HELI X 12 DI RECTED NON- STERO DAL ANTI ANDROGENS
Cross- Reference to Related Applications This

w@ppkila@td on clainms the benefit of the priori tRCDEA2006/000996
Provi sional Application No. 60/691, 391 filed June 17,
2005, the contents of which are specifically
i ncorporated by reference herein. Background of the

i nvention [0001] mnq)gsmceimgir&ﬂn%&i@éégs to novel
inhibitors of sex steroid activity, for exanple to

conpounds havi ng antagoni stic activity on sex steroid
Fmgggﬁfa?ginﬁﬂﬁﬁﬁﬁﬁfticuIarIy, the invention relates to
certain conpounds having specified side-chains which
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Q5 ahhwgggﬁggﬁ%-sensit've tissues. Brief description
o?p?ﬁe pri or arggﬁﬁaﬁf ‘During the treatnent of
certain androgen-dependent diseases, it is inportant
BRACKGRAUND OBRGHEGNVENTION possi bl e, to elim nate

andr ogen-i nduced effects. For this purpose, it is

lrable . to bath bl ock access to the androgen o
R GBS e ke it SG@AG o Pl S g resulting in
andr ogens. from bhi ndi ng and activating those receptors,
TR PirG “PLATEET S 2EOHE Blipieae] B CSemakfreydh Sustained
avai l able to activate the receptors. It is possible
wadhicknegsdessierentually saysesteainsyto flgp g @ines hays sckepsrigdically
.androgen receptors nmay be biologically active. Hence,
“&W?‘Pt%g?d'ﬂ Strdeed\ipr stRctRdeqiael- BicoExe IfEmateabey pipe )]
g%oduqe better therapeutic results than therapy which
tipkngss ippgeded ta ddﬁmwgﬁstpr@mh earraty.of 0DeS hlsarnémtedrOeferrs
may have a significant therapeutic effect in slow ng
nataldase peaigd tdrstipate reegsainhg semdeedde nf mpgsevtdenis an important
di seases, e.g. diseases whose onset or progress is
rartdéshaiptenanoecmagpeemeng sepEhi of hrgeipemogerks(eg apbor water or gas
nodul at or activation. [0004] It is desired that an
dintibusionlsyogme). Uis Bdheréfork ldevirably td i@ abrde S8esa thd kcO@ktion of buried
receptor activation have both good affinity for the
pagd iR -de@ e MeQind At inbrus iS4 aihhd iatlvith@€ Har@dging MIREI I Hnd
androgenic activity in the tissue(s) of interest. The
withoBakikEik Ut Sf tepvikde ability of an antiandrogen to
bind to the androgen receptor, and thus to bl ock
access to the receptor by androgens., The latter refers
P31 Pme 2y %@t%@%mnem%ﬁ@e@%ssn%@ OFRIN HS GOBRABp (a5 gamples)
once it binds thereto. Some antiandrogens may possess
and, thep BrsesuEsr by Bigkprstotfeita uping yhigkngsy spllipers. élspe Wil thiclness can be
whi ch undesirably activates the very androgen
meagusest wsing apmlirgsonzpcgaiigesat losationkwhera the pipgtismtieallytegposed or
prevent the action. In other words, an antiandrogen
ientipnalhcesiveiad [Both metheds prayidevdlyaginict mabiremeny ofeall
successfully bind to androgen receptors, desirably
thitloeksi Ag abacgissmbibod foo sktainmg @ poimsousymeaadirdntieat of pipe wall
androgens, yet may undesirably itself activate the
receptor in tissues where an excl usive antiandrogenic
action is desired. [0005] Known non-steroida
anti androgens such as flutam de, casodex
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and anandron | ack undesirabl e androgenic activity, but

may have | ow receptor affinity conpared to steroida
wa@pbasn@didgens (i.e. androgen derivatives havi PgI/aA2006/000996

steroidal nucleus that is nodified to provide

anti androgenic activity). Steroidal antiandrogens,

however, are believed to nore frequently possess

tﬂlgﬂﬁeg uﬁrg%icsbtr m oy 2hacial gé 51‘ r@xﬁoteldgﬁ'iréddy current devises

non-ste 0|dal antia ens. ently, sonme rew

n
DA Bk R0 ACHERED %é@\%év?ﬁ% P e han the
above- nmenti oned non- ster0|dal anti andr ogens were
[eN4¢ Eix revaltin(ghfaywa fr heerpurpete aflmeasu2f vall Kiidkogsaisaogly, @lit requires
2004, Tucker et al., 2004) disclosed (US 5,411,981, US
eV atlngAhe/pipd I sAREA 0081686 Oso, kAL OGNS Based 6n thEPopodsGiay
172, FR 91 00185, FR 92 08431, EP 002 892, EP 0 494

1994 Be stdtitida11p ePrebehibutivEt the SR114684iti0ART 8R/piR (9Q1kss MEYy large
96/ 19458, WD 97/00071, WD 97/19064, WO 97/ 23464,
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However, sterol anti androgens with very

[%t; éég{nrsl}(l xlfl M atnlé]lgs@lg ggr? %ﬁ&sfvg Q&péxggnsf’w dfﬂe?rfe oﬁgﬁ used raostlx for

und |ra e agonistic aracteristic were OSG
mpa%d Lg§srtga\%/£r§ %ongfg hngs| tllsO %It %uﬁtaff\]g fOé év/ag:éél t%ggﬂogs sé%rrés WHlCh are
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fied d
%%ﬂ?j‘ BRI TRER PR T %?%nehvg‘fﬁ&f%m%é3'%1%@588&3% that e
t or. Mbdul at SARMS) h t t
Rt D] iR OGBrian RS e BeHEPRTAPN t | ng b act ity

or agonist activity in other tissues were reported in

SMMORA IV OF T HMI IO BIoN 0483, US 2005/ 0033074, US
2005/ 0250741, US 2006/ 0014739, US 2006/0009529 Sone

ese S RNB rein clln cal l.s for dln
'ﬁ-ﬁ‘?& q’é =Gl tﬁ%’g’vfﬂﬁ’ﬁé %‘%B‘P%W?i%g’ %@@ﬁé I“'o 9%@%2}“’
in United States onadi sm benign prostatic
H§138T plopgaton %féq% 56%& QUERGY QTG dstERbRirgs in the pipe (e.g.,
dysfunction (LGD 2226 2941 developed by Ligand in
ruEsseie dlugpetions)) Lew-figgeanciss apisallihoys p maug gNess tigngbant 1000Hz.
devel oped by Bristol-Mers Squibb in United States).
T@Q@@]aga]twg velocigy depensls gn theanteingl dipaeterrand £iggumferential thickness
non- st eroi dal anti androgens having high affinity for
nrbiele ahthe ppendensityeqt bnlk mvsulue of elbsticanefi the flyid) aad Rionge’s
undesi rabl e agoni stic characteristics and having a
igodduspd elesticity ahd Boisson’alratioi of éhegpipeaill atyridl GPhe yylotigndan be
uses. Summary of the invention [0009] It is an object
@lcutald upihg Serdquatioveddrived thearefidatly.| 16 ehegpidposeddh@le)) the pipe wall
havi ng good affinity for the androgen receptor, while
thi¢hedsantbhdd dayculabaMiongthadRdegRnas Gsidthé Medsired THIQS 6f the
anti androgens may be useful in the treatnent and
R6FAEIN RIDcRY arliNAE KGO pHIE PRINAGA bartih S8R SPS clffre RRAY kiRR or
in nore detail infra. [8 10] It |s an object of the
QALiBSBHEd. I nvention to provide a conpound which: a)
bi nds the androgen receptor; c) interferes directly or
indirectly with helix 12 of the androgen receptor by
nmeans of a chain sufficiently narrow and | ong to pass
t hrough t he channel



joining the steroid active site to helix 12; d) and
bl ocks normal helix 12-positioning when the androgen
WO ewepsoI3 i s bound by an agonist. [0011] | n onBCT/CA2006/000996
enbodi ement, the present invention provides a conpound
of the follow ng schematic nolecular fornmula, or a
salt of thereof: A B wherein - is a nucleus able to

[0 ey Ac@oﬂiﬁ% t& &\?\E%sgﬁ ARLhGR Bl B g?(fvﬁeti% n?e@ﬁydquetpe non-

receptor; erein Ris a chain apprOX| mat e
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nucl eus, contai ni ng an aromatic” or eteroar

Rl ﬁasﬁlﬁbé B T PO TR BT AR
at ast one Iar functi onal di st.gnced
e oI 2y onis of % %@P@ﬁ?twﬁgelgﬁlaf Yépdaragic
romthe |ist consisti of carbo sul fone_ or
@W@B%ed%’mpgum A FArErePonde ﬁéed&a%va@g i aropagatigy elocity as a
qguat ernary amoni um salt. [0012] It is an _object of
fupgiogobatdfast ?W@%&tblahleﬁwaﬁwr@ said piRabyriting A theasstical model
conposi tion conprising a pharmaceutically acceptable
far thg @rrpagation af gcoustic avgesdn s4ié pipp ehat #seeh¢sysaidipipedips ¥ Bnite wall
amount of at | east one conpound which: a) binds the
hisnesgwith p ored piemrinedgirepmfergntislrthickngsy mefileyand computing said wall
indirectly with helix 12 of the androgen receptor by
thrséness pdrametetiyi matshidd sach agtval salurarithosaidgmallidtainghteo pass
through the channel joining the steroid active site to

d b k h
f’i}gb‘}d Xl"he aCoust%c ("1-11 anc%%ﬁns prtomeﬁa{% n Hlae n- Drac et modeS vxgxsﬁﬁlae sé)vrce

oSsItl ogen receptor
the i nventi.on

%”‘af‘vﬁﬂ%@’gfi\c%%a?%%@ﬁ? Pl BO P USRS rmopposit
BRI bErTytar Pechy t@aﬁéfﬁ?%%tgfgﬁt cpotioBhiapRe ade, where

% npound of the foll ow ng nolecular formula or a salt
P aONESO R EY e g fropotis PRl e dMEPRes RSP E TR dhe
steroid active site of the androgen receptor; and

MEF @ndhserugniially pasethe ik inhe @mp dyestisendi cul ar | y
positioned to the plane of the - - " nucleus,

©00%] At ipRPagtioR v OIDB ﬁ:suﬁ’l‘iy LR E)Y(Jpa%a'tlgﬂ vel@&ﬁyn(gm be

sufficiently nar r ow and I'ong to pass through

&#@ﬂmh oh gitphhgdegmtléélf n8ffrshR ytnﬁeag g%ké ﬁ&nel&l y

having at |east one pol a uncti on group di stance

lgeq\%pn %SPC mﬁ]rga%hll'lcea e(p Xt t@o hgmt]s%n egp%éer tﬂgsaﬁe anlgrlopv% nce

sel ect: roup sistin

%iél’t & g conzgrﬂgva vfeg)X Ief:‘j I g?lérant%mgleht Hoj5e NS thf (Bé)f Lﬁm li)e usS% as the
I_ent, the nucleus has the foll ow ng

Q& wherein dotted |ines represent optiona

bonds; wherein Dis selected fromthe group consisting
0609 ml&hﬁﬁaél'y,cacdsm'tieh(){se aéntdieberekadied préssiica fyidity a
cyclic noiety;

specially designed device at an in-bracket or out-of-bracket point (e.g., a fire hydrant in

aCf)US(t)lg tS

the case of water distribution pipes) or acoustic noise can be used. Acoustic signals can be

measured using a pair of vibration sensors (e.g., accelerometers) or hydrophones. The



wherein R2 is selected fromthe group consisting of
hydr ogen and (Cl-Cs) |ower alkyl; wherein R3 and R are

w0 pbepaiodent |y sel ected fromthe group consi stP@mCatoos/000996
hydr ogen, hal ogen, nitrile, -COCH3, -SQ2CH3, nethyl,
and hal ogenated nethyl; wherein at |east one of R3and
Ri is not hydrogen. [0015] In another enbodinment, R
tlﬁ%efa %ettx?!all @Wm@gsﬁ}é B'ﬁs 13\’(\%1%{11%5%1 IFEIJ héa\Qeli Eﬁo%»glet{me—of-

sel ec romoO rel n dotte es represent
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IRg of an ar omat
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at |lea e car sul fone, o sulfOX|de
ab“rﬂlffﬁb’? Brorgomie ??"6 &‘E‘F{ e%FFoﬂ? ﬁsa%eaﬁr%wg?tmme C‘&ymdhf‘epl%can
four intervenin d said nitrogen atom being
then bgﬁf]lﬁlélate%hy dipdg th%ﬁffmgqe&@twegﬁ the;distagges i the sensors from the
quaternary annnnlun1salt Z"optionally, having other
agRpPeIPurcs ﬁﬁUﬁne@ﬁﬁhltrogen atons; wherein Zis
sel ected fromthe group consisting of hydrogen,
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wherein E is selected fromthe group consisting of an
and lngarithwicdgeramgnt sdfoundising o sipRlg merbirrita) impast test At agogagion
sel ected fromthe group consisting of hydrogen or
whstedhe Ielgg_l_s @g)oseéq R+ n Apfaeqess mankhal a’lﬂ}g dpmpipg capa01ty of the pipe
|nde endently selected fromthe group consisting of
g@a@ﬁ)e u$p§|tq)@t§znn injprmatigreabout@sEHg le straaplciespecipligor cast iron
OCHB SCH3, nethyl, and hal ogenated nethyl; wherein at
rirsadesed g poliliska! ralatbrehips Thigts Helpdid ageery ofvhe faet that Yhei tensle
spaci ng group having one to four atons; wherein Z1 is
sgetgftdoi@ea irbwpiperDiagtswidelgi depandimk oy tHeasounge dsufdpbemt! vantage.
one carbonyl, sulfone or sul foxide group or nitrogen
Fat cas is@apea t thadainping chpdoity mtreaseoasftivdin stiemytiedec ensen,gvhich
atons, and said nitrogen atom being an am ne, an
dapandeon e cdneoni dditent@hd ooljtgia€y abyn EifENind Fodak kate affect the
Z"optionally, having other oxygen, sulphur, or

X SHAQRapAit Ot IT LRt Rorfand$n & BGHEHE-sirkif Bbd-Hifalty Odh-
consi sting of hydrogen, fluorine, chlorine, brom ne,

HneAHtP B, thCHAN 05 a WystefeSis 1JOE “efahé"tgczﬁl%gs%ﬁlh?ﬁlg cahdigxy, Cl-Cs

stralght or branched al rai ght "or branched

al ken and C2-C5 straight or
[0011] e method in accordance with the invention has the advantage of being non-

destructive and non-intrusive. All required measurements can be made from the ground

surface. The length of the pipe section represented by the average profile can be arbitrarily



branched al kynyl. [0017] In another enbodi nent, the

i nvention provides a pharmaceutical conposition
w@owpn3®ing a pharmaceutical ly acceptabl e di | uBCt/Car006/000996

carrier and a therapeutically effective anmount of at

| east one conpound of the follow ng nol ecul ar fornula,

or a salt of thereof:wherein nis an integer selected

cilss@,mxgmm 3100M&feS1dhg qé&l&e thhdhriﬁﬁe ﬁs%Qlfcﬁs?ﬁl@& b@REdnHa!
bonds; wherein D is selected fromthe group consisting

hgfﬁraﬁtg uﬁfrgﬁaaﬁ'éag %ﬁ%senaﬁ]}bgﬁégﬁgqy{ﬁg}k ?rquﬁl cﬁ% %Qecﬁsmall

yclic nnlety erein cted fromt groub

a%@egssl#o%s tﬁﬁ) ? é)c %?—{2%5 8%%1 PN 181%?( fé‘%ﬁc%uﬁl etxgar %@or%echnologles,

IS se rom
ti d
GREF R icRhes W SPECRRS st {7 uer SR

hg,r OUE conS| st [ ng (ﬁwhpydr ag P, ég%lar?tg%{] W%Irattnr%atops The
hal og enated neth | wherein at |east one of R3 an
IP%aS‘HE)‘Pe‘}ﬁ 9%%&@%‘1%%@9%9% wallshigkngpap R eaghompieraipe M@ndows-
one to four atons; wherein Zi is a hydrocarbon noiety
bagrdiRG witapiey Thapiopgsed mefhed isteagy to Heplerayh (5l in capjinEignavith
or sulfoxide group or nitrogen atomdirectly linked or
reeipg ek defedtion mrreybly Abaelt dags igjuequirp e bigh daveled opgrasersskilland
said nitrogen atom bei ng an am ne, an an1de an
¥t Tﬁ»g@pq@ﬁﬁ@ﬁ¥“gﬁ@gnlun1sa|t Zi ,optionally,
avi ng ot her oxygen, phur, or nltrogen atons
wherein Z2 is selected fromthe group consisting of
892 dge mvehtionorill mew be dEsoribedan npredeitaileby wadéfreaamply anly, with
nitro, trifluoronethyl, alkoxy, Cl-Cs straight
refemenohilechcadipanyinCara@ngstinaibght or branched al kenyl ,
and C2-C5 straight or branched al kynyl. [0018] In
@Gf%l I%fﬁur € arg\ﬁgagnggqanép eel‘lC g\éﬁngeésugg%ﬁr 8%ﬁ?n VethCE)t& ?h.gled
onpound gnvention fogether wth
MRRrhREER ?fﬁ?@f 83?3 B diluents or carriers.

[0019] In another aspect compounds of the invention,
[0014) FagunaTiedhbive el are-dEanGIt for aasieiag pipadangn tdedity oflb@ied
used in the treatnment or prevention of
AP NP gRbrdaxReaMmkakamshd ekibadiieh@at ed di seases such as
acne, hirsutism seborrhea androgeni c al opecia, nale
@gldness and 4he i [ 0020] .In anot her enbodi nent,
o igees “aean %‘éS‘HOWvPeChi‘i“??HS dizplayingdhe resulfsiod a pvall Shickpgss
prevention of androgen-exacerbated systemnmc
IH?%%‘S%‘@%‘ 3 greprdareepyi bonarbodigreie! tsrint@HIRN prostati ¢
hyper pl asi a, precoci ous puberty, polycystic ovarian
m; FadRe 3 SHORE iARALRAGR bfedRYAAP R MESkned M alhRtibh Kfbulk
0021] I n anot her enbodi nent, treatnent and prevention
Iﬁggmgggamgp an@ndr ogen- exacer bat ed di seases include use
of the conpounds disclosed herein, as part of a
conbi nation therapy which further utilizes other
[8817] Fegueohpown dhs fraabensy srpcfrum of infractechbe fpsis ondiatilé imgp safple
5al pha-reductase inhibitor, 17betahydroxysteroid
detiynegareasel t ype 5 and type 13 inhibitors, Prostate,
and



ot her inhibitors of androgen biosynthesis. [0022] In

anot her aspect, conpounds of the present invention
whaoosnspotd ssue-speci fic anti androgeni c acti vi t RCEOAN2006/000996

ti ssue-specific androgenic activity can be used to

treat or reduce the risk of devel opi ng di seases

related to | oss of androgenic stinmulation.[0023] It is

(B0 hﬁgur@ Bisgshs thOpkieh qﬁ;? 21?&1&1945'0\6 frabi ?Ebt%&éi'}@ GHRGLQT bulk

nodul ators for treatnent reduction o

' [ : I rdn@)~sli es related to | oss of
I%%@?%éﬁﬁﬁgFﬁgﬁfggﬁgﬁﬁQ?é%%ﬁf§?§ ghother aspect,
conmpounds of the invention are used in the manufacture
DRET AILKEIPEICRIPTION OR Ti&a PRERERRED diMRBOBBIENTS cussed
herein. [0025] It is another object to provide

ceutical conmpound L.th good tem )
BORATRS R oAy T ER PP Gt R . SY R G somriggane
%%0%6% ﬁi ure 1 shows a schematic representation of
&P NET'H1 e of action of non steroidal androgen

receptor antagonists of the invention. [0027] Figure 2
[0620] STihd roph@ition Belodigf YéRuc whewsm dnidb@inged had betsis ddfired
around the EM 5744 nol ecul e. The 2Fo-Fc map, conputed
W thbfolloweAgh®pR! Ution data, is illustrated at a ls
l'evel . [0523] Figure 3 shows the electrostatic surface
representing th i gand binding cavity in the :
hAR( LBD) - EMW574#Ké@npl exed structure. [0029](1Fi gure 4
shows the interactions of the antagonist EM 7105 with
am noaci d residues of the ligand binding cavity. in the
i KBpibe Pk maeiglug 8%?%12@60%3% g g8 1ts fegp oy igihegrato of
shows the interactions of the side chain of the
thasregininsats efvhy flog G- tthe e oHbe flyidshgateppacie inadnggdn
receptor.[0031] Figure 6 shows the electrostatic
passhrgpeocessie dvdnaticagpcithm acdeasiarg ivolumaipragesshe | i gand
bi nding cavity and the site occupied Helix 12a in the

LBD) - EN: t Uh heq i oy
ey ek Eh G B SR BH S S0 R Pl P SRELARHO R

] esi i s.underline It ¢ e se

R G5 e e o RSB epbon e BE Vtus0

a-rep ocke

i de-chaj .l ed description, of. the preferre
BirbF PR, ol FomPR TGS oY S e mEre BeS G
hERa(LBD) - r al oxi fene crystal conpl ex have reveal ed the
B022) Gow b atarlyasdosmpedssiblie ¢iquie chkth &nheofascanidagoihsnehyeratures
ral oxifene . It was then shown that the antagoni st
Bdplssats ih it ARRibHEEPIPREY B abhExiaAeni &lialdd BAIS,. ThéhER. (1)
the core of the LBD but the two |igands denonstrate
sicbhesr ent binding nodes. | ndeed, each class of |igand

i nduces a distinct conformation in the transactivation
domain which is _characterized by the different

posi tioni ngvofJKeld x 12. Qur nol ecul ar nodel@ng work
based upon the crystall ographic structure of the
hAR(LBD) - R1881 conpl ex (see Ishioka et al., Novel _
108731 Sthselsistératy ,okihs riaiiof p @eesspyised IR DIPR Tsdsss e yelocity
w th | soxazol one Miety, Bioorganic & Medicinal
clifepnsse ppvesan the dlor) Thegsounsedhe pdudian af &e velpcity|depends on the
b-al kyl - D9-19-Nor testosterone Derivatives: Hi gh-
ifef dndishape of the cross-sectional area of the pipe and the elastic modulus of the



Li gands and Potent Partial Agonists of the Androgen

Receptor, J. Med. Chem 2004, 47, 4985-4988) has
waele®ens®ird a narrow channel between the ster oP@I/CA2006/000996

binding site and the site occupied by helix 12. W

di scovered that this narrow channel, mainly forned by

the side chains of 5 residues (Asn705, Trp74i, Mt 742,

Wl &5 th@Pige G gOhekal Qﬁua‘hb@ oﬁtﬂg 589&@' of Q&)%mc%aV@@Mltﬁie fluid is
acconmmodate a side chain only if it is positioned on

(ggﬁg@ﬂw&gmggwgg gﬂggggen steroid nucleus. Fromthis
position on th eroid nucleus, a thin side chain
passi ng through this opening coul d reach the surface
of the recept/o anElquturb hel i x 12 positioning.

Byext ensivary.t g lhok oi d conmpounds, we have ®bund
t hat conmpounds wit ucl eus which are able to bind
to sone of am noacid residues of the steroid active
site of the hAR(LBD) and which possess a side chain in

Wiee A isghd crp@sdedtionnl &@ Jecupidal by thOMRASSis bﬂagsarahmame pipe, and
above- descri bed di scovered channel can be good

1 1 t
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\Jiﬁtg rﬁlgse&]u fngP xg)ﬁalrllzédQI(f‘ hg.l g rll%d E@érn\/% dF Igldr%’ansz nts,
rogen Recept mai h, respectlve y
]{’IO(Qréw]-nggﬁa\!v lrS‘(?f)gk\r;ltl g%zg thlescmkl)tgr?tg df \glrlllc}%g]rg Hglr?lrl%éxécomora € by

osi tions contalnlng such conpounds. Accordi ngly,
IE%%% ®unds which are able to bind the androgen receptor
and whi ch possess a chain sufficiently narrow and | ong
[0024) FoSsuch AOMEIE () Seddhy.e- descri bed channel nust
interfere with helix 12 and block its norwm
posi ti oni ng, a good antagoni st.
preferences 7ﬁ hé4ein may be used in conblé tion.
For exanpley n;gg substituents at any positiion of
the nol ecul ar structures described my be used wth
preferred substituents at any other position. [0034]
Wiseng/v.codgimedblsEqMi(2h | ong substituents have been
synt hesi zed in our Iaboratory and tested for their

ﬁ%?cﬁo% act%ﬁra donto C Ve 1&9 %\?\i {}F%%%El?’ﬁr co%gllger tﬁ)e variation of
e sensrtlve nDuse Shlono y, carci noma
% et %. “F e FRPSRR 6 31 SRt EMES%U?WEQ@E% SeuPess 15iing very

the receptor with high affinity but remain potent
RYRWafid &r fol RNENIRA plp\é\@ Ha aN e il piifle SR RLOBHE \ernYOly ﬁl%Y)ther
potent antagoni sts hadwvpng a high affinity for
receptor, thus |nd|cat|ng that the structure of the
HKahd@ Go oy flexitsle gl ed) HeABRUdtic 1IN A BE apptOximAdehst and
the nol ecul ar basis of the agoni stic and antagonistic
properties of these different nolecules, and to verify
that a srde digai n positioned as predlcted IS r@illy
able to pa oldar ough the channel and reach he

we haveattenpted to crystallize sone of these

nol ecul es (androgens and anti androgens) in conpl ex

wi th the human androgen receptor |igand bindi ng domain
(hAR(LBD)) in order to determ ne and conpare the
tridi mensional structures of these conpl exes. W have
now obt ai ned the conplete structure for one of them
(hAR(LBD) - EM 5744) determined at a 1.75 A resol ution.
[0035] EM 5744 is a DHT- bas | i gand possessing a
strong affinity for the human androgen receptor in
spite of its long side chain substituent added to the
carbon atom at position 18 (see structure bel ow).

I ndeed, the ligand EM 5744



binds with a relative binding affinity of 540 to the

w | d-type hAR as conpared with a value of 180 for DHT
w@eaeA8®13 or R1881. This |ligand coul d be consiBEr/€d26/000996

an agonist since it fails to inhibit the

DHT-sti nul ated grow h of Shionogi cells when added to

the culture nmediumat a concentration of 10 6 Mwhile

[0626?14}15 {85 QRSGHRPAESstAirSd Y Ji & N4, 390053y thethhhedlid Wtal

at 10 7 M [0036] As illustrated in Figures 2 anf 3,

bR B52E AR R B By Mk PR 880 .

positioned withinthe |igand binding cavity and there

tatebcigumbareltiabftraings ggHah®: aci d resi dues in hAR LBD t hat

interact with the bound ligand (d < 3.9 A). Mst of

t hese residu%%.agg%pydrophobic and interact nmainly

Wi th the ot eroitd=-scdf fol d, whereas a few are p@)ar and

may forn1hydrogeﬁ bonds to the polar atons on the

i gand. The oxygen atom (O 3) of the A ring carbonyl

WRedI B, dn@ld)EredirByilfeR@aH 2RO B alt @SR W High WalPrdsfocV @y, 28d E

Nh2) . There is also a water nolecule near O3 (3.2 A

his i YA AGRIAARPERsS hiPoAhdiibe hEslidues (Arg752

Nh2 and Met 745 O . The 17b hydroxyl group of EM 5744

fornms hydrogen bonds to ASN705 Odl (2.8 A) and Thr877

10827 FoBa piycular pips, dvdicnigpidenieg 8 amell prtlaepart ditiseresededtional area

t he hAR(LBD)- R1881 conpl ex structure. Finally, the

©fib8d Iy e angdkaiéh thespaatiad ohaved in th¢ abr ki zed, mainly by

numer ous contacts w th hydrophobi c resi dues, and, as

predicted, ,exits the steroid binding pocket thyough

the chang%ﬁf:ﬁﬁﬁ%é@r, the side chain of EM 5744 is

not well positioned to reach the cavity occupi ed by

\bﬁéré: £ ,isllgxe ﬂﬁ]&lnal Em%q %:})tl and BANs fhgtcth@ EIHE]Q raid¥af ?is%c;:ment

positioning. This observation explains very we

t hi aynd .ac a onist in spjte of the
Bt PO £ el e W8P g et Ry est gl v,
an unexpected interaction has been observed between

one of thegjl uog oms at the extremty of the side
chai n of ?k?}r algd: e Nh2 at om of residue H8s74. A
wat er ol @&l €"¥8und at close proxinmity of these two

atons could also be involved. This interaction

I L DS; ' I f 5744 for
PR Bl BL AL Bl I loRy Bl Pl gl s s
this third bond with the receptor. In order to
acconnodg%g‘jkﬁﬁ{ﬁdﬁkagub tituent of EM5744 in a
simlar Aner, tde side chain of residue Trp74i, a
resi due foL@gm the channel, is flipped 180 around its
C and adopts“& conformation which is very different
fromthat observed withythe sane residue in the

[0 LB pipd B isGRATRY MEd, Shalt WG ek Ethe FiD BEtWeSitsMSReter and
formng the ligand cavity al so adopt different

GRRAQS [BLLORRess iR %%%IQJ VRAlCROSEAY BRESMAeros s thicRdedd,
si de chai n novenent. The present observations

FJJAS%%E%IF i &19 9qlﬁlmwl)lgesﬁ%g§%&?ﬁaﬁfyof e cp&g—lgecti 1I;1a§ areﬁ of the

I gan nding cavity an arrow channel throug

' - ' [ M 5744 exits fromthe
%E%&g%§F38§$%§X§h%$g§gﬁ%gﬁq$RgFigure 1, binding of
androgen receptors by the present conpounds nmay nodify
t he binding of co-activators and co-repressors to the
androgen receptor, thus |leading to accel erated
apoptosis in androgensensitive tissues. Antiandrogens
may even |ead to cell death. [0038] Figures 4-6 show
nodel I i ng of the hAR(LBD)-EM 7105 conpl ex,



wherein EM 7105 is a non-steroid anti androgen of the
i nvention. The nucleus of EM 7105 is positioned within
wao b@ohdqand bi nding cavity as shown in figure BCT/AVA%M06/000996
of the hAR(LBD)-residues in this area are hydrophobic
and interact mainly nucleus, whereas the nitrogen on
the side chain may forma hydrogen bond to the polar
atons on thepglutam de 7R8,residue. It can be seen in
figures Qeangg6fmﬂha¥% rx 12a-replienment is(Hocked
when this hydrogen bond takes place. [0039] The
present antiandrogens and pharnmaceuti cal conpositions
wlond abs dienlgckreesmf thegyipdoealuddfinedlyd | n accordance with
the invention in the treatnent of androgen-sensitive
di seases mggéF progress is aided by actlvatlog @f
androgen r ptors. [0040] These include but } not
limted to prostate cancer, benign prostatic

[obB8 'HR} &5ipa thafl§ REs toTRNR rarzllaﬂ@ e.givfithlek hanBlon R BBRIhGut its
al opeci a, mal e bal dness, precoci ous puberty,

]@x?étly Q)ygr acbl}%\r@sftérﬁlphaifyw lﬁg‘f?maﬂ\gug d'i%lagt'ldﬁ? é 001 dr cloﬂcrete

certain circunstances at certain concentratlons)
tﬁ]p gha%gé]}tﬂ%%ﬁgéregg 6’toh 1S hg@f%ﬁﬁé McafBfas alr[g%g %rf) (‘F%r other
i'ons  cont af nr n em can be androgeni ¢ and

nay be utilized in accordance with the inventionin the

hragor pndsiona dle ehrrgsindhsrxigh stgpsen be siepiepnt adigoylA e tpken
androgens are beneficial such as nuscle atrophy,

iatochs e A IFof examatte {pFra P iconstraigrd sgaistasphnovemaatihaoughen és

| oss, osteoporosis, artherosclerosis, cardiovascul ar

bthaﬁerndygeﬁz%dha@kbes, | oss of energy or well)

bei ng. [0042] It is preferred that the nucleus is

sel ected fromth es: wherein dotte

P Supgintingdia U@bffrdo(ﬁ%] in B%n’d% (6M/ﬁ EDetrd fimallaf (R Haﬁ&i leads
i ndependent |y selected fromthe group consisting of

iRy ersnea thah tie ol phicliessrpfde is spmmagic abgepleHEpe’s eqapeline):
-OCH3, -SCH3, nethyl, and hal ogenated nethyl; wherein

at | east onengf R and 4 is not hydrogen; mhereln RO

and RlCare + ngé% sel ected fromthe group

consi sting 6ﬁ¢hyd¢6geﬂ9 hydroxyl, hal ogen angd, methyl ;

mherern W is sel getredgfrom t he group consr§ rng of
-CH2-, oxygen an@~?uf r. [0043] It is preferred that

Yi s selected fronf H oup consisting of -MCH 2CH2-,
-CH 2MCH2- and CH2CH2NL (M being selected fromthe

Wh&tp 1§91@%5a§{e|te'? gf %&Bl&@hnd ¢ R fjact§%t takBNlto &R the 'ﬁ?gtﬁ)n

particularly - Is preferred that
roup consisting of phenyl ene and
ﬁ%ﬁg?gﬁgéﬁpt%?gghggflgyl and wherein Zl is located in
the para position with respect to the group Y and the
n i titogen afonvpthadie dgnspeparakredhdts ernthe Hohenygeneu@lof casticity
frone= gebst ig Wbe0oR¥giked Waink] ,rr,gz ,,rbyemg,n Bk b G TN BN
atons, nore particularly Z| selected fromthe
follomnng noieties: (Zi berné‘%ydrogen | ower C1-CO
al kyl, alkylene or aryl) or Z1 fusioned with the Cycle
03 4 rRiges dubié Ciyi cbeosingl seilymsehe tdoseltheir eHitkinbs egémdyiftound the
consisting of : (Z\ and Z' 2 being independently
dyedmbgeaite. MosMEkelkhiCisaluls Yd the Bdriyi @ cOfrosidrydells $1OB4 Slter
It is preferred that Dis selected fromthe group
consi sting ofwherein WL and W2 are i ndependently
sel ected fromthe group consisting of -CH -, oxygen
and sul phur; 9



wherein R5, R R7, and R are independently sel ected
fromthe group consisting of hydrogen and (Cl-C3)

wo owen3@ikyl ; and wherein RO and Ri o are i ndepr@m€ntdoy/000996
sel ected fromthe group consisting of hydrogen,
hydr oxyl, hal ogen and nethyl. [0046] Conpounds of the
follow ng nol ecul ar fornulae or a salt thereof, and

fifaderoraRpipeca la réANBOGilfteicftial GO, $hid gaﬁﬂ@ﬁiﬂvhéﬂﬁﬁe pipe’s cross-
prefered: 1wherein nis an interger from1l to 3;

BemEE Parfilyaf doddRt B th OB NsleRhinyle &&Is%qd fl&feg%ﬂile

group consisting of hydrogen and -

é%}m%h suftRas2Bfs R4 ff @géklﬁﬂr arliBhh uﬁl%’rme?olé 51{3191eﬁé)//¥g)$)5§§1 Rerated

I's selected fromthe group consisting of ogen,

JSESE}{ s?nglﬁge]s na%layf SG%W htIYzL %%Ltﬁo%‘tx%' ailso‘%c&ﬁlo‘ﬁ ll‘llle i#dfhal surface
tfrtl f llygfé’ueqe h,[e)éﬁ \Mi]a%%glopd 051 S a?t%l %e{%otft{logllpe 0 t%ﬁq}{lg

ogen, hi
R12 are in sel ted fromthe ou .
@Sﬂ QT e 6%00%5%‘5@% ese:f?% PRI B RYHEH Ry
2.t her form a_heterocycle optionally having
‘g‘ﬁlﬂ‘b'lhﬁé g“ﬁf‘étc%‘frg‘é??%ﬁ? Q"QPE‘& ed fromthe group consisting
of nitrogen, oxygen, selenium siliciumand sul phur;
wher ei n 3 is selected fromthe group consisting of
hydr ogen L ydmmopy) angy Ctz <6 d pwer al kyl; wherein R14
is selfec edfrfromtﬁe group consisting of hydrogetdy)
hydroxyl ‘and C1- C | dWef” aPkyl/7 wherein Rl and Rl
t oget her may forma C -GCs rlng or C -Ce heterocycl e;
erei Sls cted fromth oup cpnsisting of .
% ea?fe 0 TS T e S o i STEHHOR (U GH i
y forma aélg{-C ring or C -Cs heterocycle; and wherein
6’"?‘%‘“%1@1’ iskpepy %6nﬁh hend fauipthe srainsen wall grckisurbGa
and Cl-C6 | ower al kyl. 0047] Conpounds having a
‘Fhist racan thipknsess (set U Wemeduektoed from t he group consi sting
of the followng, or a salt of thereof, and
phar ﬁqceL,lttl cal conpositions conprising them are
par eifct +freflerred: and [0048] |n(kone
enbodi nefits, it is preferred that RI11 or Ri2 is a
cyclopentyl, cycl ohexyl or cycl oheptyl radical. [0049]
lon3 cvEncantiadmf@adtial thickndss ppifief vedsrseldcttdiatthdexamp abbve for its
are independently selected fromthe group consisting
Ginplyigad@ee oNBntonbiratiofl Bdwiytr, [fORRORcchiatel rSsult & @dquiel,
that Z2 is selected fromthe group consisting of
Ry e §B&8ntatVe 26 i1BEoan B LA mstﬂﬁﬁln ) id Q9Pdnd ebhtudtd
pr efg?r ed thg? nis 3. [0052] In ggl?/cg?er)r eg grrbodl rrétletn{sthe
HMBraPleaddfief €rably nore of the preferences herein are
used in conbination. [0053] The anti androgens of the
invention are preferably formulated together with
phar na¢eMt i CB)I |(ly—ﬁpcbl;b[t§,j;)|+€{1djf}t;,{,ﬁ]’i-tlﬁ(,tmme ci pients or
carriensy, “E| t . —t (7

max max min

and substituting Eq. (16) in (4) leads to the following equation for the pipe’s acoustic

velocity:

10



(i ncl udi ng capsul es) into pharmaceutical conpositions

at conventional antiandrogen concentrations for
wa@piosbas@idbgens used in the prior art. Taking iPCDCA2006/000996

account the higher potency of the conpounds of this

invention, the attending clinician may el ect to nodify

the concentration and/ or dosage in order to adjust

the dose tp[the Ui gular . respon f cim pati ent.
Pr eferxabb%/,b 1t+he E Y im%‘vft i G Dl ?@%peci(aiz)l y
at the befihni ngfof=&r eat ment , taoni-tor an ihdi vi dual
patient's overall response and serum | evel s of

nti andr n (in conmparison to the preferred serum
ke %%ﬁgFégﬁéﬁ&qdﬂg%ussed bel ow), and nonitor the
patient's overall response to treatnent, adjusting
[00332088 vailit) OB S 88)abEdRcldd Bly ¢edideahd @B %kSccial case of a pipe
net aboli smor reaction to treatnent is atypical. As
1l e UaS&th thidkAm¢ SroflRt &d |7, bel oW/ Gkl ers, excipients
or diluents include solids and liquids. Wen a
conposition is prepared other than for inmmedi ate use,
an art-recqgniPéedi$reser vative is typicallyggpcl uded
(e.g. benzyboalxcoheld). The novel pharmaceutica
conpositions of the invention may be used in the
treatment of androgen-rel ated di seases, or to reduce
k&9 PREMefiood of acquiring such di seases. When

adm ni stered systemcally (e.g., for treatnent of
prostate cancer,gbeqygn prostatic hyperpl asi a,
precociousxpugg Y¥c—Po] ycystic ovari an synd(dye and
ot her di sease ot ﬁrﬁharily af fecting the skin)
conventional diluents or carriers which are known in

hcal l e, for . '
e T e s R

ek

use are gueous e
Qi et.c., T arrier is. often a m xture.of :
Bborsfrg Ry SR Al b Bl B EbReGrcmpr aecion,

the anti androgens may be prepared for adm nistration
0034} dihe enmbris oesaltingvliys aswaiptias that tk bipe orthinywallad,ae isl thdicase in
The anti androgen can be adm nistered, for exanple, by
U patertab. 6,5811082, aF emADsp e papoaf ofidvatify wpelviksi Hwedet, Gt
may be formulated with conventional pharnmaceutica
@cRhdds RBdsSrenefis Ghe STy Gbi RGuFRednas SmaN FoNBARPR] 68k 152
stearate) into tablets or capsules for ora

Bavaitivh 'bgfeitlgi!ﬂ is 10fmB MEISRith b 23D €3 infPIhe BhdkGafHREH ARGS
can be added in the case of oral adm nistration forns.

MRRAERARGH €59 T8, aQlAlng! MY BRIIANs BiRwIEA TR corfBYonds to a
pharmaceuti cal capsules known in the art may be fllfed

éﬂuﬁg{lstl&g oﬁ%‘%Y?orj Gt & 'ul%@ ,%ulpgc Bllg"? .ugtvtg‘%g%{eﬁ ATy th@dvgljﬂitigﬁ of

W t hout additiona él uen%s and er additives

I ef T active substance can be
%%§%§%§§%P%§%§EP§?gQ%$§ r%%ge cores by being m xed
with solid, pulverulent carrier substances, such as
[903F] Uiine cadial displacepsehtat thm iomr lainstfer apruncinsgdisdduipe with
phosphat e, and bi nders such as pol yvinyl pyrrolidone,
Gphaionfoiats tlretdhulitasderger, takimpgiime accopmshd Wiriytidnyofaadebis®Gicross
al so | ubricants such as magnesi um stearate, sodi um
itsahichiess il diwdney: " Car bowax" or pol yet hyl ene gl ycol .

[ 0056] As further forns, one can use plug capsul es,
e.g., of hard gelatin, as well as closed soft-gelatin
capsul es conprising a softener or plasticizer, e.qg.,
gl ycerine. The plug capsul eg;contain the active

subst ance preferably in the %orn1of granul ate, e.g.,
in mxture with fillers, such as | actose, saccharose,
manni t ol ,



starches, such as potato starch or anyl opectin,
cel lul ose derivatives or highly dispersed silicic
w@eioda3eokh soft-gel atin capsul es, the active sPUBECAR®E000996
i s preferabl ydi ssol ved or suspended in suitable
liquids, such as vegetable oils or liquid polyethylene
glycols. [0057] A dry delivery system as described in
U S. Patent %23742 901, 797,494 or 4,568,343 may
be used. 94,09 E fat(l ve) the active ing(adi ent
may be place@7‘ﬁﬂa 4 t fansder mal patch havi ng
structures known in the art, for exanpl e, structures
FHG8aReb T the! G0 Mol el LR Pt et
Nos 5, 064, 654 5,071, 644 or 5,071,657 can al so be used
to faC|I|tat§ rggrsder mal pgnetrdtion when systemc
effects & EIPEQ—{VWEN ébﬁﬁg treat systef3a
di seases, the | et appllcatlo on the skin should
be changed in order to avoid excess |oca

A&l WRt "\/Qn)cf?\; o BN ABNARRRE Wave i QR ERL Pipe OB ceedings of the
embodi’ nents, the antiandrogens of the invention areé

Igﬁméljxéaﬁ ggmgt? bf ﬁkfﬁ E&&ﬁ@&rmﬁﬁmﬁfof ﬁﬁq{ﬁ% od I?]lvgtoﬁdVol 89, No.

I Sseases 0 n such as acne, orrhea

ﬁyrggt §ghgghdrogen|c al opeci a and nale baldness When
for ’any ‘of these purposes, the antiandrogens are

preferably adm nistered topically together with a

[60306) Sobstionial Bgo@bral(2 Dand (22), Roy (2d) dndegA?). in W eRy. (Ryanl (4) and

topically, it is preferred that the diluent or carrier

dalkestingahe pregribleadsito aeoRowing veledig teqdtion for@fpifdevathasspané@n

ingredients into the blood streamor other tissues

jefertBrot gyt 6 lgkth:cause unwant ed systemnic effects.

[ 0061] When the conpound is admnistered in a

cut aneous or tnnlh;% carrier or diluent, the carrier

or dlluent bk ep.fr any known in th

cosnetic’ ar’rgél dE @}92 ?@ 3TB any gel, creaﬁ?w

| otion, oin nt, liquid or non |iquid carrier,

enmul sifier, solvent, liquid diluent or other simlar

and hikectb Bowih iz equAa@s fon pipeeX i tondedigdderkiabmsvehdnetitovgRodt hve

skin or other living aninmal tissue. The carrier or

ldhdtkient is usually a m xture of several ingredients,

including, but not limted to liquid alcohols, liquid

glycols, liqui l's, water, liquid

am des, lig ek ef Irgur l'in, Ilanol

derlvatlweé’ dfgl &? ;r Al cohol s iﬂ@Phde
in

nono and poly ydrlc alcohols udi ng et hanol ,

gl ycerol, sorbitol, isopropanol, di et hyl ene gl ycol,
Whepyl ene gl ycol, ethylene glycol, hexylene glycol
manni t ol and net hoxyet hanol . Typical carriers may al so
i nclude ethers, e.g. diethyl and di ropyl ether

ng]hoxy-pp}y oxyathy e e@&+qar were L b 4ac |§@0
Vet hylieneg e xy LGy e e

Usual‘"l’g ‘h”?t %I c‘g % 2 Ete4 ¢

al cohol in order to nHX|nrze the hydrophyllc and
IrpophylrcLsqubl ty, e.g. a mxture of ethanol or

| sopropane| i thewat er. [0062] A topical carrgg my
al so include varigous other ingredients comonly used
in ointnents and | otions and well known in the
cosnetic and nedical arts. For exanple, fragrances,
anti oxi dants, perfunes, ellbng agents, thickening
agents such as carboxynethylcellulose surfactants,
stabilizers,



enmol | i ents, coloring agents and other simlar agents
may be present. [0063] The concentration of active

w0 p@oastioent in the ointnent, cream gel or | otPONCAZ006/000996
typically fromabout 0.1 to 20 percent, preferably
between 0.5 and 5 percent and nost preferably 2
percent (by weight relative to the total weight of the
| otion, cream-,ge| or ointment). Wthin the preferred
ranges, Qﬁgﬁ%W“ggyganfﬁﬁtions al | ow a suit abl @Wbbsage
to be achieved while applying the |otion, ointnent,
gel or creamin a lesser anmount or with | ess
frequency=,2[ QQ64) Several non-liniting exanplggajnfra
descri be the preparation of a typical |otion and gel,
respectively. In addition to vehicles, one skilled in
0035 &ot a tok-wdlled spe bheg a yefviro|tleskness, Bq.d2Y) beonzdapt to
speci fic dernatol ogi c needs. [ 0065] When anti andr ogens

are adm ni st er, —they are preferably
adni ni stiergd oraP ¥y Hr pagen gally. Nat ur al | e,)
topical adnynjstratidn i's pbefterred when the desired

site of action is the skin. [0066] Concentration of
the active antiandrogen varies in a known manner
faeprinel Vit cxpsHon leinthBrayekpusfts leagthfindt eri ng t he

phar maceuti cal conposition. A conposition suitable for

oral adm ni st ratj tncl ude at | east
one ant iandr/o Lé rny;heAtha¢zﬁgncentrattma)of
all such antilandt dgels in s&+d pharrmaceuti cal

conposition is fromabout 1% to 95% of the conposition
by weight), and, preferably from about 5%t o about .
ébg/snpvwgp égr&tfela%%l?imoaﬁm LOWHET 2R Y BSERERST I L BESSifTHe
total dosage of the sum of aII,antiandroqens,should be
derve insindargd teybeddor Hdd ! pdelinddrabhiskavalied pipes wiskgpniform
of the antiandrogen is a preferred criteria of
AerSTEEB- dosage whi ch takes into account individua
variation in absorption and metabolism [0067] Wien
POSHATE b dvRIorBANRBhAor ihiH £RhiOLwalidiGi AR WiRHIh QGRS
preferably added at a concentration between about 0.1
RhFer g ARRM:s JORIIEY Al (RGAH SRR XnP i
to _abecgut _2t5 _rTg/Sn}IJ’;J. e[ 0068t]t W11en Scystteme,%c92%%%\1;??39{13?%11
59 Efecld glaBv L ALK oP el AL h 1 AR NS RIR0, O
admni stered 1n manner ~and at a osage su I'cl ent o
w bl.00 2r U Qncentration.t.0 obtain desired .
et B ALEEE, SR AT L R IR B B B A e pive
and 1000

RS S IS EORR e Bl BB
' ny ) 50
L R A AN N R

may al so _be assessed by a patient's response to

RIBS Ay fore drckpess Profilis @z usphyr Bereus forqrlatigp tefng iatoe
dosage of the antiandrogen to achi eve desired serum
ﬁl%ﬂ@gﬁ{eﬁréfrﬁﬁﬁs inghegupswdh isysable. Booyenpichifepmatsionfvould be
active ingredient per day per 50 kg of body wei ght

o eemplepang the wpadlkapyiaasguracyramwataited st er ed by

i njection, about 2 to 1500 ngy per day per 50 kg of
body wei ght is recormmended, preferably from5 to 100.
[0070] For topical use lotion, ointnment, gel or cream
shoul d be thoroughly rubbed into the skin so that no
excess is plainly visible, and the skin is preferably
not washed in that region fgg at |l east 30 m nutes. The
anount applied should provide at least 0.02 mlligrans
of antiandrogen per square centineter



(preferably fromO0.1 to 1 ng/cm 2) per application. It

is desirable to apply the topical conposition to the
w@bdoeas@us region froml to 6 tines daily, e.g.PGI/CAR®SE/000996

daily at approxinmately regular intervals. [0071] In

sonme enbodi nents of the invention, the antiandrogen of

the invention is used in conbination w th another

[0639] e bblEE esHkioRStoPEyth thit ard theRtaNG ﬂigéa db Ref @RYinto
For exanple, the novel antiandrogen may be utilized

4cLa8t e TneWaldt uft 1B tl%as'uf‘rglmﬁ%gas%ﬁ. 1t RREBIE hat Be pipe
type 5 or type 17b- hydroxysterol d dehydrogenase

Ijﬁﬂ)gh@ sttaQiE:allfquB Hﬁ%p%atﬂgé %ﬁ{nc Estsﬁr%k/& e M%{ggﬁ%iewell

uct ase may be I ncorpor Into
t;elpew ans Prlg A8 Co%\ﬁqei p(i: af:I et a%ssécf ll) s 38 u}n%tict) haere small as the
Ant1 androgen, or iFCh KRy be separat el yradm ni st efedt

Conbi nati on .t hera oul.d thus. in de treatnent with
RS 5o S BT Rl Tt P it e ee P este Gry

I hydrotestosterone or its precursqQrs. |n sonme ,
‘g? BPERS oo Inti v €ogl HEIOPAPARIP O Ing paifprgprasysection
pharmaceutical, conposition further includes an
AT xBRnsiop Jupts fepughey its lagihe thy yelogibt sapitiop 1s e Buch
i nhibitor ("Propecia or Proscar") is commercially

avail abl e f Dohne. Anot her
inhibi;ogé/

it &K eri de” lwhich jnhibits both 27
5a-reductase co- EQrymée’mps 4Fegi stered by

G axoSm thKline. Inhibitors of type 5

17b- hydr oxyst eroi d dehydr ogenase (nore

whart induthe frequeocypduinchrépdg dti@ presaure waves(@l @8pas pen séched) and
i nternational publication WO 99/46279. EM 1792, one of
b nhislhd RAstytoy B plpd wallandiyieh ophy Sb8vatibal o R dpregrmase i s
déScribed in WD 2005/ 000011. [0072] When

5al pha-reduct ase .i.nhi bi t are,used | Qhi nati.on
SRaP L ERUEL BT MR P, AR Ro bk fom Bl B oo
refe

SBEF 3 AP S T T PR,
e g Bl dei, 010 L dar oL PARIPLE 2.0, O

l17bet a- hydroxy steroi d dehydrogenase inhibitors are
HEFROTPIGd BHFRTFSET on therapi es, in accordance with the
i nvention described herein, oral dosage is preferably

fped0yErRR the chl o AdasoR6h pife BT is §8Y mBEHR dRithked afP Ym¥eh@Rlthe
nore preferably between 10 ng/day and 400 ny/day, for

ﬁ%ﬁfﬁmnefreagglc%mf RBUstdAYisOLighd il dpteanty 8 H1. TR &Rximum error in
17b- hydroxysteroi d dehydrogenease type 5 or type 13

e e e A BTy DB B D O = 128
e_li r ef er,ab weeno .and 1000 er day.

S ae DBl e gl CRURER LR S deie B BT moBic

ng/ day and 1000 ny/day, for exanple 200 ng per day of

IBRFS1404 or EM 2881. [0075] A patient in need of

treatnment or reducing the risk of onset of a given

di sease is one who has either been diagnosed with such

di sease or one who is susceptible to acquiring such

di sease. The invention is especially useful for

i ndi vi dual s who, due to heredity, environnental

factors or other recognized risk factor, are at higher

risk than the general population of acquiring the

14




conditions to which the present invention
rel ates.[0076] Except where otherw se stated, the
w@e@basqoesl dosage of the active conpounds of tPEI/CA2006/000996
invention is identical for both therapeutic and
prophyl acti c purposes. The dosage for each active
conponent di scussed herein is the sane regardl ess of
b4t ) dilar@SH tHeglominal M diafrefer, L WAMIEH )k knds OB/ Is NdhRK&:
two are nore different active agents are di scussed as
A& decdiint. Mo®RPR] fuah EMRgdsREK BdasiEhEIrPorkted, AithdHeh BRZWAR gain
i nhi bitor and an antiandrogen), a plurality of
Hiab fulcs Mak SANPRMRAR VB R Whiddser ed rather than a
si ngl e" compound having nmultiple activities. [0078]
Except where otherw se indicated, the term"conpound"
WAHL] dn geradngabe el favnof theaelosity equetiomei.avelig. Briwbadde any
possi bl e stereoi soners thereof, in the formof a
¢omeevAtion nf wasgriea orfinitesinng pipcakdtipn ssotail vems eremeglpQQY is
Except where ot herw se noted or where apparent from
semeihat tldobagasglimble effcct of the atmstievediity dfvem iftthevedfect is not
compounds unaffected by pharmaceutical excipients,
i, Haieniimtiorcafitid leilksmoeduhstofi elasticitgsfabl Bnd sarridll vyligughe such
additional ingredients are desirably included, as

SR@MBd iater tilGun@xa dRIbefing) Gl Aihble R HASALRrhE Akthod. The back
(capsule, tablet, injection or the Iike) comonly used

¢altulaR@ bRARJMBES HhAIR Al ind\ReSddmbctions FP BEpPdXith 1o8s fde W 8R
herein, and the terns "excipient", "diluent" or

d&RETONSF the VAIGLiHAGu e L. 1 ABs18GihE Yihall BHSHE GibE ARc@r ©
typically included, together with active iIngredients

I n such dosage fornms in the industry. [0080] All of

ORE3] ddeinvainuaythislinesh pkthepipel fiin canie etk efalateshisingdigs.dh8) or
t herapi es di scussed herein may be fornulated in
@hRnfonnipevitickieadp rayping Wl ecknkss chheahaamim dlickaessome, ior
nore of the other active ingredients. Alternatively,
ashayedrta pe eqehtoltlee ardzmahihgtkeese df the pipe ataB) whithuis usually known or
sufficiently sinmultaneous in tineso that a patient
emdaimealurgd g asinglegtidsatnpleothis Byetiiedbasat hiethwbiservation that
enjoys the benefits of each of the active ingredients

£ cartaitpas o€ e @i’ sSrd¥sHsdclibe Aot Rlally rekdinsS QEigMaahRkRe8 This part
enbodi nents of the invention, for exanple, one or nore
atilebpoadd o Gieadihodd &f (B @riodioR Eelf Qe BiEGerbdliaPactdtids bethe
phar maceuti cal conposition. In other enbodi nments of

pip€s buMeNtrhe Mhiniukl thickifesddaf isd 86 caMli1fdl dsiz A ES) Bbm the

| east two separate containers wherein the contents of

Abanl (RdRdes Ok BNORLte £ N BI0) Y Q\EII)IO Fbglﬁlsgs%vﬂlg Iu?f&dn%ll

i ngredi ents contai ned therein. nor e erent

. o B : . . £
ST 180458 R SETNELIPR MISGERL 59 3 o
zg{gitg-v{/:fﬂ%& gﬂg iwhﬁ?iﬁgafrlr\{gzﬁr&in%ﬁalllvtﬁic %gs;%(% 0 gam%fﬁ taH?nocfonfliﬁign,

i nati _ greo i I camen _
%ﬂ%?éf@ﬁﬁé’ O e ?r'm‘%ffe%%%a@sefﬁ{n-ﬁi H’E}Pﬁﬁ%{%ﬁfngé fﬁ@#%ﬁéb%”e 2
e TP Oy fond fropreott G rmedicaarapire

an LHRH agoni st or, antagoni st _or_an inhibitor of type
*ﬁ/eT%t-h‘Cﬁ?%F meéi‘lb?aécugagm‘rn& d8nHse can be

used. PREFERRED COMPOUNDS [ 0081] Set forth in the

tabl es below are lists of preferred conpounds and
their properties and efficagy. The tables | and |
only include in vitro determ nation of androgenic/
anti androgeni c activity on nouse nmanmary



carci noma Shionogi cells and determ nation of the

bi ndi ng to Human Androgen Receptors in transfected
w@edobad@ml in vivo data determ nation of anti andr/ogznb/000996

activity on rats. Detailed explanations of how the

data were collected and reported follow the tables.

TABLE 1Non-Destructive Testing of Pipes FIELD OF THE

[OOMENTE BodiQQR doudt SaveBARE pipA I @h Bk Badied iR orrelating

non-destructive condition assessnent of pipes, and in

Rabstit GHE@&%IQW WEdh PAPESInYienPbiR§SatddtRlinBhifon Ry aW' ae&ustic
i naccessi ble, such as fire sprinkler systens and

RLREL NESwhilo &&F%loglﬁ in@tht ARfelMGHEBL i ééc AR EREND o

THE | NVENTI Burle plpes ‘h’as pi pes Used
esultln
DRSO I BB WSRO B nBE BoTTLAL R pifer £ o i

internal, and external corrosion. SQustained wall
%%%selkﬁéaélg 1 3Esulyrlmaup ey caaks cadly f@dpi pe to fail .
Such pi pes have to be periodically inspected and

[0U45] URLRIEr th Prachld HEIUhBd irREeSUARY with@feUhhSon, it is necessary to
i nfornati on about pipe wall thickness is needed to
lgl%tvq{lmé"&ltgl %Fso%hﬁ HtBh de? ﬂQﬂCI t0¥ t}Q:fb dyH(?(ﬁrlus’%lf . fluid, and
nDnltorlng 0 e netal Toss I's needed to est i mate

i fe.of

1tts c%nm ns%cfélq?g t%r \éiliS% %f ater dlStI‘lb\HlO% gd fivez 1St¥ 8@?‘“&? in an

|npor par mal ntenance

etmorks (e. ,_urban wat er or gas )

HF%%@PEH&SSHPEV§¥%ﬂ%3gv%v”?s therefore desirable to be
able to assess the condition of buried pipes in a
NENE4AR38T 1O’ VROTE3A3 TONTITIB6 MSOVE MIRB715chato 1S Wi t hoes)
damagi ng the pipe and without taking it out of
ser vi.eesga QQO3T* Orveyamesn OfoUEt er m ni ng pi pe wal
thickness is to obtain pipe coupons (or sanples) and

en_neasure the tthKness of f-site using thlckness
\i‘ ‘FTTpséﬁ%WatN tempergfprein Gy Ibjs fapressionrs Kaedredderad Wsf1qg7):
an ultrasoni ¢ gauge at |ocations where the pipe is
Wateripsa §13pdand g Bs aneasurempgng at the sreed 9f sexrdipdianids. Jmypa of the
met hods provide only a discrete neasurenent of wall
pequgtigablesietyef Americendeli 12, Nethon X7d¢-268 diersprigntaof which are
conti nuous measurenent of pipe wallthickness enpl oys
wtarpersion hereinby mefefaedei ¢ f | ux | eakage or renote-field
eddy current devises mhlch are |l aunched i nsi de pipes

@Aggl“a[)fgqcﬂsé tl(elvgf(’) dp@nklgﬁn\nﬁ) b zrresé(%glgl%]bulk rmdulus of

vati ng plpes or he pur pos uri

élgytlgl%nfglsé t&%g‘f)ét%e Ebsand 210 qjélnglgr%al% CRY Qaséc{] (qu tf] Bandbook

oca I ONnsS. ness va

JZ?%%M%M PRERLCEYer AR B Pt et
D IO e R

servi ce. is strictly suitable for large dianeter

pi pes wit h STl 1€ VaReiteifisyun(d] de@sity aR®@bdk mspiludends) .
Dat a ach|S|t|on and aﬁ&kuﬁh@of&mmery |ntenS|ve and

expensi ve.—Fhe : and gas

transn155|5ﬂmﬁf%d| : s f?%? wat er

di stri butionm gy TS, % ek Y CONPl ex
and extens_Vé7ﬁéTWbTkszg@ﬁﬁrr§667gf*§ﬁﬁrrjg§aﬁeter

pi pes that are usualTy filTed w th debris and have no
pi g launching stations. SUMVARY OF THE | NVENTI ON
[0005] In accordance with t i nvention, the pipe wal
thickness is determ ned fromthe average propagation
vel ocity of | ow frequency acoustic disturbances in the
pi pe (e.g., pressure fluctuations). Lowfrequencies
typically have a value of |ess than about 1000Hz. The
propagati on velocity depends on the internal dianeter
and circunferential thickness



profile of the pipe, density and bul k nodul us of
elasticity of the fluid, and Young's nodul us of
web@stideoiz y and Poisson's ratio of the pipe waPCT/CA2006/000996
material. The velocity can be cal cul ated using the
equations derived theoretically. In the proposed
nmet hod, the pipe wall thickness is back cal cul at ed
fromthese equations usiong thespmasur ed vabae of the
propagation velocity amd the abgwerpi pe awnd f1 uid
paranmeters, which aregzual |y kaow or easely
found. [ 0006] Accordi ng420 the pees@nt i nvémtion there
is provided asnet hod fléil t he no9-e#ést ruct2i®e condition

assessment_of 7a pi pe d&¥rying A%9%P4i d, cAPpti si ng
det ecti ng ' o7
| ongi t ud

det er m ni ng—at——s
propagat i 6h VL“Q!,O [

. I 9
conputi ng & spengh i} edi Lot value t he
propagati 4 62 :999-7464 2 one

theoretic
waves in Sa—dfprpe‘rhagﬁaSSUW657sﬁgﬂ—prperg@s—a f|n|te
wal | thicknesg Wi th a pfedet er mpded, Ci r cunperenti a

t hi ckness profd Te; andsponputi Rgg @l d Walldisd hi ckness
par aneter by mat chi ng 18®i d act yad2ossal ue wiibh said
predi cted val me. [ 0007AkssThe acowusdssc di stamwbance can
propagate in_the in-briagsket nod®77mher e tdeeo source of
the di sturbange |ies beéllween t #6750 poi M8 and t he

di st ur bance ptopagat ed434n oppoht294di r ectd328hs from t he
source to t hezkenar at dﬂ97nm nts, 99?)948| n t he2234
| N & i

) 996 :
fromth in
o t e + an 1 a¥a) 5A4 6r 2112 n O tS
C \:II1569U:I 1 T

in the sare—dife
vel ocity, uauﬁi

acoustic signegd S measusgd at tw@4@g;nts Ofbol NE pi pe
that are a knewn di stamme apariso{®@sq., CcOobs ol val ves
or fire hydrams). Anmbsent n0|3£3%mathe p.3e can be
used as the agoustic seurce. [0808})s Alterxsatively,
acoustic noi se createdsby rel e®iqe pressami zed fluid
or by a speci ¥ |y desiigtied devi%®s9%it an iaBibhracket or
out - of - br ackef® pai nt (1629 a_fPr8OMydram3l?n t he case
of water distribution pipes) or acoustic noise can be
used. Acoustic signals can be neasured using a pair of
D41 dtimoed seiishde mfon@atipn, abateled @npnBssikitis)ofddke waters indicates
hydr ophones. Theti ne del ay between the two nmeasured
thatgnianst dignifikahwy diffaest fiisi gt dfiperewsdidr kse@rexample Dorsey, N.E.
time-offlight nmethod or the cross-correlation function

(1v4@dboparna ofDrdRBl NG ed3ubsah&URahesld Publishigg CofBrabbn, New
frequency donmmi ns as described in U S patent

BorkDB.5A4 HlowbNe, (RO B Q)fun&\gllv&hb}alﬁc? 2RIk on experimental
|ncorporated by ref erence e average propagation

N61Q Vot Havle Bed UbidM G0 GRR F A&t RAILHRIGGH R fheRYore, this
di viding the difference between the distances of the
sensors fromthe acoustic source by the tinme del ay.
[0010] In addition to deterq}ning t he average

t hi ckness, the acoustic danping capacity of the pipe
material can also be determ ned based on the
attenuation of the acoustic signals described above.

Al ternatively, the danping capacity can be determ ned
based on the width of the frequency spectrum peak that
corresponds to the fundamental ring frequency of the
pi pe or based the logarithmc decrenent of transient
r|ng V|brat|on The frequency spectrun1and Iogarlthn1c

N1 . Y I 1 T I 1 oy




material can be used to obtain information about its

tensile strength, especially for cast iron pipes,
whawed3omn publ i shed rel ati onshi ps. This is hel pPETICARI06/000996

view of the fact that the tensile strength of cast

iron pipes varies w dely, depending on their source of

supply and vintage. For cast iron pipes, the danping

egﬂﬂﬁlﬁlrﬁa)y o1 HPH&S1edSr fuiCdriordihdre MeichatdRGESBREBeloD®Hz,
epends on the carbon content and cooling rate. Carbon

WA §IMinADGLoe QR sighdls iph ReiftBGtioh B?em Wds%h&Rby O'Donnell

graphite structure of cast iron and in turn its

I§1t hERss BT QM‘MF‘IQ:FJ@ ABRIY. k¥am 0&1 flidéhibBetafiEn &%J&M

a hystéresis |oop eads to nplng capaci t
i gg%t%&%wﬁng&ﬁ%;g%eéﬁ ] 1, s e

n?tgrrrhl t}?ah C)Hls?ltos L?He ugllfl(l)‘ ! ch: r'sel.lgne geréa olil'r ealire? nrglfssheannp cﬁspersmn ie.,
ectjion re nted rofile can

P o PR SSmS op Beatedry S 3%5 it praachiits YEiocities at
sectlon mhlch Iﬁ wa usual dlstance bet ween fire

IRy dregnansics pre Gpicafly lowver than thase 93 Bigheren, Corgsausatvdbi pufk

i f hlgher resolution is needed, small access holes to
mpduligt piatei digfabution pipsgmay bylower amosedisied freTahhe Lum
excavation technol ogi es, to nmeasure the thickness over

P04tk ﬂb(ﬂﬁﬁlé@ﬁ)tr W@?hanﬁhér%ﬁﬁl?stlé M¥&bMe tefsaAY Rarbooks are the
closely spaced hydrophones may be inserted into pipes

LalHe Ys frobistiddh 35‘51@ QY 11%%5}%@41@9 BWEPS othlResmal

measur ement an atlon of e pipe wall 't |ckness

ch?e ng%qﬁ itlrle)()u (?duﬂl%lhg‘vge 2}/}(191(39 %ﬁe@?& \g tE c}:la?h%esf X\ﬁgu(:fatlo;@ e
ppse it (8.

I'S easy t
%j‘)) ncl:vlél:p (\:Jhler(l) {)]uleola?l fr)sg ciu i el"al)lgq Evregﬁltxﬁeeg Wltﬁ nhefspl%(%av S arzon-

| PTLON OF THE DRAW NGS. [ 0012].Th
‘i’ﬁ “écrﬁwe Eﬁ ‘%”P‘T ?%g@e éed&eéiéﬁdﬂbe&s 0¥ WS PRI g way

referen to the cco n

%‘pg%f ﬁc&g)f pyedt V% %aw tth‘Hﬁisfﬂn Bﬁ]l; glol:hgu% dwéeré@% X/n it Figure 3
arrangenent for neasuring propagation velocity o
150 il e Bnpihjsks! S2inmy & Bit eREhERN RiPE PrVEEfan naectu%mrtw%PM m/s.

014] Figure |Ib shows an arrangenent for measuring
é}h@pﬁg@l@,mﬁg ¢ &l anadplus £quslitoi 22HGB#, pe gsed lhy ageoteriantcd 'C,
with a second enbodi nent; [0015] Figures 2a and 2b
praderedBickoess aenlddie S rami wgilft ihwounld g1 9.4 mok uangvainpbdulus of 2.03
t hi ckness neasurenent in accordance with an enbodi nent
GPa, aheseil hy ether toxts afD0C6] Fi gure 3 shows the variation
of predicted pipe t hi ckness as a function of bul k

EB&B; ll,]lleflﬁ élgcegtﬁlél t r r(% th[e ggp; nate ﬁ}esbh g‘r{“%‘{?lg‘{s t? ge used for

sanpl ference and[ 0018] ure

e R R ?c&%qegcgb shepbrBREE e
usi ng adjusted bul k ulus of elasticity of water of
TV%lgegécaa? b@e%urseentd%ﬁSAutlteeeOWS&Pew| iERgered i 2
PREFERRED ENMBODI MENTS [0019] In order to_assist in
UAEERST Ringiohd keaver Vil Birkpesh dianetqrandy Epyeln medylusobyefegbly, a
t he underlying theory. [0020] The propagation velocity
Geengy me%lf:%plmvfe@mpwn alasyshbeld he E%Pdfap‘@ﬂtﬁ pengys hedulus should
defined by the followi ng equation: = yKlp (1) where
Kis the bul k nodulus of elasticity of the fluid, is

its density, and g is the ragio of the specific heats
of the fluid (i.e., the ratio of the fluid s heat
capacity in a constant pressure process to the heat
capacity in a constant vol une process).



[0021] The derivation of this equation can be found in

Pearsall, I .S. "The velocity of water hammer waves"
woe@ead®dings of the Institution of Mechani cal PCT/CA2006/000996

Engi neers, Vol. 180, Part 3E, pp. 12-20, 1965, the

contents of which are herein incorporated by

reference. [0022] For a nearly inconpressible |iquid,

bifthéaburkSdynBRica RS B I Sumed bieftove SAIATHEL hed modulus is
pressures in water distribution pipes, g is

ARG RRLRIY hE S prin @ kBt eti¥al aegtlﬁf&’vegglty dqttatioR %prﬁ'[ﬁﬁ'encal
[0023] The elasticity of the wal a pressurized

thoddl £ Gakt- HI'IJJQ) ﬂ% gge&ﬁ%&,%%& .m%a ﬁlxﬁ%%}’ 0f5udG B! pise! ic

waves in the anount o ere uctlo of the

ﬁlaﬁane?érst X/Iegs%p E}Qﬁ?‘o% Jc%\fstl? {/é(?m Fthl? 2&?1}(]:9 plg% asdt other pipes

Cross- SeCtI 0] ar ea pe an

SélOlEig %)US n ({1 ‘ﬁ Itl F a3 s[(§f €a egu s i t-g\rl:g%l € tﬂ:«lg ﬁenep}%atures of

% a is deflned b¥ the follomnng equatlon. V =V (3)
“‘%mﬁmﬁ?%xﬂesylaﬁe cross-sectional area occupied by

the fluid,/? is pressure inside the pipe, and vO is

[desa) menbyveﬁq the(bhk. mdd@lus haf Baddterminee GBRIEESHIAbIED established

liquid, g is approximately equal to unity. This

26t abdt OPmbBuMhBhtab MBI s Wik nfdulls arfd-temptRfrStor @R Y& trence

V. L. Fluid Transients, MG awHi ||, New York, 1982.
}H;Eeat qqmeenﬁlﬁesq;ff meﬁ%&hna&euﬁ%@mhé mm@tae esbi¥bed here
reference. [0 For such fluids, Eq. (1) becones:

LS tyehbemqige&é Qﬁ&le ﬁl\{ckﬁ&s leZshrende38Ahod e tamawaed

estimation of the vel ocity, It I's necessary t

rﬁ&ﬂ&dsqﬁFh& anrﬂels @(gljregpongffor}éﬂ@@ﬂnﬂtﬁ%s g‘lﬂidé PQI%%dézn}/z?U&n 8f the

tenperatu alr content pressure 0

For .. pi ving, v Wa for gas-filled
vpe?oﬁ é‘g ,e(ﬁl-ggo Qﬁ [ ﬁ%lecgfﬁysmaﬁt - tS ﬁe r'e rlm}lgffé\idsv 0. On the

ot her dp hand, for very flexible pipes, the acoustic
003519 diotlywing ys abexzmp;pc afithadxtepdinasin] dd @i26G¢latibnehip between the bulk
cross-sectional area strain of the pipe, dA/A is
adihedf bysticleofahaige andritstt@hbange. rAaundtie b e odityatas Slesisated for a
deq , which in turn is caused by the change in

REQEH hs@leddB2 mnl PECIhQ5a berfdnt-GHf REMB rblvatst disithitibS pipe
equal to: dsb - mdsL g E where sc and sa are

16 InG ‘W (6l Rhd elnpé}mree&bel 18}, .6$588cin the pipe wall,
respectively, and E and mis the elastic nodul us and
Poi sson's ratio of the pipe material. [0027] For a
19324 Foar comapelinegrmipecafisstularcrase sestignuhd acawntjavare yrbcity shn
the cross-sectional area defined by the angle dgq , the
fréarmingtl by Hgrigibowing ¢dwaticay gigen in:Fldd TepnsiéRelincPiehs alRl Tinels:
where Ris the internal radius of the pipe and duR is
$1ived chixpppgation of Reessuael Walvesd EsgiheaoegrBriénced Datatiera NoR83046,
Dividing Eq. (7) by (Af ) and integrating over Pleads
ESDU Mianaionhle 1 983ahgelon,lU.Khe radi al di spl acenent at
radius R, du , is equal to: Rdg +delRd g " duB = R R
qq (9) = de e

19



tR [0028] For a pipe that is thin-walled, that is

where the ratio between its dianmeter and thickness is
WO 2006236083 r esses in the pipe wall are nearly untT/OAR06/000996

across its thickness. Consideration of the equilibrium

of forces acting on half of the cross-sectional area

of the pipe wall shows the circunferential stress to

be: R Rdp bd—dll'U/bpd—(].O) wheret—is the

t hi-ek (H (29)

[0029], ,Fort a pi(fe 4, hat ~ )[észTfe,é(lrW)ﬂr@)a@eﬁilm allly, e.g.,

W th expa ¥ @3 (PLAHE -LALQUEReAt Jd BF f;gqqt#@e pr for a

pi pe 'mat eri & havi g a "hi gh "nodul s of ‘el astidity,
e.g., Steel or concrete, the change in axial stress,
vehere v is ivelogibiyifiagustiewaies icthnpipe Kagod medretolkieodnbisof clfgicity
ot her fixation conditions, the change in the axia
aptl desgy chwatberespegtively; ¢a.nD, aadd, sh ol asoduhlseinternal diameter,
account. For exanple, for a pipe constrai ned agai nst
add insekal ke B the Pipeigietdvelyt &) dn@ROEOY o@ig’ssmeiudizEAnd thickness
hence: ds, = nd se (12) [0030] Substituting Eq. (10)
Ak derhdnt linihg( Rlpecibly; 6Rd 1 isPoisBdn’s ARG abdunRl hy/bdafle sdnDfor

in (8) leads to (assuming that the wall thickness
<R&@%h$§ah§m§¥8HSEBME about the pipe's centreline): 1
m%ere Dis the dianeter of the pipe
and c |s a factor that takes into account the fixation
[ARS3h A die thficknpssespifhee magtel seediogiaydeenisyt liming for 13 mping@ Class 52
havi ng expansion joints throughout its length o r
duanlie ixgn @iphs grh 7 9eddiR wen abspedtaslyi Thetthicknhess dfhi‘équivafenr” dactile
pi pe constrai ned agai nst axi aall mmpovenent
itdnrpipeghititio debrend 1Gige iB edubfio § 00T bs PuEBord BE i ®dThdequivalent
corrosive soils may not |oose their thickness evenly
APOHS Chetshifie Gddustit £ @BIGEIty AYIS cembitalngd oddIYSuhSs Ab@IEsHf
the formation of corrosion cells on the outersurface

dktifeHn B d3Ba138 160 GRS WS foufd fréth flese @B re QRIS dANod TbipFe
happens when the pipe's crosssection is partially in

&Qﬁtaﬁ%pa\@t Ehot¥PthaQdah %e sech @ F@Zﬁ@ 'Z{P#&ssén Q?ertigl*é@as ke equal to
hence wel |l aerated soil, such as soils used

@?%Hi 'Ylo{ln%@llﬂgdlﬁ‘& df %ecreﬁxgl?tq nﬁlga’ﬂaq tiﬁ(glF ?@aﬂ%@r aaﬁﬁeQLl?gct—

soi | , such as native clay soll entil al aerat

Jlﬁ(y { gtlaﬂg m%%ﬁlﬁ% Hllgtilgg vaaQ S’forl]l% d s (to? %C‘g&'{t}f RgTﬂf J?%nﬁgr%eE

e accumnu |on o) pOSI

e thi oneno |nto accou wal |
@h? Tl Sud B it n 7 AR P ah RS, e PSS
wi.t h the angul ar coordlnate as folloms mx mn +t mm
Rodgson’§ rafio by lmPHIS‘be"CBat(OPS‘)f vitgption, J00lg  _ f p where/is
the fraction of the pipe cross-section having

(003 uht bRk R ddiiug KNQHEn wRHEc EBulafed ol GdjThHe T WL Litil the
thickness at q 0 and max is the maximimwall thickness

I?%dd%ei)plﬁg Pgll e Wag n(;hgfér?t 49, %RI ntth%[Ls F?K{un& R be

I near Circu ness prori

ls% éﬁa ?et%g 8mCt p Ipag%ll? 7a§gv% lfﬁr(?llaﬁ?gézl"gp% Iﬁf}é{%lﬁt lme Was

ease o enohs Ver
t at
IR0 bg%?ﬂéﬁ%f% Py = oSf o e 3yosefeP e mode Fige

on tﬁe velocity of sound given by Eq. 28 for pure water at MHz frequencies. Over the 5 to
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integral leads to: and substituting Eq. (16) in (4)
| eads to the follow ng equation for the pipe's

w@ewadsdoe3 vel ocity: >=vj J | +cD (1-/) -+ +(1-/RKCTCARW6DN0996
f f f (18 max max mn where c is defined by Eq. (14).
[0033] The validity of Eq. (18) can be checked by
considering the special case of a pipe having uniform
asrcakipgsuRr@ige skown in Figurd STRhichtis®@pected for wleNBRIidthitition
In(X)- In(x -a) = _\ (J9) o(r)0O x - (x-a) x Eq. (18)
G OB fioduIBEfoY Bl GateY altighAAOI Hel fenWoY Ao GIVIER 1R¥arFAvith
(20) is the sane as that derived in standard textbooks

tgﬁf)erfitluﬂti. B lelnhﬁglpgc}ﬂ ﬂ.oriﬁjé[' %%%12& bi (e HRdd sﬁgigm lgﬁsforygsttirnatﬂlg

uni form cross-secti on. ]" The errors resulting

i ~ [: is thin-walled, as is
%ﬁgﬂkggéyggg{ﬁ?%g?g%?%ﬁgrﬂ%3§31,032, are small for the
pur pose of |ocating pipe | eaks. However, for thickness
(9838 diveivelsemps inlecoadanoy witagmbstiméngs ofulief inedngnt hrg sisaved in.
For exanple, for a 152 mmcast iron pipe that is 10 nm
Fipurek1amntiHb VA burdédbateripne 10hes Inaicdatsclah clab at2e dSembuir§ Dr2are
thickness is equal to 9 mm assuming that the pipe is
thbintedwal thve df thEMiydramq rwhils Bienhisd providesdudtice Uetside s hodrants
10% For nore accuracy, full account nust be taken of
ihf1ediv@ tHedtdsoR. BIFigutd BS 8RS e@6k AfSmbuhdloRing#ams $204ndtibe,
pi pe wall. [0035] The radial displacenent at the inner

WEiEH tHS hdPdnt Rt 44RGEBSEIred. HEMisRhREnbrbfhg SRR isldeleRbified
t hroughout its length, taking into account the

o e (i i e et s

+ and f

hth ¢ ine I: r to4t! Ve
Ty B o o iy RN O N B ey B e
A R "Velocit t h r ve. ip an el asti.c
B e BE edorn o 3o e ARER Efnl S B BPotecRiashfe v

Engi neers, rnal of th draulics Division, Vol.
%Vg?alnﬁol. aawhfz%éﬁﬂ‘eﬂ%k"pig%gy [0036] Substituting Eq.
(15) in (21) and (22), Eq. (21) and (22) in (8), Eg.
[0836)i10 Fighje @ the @ydhntabb B@s dshBe ioatRGindlthd BaGBartco isdected by
follow ng velocity equation for a pipe with expansion

{he betsSrs | NI Augiakts 124 $2d @NGbE sidend telRBurk® lh VY JAgk the
equation for pipes with constrai ned axi al novenent

ﬁrbﬁ&gmioci& B éi\%ﬂ% e e%px@gsion v = (L — L1)/ AT, assuming equal lengths

for pipes connecting fire hydrants 12a and 12¢ to the main pipe 10.

[0057] Signals are sent remotely from transmitters 14 attached to the sensors 1, 2 to a
receiver 15 connected to PC 16 running a program transferred to its hard drive from a
storage medium, such as a CD ROM 18. The computer 16 is Windows™ based (although
it will be appreciated that any other suitable operating system can be used) and displays
the results in windows shown in Figures 2a and 2b. Figure 2a shows the results of a

measurement. Figure 2b is a screen allowing the user to enter relevant parameters, such as
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=v"/ . 1+ F(l- n2)+2(\ +m) (23b) p where * a = nmax
mn (25a) pb = (2tmn +D) (25b) p [0037] For a
wa hiosk3enad | ed pi pe having a uniformthickness, PECAL®@BP00996
beconmes: for a pipe with expansion joints throughout
its length, and for a pipe with constrained axia
novenent, which are in agreenent with expressions
tBEepipd/ Batetidl, the enparathré ex e cksall flay bt tthrdmittedlighalogue or
cylindrical thick-walled pipes with a uniform

BRSPS FTHH hiPdterlallOS&Iup T8 AR tHeQEMIsAL 2 0hSbefset td the PC
and thick-walled pipes with non- uni f orm

Vad BT RIGRAVRly, fddialel BRwRIeQhh bESsed le{ésu oftaaﬂ@tol HicBlate the
account shear sftresses in the pipe wall that are

EROER Bl ARV NI o f St p‘Pé‘y‘Vﬁ@ B at i on
for thin-walled pipes, it is assuned that the

(09383 Whrastrisors aof moyntedingde hedraithibatairg nhestedito thepiherbeing
simplify the calculation of the circunferentia
tedtede g% conneeting phijeps sidamld i trackdaor the surbacs amithéif engdtheemeasured
formul ation for thick-walled pipes, radial
adbwpkBaedndpoifaed ipihpesswvst distantied Bomtiehicalstie ssirce. If it is not
profiles are used. A rigorous fornulation, taking into
REGBIL Y trab @RIcoptec BfSEesiafd héire Picfd@engiik bre basedPASSHEL Quess’
However, such fornulation would be too conpl ex and the

SHRid lay@at, fhel 18 gABGHEAE Ve dhckbaMBY dcath§dohPOBAIr dbhe sehaye
formulations for both thin and thick-walled pipes do

MQkurk AeSrdgd Qloa%fau,mes sﬂ%@odsasﬁ&geacr&ﬁedtmt 1Rhd? By Y\Rutceditd
the surrounding soil. It is assuned that the pipe

&ﬁ“ér@&%’c%né&saﬁdr%%rhyle ttQ/o Bﬁ@&%@cﬁ(é&gm‘éé’s%@gﬁos% SragdUtthe

waves. At |ow frequencies, [ow the ring

grgc?(gtucedﬂ bY u&ti i Hﬁtaﬂ+e§ G thE rs 63 ,fr%ﬁﬂﬁ@ Qcomﬁctsmrées are inaccurate

assunption are sna e plpe response

cg%n'i‘l@s’l er? ?1 ntpé/ leIi fis (?ftCOIHI nerg{ pipes b]pg\vcéﬁr\{vﬁre hadragts ﬂ?&( t%?ﬁ]al% pipe,
el ocCi quat Vi ng. uni

Berd afa*%yc'?. e aﬁr&p%ﬁa[ P PPl Bl dmatove s
Ien the vel ocity equation is given by: where wis

%ﬂ%’??gdﬁéW@§me the propagating pressure wave (in

radi ans per second) and p is the density of the pipe

(yesd] ArBisem dllineal Buatiens canbe @imed bdskd on X plRB S ISt &n

expl ai ned in Miggleton, J .M Brennan, M. , and

RhI4YG bORousRicSignal VHIBEHAIBY Q0BT € Sbufdel i firend@IEESonk Mhcoustic
buried pipes for water |eak detection", Journal of

ﬁg%ﬂ%%@%l&’kph&ﬁé $iPe, alY®lengREEK coMboetiy plﬁé% Tt AeRPMetween

the contents of which are herein i ncor porated by

ﬁ)@d(s%g Q&)%SUC[IQ)% Q]m lE@JeteHﬂﬁleg §§gg @1@ tlﬂle _t rde’fl‘BB opfhg €ross-
that is 152 nmmin diameter an ck, the

J&%ia%%&t%%géﬁﬁytr&%anﬂﬁP&Sehha%céh? | "ISI'E al%ugﬁ e?oc!xt? can then be

typl € nmaxi nmum err or |n ve

fogl’?&’%}l rﬁoﬁz?n Ct ? gJ {89‘00? ?% Ca_lpaiﬁlés ﬁg n\?n;] [9 ott ac us?;ig rces a
T
(5( %/%rgntfl%crat( % shséclgujlé Z% a(iur')l to the nu el[ ?)fdlﬁlﬁ(;v@% a’lﬁ oa orstﬁref ﬁ(é)ustlc

on1nalﬁgﬁterna dlaneter due to wall thlckness | oss,

ﬁOngﬁ%iP’e gﬁnt 1N most cases.
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into account. However, such changes can be easily

i ncor porated, although the small gain in accuracy
woralessdone addi tional effort unwarranted. [ 004R§T/LCA2006/000996

deriving the general formof the velocity equation,

i.e., Eq. 3, based on conservation of nmass in a

infinitesiml pipe section, small terns are negl ected.

(06601 R san sxuwgLle, Chatdet the $asa @ which 8@lskigbhl 1an@ b haGho@RdloRgire
acoustic velocity. Even if the effect is not so,

8lafits Mab &t chedibd toNBe AbinkpigtRAH JéspedicRhradhheeiitgypifds Hhifg

luid carried by the pipe as described |ater anounts

tnRodvH el 29 afd 18, Y@ﬁ@cﬁveﬁ}‘ ’Iﬁg H§é§cer’ﬂ°c%% W& p&RE Rdre

The back cal cul ated bul k nodulus inplicitly |ncludes

tﬁ?&oﬁxﬁ%‘ﬁ\&}gp%eg {3thAR8 'h?d&hrﬂ?&‘a{?& u’Efﬁgrﬁ tl’ne%&ﬁ glpg ?srzi) \r(x?cf daf %e

city equation . g., I"ect
f ect 004 t
’P‘??é“rﬁﬁp it Th< ik SeimoRre SR oyt st o S#%j‘aE d?wif‘%@s
f th | I
éé‘ﬁ é&"i"rﬁ%gﬁ%&}ﬁmﬁ‘ﬁﬁﬁsﬂi‘?gga:ﬁé§Vr%{1’r%tkve}ysar5§f§‘i}??et6 theg

be equal to the original thickness of the pipe wall,
ARARSHA VEleCTys v and { fwﬁ y e felipyvipeeqyatinst ed using a
single pipe sanple. This is justified based on the
observatlon t@aLLq_qgrtaln part of the pipe's
Cross-sect¥ on—nornaffy retains its original thi(ZKness.
This part corresponds to the cathode of the corrosion
cell created by fferential aeration of the pipe's
sur f ace. Emg:ZLﬁ&Eﬂﬁi&hickness can al so be cal qai)at ed
using Eq. (16) fromthe nmean thickness back cal cul ated
using Eq. (20) or (26) for pipes having uniform wal
whirletands solvatho sletgirhine the pepppgntivesdocivyes fdlowsr esul t s
than woul d be obtained using Eq. (23) for a
thick-wall ed pipe with Iinearly varying wal

thi ckness. For the sane fixation condition, using Eqs
(18), (20), or-A26) underestimates mn . |f th% ﬁ

can be as um@@.lg,ﬁave a uni formthickness prof? e (as
may be found fron1exper|ence for a particular area),

t he average thickness can be back cal cul ated usi ng Eq.
[26061] ODkAYipeTnag! thekaess tsterofined by st mghajadeegibedireptveents qpe,
v, can be neasured by correl ating acoustic noi se
siegpaldye fahihe Ipipe acctioe bawbératht tvar podmeah@d advystic signals are
intentionally by an acoustic source at a known

thesared. Ofhis iJ ha@ ailipdigigapectfaliah@hodoGerndialyppipe, wilDhaveud deughly
nmodul us of elasticity of the fluid, K, and its

wefosh thicknpss pedfS bveg sighifidnt fengrths, she1 00I rpkrefTRE €91l 4l bedding
and its Poisson's ratio, m are usually known or can

Qadigasd ziré’ ufiikéRdo cﬂa@%&mﬁ&nﬁf SR wide aPJa@‘Evb&ﬁ)r tiRRtions where
met hod i n accordance with the invention, it is

tHE€ foRSiRAInkI ﬁlf%klk%@@;woﬁlg Qaryes) a‘ﬁ%lvéryge(?ﬁlcﬁﬁ%%ﬂl& i$RbR ldﬂﬁ@ﬁhate
fluid, vO or the bulk nodulus of the fluid, and

9919 %}{%ﬁlm&ﬁdlgﬁ‘ﬁé tﬂ&kﬁe@@va(ﬁﬁé or gi/ahygﬁk {he ﬁjé ﬁ{n{] %g%@s 1%0r the

pI pes, he vel ocity of sound In an u COI’] |ne

. + 5.038813
e Y0k p iy Wbl ¥Rt )
1.398845 x 10 6T4 + 2.787860 x 10 9 T5 where T is the
wat er tenperature in OC. This expression is based on
Marczak, W ( 1997), Water as a standard in the
nmeasurenent of the speed of sound in |iquids. Journa
of the Acoustical Society ofs;Anerica, Vol. 102, No. 5,
pp. 2776-2779, the contents of which are incorporated
herein by reference. [0046] Table 1 lists the velocity
of sound, density and the correspondi ng bul k nodul us
of elasticity for tenperatures between 0 and 40 OC
Density val ues are based on the Handbook of Chem stry
and Physics, CRC Press, 85th edition, 2004-2005, the
contents of which are incorporated herein by
reference. Bul k nodul us val ues were obtai ned by using



Table 1: Velocity of sound, density and bul k nodul us
of elasticity of water Tenperature Velocity of sound
woeevsitsop1df wat er Bul k nodul us (0C) (m's) (kg/PBh/CALRaN00996
0 1402 999.8426 1.966 1 1407 999.9015 1.9802 1412 999
9429 1 994 3 1417 999 9672 2 008 4 1422 999 975 2 021
5 1426 999 9668 2 034 6 1431 999 943 2 046 7 1435 999
(06528 VZrnB9 eter] 438r G8fy B500indusdializ&l cbhdidicOhe/Wrdd 8 FAtEE
10 1447 999 7021 2 094 1 1 1451 999 6074 2 105 12 1455

28 ARG ek i dQuiksk sl d3RSEs B48Flact akif uhder Wil 2464
27137 15 1466 999 1016 2 147 16 1469 998 945 2 157 17

dlt{tti38 Bipls! ARishod B6strbBrivkAdBindIB8E) MA¢Grdande/ Qith SnBdlififeddSt
4073 2 185 20 1482 998 2063 2 104 2 1 1485 997 9948 2

R
ANy R MR e
$E368 a0 SO TR LB
%52 993 ,.6883 2 .301

rmulation of capital budget plans that are based on technically sound engineering data,

which in turn enhances the decision making process.

[0063] The invention also has applicability to the oil and gas industry as well as the
building industry (e.g., pipes of fire sprinkler systems, which are known to suffer severely

from the action of corrosion).
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37 1524 993 3328 2 306 38 1525 992 9695 2311 39 1527
992 5987 2 315 40 1529 992 2204 2319 [0047] Limted
w@@ohadoie i nf ormati on about the conpressi bil i pgT/OA2006/000996
| ake waters indicates that it is not significantly
different fromthat of pure water , see for exanple
Dorsey, N E (1940) Properties of Odinary
M&hR! - Subst ance Rei nhol d Publishing Corporation, New
York, U SA However, the velocity of sound given by Eq
28 i s based on experlnental results that have been
lobt ai®rraethgdbior fgmen-deptraptivgrcongdipion gsaagerant pEspifhearyingadluid,
t hi sequati on may not be applicable for pure or
comgirising'y wat er at frequenci es bel ow 1000 Hz, which
dom nate acoustic signals in water distribution pipes.
It wastegingwn atppstid dambadde phdpagaliay pass tvie [dngitudindllMepbreted
J .G (1981), Kraners-Kronig relationship between
polirits @said gpgt t enuat i on and phase velocity, J . Acoust.
Soc. Am Vol 69, No 3, pp 696-701t hat a systemthat
exhi Refefiniaing @R datd 9flue YpteSehtdtve bhe pRPAraliON vaNRS QoS said
nmust exhi bit dispersion, i.e., dependence of phase
A64s86 dlstartdncd: r equency. Al so, they showed that acoustic
vel ocities at low frequencies are typically | ower than

thos %oﬁbutMggirl:%fres%Gﬁﬁng 19@&1@@81 Vad %OYthe E)l:b%a?alﬁbﬁ V&Q(qglla's a of
water 1 n distribution pipes nay | ower than those

ﬂﬁhéfoﬁ%f hlle E@(Q‘le%va}i thlnggésggathé ?‘%ﬂﬁgh Ef Ensgf heotd cglrmodel

amer ana ysSi's I n sone texts an are t
S e th .

B ﬁﬁ%ﬁgﬁ‘%&éfr% gl i 84 Bipt tngl s YR o i wal
tglc}mesi; ‘é’g rede ave c%iecercu \Afgl:ren 1%IQF1ﬁkn ms)s Opl,ﬁ) 1Ie,|raln ?(Tc]er n
Table 1 mere the roposed.non destructive
t est |"ﬂ‘é‘pWEtgr?8‘ Waﬂﬁ%‘dﬁ}eésoﬁa ST HP@E&W%?“Q getgal\yalye with said

$ itlnated The dependence of predicted wal
RIFHERAEE on the bul k modul us of water is shown in
Figure 3 for a 12 nmthick, 152 mm O pit cast iron
Di pe AanihBgaddaide®sdldif IV hexeintsiidatudi24ihe W deterfified by
exanpl e, .using a bul k nodul us equal to 2.2 GPa, as

nh’rYg O IR HO%YsTotaidZdlo e dRMuBSIhEL RebclellaCdNER VAR d
be 8.3 nm while it would be 10.4 mm usi ng a nodul us

&fmr%ugg?’saggﬁtuaﬁ%lﬁ%dh\h&ngHfé%ﬁfférﬁ?&te Set@terifle @igancleg Qﬂs%]d

The uncertainty redgardi ng the appropriate value of the
| ati ons can

B B et of ' h

i nvention by careful measurenment. First, the acoustic

¥rel och mypthpd anglaimad acklfior2, wherewfsarddmealelays e dgprminddnsing a

wal | thickness, dianeter and Young's nodul us.

timebeflighl wethad srecenstkyrrélatpnatdtied ipihe ¢inefor frefuronyndataiiss

shoul d be used and its Young s nodul us shoul dbe

h Leftp .
A{TE as l'}{ %g ﬁg nsac']% ﬁu% %Iéls :IIS rereme Vzﬁ[thl&k?ers% m
I ti.
e e*fpé‘aﬁd%xs‘gv ?&f ek e 15k ST
@ ot her aIr nown or measured pi pe paraneters.
%%5 ﬁggﬁgﬁ?eﬁﬁ f% Toustic velocity of the reference

pi pe and ot her pipes should be perfornmed within few
days of each other. This is to ensure that
tenperatures of the fluids in the pipes are simlar.
[0050] Alternatively, the b %k nodul us may be
determned froma relationshirp established froma set
of measurenents of the fluid s bul k nodul us and
tenperature for the reference pipe at different tines
of the year. Determ nation of the bul k nodul us as
descri bed here anbunts to calibrating the whole

t hi ckness neasurenent nethod. The back cal cul at ed



nmodulus inplicitly includes corrections for

approxi mations nmade in the derivation of the velocity
weeuwati3eony e.g., neglecting small terns and i nBCT/CAaR006/000996

effects. [0051] Following is an exanple of the

determ nation of the relationship between the bul k

nmodul us of elasticity of the fluid and its

st enparmtiHEEas oGRS hiagy ¥R FClalnts WRS3, WBSS I B/ WallthiBkness
recently installed 152 mm O C ass 52 cenment-lined

p%‘é?rl:etelr & sbfe&@d Heh&ke beuqﬁ Jo'ngkﬁdgcb@ tﬁyrﬁ%n %}‘I 't}ﬁg(ngﬁethe max1mum
foll ow ng tenperatures: and 5.3 0C [O 2]

W thiRic RSB b hﬁ{ﬁﬂmm WAl &lfckﬁés£ &s“al ﬁﬁctgﬁl%? ﬁdﬁa?&#g'l the
acoustic wave velocity can determ ne Ilomnng
equation, given in Fluid Transients in Prpes and
6Tunné meth@haseedhied Prapp anfaefickymoi toFy, darther compipwg measuring
Engi neering Sciences Data Item No. 83046, ESDU
thaicgrahpriopagatidn vel@83 of oavduantic dighikbanbealengva ieferanet pipe dfjknown
of acoustic waves in the pipe, Kwand p , are bulk
thiokiessysrofile agd esitying shid fhud] attbesipyin®4t lsuat @ie constant for use in
respectively; Ep,D, and ep are Young' s nodul us,
dajdtresdenl di ameter, and netal thickness of the pipe,
respectively; Ei and e\ are Young's nodul us and

hi cknes nt respectively; and mis

oi s?b’ﬁetg ‘f %&‘itl%me m? (# gerB spifat E%(Srtrﬁnef‘i?P;/tﬁ‘ﬂé‘tC?‘tdés the
i ron and cement lining. [0053] The thicknesses of
9“*§“W@W§FW§Q8FW%Hf@ﬁ@“&bnent lining for 152 mm 0 d ass
52 ductile iron plpes are 7.9 and 2 nm respectively.

gThe thinehbEsSciffned@h an§eHé ¥RIHRE 1 133, dHfeleid Qid Valid iPihBSverage
with no cement lining is equal to 8.2 nm as found

Jr&%@ltﬁgl Ve%grty Jﬂ@w%héﬁ%& %Rlstw (ﬂs@urgﬁ)%eg 1“%1651915'@9 acoustic
wave velocity as the cenent-lined one. Young's nodul us
of ductile iron is equal to 169 GPa, as found fromthe
¢ esorfame®od sedimad n a9y one plsirima it & whereinpsaigactual value of the
I mpact -echo test that can be seen in Figure 4,
Poragespapagatien Vedooa ss comipetad &quahe time of Btectiorofraid rgpustic
nodul us of the cenment |ining was taken equal to 24
dBPrarbanch &y simpers t@eted at sesitregpradivepdmisus cal cul ati on was
performed in accordance with ASTM standard E 1876-01:

I%t anql@{ngtggﬁ? §5Icl£§1teﬁ] ngas c%méjc%g %E@l ne oqléﬂgnssl t%%d%héi'gm said

shear and isson's ra

aes%(u(%netdg)trcl,rdo t\;'\elgrsl’m (Y 01f(cu renQ al %- gnegs L US ul-lre%rg Ib::'lls ngFSgl us
until the predicted plpe wal | thlckness was equal to
8. 20.Almathwd dddainodl inl asslaivasl ihanychetod clagnsll ©3, GRaeiatsaid
20.8 0C, 1.875 GPa at 11.7 0C, and 1.81 GPa at 5.3 0OC
Asshddgirgleterrhinb®civiam dredtiabilickfest p@fikaic kaaligdt. at ed

modul i and is shown in Figure 5 together W t h nodul

AR RS Snc P B Rl s o
t enper atuye wn in Figure 5 which is expected
PEYEMEAL é‘i“{siahlr ‘g‘ttf*?tﬂi‘tq 18 FopRYekusing be SaRHfnus for pure

wat er at high MHz frequenC|es al nrost varies linearly

with tenperature. is/| t he adequacy
of the fitted strar@hd/ i+ Bomextrrzm ing the bul k
nmodul us of water skt ridbuti on pi pes] [0055] Typica

setups in accordance with enbodi nents of the invention
are shown in Figures | a and Ib. A buried water pipe
10 has hydrants 12a, 12b, 12 ? Sensors 1 ,2 are
mounted on two of the hydrants, while the third

provi des a source outside the hydrants i ncl udi ng the
sensors. In Figure la, the sensors are nounted on
hydrants 12a and 12b, while the hydrant 12c acts as a
source. In this case the propagation velocity is
determ ned by neasuring the propagation tine between
hydrants 12a and 12b. The propagation velocity is
grven by the expressron v o= D | AT, mhere Ex|s the

1. . T s I 1 __.____l ' o s A N 1



hydrants 12a and 12b to the main pipe 10. [0056] In

Figure I b, the hydrant 12b acts as the source, and the
waele@basdoance i s detected by the sensors 1, 2 aPCT/CA2006/000996

hydrants 12a, 12c on either side of the source. In

this case the propagation velocity is given by the

expression v (L2 - L\)I AT, assum ng equal I|engths

JiRke @isRﬁéprG&l&&f%lﬁJ‘ 9, & 'tﬁe&a{)}%ggtﬂﬂtv%lo%ﬁﬁpurﬂag&d%g abidep is

naln pi pe 1 s are sent” renotely
r ec exliit\'}t'g}r gf?%e pl% = rl]ig (g: %h%g)hﬁ(dmt luf é)? el%s% ﬁﬁr bfthe ﬂIII% k s tﬁ‘e elastic
its hard drive fronta sto a

%S e B 4 P T o e 18 rtsgewﬁa&wmum and
based (although it will be appreciated that any other
BRRYp Ppe 3i3H rﬂélf‘?ﬁﬁ*e%%tsg?ﬁt’dah“gb‘@f insepps ad Ad S5t &ywhere 6
the results in windows shown in Figures 2a and 2b.
iFp gelecoprdingifofrd b esiveadyitessxplestonreasur ement . Figure
2b is a screen allow ng the user to enter relevant

paraneters, such asthe e mat er/ t\he
et ¢ Thellsidhal s maly b Itrzaﬁls'rhttle(r‘?éﬁ m
di gltalr,mf(Drmaxhl Jan-ahd er@%}fdﬂ&$ si-gqnal g frem
the sensors 1, 2 can be sent to the PC via cabl es.
Alternatively, dedicated hardware can be used i nstead
of a P¢,to_ga eula Lne | me delay bet ween acoustic
@h@hal«fm‘: “&hd—"de j v{ Wl ipe' B), wed d = Lhiekaess.

[ 0058] eh sénsors are unted on fire hydrants that
are connected to the pipe being tested, the connecting

3. pesa mbud 6k Dambd 3C@4man, Wvhgeis ukifl pHe lsaaa)elsttat}eu kn axial
| engt hs neasur ed accurately and i ncorporated in the

RENHRNE andlaii RRA&SA TS EHRpACARRLIce QAMime. |f it is
not p035|ble to trace the connectlng pi pes and hence
their lengths are based on a "best guess' of their
| ayout, the Iengthé/vhomjdobe checked fo} accuracy.

One way of doi n§=ge/ i/§*tq ebdare) tRE +gPopagati on
vel ocities of acousti'c noise created by at |east two
sources at different |ocations. For exanple, two

\QHEIre ofshe @@Jﬁ@t‘éd $QU¢5 Q/@?S tﬁ)éc][l) g Ql%ntﬁ:lo%ltgglsthglf,lnbknﬁled fluid, D 1s

bracket can be used ances of the sensors from

u
‘*’ESlaﬁl‘éﬁgéﬂhé’%?é’c%%ﬁézt‘%sﬁg t%?%@%@?a%@ﬁo hethe h2 ahd o
t t he separ at el nmeasy
%‘Ef’mg? rBLly L BE ok SR ER Ao o B SR R R R98 e
rces Wi | i.f ferent 005 stentof l.i near
08%@11%% %6‘89 P Aredhopal Lﬁ& paﬁl]f ft?égltvl@fﬁ Aps As#Y g by the
betmeen ti me delays of acoustic signals induced by
e8¢ 'c sources at different |ocations, acoustic
propagation velocity in the pipe, and | engths of

connecting pi pes. Tine ays bet asur e

acousLLchdﬁﬁe_p el i ﬁi§§£§i§g
met hodt.oi(Dtittg, kr ds35c0id|el\atyone £ upict aen ( dis-hés® —aac
traditional or enhanced). The acoustic velocity can

t hen be found by solving the system of |inear

equati gns. —4h er of acoustic sources at different
W%%%Frgh§f§hvgld b *egpafj i 1R, ARfHRE Gt miihknowns .

Two or three acoustic soufces are sufficient in nost
cases. [ 0060] As an exanpl e, consider the case in which
the sensors 1 and 2 are nounted on fire hydrants that
are connected to the main pzbe wi t h perpendi cul ar
connecti ng pi pes having unkfiown | engths of Li and L.?,
respectively. The di stance between the two points
where the connecting pipes to the fire hydrants branch
out fromthe main pipe is D and can be neasured
accurately. The tinme delays At] and At2 between
acoustic signals induced by out-of-bracket sources at
the side of sensors 1 and 2, respectively, are rel ated
to the acoustic velocity, v, and L and L2 by the

T A N ]




v L1 D L1) (31) V which can be solved to determ ne the
propagation velocity as follows: -IDv - (32) (At2
WO 2ios)3qo@D61] The pi pe wall thickness deter m nedr/ox2a0be00996

met hod descri bed represents an average val ue for the
pi pe section between the two points where acoustic
signals are neasured. This is not a limting aspect of
1she AehARsH as CRIBEDN laily ot dTRBIM 1 to NaWErei shidHhid

uni form thickness profile over significant |engths,
pe¥tediled Bl Rforerfial BRkhes@PEiRadMigmecoNdi tions are
unlikely to change significantly over w de areas. Even
for situations where the |ongitudinal thickness

18r of P reethed 3selpimedhin glaip A devheniie kadripe jsrpeqnsEangdandpri¢
appropriate and meani ngful than discrete thickness
prdiqteskvajugris eomputedtuising thetequationi dual |ife of pipes for

t he purpose of |ong-term planning of rehabilitation

and repl acenent need very water
ut|I|ty|nthe|{;1gus 1@9&&@ it L ofthe wor | d
is facing major chaT ngesk ﬂ)securlhgt apital dollars

to replace agi ng underground water distribution pipes.
Thi s non-destructive technology in accordance with
enbodi nents of the present invention to neasure pipe
metal loss, i.e., to determne the remaining thickness

wHerd ﬁ%eviﬁladlcsted PiRY e ﬁletﬂi‘&ﬁgatﬂﬁl'vtaﬂo& Cf(?f i Jnlﬂo@nded fluid, D is
rel i able and accurate way to obtain data that allows’

q%(ﬁgﬁlét?rl o t%eakels th% ﬁ(%ﬂfspgeﬁs%c%{y ?ietBJ: 5&8 }9 s tl'?e e?asfcic

e formulation o

A e S SR 81

[0063] The invention also has applicability to the oi
18nd @asethtwasSAdiniedis cWh 14 ashdrdie sdddipipé isrngndtathed hidysaid
(e.qg., pipes of fire sprinkler systens, which are
PRERME afueSHEInBfutcdanmE @leeqhatdm t he action of
corrosion).Clainms: 1. A nmethod for the non-destructive
condition assessnent_of a pipe carrying a fluid,

conpri si ng: detectl glaﬁ'ah ust c Dlzfurggnce
propagati ng past” i b dlﬁalby¢ e ted points
on sai d pi pe; detern1n|ng an actual val ue
representative of the propagation velocity of said
acoustic di sturbance; conputing a correspondi ng
predi cted val ue for the propagation veIOC|ty as a
f.unct i wal | thic r

t t
wigrey Bq%em%%}gw 5 b SR o Sprion VERE SrBnPiaet afla, b is
t f t
B SRRIE A BOS Thaulk M i e Hattrcy b Aol itk lagti

predeterm ned circunferential thickness profile; and
reeskis of matesali formipg the pipeclod é éssthe Alvickmesseandpyis HetRokssergratio.
said actual value with said predicted value. 2. A

th
AL L ) T e e

tﬁ’eat!laqt? o4 ﬁzgcht? 8p§a§({ ;Hg% %{;}cg ed'lgl?t elg%renqatﬁ % ago%t ﬂmeq%fxs?? ssu’en Hof

conput g Sa IVidin e
391?1 plpe%rom & almsf)gnagnc(a:lgg’m@f sai d
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points froma source of said acoustic disturbance by

said tinme delays. 3. A nethod as clained in claim 2,
wob@ecesdizai d tine del ays are deternm ned usi ngP@EI/CA2006/000996

time-of-flight nethod or a cross-correlation nmethod in

the time or frequency domains. 4 . A nethod as cl ai ned

in any one of clains 1 to 3, wherein said wall

18hi cln@ssoPar ditEn dlem a0 Phtrgf tHRYttentass éfehidRAgodshe
actual value of the propagation velocity in a fornula

GHyrbitde bgb?a@'hﬁgb&&/@& SHAY éiéﬁrtsas dAeMRhdI0shdARe EndHifEGpidity is

any one clainms 1 to wherein said wal l thlckness
RV IR Ehelagengh§et ed fromthe group consisting of the
mean wal | thickness, the maxi mumwall thickness, and
the mnimumwal | thickness as a function of radia
Bngl & methodaspdaimed|ingdain| 13 whadeip thealappine sapsfitycis dennsd from
to 3, further conprising neasuring the actua
the wpldgd ithedrequaricp spet tyunp peak thaggmgsiionds td ittetfundomeawa ragong
a reference pipe of known thickness profile and
feemnengy oyhspipeloif theldoghritianmid demenmut ofitgcainglrdg sibravsine induced by a
constant for use in said nodel. 7. A nethod as cl ai ned
héechalial mfact whiepgien sai d at | east one const ant
i ncl udes the bul k nodulus of elasticity of the fluid.
ﬁk A et hod ag)ﬁ%gined in.g&y §ne of cl ai 1 to 3,
DPRYAYS {PahrdoP e REN WARPLYE” BrEYAgLCT HRPG EIBRIEY
ﬁg Iom#frequency acoustic di sturbances in the pipe. 9.
SPABES™E clained in any one of claims 1 to 3,
wherein said actual value of the average propagation
vel o@ figpt and seeamf sensers forslsieetng apjagguistis diglurbaraei nsrpagdting past
sai d acoustic di sturbance by sensors |ocated at said
tivedpnesedivalysepanted poigs omsaidpihodnds claimed in as
clained in any one of clains 1 to 3, wherein said
assu#%dpﬁmeﬁgvemﬁmnédmd$ﬁ@nﬁﬁéﬁ@ﬁamhﬁmmwwghn@gsdpmgmnmwd
profile is linear. 11. A nethod as clainmed in as
tolained in any one of clains 1 to 3, wherein said
assuned predeterm ned circunferential thickness
pr of i(l) edetesmino@n hétivd &nlue fePreséhtarvt hdle avpadadbiredodity of said
claim 10, wherein the pipe is unconstrained in axia
drowsaitEfiturbaate] sai d predicted value is conmputed using
the equation:where v is the predicted value, vO is the

pr opa@pdonPite\alofedpbidind predicted NA10aRE @@ pdpdidion Rlb&tytds e
di aneter of the pipe, Kis the bulk nodulus of

Rhaphiof httl¥asOdnetw® thikltesh paFanheterlof §2i@hipS by EsifRAML#ticaf model
material formng the pipe, and tmax and tmare

ﬂb?ﬁl@ Eﬁ)&)héﬁ%lﬂy of RBudBWaPLLTH 34d pm: mam&%ﬂésgﬁd\ﬂﬁlelhas a finite wall
nesses at respective angular locations q = 0 and

tglcknegs WMQBFedgtellnﬁnél‘l o@t@bxﬁfer&lﬂgrtgl'cmgsepmﬁgdan)ﬁ i's g' ven

by the expression: where a = dc =tm
2@9 C

vvher 3{1 }Ibuécp sa@d 0’!72’{)11 tshé(l:(g%é Pé‘}gxlngtgrdl%{ xﬁétgﬁggga%agh acLu%i \mh%]é With
edlcted val ue i s conmputed using the

Sa‘dSPrg'f‘c“’d W = v/ 1+ F(I - m2) + 2(1 + //) p where

v is the predicted value, vo is the propagation

2iel ocintappahtut heclaimod indash 0] wheéteinShid pipk e Watan@pes anddaid

the pipe, Eis the elastic nodulus of material formng

deh@rqirpmoudediornt sBort elements selected from the group consisting of: hydrants
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and tmm are respectively the maxi rum and m ni nmum pi pe
wal | thicknesses at respective angular |ocations q =0
w@ea6q3601p, where q is a polar coordi nate, andPEI/C82006/000996
given by the expression: F where a=I - , +tmD .14. A
method as clained in any one of clains 1 to 3, wherein
sai d assumed predeternmined circunferential thickness
cBirREtell & dafdl pipt, EQHA] valves attachB 13QKL Bfe, GhPihBBibe wall GbRESY via
14, wherein said pipe is unconstralined and said

np&ﬁ@lhscar%&anékdaeatb@ke%mh% i ng the equation: where
v is the predicted value, v o is the propagation

vel ocity of the unbounded fluid, Dis the dianeter of
2he PnpgERarRYs 2 claedyniclaimse: hsEeimsaidsensars &F ngersyd intpghe
fluid, Eis the elastic nodulus of material formng
piménqjvismllyanels arraysthnhrethijidrants eseorpagatdnisiops t he Poi sson
ratio. 16. A nethod as clainmed in claim14, wherein

25ai d ARy gﬁarz&tﬁs KW ESAGH oW ¢ de%%g'&}‘ieﬁéin vah g],%déls

conput e u3|ng the equation: ere vis the predicted

%%dé?theéglokl t(i'l ?%Bgagt%?%?{he gﬂfuf\{lban & 14nttl¥e %fbounl?ig% HUIE Eﬁd %ulk

ast

s e St(L.)Cfty %t Stﬁug# t1¥ eﬁlﬁgo?{}ﬁz éﬂlb({j ‘Ft)lée 1ng:ﬁraltl ?lamg ef ?‘Péi wall
' g h hod
ﬂal'?lfﬂe Y g oo i 2 PR P L o

conprising determ ning the danping capacity of said

281 pe Anapparsted as\dldiged faay 68 dfemimHBUo 22 Wehdréif Sdidl ensors are
strength of said pipe fromsaid danping capacity.18. A
OBidaRd tAwir@lbRitaRGhittérs, Ghdkdid frbces¥di8d @infediddfo atdceiRbAbi ON
of said acoustic disturbance propagati ng bet ween said

268l idk g lsBn Al AR saﬁ@gnsbﬁeor%m%bgrs%mglh&l/ed't§ said
derived fromthe attenuation. 19. A nethod as cl ai ned

Iﬁ&mQ%ﬁthéﬂé wherein the danping capacity is derived
fromthe width of the frequency spectrum peak that

corresponds to the fundanental ring frequency of the

i pe Avrapphigius rgdaimediiv caig @4 r farreericompriviagcmspfongce ping of

vi bration i nduced by a nmechanical inpact to the pipe.

kpown aiall #pgkaesstpuedilé torpethie ateast ehegongiant inseidabesdétichlonodel to be

assessnment of a pipe carrying a fluid, conprising: a)

tetk sicuiatd fswe antehl Senatymeeafwemeldd. ect i ng an acoustic

di st ur bance propagati ng past two Iongitudinally

Z%QDaFA%t ﬁgarﬁgé ggc%al B4 §1aalng D)?f! cﬁ%lau’? 22%9&9 f&ma ol rocessor is

receivi |nputs ron1s second sen

igcqlgdee 1n 9? oras ec Il ées f:evgcrc;n ne an actual val ue

representati vé) of Y ropagatlon vel ocity of said

acoustic disturbance; (ii) conpute a correspondi ng

0r ediAcdt@agewatdien ftoring dveled instpagiabd foninvelcdsg & yorgsita to:

function of at |east one wall thickness paraneter of

sai d agdepssidnyls i®hi@nsord o4 ©ah atouded diftotbalidd@ropagating

propagati on of acoustic waves in said pipe that

ABHgUPRs; sai d pipe has a finite wall thickness with a

predeterm ned circunferential thickness profile; and

(111 LomppAt fcufaﬁbéjué’Y@Hes&ﬁhGgmﬁcsp@ﬁd'g@m RlochY of said acoustic
mat chi ng said actual value with said predicted val ue.

HstdrbarB bR BR R thsdl%reﬁ(l,e%eW?‘Qn 't}{% Gt e 88 AQaia WL S HBmsSai d

pipe is a water pipe, and said
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sensors are nounted on support elenments selected from

the group consisting of: hydrantsconnected to said
wpEere/13@ont rol val ves attached to the pipe, aneCT/82006/000996

pi pe wal | accessed via manholes or small excavated

keyholes in the soil. 22. An apparatus as clained in

claim 20, wherein said sensors are inserted into the

cBir8Sohdith dbeiiakbitcdly ASHRE BN SbdEd shild hEouBYEHiRbENRE;
corporation stops. 2% An apparatus as clainmed in any

one Q;om‘f)ln@ 'a%ngsgoﬁd?ng%%edlwg@ﬁﬁﬁerfoﬁﬁ\b groﬁgygﬁl)n bél&!n%@ 8

the velocity of propagation of the disturbance in the

fPtht) gg Qﬁzﬁ(ieagt] lﬁle %aﬁ thik %ssﬁﬂl‘aﬁe%? gfga 1&1, l%lsljsin ' althe 9Jt10£1%d61

the enS|ty 0 |ane er
th
f){]]tge V\% %%,a 1orr 0 acgﬁssrcic \Q&/aﬁ% it sa?d p@ Se glalnaq u\ﬁ%‘é Qfgd g){erﬁgsu:l ﬁ'ﬂciteqvgall

one mhereln said

BRI i ot e%%%fﬂlé%%decac%f%wﬂ %%ECk“e?Srpédflm an‘er o, and
d . ted t l
PP SR AL RS Ry SuRebes i fenlel ST i

are connected to said processor via cable. 25. Ah
Eﬁﬂﬁﬁ%ﬁ%§3as claimed in claim24, further conprising a
reference pipe of known wall thickness profile to

xer MA stéhgd B@fim Q981aiaR2A %t afiin 270 fisMbdiné i@ BbintabnseLel
to be baci cal cul ated from act val vel ocity

iHRASHALIR othpurtBio ARuRRRBARINSIOASTse¢h HidBEbrbdtaPRYdP HEm
of clainms 20 to 22, wherein said processor is included

ﬂa&é@re}ggﬁgg rﬁmﬁ&?&d Ife)fexfé@ Eipg B%o%%a@lqmcl%%ss A storage
lum storing cod ed | nstFuctions for Instructing a
conputer to: accept signals from sensors responsive to
#h acdotierpemelivm g plammed ipelaipad/aari28 gfughesmesluding ipgructions to
conpute an actual value representative of the
propagabnpntenteldgplay yn gfpukwiedn fo ocrspiing idpws ghabantoknpyn pipe
dividing the difference between the distances of said
seamsaers fofr ngnm drercesypotadomg acousti ¢ source by the tine
del ay between said acoustic di st urbances; conpute a
fPrre ondln redl Y | .u r [
61 oo RERELMGBRESH AR Y Bl eavi*f"e‘éln%ﬁmﬁh‘?‘gﬁmaE%ee%%
of .sa Usjk n
Zc%caty ﬁéprBPaéﬁtéodlaq (ijlbep Alo rbg%:s ur&he gnh/(\)éx{}cti;egiqlf nc} asngl?%e l;n?k modulus of
nes sai d glpe has a finite wall thlckness

wet‘ﬁa‘%t“% LgEediHNed circunferential thickness

profile; and conpute said wall thickness paraneter by
Rt ¢ Agthsa bl cai€fitibthe Veagthef pipt betsatth piiadip6inedcongdriding:
28. A storage nediumas clainmed in claim?27, further
I ncl urdieBGhg AA&istitl @istueiasicds Bon A $abtUb kel GceS B SLoG QIR Bance at
to calculate constants for use in said theoretica

SRR6f safd Rmgreasur ement s perfornmed on a reference pipe
of known wal’l thickness. 29. A storage medi um as

cl ai FE% htrfh h@fnﬂ}x?gZU&H ve%j%meg bf éa@l’?f)f éaﬂl‘ﬂm%b%es detected at said
|nstrucplons to cause said conputer to display an
%ﬂﬁg%nﬁcreen for accepting inputs relating to known

| pe parameters for use |n t he conputatlon 30. A
S0 SNBSS, LA P EE el O
dlsturbance |n the unbounded fl uid and the bul k
nodul us of the material form ng the pipe. 31. A nethod
of verifying the length of pipe between a pair of
poi nts, conprising: detecting acoustic disturbances
fromat |east two sources of acoustic disturbance at
each of said points;



conmputing the propagation velocities of each of said
di sturbances detected at said points; and conparing

w0 b@otr@sir ed propagation vel ocities of acoustPCT/CA2006/000996
di sturbances. 32. A nethod of determ ning the
propagati on velocity of acoustic signals in a pipe,
conprising: detecting acoustic disturbances fromtwo
3ar mrrﬁetm{fﬁbieﬁniﬁﬁl@rﬂ@cﬁﬁoﬁigaﬁdh@e%ﬁlm Rowkat ﬁ@ﬁdl@iﬁi a pipe,
poi nts on the pipe; and conmputing the propagation
Cgﬁ%gghéy by solving a system of |inear equations
relating time delays corresponding to different

acougli&in ggwugt?édl%ntbgnéeb FroAGRY 3t inSre‘é@&Bﬁé {r 08t two or more

| engt hs of pi pe between sources of said disturbances

cé{égno?ﬁ%% &t the pipe; and

computing the propagation velocity by solving a system of linear equations
relating time delays corresponding to different acoustic sources with the acoustic velocity

and lengths of pipe between sources of said disturbances and sensors.

32



