAry as
S t of e_present.invention relates, to the
LR PR St Lol E5 Ty RGP PP B BhEde Prreine
endclabrios Dahceé stHFLPOSitive, Young' s nodul us

evolution with a rise jn tenperature as divulged in

the abbVeFrerRFoned Pub? i tareonon e frimgris
SeDes Alp1§ heusecond aspestevl tHenRl §88NkebRYERLEONN the
proposes nhass appendages  which are réceivable in
torsespepelthgobortles foverdiom a- dpal antegwheblighndrecision

i ch i n table in the bore to be securable

LEC ST FEOE f ol et G e 68 ER TG R RR e form o
legihestonsp g, hadthd | boal i héanbsenitehenrehs eollar
;ﬁé;ms or pins are not reguired. The second aspect of

PhvEMSERTARYY t HRFbfbFe PRevBRSh BhFarRecRhesnd

ﬁ@%%ﬁ@ﬁysﬁgéeu§§r @daiHQé§£991§a£hQ§§Wi£ﬁEOrPreferably,
mechani sm the bal ance wheel assenbly having a planar
Pt ahcee Wheet &fotackoent ordthityliosshabati hg picekient

AnNce SPring; d lurality of nass .appgndages ﬂ
et ot o ohe he ol Bnet Fhes Yo BLad R RTEREARER cupper
wysat oy smssngwherebuntde bal aneepbabeetehasealbore
forned therein for each of .the nass appendages, and
Rerterisy dppenuabecxel veber vunteei APTL89cHFr BEEBNAEFAY

DO B Al SECHT BD! St 91 £ PG 1 PREE YR & 5EeiSﬁfiinear

Preferably, the mass appendage is expandable froma
Hoernd hgespateion ebeEhiciens ¢egei Vabbethani 6sx 10 ~° K

corresppnding bore.to a normal_state Ln,whichsit

T SLET BT 8y oL LY RPTEY | bRVFT L ST b8 b8l 8% Ench
appenciag endibyr 1 Hered orer exposme § ot Bo€gQr hppedxbyukt Sely
bore in the normal state. Preferably the plurality of

ke wof o Yot ey nassPappendhgedrhee sheludénat sygipetically

SO PO &1 LR-hhe DAl ance ywbeele Fgﬁ%f%ﬁgh¥ QFtVQQEeous
ubs Iy

exclusively the bores are torned s anti a

perlpendi cudphite ¢ohecphbheuofstherbahaftbreheel. a
Preferat?lyé eacg mass_ap endage conﬁréses a %u?ulatd
SRR T Hg-T n" WP ThY BT eBll AT T AG ras8CT 8+ BEel"VER." PHECS/
Sedtidg, | srpoeieeabhyl adidgdernt Ve eXpandrhadsfReyr 8atbede,
mass appendage in its bore. e setting preferably has

sikicate hinghnding 94pps, nitride or other in mono or
poly crystalline form or in a hot pressed or reaction

bonded form or combinations of these materials.

| The preferred laser technique may also allow both
the reduction in thermal impact on the spring and the
control of ablated debris e.g. by fluid jet, fluid
immersion, ice mounting, cold non-volatile éas jet ox

other suitable means.
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in the direction parallel to its tubular axis . The
setting preferably has a slight recess perpendicul ar

w0 2006t123003ibul ar axis and this recess i s preferpdl/gBeas/001637

into'the outside circunferential surface of the tube.
In the nounting state, the sgtting is let intoits
correspondi ng bore in the bal ance wheel. The bore is
preferably a hole nade through the bal ance wheel from
one Pﬂr%:afas%ldefﬂéqdé}?c@ti}ﬁ{ dduref e1ablyr&pephishar)

si de recess nade e€.9. circunf erentially in the
swaldciodd set thapihke prefertabty Folabsiin oped @8 several -

allow for th settln e d,an e :
SRR TR i e TR e Rk A
Seeesshdn tihe §@§ﬁl@gmg0f1mh§h@@leutned@e bathaceis o
wheel may preferably but not exclusively be |ined_or
Rﬁ%@%%ﬁ%ﬁuigﬁe?%ﬁ%%epP%@Pﬂ%dS%ff%c% nggpeo?rﬁﬁfg?ﬁa

ﬁ(ﬁ,&!‘lé‘ % @f&ﬂ%dtﬂg bIgE e@§eghéd8§é§’608ng§bsﬂs
OWs Tor e absorption of the mechani cal and-
¢@mpam$aea@amslnmp@rtshe szmmehgy to the spring CrOSS‘

assenbly ternatively, or_add n g t
Srenine 4y et Trobreaktor PEE ph ST BebY L REpheDERELERe
fbﬁlbﬁé@ngprM@etoi tsehtewvi hbih aheesamagplahe

regul ating element is preferabl but not cl usiye
i nserth®l @Pipeh TRBLIREt PRAgP %rm%ﬂéaﬁﬁgeﬁﬁé ybﬁ?'lLCK L

%gigw%ggwgéglogﬂﬁro?obgianEQesE§9§|@%'mg %b@ﬁ@@he@aﬁbove,
crewed Into the setting or bal ance wheel %Hneans
&

ot magcbewfbhreddsepgratealyorberpfsomnole eRiicAdCRES the

th. Scr e regulati t
LSPLE oFEEEriay! Re.r 89Ul 3h) A8, SLETER' abilgkeoLar
- whi chtbsatbeneier enbebdchiixedoby ths cnﬁapacusypbeltloned

contract; the regulating elenment is 24 h
nelatinepkac&hBy aKis odr é\??/tlaﬁllgﬁdogn& he? ncd

88§nt%ﬁggt&8ntﬂ%t%og %c%ngq%%@t ekagti Gl 0f fihed,

The regul ati ng el emrent nay have a screw
headedndkobthaywheeoﬁaswbm@drt@aﬁlﬁommelﬁﬂ?%ﬂgwﬁNQQSOlUte
cyli nder beln drille trlcall t,0 |t tar
F&@éFﬂgﬁ Pﬁsﬁ &OBxit& % A thie éxls(%fﬁﬁg] fifpdllse
%Q‘hat | en gl LA ﬂnh:'l@ldﬁh&lﬂe @Jﬂov@rsmﬂfm)fofond o1t emgteh.

he passage fornmed by this drilling prefc{ably bngaks "
clonyegh eniid Yegde ced tHeOtEy| invdiSisc AT HdSH o permi

%%%ylgf%qf e%%a@iééﬁﬁéiﬂﬁﬂgol%ﬂ@“ﬂ&léﬂge(gtéﬂﬁf&Mﬁﬂﬁto

i ncreasing or “decreasing the friction of
thha & hryedddd domt adte ofort-he tregglllat iy wtteeftleiqnllar in

|ts settln % passage Imy. t to V,

1 Bai5e R SR ot by 1S AT rsi 1 B e
Q&?ﬁmatﬂ ealimeNt,s [ass adddemitse dalanycavased Bhdih the
of the spectrum or by plasna or anodi ¢ erosion
same means.

The separate collar may be so shaped as to have the
integral spring and collar seated upon it and fastened as

mentioned apove, or may have an accurately made aperture

_ into which the spring’s innermost coil whether of regular

.spiral curve or other shape is fastened.

The slot or aperture in either the balance staff or

"collar for the purpose of attaching the innermost coil
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In the case of a screwwith a head, the eccentrically
drill ed passage nay preferably pierce the head of the

W@ eooem230vhet her the regul ating el ement is of SPCEROBh@aw®01637

type or plain cylindrical type, the

regul ati ngel ement’'s eccentrically dri-Illed passage nay
serve as an aperture in whi cHf y be inserted a
specially shape tool for the rotational adjustnent,

i nsention and. renoval_.of -the regulating element into .
oernofrboerﬁrquem%deef fl?ﬁflgwa}bart?Y% YA %%l%%épea.msl’ Porifer® Tt
tihdicH heay eidit nete MAss:dmYobel doihdhd on Suppdtyad heal,
correct, inertia for the oscillator system a rimnay

Fe-ePriovidled GieeiGHer Waet dprepishen pratorm aF Bdval |
Q:%Q:?thifqu}:e'oxs td%fr@&@fdof hﬁﬁeé@yt@&qﬁﬂﬁ.pgg. SO 'aS
to encourage eftficient alirflow over the appendage
sur f adkhe dnreduepaitruresistEane ecoMeer head nf dhmwped to
regul.at.i.ng el enent may al so be of a dimension_-that ‘
O e SR T b i e 5 S B e S § ovivaipLance
amdal engourrage &ff ivd enfcial rid ow pverpidsisisd ace .
Furthernore the head of the regulating elenent or the
PR 0T AR S ettt i e MW ofushapeathad] esEeehtric -
Juavdde not only for the nmass adjustment of the
bal ance wheel but al so for residual tenperature
conperide iarldante v wase prester athley Bed sareoe ispraqupls after

' no | ' .. 0r,\negative oung' s nodul.us evol ution. The
é?éléjrema:relrrfrfl‘;\llr}ayl)oril%ernt&aodi r‘“grbllﬁr}gtji%go Ig}%n?alﬁ%;be%&‘t as the
setitdalg sgMmigpdt & Pagiddnedhdor Shi fifi dmss t0mas ds

the centre of rotation decreasing the inertia of the
FXCETte wheel with a rise in tenperature and vice o
ver sa.pR I [ S t

t he agﬁl?{]?aﬁ%bd%hdn t r}?%t%fu eﬂ%i@h%@ag%%}é%? %gl%ﬂv?éed
talse Yprefaeriad v ey aymardy sinavesl ofwitiel baltance the

wheel buyt. are retai ned t.hin the thi ckness, bet ween,

ERE b Ar S 1oV TP b SUriGloest 20atfher scoidental

3% Y e alBebend safdiesth imdp 4 gﬁ&lﬂrjéﬁe 8 greater
i a 0

bal ance wheel in the lateral position ra

s et ritmatliteh sd ng/imgnpurrilaiian amé pl anar
chasf o N6 halanee Mhegl;nd dh & @RS itdGaccn

regul ati ng el enent regul ates th gyratory nass I The
facined . aXitse dand rdbesndhatf ndsessarddgewweed 4 ovlere the

dril.led. Alternatjvely a conbinati of regul ating ,
SR IAYHR B ged 15 Dot H rHth AP 1§ detective
e@rianar digw@ctions . The regul ating el enent nmay be
radially fixed at the rimof the bal ance wheel with

| ow t A&V edaddnsixd-arnalhegtiqympidipchand anlate may
%)Sthw b:ll”?a&:p% 'aonsetr#?r?etntpro% eGl S & goi% a% ?ilgvee}l rr@cﬁﬂlls from
bore towards the centre of rotation ©

the balance spring centre. This segment of arc allows for
this endplate to be fastened in the attachment device at
one of -any number of different points along its arc

length without changing the radius of the point of
attachment of the spring. The spring blade itself

- therefore need not come into contact and is not

influenced by the attachment device.
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bal ance wheel . The extendible portion preferably
provi des residual thermal conpensation. The extendible

W@eIohilzdnodray be so shaped as to carry a concenPCEGBRV6/001637

of mass at its inner-nost end but is not restricted to

this configuration. The mateyj al of the regulating

el ement is preferably one with a coefficient of

thernmal expansion which is greater than that of the

bal angg wheel o, Bakancen SpLd Ngsshape 4 thne dd@§@exl‘5<§i19\=f, of |

the present invention relates to the shape of bal ance

gpz | ogrinieroandr otherbeéet nohathpovetons antd does not .

nmet hods of fixing the balance_spring withi.n the _. .

BT T SOyt bh? of P8t RECHANT LAr TTRG REepBF BF2bPReFhe

51864158 OTc i Pt s BN . sgheng Pivbienst i 6n becovRECBERE AL

the present generation of bal ance wheel and bal ance

wpks iyt osetataenrosyshengseebb@Ferthe use of new

mat erial s, WL Yy CONEORY £5 S+ JaY-AROHChL Cuded

thermal fluctuations as well as the intrinsic

pratedlaly dsut nnoheeruhufavelyi hy aodjassembhywith an
pcess. The bal ance, spring in_conventional use_is,of

PR rerRke =5 SSEreT) codreTadtAREanaF Bpssl “aact Pon

Sy s S OPLR adngobengtboand thus theqosach! atigtssment is

frequencg is defined by the position at which _the

¥ Fogeh by atpdenendentt AE GREChIPRARS. PTARE pS the
veational ly,a i h§Nefe PYa 81 01 89, gYLULAEnObs th

ﬁgfﬁﬁﬁb €h€'3%¥i%%e%F%gg ?n?o 2 stud atgg giveﬁ pointe

passluct ngha igaVencérebgeaehcy of vibration. The stud is

thereafter inserted i

‘ ntg a receivigﬁ devkce on the
wat chf” rafe 21 nCthE'Brufhary Mchahftaf “watch curb
PbNsiN@Fki DEn T adirakhy endpheteuber apst speihgohahénclude
spring, are used to control the effective working,
tepgshaping hendpppnysidngnel gRprhengagoprt geortening of

f¢! L1l 0nCDROOBE PhENCRABILEONRL confRBNOBS LALL! BE botn
wat c en the spring cones into contact wth the pins
thdhesopktatongfieggeengyanfl the bsthhtat empdysudm. can

be. def i ned anot her nethod, and_that is by alterin
BRS TRFE1 Bibr OPRGbAPAnCE dhBor by REnBRGRNG PG hefee
g8t pecof18Ybat R qBESy BRI 8cfBLRAQHcHSa@MBheYedriAg to
wat ches of high quality and high precision. The

oBepk| appEsctnrphaseakatbresPeningspfufbat shanaeler kBds
%%gfingewegoﬁpgrgwaegoa%*aheanaf- fhﬂeoggﬁhstt&ea*etbgmch

m I socC nic performance . 'th e spring nust
maynbedragtihréde hi ghest degree of accuracy in the

oscillator nechani sm The sgrinatnust devel o t hat

p i s
di | at BABhRCEBRAT Palt SPRT4OPeqhl BRLEONERAL r MEYNRAnEPTPOSEd -
gboghrtheatentahqgaxi aigferahat kanuaf of elastic modulus

damping from the rest of the coil. This can enable any .
mechanical shock to the watch frame to be damped and not
conveyed to the spring. This outer section may be
adhered, clipped, welded or otherwise fastened to the

spring. The outer coil section may also preferably be of

greater plasticity-allowing .for the small adjustments as -~

may be réquired in correcting the spring after a severe

shock. The additional outer coil section may preferably
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the oscillator and all the coils of the spring should
remain within the sane plane as one anot her

w@eoopapmdTul ar to the axis of rotation and pared1/€B2606/001637

the plane of the bal ance wheel. The coils therefore
shoul d not undul ate out of plane in their

devel opnent. The conventional netal bal ance spring
requires that the long side of its rectangul ar cross
seot i 0D dife PaLA | 8lado dhehal PNSEL 2 8oLl 1imited to
rotation and the spring Is pinned at Tts out er most »
Yfhelst eni ng point in an. aperture in the stud by a

t aper in.or is .glued o | ded to the stud. The .

ot T e it ol Ao P o T oSBT TR by also
tduesfd bl e inaf iheeeing f1omils iPPefgostne
attaching point at the collet on the balance staff to

IR Ief sttt poiditt eitnase apdichs diezenibbes hekow may
Qperad f a given fi | ance

wheel .q%hd;ﬂ attac rreln(?{ao stgé%leﬂn% néeﬁr(&g'n g@ %%Y%?tle%%%ljoﬁf the
el syt it causieng nity iofSismadi f frextddn@sl @ndsdédieion and the

r.esi dual . pl asti.cit f the alloy does not prevent
AP QoL Bl SO, 2085, N0k PLevernen v
winiec ke sey icdusiot affactsr the ienshran & behaviipurp Psent
the oscillator . The operating frequency is

B ARy Faamatny ¢t dlf etk eomees t rrend pef nghanspring

i intr dinto the

\%\In%?c%%s'%ﬁﬂea‘ttreg%ul aulaln%geof the 5aeriislt&clh&} sbqgéégtgnn@pllln%rh%dsjb e of
&lhtee Mered anted. ep amidtsisors eaft dtdre neyr bepigrsrdanigciher to the

.ance. spr.i all owi,ng for .increase or decrease in
PR SRl o b R e e P Rt e or
imadredsilng fddie oFsaind atf Jff QML NG 13LF ) Ngs t t
bal ance wheel anplitude. The stud itlgg%cf a|Cys freater

Rdn B0 st krewna  Bihec Ketcnsra sgdnasteaiellows for
|5l : l.ar  adjust fojt el ative

%oas?iq}é?oﬁa%% e slélttgL nagjr%uﬁcgs%egpggn%ne%@gnﬁnr & RF BFQiReses of
aeing! fafc truatiatg, ors eofvitdie gh alnaneelj ustdelg .t hi s brings the
oscillator's dead point into correct relative position
with the escapenent. The stud and curb pins may
SRI¥EN DEGERITIPY oW Bt aget henw@kdgmai ntain their
relative positions . The appiicant has observed in the
cour s&XgmPdevelPdpithg AeRerigneti ¢hesdinvieattdrons yEitserms sed

n Il St t terials qQvercome nmany
P e g o5t Sader Rl I PR N ihur et ur e
ardobpeny ingpdoeed nger flar maded;t o the oscillator, see
WO 2004/ OOﬁZS? ang WD 2004/ 040943. These new naterials
have ai8ti mct*AHd48VaRt 8gB8SS ERRERERSE SiseEPInd that is
deaangdapew andai ppnaved | ¢al Ige 3t
| earn fromthe applicati gﬁgagP%%Ozf%%%Sggld eEPlo%Z%eélf\/\g)ff
the iAvegitaenén of the conventional coll et

Fig. 2 is a top view of the mass appendage assembly -

show in Fig. 1;

Fig. 3 shows apparatus for performing a method of
manufacturing a balance spring that is an embodiment of

the present invention;

Fig. 4 shows a front view of the apparatus shown in

Fig. 3;
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with the spring on the one hand and the use of a

m cr onmoul di ng techni que of carbon nano-fibre on the
worden230# | earn from EP 1584994A and EP151302BCTDGB2006/001637

further shapes of elastic rotatable configurations of

collet in nmetal and non-rretag4 material. At its nost

general, the third aspect of"the present invention

proposes net hods of attaching both the innernost part

of the spiral sprin i t hout_ using a, coll '
knowt T% t$1eS1&%‘?3?/e%??%ﬂlnaé?cear?pﬁlh%‘?t%%g%ujf@%%@g?i%%rjtformed
Bfndhessprbngepf aacdexrsht engihi ane endt post anneshagement

by introducing- appropriate attachment and adj ustnent
deviktespreoserhel BaPARER 5pri ng. The spring has

thereﬁg%g 8 SELwLTSAELASY nJher bYenti ONi AR¥r portion for
furthernmore propose an exact and precise attachnent of

4 hea bahaacsepspngng to the bal ance staff and to the
watch_frame by elimnating the elastic, spli ol |

in th%l%ogieﬁg?%ﬁa? areen %%%s%??a%%%%eaﬂ?h%%n@ﬁ?E%gﬁ
ber aghhbeygdcbyspeshyt oni ng the outernost end portion

of the integral spring which is equipped for this L
pur poBegwi Bhehews han neelet oPpEhbYR 5PTi At BRLEPECWPRINY/
the b9%890e9“@83h2tEH8H'&Sv{gééeEQQfséebkﬁhgaeﬁe outer

wi t hout “af f ecti ng e overa osci |l ator fréquency. The

sothehmknowporhivheodr & bgldetenedringBénnen, oskéllator

standard horol ogi cal industry reference dictionary as

mABS3 B et : Smal | split cylinder fitted

friction-tight to the balance staff" . In the case of

this invention the sprin% S Ereferably cut e.g. using
HEt RE

' PEEAEéEHnP§§§R&§§§QNh@E _ VENW%QNaSpect of the
Inven%kgq ?'gho%§lggm?sglgg Ph8S é'ggséﬁﬁgg heghpi-que
froma planar piece of nat Plal o forma bal ance _
sapnpigshaviangeigtd atingr pdsheatt &chwentedolinare sydiodrical
(preferably and) ,its outernost attachnment .end Jparti
SREBeTBo e 1Pt SBPBF| §UEREruPEn  Br SPerdttty O ohg The

bipermast raldcacment ¢eblaktisgskapednto 2prevetn threaded
relative rotation between the spring and a bal ance

aheebahen ti-he Tosr isng tilaInbunesd 2oRPié Haldkite SMifedtde
pretenah! y pyt nale;excl yaiv el oG SHIAg It e Jidiiing

on-magneti c y sensitive mater s of low |linear
thesnmehageansinam coef biutieentdiengteress tdhen B oulkdigg

K.1 and preferabl f density | r, than 6.1 g/.cm3
TRETREFer: 1O ey tprBrE: SERy RGN R exdiGr vl y Beved
9h +BNL RSB tPhASS @fheCaklen ignd,uding ssyie) ical{dgands
derived "di"anond, pol yner derived anorphous or vitreous
eadbae grigshiafe tdre cedtlitnJoddcesases - | e trrepd 3 on

'%ﬁggﬁyééi(gﬁﬂ%g JE§EQﬁﬁfﬁﬁgﬁh%tﬁe%4%@ﬂﬂ%%ﬁﬁﬁﬂiﬁgdég%n in
2

e, trioxide inclu synt C coru
gaphi de, The split 7 can be seen in Fig.

The side
wall of the setting 6 has a-recess 4 cut into it. The
mass appendage assembly 1 is designed to be let into a
through hole formed on a balance wheel in a contracted
(e.g. cool) state. Upon returning to its normal state,
the walls of the setting expand and fit against the inner
walls of the through hole to secure the mass appendage

assembly 1 in the balance wheel. The regulating element
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silicate including glass, nitride or other in nono or

poly crystalline formor in a hot pressed or reaction
whosdaeBobdr m or combi nati ons of these nmateri al BCT/GB2006/001637

preferred | aser technique may al so all ow both the

reduction in thermal inpact on the spring and the

control of ablated debris e.g. by fluid jet, fluid

i mrersion, ice nmounting, cold non-volatile gas jet or

zﬁﬂyﬂcéﬁaﬂﬁﬁ&ﬁé@@@£§hlﬂh@héa§@ttiﬁ@q@emyyta@dep@wexc
are preferably selected to be able to cut or ablate in

recorokdiieg ajettpagsestivvertEhes nad e@l@ﬁeaﬁbe neplibe’ -
angl CUSE h, n [
edge%g?q%é?gls .gpéﬁéeﬁ%$ §$§t e %Igﬁéégsggfg%%gﬁ
xﬁtdtﬁh@nnqgm&dthmgeelaMeshe@t thx&bgahhbebdaseoﬁsin@ a
draft angle is onpensated or i arts a
eSS cr%@%s@gf?ohsa%%ﬁ?dl? %?Eﬂf%agi?nganﬁh?hﬁ§ls
M loys fogutdeindigishedespring to dilate within the
same plane. The Spiral spring nay be made integrally
Mﬁth Eie bal ghees vheel c ampbaorabad afee Seapingsajalance
(RO PNEL RO0%R. QL LBY o BF. LOL B PERALAL B¥ & carbon
erefrom in case the -spring preferaﬁly Ras
piScucent rer @mramnulawltblbarw1th6uta§$bnbleohhent)
oscil]ator, the collar is fOSItloned elatlve t

Sore 11 set | on DnteheriaPonchh bRESR L ong. EreRd: HiERe?

SOEF£Cit I@fechaﬁné§sfa§sﬁg gtgeﬂen@@hdsd or cethenw:geits
fastened to fix grlng s absolute relative

posta¢on t@a¢hecbanaﬂ erahedreantatesiphplpsetprning the
. Yy de_t p [ on r
égkégﬁgeh¢?££§|§“e @s é?géﬁh% %ggor reegg§5§gsplaced at
oes neid the Bhéfiﬁtenbpebaﬁglshégttandhatbabhadetstahé

girth to hold b frlct on the non-rotatable
?%%%%%%I%P€%?9a aFﬁer ce Bﬂetﬁe bhPanBens tRLR o tgeroll

b th@rl@9e§s§§@@r§h@e€0bl@5 ¥hhehehent BentpkaeBEnAB1 s
the bal ance staff by the same neans. - . The separate

totthara neyibelso @hapﬁélégdtbphavéfﬁﬁérﬁﬁﬂégraﬁ sperhgd
Q%d g'é%&rﬁegégdbgﬁgﬂc mggg F§§t§g8ﬂ %%snegE gﬁegtate

ave-an accurate € aperture into
wblthstﬁEnsprfngms | Boethest teebtmehet fled lofvsr egyl.ako
spiral curve or other shape. is fastened. The slo. t or

ﬁ%@@?@r%h¢nleF?ﬁéPaC€h@aB§FAﬁéeagéaFP §FPESRIESr ThEr

%gﬁlﬂg§p§§8mogn@tgﬁ89h@9 Lhe knBer emst ceqickand Bei ng -
de by whatever appropriate neans as seen fit which

maguinetlude photon or ionic beam nechanica

cLect Lo SRETLCbRUBLer Bhechal OnmlerLal o SUE Rl

bAnehe apeekune ohvekheieal.l arhaaypkenghaped ude spraahi bi t
its rotation around the bal ance staff or bal ance_wheel |
REBEFROBE dBF Le6RREBIEl PR&fe it $NpF8EI SPsf ©f a collar with

a through hole e.g. receivable on a balance staff. A
flattened side is provided on the through hole so that
the inner attachment part is receivable on the balance
staff having only one orientation to prevent rotation of
the balance spring relative to the balance wheel.

The balance spring also includes an outer attachment

part 13 to be attached in an oscillator housing as
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positioning in the manufacturing and adj ust nment
processes . The bal ance spring preferably has an

WO naoegembs out er end (term nal) portion which i BCDGBRIWE/001637

same height as the spiral spring but of greater

overall width (radial extent), . The outer end

portion (end plate) may be so shaped as to provide a

passageway (channel) w thin which the spring bl ade is
Y2 [y ecty agai nst, .ac i dent al _ shocks.

SRSt BRI oC ] AT il RS

arrda Meared h_:eolstpzra»mg;hat riednd o uil rat  Hod sm@b | Pt doslugs | Oie

iinto the fastening device on the watch frane. The '
AR o e P 990 IR - Thel Bpri R bgr eSS

ant ireddiey id Ak ofpthey SPrddg. smed feediye wok ké]gp:_glng
| ength. The overall ‘external contour of the end pla
ey eoldove tttrshast o sdmenttef st ashnait aDc'g:rt/eent the
r.adi h | ance. sprin cent re. nt of
gﬁg al | anPriéor efl hcahse erneacp?sg% e to beotasy e%%%e i At h :
aftttacihrentt dewitcel Aatlioe of anyaundsimedit difdes eddntre is
Qgﬁyts al o %ééts arc l ength wit hout changi ng the
pothtPORRHS adhett - of T¥Fer shri h@ndh@ show
't'e'lgzahilé\ﬂee Al JudherGi o, negd nole OB Mihent part.
contact and is not” i nfluenced by the attachnent
devifFd@sthit ald ols the atemndjustohemniofpaie dead collar

0 CI|| tor Lor t he beat, of, t he watch,
%%H 6"%}; tn()ot1L“t}hé‘eEt er e%vm {59 r 5 erd tlancghl?ef%ﬁ L%%%E/ in

and .mwi.ntains the ; concentricity of the spring in
rel ati nto the central axis of rotation of the
osci | TR0 ite Ficedentod MentSRH 1% GRWEHEsY the pame
paadePRf enabljh Ut NRf B¥ClWs) MRl d 1y CﬂWd’rﬂQtéP%t er of
Wi th an adjustable and inertia reduci ng bal ance whee
adSi degiigipss tddnm JW)EZQIB/ 40948. Thearfd e]anencg/hese

fer i ndependent, of .the n|n
ﬁglvlit% of r~éstlnlosw Hiroer xaa tyly q:qiegls( alne r{be:ltg'{*ét dl e gfnner
dnerratiingrl qfoﬁ‘d'le)rﬂﬂsls ao:‘ ttlrf& inl:l:LaLl'lLC’:ﬁ:cym%(:}lls 4o & tRduhd by
ci rcunstances an alternative configuration for the

BRapISad dfithed mAdRE My Ustlaide Referasiapitiy kady of the
adivild RGhq liengtheniing om sher tening fbltl % &ﬁ %v:Lce

cheeks of the endplate to control elt er or
bodidiingt é?rrafcr@jumwrandélt he'Hsaldmncieamp ¥ tailderiatively

the Loner Ie h of .the sprln and hence
%he g%%i tort freque cyIVP Eb Az %ﬁfurate

ts0 icHeek fQﬁintJaﬁta ReIgdivEind %m&%@ftﬁ&%ﬂwmrldge
Thi s conflguratlon prOV|des a method of fine
Rdj SEerERt i P ehEP BE ek dil ié¢ appropriate position by

a clamping screw 15. Furthermore the appropriate position

may be found by the use of a micro adjustment of a

- radially mounted chamfered screw abutting on an inclined

surface of the device or its setting permitting the fine
height adjustment of the device.

Fig. 11 shows a device comprising a tube 18 with a
disc 38 attached at one end. The tube 18 and disc 38
have a bore which receives a rod 20. Another disc 19 is

attached to the rod. The discs 19, 38 can be brought to
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RarRasl Phgthenr speRhg s tabuehBg, B

Furthernore .a section of outer coil may b e conposed
of material having a different value of elastic

wonadiiemosilanpi ng fromthe rest of the coil. ThPET/GBR006/001637

enabl e any nechani cal shock to the watch frame to be
danped and not conveyed to the spring. This outer
section may be adhered, clipped, welded or otherw se
fastened to the spring. The outer coil section my
39 PLSLET AL Yo he: fL - 9 Galies P$§S%%9£&a bl oweng ofigkr
es a Jus%nen S as” nay Be Yequired n correcting
$hefspsi of abder0aisefbnelghobkeadbe addi isonatepvedrby a
coil _section may preferaplya.ct.in.the _sa pla ..as
Fhe 3bri ODRE NG FoE TR PoatebePhre. SneRgLparbsi-
PRI Indendapl ahLFalE bhersarbndchesalsappoef avabl yovement
formed integrally with the spring. The geonetry of the
ofit @t sost dendh hseHRati Vol befond myydPef@r tRFBATied screw.
%ﬁ@Xﬁgt&R”Q!tﬁP%é&QdeﬁﬂéidngMEFSbQ”Bk'XuEQelgvddQEc 19,
e spring is of small rectangular section and the
wienghsideceptihe wethangkefeceessoseenadn hsnpapabkbéhg
to the axis of rz ation, of t ezgscil ator.. In tge rawn
prEsent®i hoehtfont A8 SBSnﬁP y<0f *th uﬁﬁ?grﬂﬁgt End 8t
theigpEihng ﬂgy.beTﬁ&srsetaeaubah eLemp SBEt banabut theing
l'ong side of the rectangle cross section may b e
pedppadfchbhreed the a¥PsddFCEotdti 8R-of the
osci | r hept -5 epl eanaf the
end okf%%er%pyé%ggﬁggggméﬁgrgg?S?gtﬁgﬁgtEgt previ ously
knb@nathgninfraaﬁedianeayaQQoastﬁog easketoothed or
mani pul ation o he n the g&o&EE%e§8qf The
DESER! RFEONGRQ EndiiE DRAVLNGS -Exanpl.esTak thecagpeehs
of the invention discussed above are now descri bed ,
piinhonefdr eacebeohehe kycshpanythgearafi AYS Sirn SHFitares 1n
1g. .. 1.LLlLus e ge assenbly that is
Eé%ePeéﬁngi%E§5§§|gﬁg§§%ﬁ2%? ?gﬁforn1an enbodi nent of
t he i nvenbugh; dFsgs 2rks saowapheirew thet béampdsg of the
appendage assenbl yshow in.Fig., 1 ; Fig.. 3 shows
GBpAPS: B BRYDBR! GFAOAG 14 SHEChBa 188 RAGCEAETeng HaPes
!%Lea@%_%m%%gngft hal itsiban 18mhedicrenba0finidee virieseNtor
I nvention; Fig. 4 shows a front view of the apparatus
blrewfreitn mBiyg be3 ackiogp 18 sdleshwd va thal asce ofpli FELRW 139 -
integrally formed inner .and oute t n WelplS
t hat %@tgﬁns g&ﬁ Eg%of%fhg %Pe@gﬁi%%%%gﬁt%g%?&%ig. gnd'
showsioanf i1hsFimQn-lRotaidablasy inenerseportd airafwordigcs 19, 38
bal ance spring; Fig. .7 shows second ngpnrot

Wﬁﬁ@ﬁhﬁérﬁmﬁﬁe dist 19 is unthreaded and 1s © zgﬂfaing ‘
fit in tube 18, disc 19 having a suitably positioned and
dimensioned hole to receive the screw 23 using the
principle described for screw 26 below.

The device shown in Fig. 12 may allow for a
conventional spring orientation e.g. upright end part 27,
but further allows for the fastening of the new material
as described above. The principle is a miniature vice
whose jaws 28 (which having a lining 17) are brought

together by the upward drawing of the central body 31 by
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for a balance spring; Fig. 8 shows an outer portion
for a balance spring; Figs . 9 to 12 show devices for

WwG@e@dr2igst he outer attachnent portion of a baP@nG®2006/001637

spring in an oscillator nmechani sm DETAILED
DESCRI PTI ON OF THE | NVENTI ONed=i g. 1 shows a nass
appendage assenbly 1 that conprises a regulating
elenment 2 nounted in a cylindrical setting 6 . The

4 NABk e St f ag@e@f cbheasebti ngt 61 andctlﬂﬁgOUheE shrtaded -
of the regulating element 2 are in thre

enhiRRrErl TRRSEcPEFRECB RAsCR EPFi Fel7t86\}mb89¥'spa§e

Q@§ﬁ$lfﬁ LPsklBe Xb§ewTD§ Lok dhanet gr cbntrB®ed portion

ting b1s sm than the outer dianmeter of the
oégumatca@teaénbnﬂy23301shaDmmhéﬁSeﬂebyegbﬁaabﬁgment with

EEreheRierag bobupaRasZand EnBCEFYETofOr ne BprE JPiuns

4j@ﬁée@@eéreTBSnEBﬁaédtﬁyoﬁrbhgheUt@@esuéEaC@h@frbherse,

regul ati ng nmenber can be seen in 1 The split 7
eapube Yeen PASFrgwing t*FﬁetéFéédﬁﬂl Fobtaghe®Betting 6 -
Qf?eﬁ%%gfgésaé QHBeh@ € h Egetﬂﬁﬁstﬁ@p%@%ﬁgﬁl body may
asse eS|gne to e into a through hole
berheﬁted hybahaamglwﬁeébvbm é3cwhncacnéda¢éaghe@o@¢)the

state. U t ur.ni n tate e I
BPPEhe™ ggt?ﬁ 8;p5ﬁg Sﬁﬁtfﬁg §8§§n§ tﬁeg%ﬁ%e€%%ﬁf%n ot
Qﬁl&ﬁeabhéoéghathQcE@mSQQUégaﬁh%tﬂﬁﬁé appen@age upper
assenbly 1 in the bal ance wheel. The regul ati ng

planene? thecBAstr aPnE8iGht KPR £RE LSt | R&Yeslﬁy%ted

,g%ﬁ%thgoggégng% thgssetting 6 that tries to close the

ne tune the appendage, a hole 5 may be
bor edThat outhe eegubﬁtthg bbémpot 2prifbi mayakebesddme

usi ng_a Ias r m The hole is bared eccentrically.t
FhE-axis®of 't RE %egﬁpgt gleﬁ@n OfFed a3 SGoks Bad ¢ ghe
appacat vy fierkof ema %@p&o@&h@&@ea%ﬁbbm@ehﬁOMev1ce with the
non-magnetic material formed froma carbon precursor

OPTEEEENPE LEWtER ion Wt FOGt SPTBXE -content) . Here is
sheet »af EH#%E%p%%'%QtE%%%%hﬁldb%lc%r?%q\ﬂﬂéwd%termost

pIuraFlty of channel's along its length e.g. etched to
ehe stir ftaee sprdchy chankglendecdi ves tit esrplxalng‘ agmd-shape

form ng the hal ance spri in i

PBoBFBoed ot e it GRS Rfe At it e
abt-aehedntbe the halran e i e MMy ictld-sHibd,0td Sonce
then rolled to roll up the interspace sheet, 8 so that

é@@hC@frrteh:éi diedrarie] S fohaena fpindal threnrcined yptocated
f%%EIthpqn_% é%gg¢¥éto transform the bal ance

fromits green State to its final form
Furt hehcer eatemenit draldsows perigug temd em)\heaJIchem the
i nterspace nateri al andé}o separat pr|n

;
Grré 2ERGERdr SaYd 95 orh & Tt &t an L Rolding

bracket may be further adjusted in the x, y and z axis to
provide fine adjustment of concentricity, height and dead
point and thus optimum performance of the spring.

As shown in Figs. 9 and 10, the attachment device
may be let into the balance bridge or a bracket for the
purpose, either the whole device or a part such as the

inner cylindrical screw portion 15, which may be threaded
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required. Fig. 5 shows a bal ance spring that is an
enbodi nent of the present invention. The spring
WO p@bae®ss an i nnernost attachnment part 11 in tPeT/GBrIN/001637
of a collar wwth a through hole e.g. receivable on a
bal ance staff. A flattened sjge is provided on the
t hrough hole so that the inner attachnment part is
recei vabl e on the bal ance staff having only one
t nt [ e; hal apces SPHERT
%at%@eé$%r$§ Pig%g%c%ﬁ eelgﬁ%ﬁéuﬁg éﬁcé§§p§?ngﬁalso
bmmd@@€36ant@@lﬁr aThaChmbmmcgabrlQ@etbhbe dormehele i pody
ap oscil] ator housi asexpl aj ned bel oW, The. out
S Rt et onars e B P EReRen b roRSY nEbe
teOSss8dt heotar® pbesevasthdespal agcenapplage Ihethe
t hi ckened portion includes a recess for receiving

@@#@%@ebbaa%geT%% %ﬁ@p%¥h@hb0§b+yn@aﬁ%aa%du§Oaf?§%h%% the
docihe onbepatlachipalepast 2baibe brind £0dnl2int cne
cess e outer edge of e attachnent part 13
¢®msemnraulaycoﬁeghen$pmhngeb09naleo|slihwscéntréh@f
t he f €ncg s ng. Figs. 6 & 7 agd 8 show alternative
2ont gﬁ Qti Bn e?%rp?h% o0t eY 5Pt REhnent part. In Figs.
6 andad int&em&digryatleshieniypalsoi Seauseoll Between the
simlar to that shown as the inner attachpent part in
@lns angheheureFetrtngsrefeehedsptPhy Béeu5#@§V?h@ay
Bhapg-as; ﬁg oanS t@fg aggeﬂgﬁtbSrhﬁbgtthoﬂﬁleﬁ may
o or of “the devi ces s 9 Fi
Hheseedevnceenauhomﬂborwekhcalﬁlnhersgnéahenghdeascehéo
i nner ternipal _portion cillator axis to be
+hURH B5EmedRs oRer FREUFAF ShacHE Al B RaH: PR heen t he
body ehet berdeMbse and h&swseattng Lﬂnébﬁo@ﬁ|éﬁdemay be
bridge or device holding -bracket or arm 14 .
devies ﬁﬁ9paﬁtéﬁnabpv@|ynbglgéatédanﬁ a §éFPlﬁ§ Hﬁahout
£Hel§féﬁhﬂ9rnﬁxn99 @?n@ﬁﬁyré Ecﬁ' g sl ksl RoBrect
receiving aperture of the ance ge or bracket
aodibeoaéoyr ed Bnstihélappyophieptd pbsﬂﬂpwnpbytaln the
%gngh % CFGMI15 Furthernore the appropriate
DOEAENBR e{*B& Fodfd by the use of a micro adj ustment

of a Tﬁél§hb¥enaﬁntﬁé ehastered sapewaabhbkingxpBdaBntly
i nclined surface of the device or its settin

per il ttedgteh&hei phanei ght thaj astashnesf ﬁﬁgg@@vﬁéethat
deyi 18
gISC é%lﬁ?tachggld ggkggceg§p$h85ggeﬁb& gn ISC 3%

at one end: e tube 18 and
paueeaabothewhnohrmeSEieed andodi20. pArdehiermdinec 19

is attached to the rod. The n.be

R B e R Ll o¥b ChoR SoRE  Ea BT B E s AP RN E a5 Fod
. BQecTBecouber +aur faceohakadn28qi prbiceelsy threaded and
Is received by a nut 21. Rotating the nut 21 relative

t o t h8heurékaehmendr fedlicsupraparsf ofodheo dexdses 24por
SQPQQWH E%%%g%@tparts with the spring’s outermost end

with the attachment device may be made of, coated with or
lined with a material 17 which enhances the frictional
contact and shock resistance between the attachment
device and spring end. This material may be a polymer or-

- a natural or other synthetic material which is inert to



of disc 19. Alternatively rod- 20 may be a threaded
screw acting on a threaded inside surface of tube 18;
wale®e/11®9nhi ch is captive with but free to renPCTYGB2006/001637
non-rotating relative to rod 20 as the rod 20 is
turned may b e drawn up in tfdJs way. This action can
clanp the bal ance spring end part between the two
di scs 19, 38. Fine radial adjustnment may be nade by
 the ¢néei gl oPh8fmal PbRI &#PhY 2RangbkNgnonta keekhed and
or partially toothed surface of the edge of disc 38.
THeviebt® aRBlAeRmghbwn in the drawing. The tube 18
and pinion 22 can be held by their threaded outer
surfaces in the bal ance bridge or bracket arm
Al t hough di scs are shown here, the clanping of the
spring end may be acconplished using alternative
shapes. The securing of the tube 18 in the bal ance
bri dge or bracket nmay be acconplished by the use of a
screw 23 . Alternatively the screw 23 nmay have a
chanfered end, as shown in Fig. 12 and may be used to
draw di scs 19, 38 together where disc 19 is unthreaded
and is of sliding fit in tube 18, disc 19 having a
suitably positioned and di nensi oned hole to receive
the screw 23 using- the principle described for screw
26 bel ow. The device shown in- Fig. 12 may allow for a
conventional spring orientation e.g. upright end part
27, but further allows for the fastening of the new
mat eri al as descri bed above. The principle is a
m ni ature vice whose jaws 28 (which having a |ining
17) are brought together by the upward drawi ng of the
central body 31 bya fine threaded collar or nut 19
acting on a threaded cylindrical upper section 30 of
the central body, here shown in bisected viewin
el evation. A chanfered portion of the central body 31
is conpressed by the abutnment with the chanfered
section 32 of a setting 40, and the sprung jaws 2 8
are consequently brought together. The reverse -
occurs- when unscrewi ng the threaded collar. An
alternative arrangenent may be that the central body
may be lifted by an angled | ever 33 which is attached
at the upper nost end of the central body the angl ed
section of which acts as a fulcrum 34 against the
adj acent upper plane of the part in which the centra
body is located thus closing the jaws. The outer end
of the bal ance spring may be as in Fig. 5, 6, 7 or 8
, and may be so fornmed as to permt the fastening into
the appropriate attachnment device with the correct
orientation of the spring. The choice of attachnent
devi ce for the outernost
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end of the spring is dependent on the spring end-shape

chosen. The internal contour of the attachnment device
wa@erosaspends with the contour of the end- shapePCEHGBRW6H01637

the correct height has been found, the spring is

| ocated and secured in the dgvice. Once the outernost

spring end is held in the attachnent device, the

device itself and its hol ding bracket nay be further

adiyeded inthe x , y and z axis to provide fine

adjustnent of concentricity, height and dead point and

t hus opt|nun1perfornance of the spring. A s shown in

Fi gs. d 10 e_at h e nto
the bht ance BTG Bf SCOACRE? ThroiRe TRFphderot H
Kﬂﬁ&&ﬂgié&iV%E&fﬂl&wbﬁem@thanp@mtc@mphlaSnghe i nner
cylindrical screw portion_15, h may be .
threé&&ﬂ@ﬁ%)%%33%%r%%¥?a%%Y§r§h %eﬂo%ﬁ%?gﬁ?Eanb?ﬁ@nce
%nggg % dge - 16 itself. The bal ance bridge thus

orns the body of the attachment device. In this
conflgﬂmematanhQ lesesskedas| be P@n¢bE@?Qethﬁela§9ﬁlﬁ§

ate.in th bal id q-1s synpat hetical ly
f :ﬁiéﬁ“?o CHeck %reﬁ Eoggéfnggend plate's identica
radlU§1r5@t§n@ﬁtMéalESethBeamneEntheClayenfothéayprsngnd
but also allows for the oscjllator's dead [

I nt
SRR reft L a kv e ireY ARaRhr PEFERVEVREY aPsgng G8g§qlaser
Q@éﬁ/ﬁe@@té h&@Dﬂ&Q 8nd theoetesei Yaparsesesspeinohaterial
t he sl eeve nay ave an engaglng or abuttlng el ement or
@obal@MCQM$phln@yC©mErmgedglﬁ ébpfufeiroh WRVATNE fine

ERBUAELEDS, e eeatanl Lonlocy el an oo aLLagal

baper #oshceardl saytbtRecakharesbapedeasoshewn in Figs .

6 and 7 with or without an irregular inner contour

which allows its correct positioning on a simlarly
shaped sha %'H@%HeétabBoEB@nat%@CBmﬁmh devisee r3tn the
shape of the outernost end ¢an nost expedlently b e
tayteedorolamershape ofitt ke &he&chheningevi é§t§§1¥q$@tt part
the_s H

hel d.correctly o senbly in the sane
pFah8 gg E%eﬁﬁggﬁgsW téﬁdgﬁﬁ?%'predeternined
concentricity which is here further enabled by the
preci sion of the |laser machining proce

S. Tge o
at t acRrent AdegtBedopcrrrding Fﬁec&é%pci 9% 6r &R5ISSR the
%QE?CEeQﬂIEﬁtEAEﬁttQﬁesﬁ%h%galssgﬁh%r%sth%néﬁﬂﬂdl so

e attachnent device nmay be nade of, coated with or
IthaEdtWet husemmbeti aoil7 needhsentiinched: fie fohectliogieal of
contact and_shock resi stance between the attachnent
devi-ed Qﬁge§6??ng end. This material nmay be a pol yner
or a natural or other synthetic material which is
inert tothe chemcal, thernmal or other changes.in its
wor ki Ag and F&EGPe AGORAINGhencletR pstncluding, after

the balance spring is cut from the spring material,
coating the coils and/or the inner attachment part with a

ceramic or carbon or polymer material.

5. A method according to any preceding claim,
wherein the spring material is a plurality of stacked

layers.
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1. Anmethod of formng a bal ance spring for a
hor ol ogi cal oscillator mechani sm conprising: formng

wor@eae3opdre | ayers of non-magneti c bal ance spPCTIGB2006/001637

materi al; generating a | aser beamto penetrate the

| ayer or |ayers and cut thergthrough; and directing
the | aser beam at the |layer or |ayers and causi ng

rel ati ve novenent therebetween so that the | aser beam
cuts out fromthe |ayer or layers of spring material a
bal ance spring conprising a flat spiral having a

‘plurddity bfnegdh¢d apdondhosn- ed asty cof nakrl@gt dchaehi

art attachabl e. re_o j :
Bl Ty SefaF iR S p e ERRL L, 2 gferomic
slet shaFengul Shahdasubbeahbhell at pachardicpastr t£8 the
formed integrally with the coils. 3 . A nethod

¥®"to claim1l or 2 , wherein the | aser beam

cuts out the central space of the spiral so that the
outernost coil remains attached to the |ayer of spring
mat eri al .A4methodeshodrdtnor dpngleabnchaiprluding, after
i.ncl udin after, the hal anc ' ' f
08, 4L Y e EERoLAD B RO L5 UL TEOTLLRS one
&t tracherend i paAr t smabbdal egeasi €xon thebsheot pol ypeing
materjal. 5 . A nethod according to an recedin ,
1368 Tl 2 WHeF B9 # heSSpringeRar ePFar rec—% EFUFBP?anBFaHY
SiALKE | @yefge- §1anéd BRI PRd 8rg0Edi ng to any of
claims 1 to 4, wherein the spring material is a
substantially isotropic sheet having a pl ane
substanti al | erpendicul.ar to the | A
neth&%‘acg%r ?ﬁ%o oagFgfﬁ%%gigglﬁﬁyn ?gé??ggglﬁgalm’
Wk rednisheulasepnmehn $prsvgtihaheri;ahndcuhti pgrang or
nore spiral-shaped | ayers fromthe sheet of spring
hateFial 13ingvabsecsRdaFa¥er tBedhrthat is
substantially parallel to the plane of the sheet. 8 .
A net hod according to any preceding claim wherein the
| aser9beanhiseshatli snapydand theaspr pngcpdiagi alaig,
movable relative to i%. 9 A nethod.accordingfggmag
BRRERHT ng el 2P “AhBREPR Fhe € pF PR it 8Fi PP &
egrwvoh¢c or any formof carbon. 10 . A non-nmagnetic
bal ance spring for nounting on a bal ance wheel in a
hor ol ogi cal oscillator nmechanism wherein the bal ance
Spri ngol ”CAUHSﬁ—ﬁaEhéEiépbéﬁén‘é@”@?k%hﬁg £8rPhdLAkE LY on a
of coils and a non-elastic Inner attachnent part at
bakaceatweeoel theacbpblslbgrcait ashihdator mechanism,

wherein the balance spring includes a flat spiral
comprising a plurality of coils and a non-elastic inner
attachment part at the centre of the coils for attaching

the balance spring to the balance wheel.

11. A balance spring according to claim 10, wherein

the inner attachment part includes a collar.
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t he bal ance spring to the bal ance wheel. 11. A bal ance
spring according to claim 10, wherein the inner

wa@tdacaabsent part includes a collar.12. A bal aneer/sBronano1637

according to claim10 or 11, wherein the inner
attachnment. part is forned i one piece wwth the coil
13. A bal ance spring according to any of clains 10 to
12 having a flat outer attachnent plate which is

attached t® pieanté espbshgcattopfiihfetspelaimand biresl,
substantially in the plane of the spiral, the outer
%@@%%hﬁé%@ep}%%%rh%VFﬁ@h@eEErBQHta%Faéﬁﬁ@ﬁﬂ édgeneopiece

@%%ﬁcpﬁggcgbf spring in the oscillator nmechanism 14.
al ance spring according to claim 13, wherein the

attachnment edge is an arc of constant radius fromthe

centr of e bal ance sprin | ance spring.
ccor i ng B ooRT AT 13P 0PN I 4T GRERENA FRo tg 2p cldims 10
@étﬂghﬁ£@1n@|@tﬁlaﬁcbuésﬁ atbbbnﬁeﬁhapmakeaWha@@edsto
recei ve the outernost coil of the sgrlng, t he

atterhedt teofheperhgrapehchedlt 8t hBCogPeraat BAChAERE -
Qﬁ@égaﬁ{igff bihnghgn?lgge E@ &E@ng kra 6 tﬁeb%béﬁge

Spring accord ing foctfaiml ere annel is
shﬁpeﬂm@mtcphatelhevuhgraonermedbethachmesclbhaeldnr

££§gg§E§¥ Qﬂg ngfﬂgei%”?hét%9c1llator mechanism.

14. A balance spring according to claim 13, wherein
the attachment edge is an arc of constant radius from the-

centre of the balance spring.

15. A balance spring according to claim 13 or 14,
wherein the outer attachment plate includes a blind
channel arranged to receive the outermost coil of the
spring, the outermost coil being attached to the outer

attachment plate at the blind end of the channel.

16. A balance spring according to claim 15, wherein
channel - is shaped to control either one or both of

oscillation frequency and balance amplitude.



