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Process for the production of benzopyran-2-ol
derivatives The present invention relates to an

WO pgeBosBe4 process for the production of internedi/meer/004287
useful in the preparation of tolterodine, fesoterodine
and ot her pharmaceuti cal |y _ugeful conpounds. The
i nvention al so provides inproved processes for the
production of such pharmaceutically useful conpounds
using the internmedi ates. Tolterodine {2-](
1i ?)-3-[ bi s(1-net hyl et hyl )am no] -1-phenyl propyl ]
-4-met hyl phenol or alternatively (+)-L
-di i sopropyl - 3- (2- hydr oxy- 5- met hyl phenyl ) - 3- phenyl prop
ylam ne}, is a nuscarinic receptor antagonist for the
treatnment of overactive bl adder including urinary
i ncontinence. It gained its first marketing approval
(as the tartrate salt) in 1997 and was | aunched in
many markets in the followi ng years under the trade
mar ks DETROL and DETRUSI TOL. Tolterodine tartrate was
di scl osed in International Patent Application WO
89/ 06644 (see in particular Exanple 22 and claim7).
WO 98/ 29402 discloses a Séocess for_the production

of
t GRAMEi RAGIHRTNG SEREENe JVETHIINT HYW - CONTROL ;PEVICE
wWth cinnamc acid (b), I reduction of the
resulting lactone (c) vﬁwﬁﬁ&%ng agent, such as
di i sobutyl al um ni um hydri de (DI BAL), sodi um
bi s(2- met hoxyet hoxy) al um ni um hydride or 1ithium
txi-tert-but oxyal um nohydride, to give the
correspondi ng benzopyran-2-ol conpound (d). The
benzopyran-2-ol conpound (d) can then be converted to
racem ¢ tolterodi ne hydCHICHM FEELP) by reductive
am nation with diisopropylam ne, followed by addition
of aqueous hydrochloric acid. Finally, tolterodine
L-tartrate is fornmed by neutralisation of the
hydrBled | préskents al nvérd ion t he NalGhH No¢iBEr 8L Byndto equipment
ufPPoEdNeRl " S30L bl OB USLiEo ksl 8712060 RGh Sk s TGt &
process i's shown in e 1 Der ow. Or 8AL ?IS ?ﬁJ%#Eﬁ
stiztePdteMeGre 11 i AndiCl ih t s aemibed seent t dagct tbédeherein,
rocess disclosed b wg 98/ 29402, . t he benzqg ran- 2- ol
m B‘ﬁpB%Ell?‘a}ca]F ypﬁ”é%‘éﬂ‘ i h TIRVSt pRCEHYI | FYRTSRVE TR an
iNBEoWwf cant £b Bt ddel Ye eXRENSI WPpdesllici Ng agent (DI BAL).
WO 01/ 49649 describes the reductive am nation of the
enanti oners of conpound (d) above to give tolterodine
and its enantioner. The enantioners of conpound (d)
are produced by enanti osgh@r&r&Enpeactions. It al so
relates to the same processes applied to anal ogous
compounds, in particular the anal ogue of tolterodine
in which the nethyl group in the phenolic ring is

nopl T a0 U 25 0n7 BB e 7 PR oy ol SBimd omeror
st¢theensefof compeohtingl yacdnpteduchiom) many wells are
b AL FPEOL " 9) 088 CALRLY P Snd8ify {25 a1 88 A¥aded around
the screens. Furthermore, some well completions are
benefited by having flow restrictors, such as inflow control
devices, integral to the screens to restrict the flow of

produced fluid through the screens. In some cases, the

inflow control devices may variably restrict the fluid flow,
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butyl - 3-nmet hyl i m dazol i di n-4-one] for carrying out
enanti osel ective 1,4-addition reactions between
wa@ioBlsesehucl eophi | es and a, b-unsat ur at ed al debgTEBR007/004287
(this work is also described in MacM Il an et al, J.
Am Chem Soc, 2002, 124, 18%4-7895). Exanmple 2 from
US Pat ent Application 2003/0236438 is typical of the
reactions disclosed: It can be seen that the carbon
f
P AP PP TR LI 80 et R S pmote
cqm@mmS oandEQerb@ytemombm @Qm’yrolvbﬁad 262 (9, 1991,
. e e3s :
Egﬁf%%gfenel %%@gﬁ%%ﬁh&a%ﬁib%i$g h%ery long horizontal
opemnmmﬁédﬁhmdbetﬂoﬂ@tﬁamobem@fptO@mb@tantlally from the use

hol i nyl - 4- phenyl benzopyrans. Surprisingly, it
o LT LRt T SL T IEES  Ho TerBehyr an. 2- o corpound

(d) of Scheme 1 can be roduced in one- pot ction
st art? migPFromb-thets fyays, %\Wobbg SPRBhpdR Jo% e been

cASPe B8 B LA CLUs c AEHS , hAE LG AN Yi hCegrd ]l r SAf BSPESdn©fol

the present invention, there is provided a process for

dewicorapictith af graveohpeark bistalhed APyt Werasreen.

c ;
lecl:%sr’rpsl?% |%§d?lﬁ1eog%g€€eo§ élj reacti %La corrpoungt% inflow

cémrnol ad¢vige meegral GO i shdysicoxgn oro@ldi mpani mhdch
.'!‘VH-VI 3 a Catl OCI?CGSS?E'}FUZE ed frOITrITénL'lI: I\Wlf?h anld VK anC afound
Pas %l%‘fl fed OVE] hp - Ci nnama eh‘i’/ e ?]rll?‘:)‘
thé]esﬁ@éﬁmbemfu?ﬁ@cmd%f xytﬂmm]edgnmnﬂjun@umpim@ (| |d)
treatin roduct o rece CI
CehRFIeTYr t n*gla%nan% °‘1’o *F%OJ( <§eveszg TE ?%/ntly
r@&ﬁ&@@m%amamnf%w%mwh EONPRUPK W £den during
contains at | east one secondary am ne group i.e. a
thengporvel opaekhng wperatien. L envent borp Ros Hier i geumping
bl y,
O e o by o (T Fne e F i RERe g Lhe
sq:mi@@eatrdemt‘yam -palkys br thegeyhavel opaclaing eperation
5 melrrg) ac l %{ chalsrg |n V\,hl @lb e, carbon atorq_'ro device
|onaﬁ’ rep c%dp% refer e Shodi e ]t
11®fplek\©ef| rst aspect of the invention are those in
which: (a) OX is hydroxy; (b) Y is CH3 or CH2OH, (c)
t he Blespstlery, at Neay 0P osesh | shaehimptovémfgntfieare needed
secondary anine conpound contajns two secondary am ne
ig rB%sar‘%/%ro%x‘&‘ﬁJer gbpﬁ%%‘? SPPREFERE LOR 254 y%‘fa‘fyn%ol?ﬁ:‘é‘%lng
IPad | shbAg | ¥ndi Gbjyded dse | the) pMEEdn E henPELOIER Yo provide
ani ne conpound contains two secondary anine groups,
secls.- lmp%vwlet%qw val ents of the secondary am ne
conpound are used in step (i);

SUMMARY

In carrying out the principles of the present
invention, a new well screen and associated methods are
provided which solve at least one problem in the art. One
example is described below in which a screen includes an

inflow control device and a bypass to divert flow around the
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(f) alternatively, the secondary am ne conpound
contai ns one secondary am ne group, and nore
Wee@BesBM y t he secondary am ne conpound i s noPEITB20074)04287
di butyl am ne, di benzyl am ne,
1,1, 3,3-tetranet hyl guani di ne,3 di et hyl am ne,
di i sopropyl am ne, piperidine or an -(C -6
al kyl ) pi perazi ne. 7V-nethyl pi perazine is particularly
_ . g pr ol ds. b
R FTeSRSE M RLGL, PP o £ bl I Baon
in ovhheh cargespehdbagkingt aperapnpounts ofofidueied While the

he_c c o) of ( | pr.oved

offFed yErnonty SOt cind e s g SR5R 8 sdeniperion
1§ erto NDat e A Nd Hee £oagh camnoiutd Nt Iaé NBn Hhew Secwtkal ydevd ¢
l?rou(g, 1-%, npre preferably 1-2.5 nol e equival ents of
IPFENY REAIAT S IM ne conpound are used in step (i); (h)

the acid used in S%fﬁséi i% i s agueous hydrochloric,

aci dl oPRE R 2FYE 1 ? 1PN RO it t atForgen includes
a A 1 HRUBEs E PEC £ Dhd OB PO AAEEP USe 2EF St Bhg S1MARd flow
concentrations also provide good results: citric acid,
theeugl e oscorenri c AdPRa$S | d¢VPDatet B¥edctd, VaEY e ¢

' MBL ¢ C [ [ | i j '5\51%1,@'

pgﬁ%{t enzo# ctlg%i%fwégénpﬁ%(?wsﬁ? o%icj%aéa%?%vs%ﬁn% t siJ(ghe £low
restdictingtdevieact i Dne dbypiep déyice tmcludes outmatperial
an_.organj £ solvent selected fromtol uene, xylene .
REFRLS ERERER e CTRANT &Y c%%%*f?c‘a?'%‘?(%%%é%ny QibE§ral and
feibh@rin nstepr ef erably tol uene (which produces
particularly high yields); (j) the reaction of step

(i) Is sothed Sspedt Af tENPel@enieidn, tHhemshge SOravel
to the reflux tenperature of the solvent; ]gk) t he
PReltRy on WELlEtepCctiges stharsters ot : ukeratbhrg t3 ofrll
s¢hédn I BOVRe WRk £, 108 SbEedfalthd DRSSt &M {Sw Yrestricting
Dean- Stark conditions, in which water produced by the
deehee i Wlclk roveheed fhow thueughndeestereeni ridia bypass

n r -

AP CE 1O e D SR ARELL Py e B PP G cted
floy throeghiehe ostreen pramd cariduaininentheriegsass device in
a nitrogen atnmosphere of slightly elevate ressure .
rEefontS I8 FONERET EFurrsR on B Srty £ e nE BTRY oS Jevice
ahd PRiidcih athey weEL orelesréibpt i ndedaYihgl H2EFtrideing flow
secondary am ne conpound i s Nnet hyl pi perazi ne.
t}F’F%‘F%tPa*bllx‘il,s‘fﬁ%e%econdary ami ne conpound contains two
basic nitrogen atons. Such conpounds produce initijal

pr odtRet ¥eF sRROERRTATPESH ) O het iR LMRE R L PR drdI Yokl system

1% 63HbY Yad@. COFROUREE] Odyd O&fU] e {ddes AL CRE Pl Mot &eR with a
second aspect of the invention, there is provided a

fhewceestretine gevteetfon oEshr tonpountneird of hew athrough

i i t \ A .
eRpds 9 hd 3 PR Rl (0L St e n S E IR B cdon
oPridselcimgard cOhpoundicl passes atiftdugls ded i fHibolv abestericting
' t di tp the first t of th
HR, | R RERaTe SS R TPt Py LS, bbb TR a1
infréoponba €£b)cohtdcdi bsopsopytid@imeterial and fluid in the

well.

In a further aspect of the invention, a method of
gravel packing a well includes the step of: installing a

well screen in the well, the screen including a flow
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(c) and where desired converting the resulting
conpound into a salt. Preferably, in the second aspect
w@Rooshss3phvention, Y is CH3 or CH2OH Wen Y i BCTZHR007/004287
t he conpound of fornmula (1V) may be treated with
L-tartaric acid in step (c), 4t a produce tolterodine
L-tartrate [i.e. i?-(+)-tolterodine L-tartrate]. Wen
the conpound of fornula (IV) is to be used as a
r OLEF [RCEY ﬁ@élcéhﬁh§@ﬁtré§%P1 Qdﬁfgﬁ L& ]%QQ$?reen,
aspect of"the invention 1s preferably pharnaceutlca
and cepoyiphes dbwaqv@rfomlecbr@lwkmommwitinq)erelatlvely
u | 0 nti
o e ot dnt HAT! O Enfoef T rElon Ay oagpe Flov
reopi ¢Send réat ieat and t Hil ok | Slopswgly | Bl Ney pas S mi@sbl &e in
soIan , such as $h nol . (whi ch i€%$referrgwé qé
%‘?Jc %]‘rryl 2 IRRFY s RREY the| Fie L hyactuating
tdonidd, tﬂeeﬁélssa eNEEr &4 s Bn§ By aF ¥St x i SULRG aBlow
Pd/ or Pd(CkDZ/C I n one. enbodi nent, the conpound of
thepwql ot \fCHe§M be treated with an aqueous acid, such
as hydrochloric acid, to afford the correspondlng

hydrBeeserane ether fertuseen 2CIMERENY, egnebits and
t t e (
R B R A S L S
oﬁad)tdimaryeslplbbexmetlmé das eypsnictaesfal nconsir@depdtion of
sodi um h oxi de and sodi ym car bonat e, . f ol
SIS IFTR IR e FREI O e LEPEERR S € e of

th@liﬁﬁém&ImmLhéféiﬁb@f?ﬁlaﬁd tE?(adcémbamybﬂ%nﬁraW1ngs, in
L-tartrat repared. | n, an, al ternati ve enbodi neng,
wip %h(%me]n;aﬁ Jo%@‘?g S 13 e riRelSaFed oD t Hae cHipbieiid ’%ﬂ‘gures
uéﬁﬁ@%l@e(ééﬁe Byt e EPRimse s [ ect Iy follow ng
reductive am nation of the conmpound of formula (1)
wi t hout formation of the hydrochloride salt. For
exanpl e, in one embodi ment the product of the
reductive ampRaEFODHESCRIPTIONOF T8 dRaWrNgsa sol vent
such as acetone and L-tartaric acid to afford the
L-tartrate salt. Wien Y is CH3, this produces
tolterodine L-tartrate [i.e. i?-(+)-tolterodine
L- tafféatf]1sﬁgc§5ﬁ%ﬁgkfge§af?iéﬂl SPESGL s - égg%lon 1 view of
i nvention provides a process e production o ot
a fesbl espsii ere, ervbody ohar patewtpad | 9f acheppaddentsalivention;
t hereof, which conprises: (a) producing a conpound of
fornet@. (2\Vis as dmidn@dda@@abei$bh$m&fud’¢Bo£§€£}ttlonal
u5|n t he process, descri bed af ove %gg ﬁ %ﬁﬁgglthe
Vprid ]EO%?‘ st e%ef]a)s%e%%th? fe" (RSB P (c)
acylatlng t he olic h drox gro . of roduct. of
A TR S A T habbtior e shg well
sEBEEH ; of dﬁx@ndz Whet €n d&%yﬁﬁs@fd@@wésﬁf Yeh& O esdh Neing
the resulting conmpound into a pharmaceutically
Ch@%@%table salt. Fesoterodine, having chemical nane
2-[(11?)-3-[bis(l-nethylethyl)am no]-I|phenyl propyl]- .
4- hyF©x yhret hiyd phrelrsinat 5o e 99 &t 2@ l@mf@br‘ﬁh@‘vv@g ya first

0
g%%%@%ﬁ?é%%%%%@ %ﬁ?%% b%é%yw%%%pi 5 4 hydroxynethylp

henyﬁI§§t§risi§ §%ﬁ§$9§ﬁg éfbss—sectlonal view of the well

screen of FIG. 4, with a bypass device of the screen being

closed;
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Eur opean Patent 1077912 (see page 32 line 5 and claim
4, 3rd conmpound). It is indicated in the treatnent of
wWor@sass4/e bl adder.In this third aspect, the PCI/IB2007/004287
resolution is preferably carried out by fractiona
crystallization with a chirals acid, preferably
(1?)-(-)-acetoxy(phenyl)acetic acid. The acyl ating
agent is preferably isobutyryl chloride. The conpound
of f I ) ' [ Jo) j f
ot roroh Gt e e T ST o (R o, ¢ pgeoond
atteseate i eongtueciolon fof nthé&wehbraoresni ta ibybass ededice
of NBllc (he PLOCSSS, 2CCRL) NG 404 NS, 1oL APECH O4dNSe the
I nvention prodices a mxture o i aSt'eredi SOMers o
fidperd acdnd : tHoebbpasnddSy erand £ oties Ssofedebelnd adhown open

centre marked with an_asterjsk above are believed to
OB pr LR TR apd ¢ Aot sET9HES broduction of al
these tautoneric and stereoi soneric for is enbraced

by thESprestht®i FARMILHC THRFSPPPerioiak YEe¥iset ¢ nthird
aBt&Pndte &bnsbeudiish SBPERE Wi11 hectdveNtd Bypdde device

reacti on proceeds via an isolable internedi ate

of o UTRIr RN for RY ashiamn ghesed oy 3 slebtekard sidenof the

CHZ 1, ﬁgﬁﬁ%& G
fa e %?OV|det acc %%%gé%%f%??%ﬁrt ea%%§%§nJ§£?ﬁ2W9§own open
omresenghtrivend | ®hde Roefehabfigunei s CH3. Wen
I V-met hyl pi perazine is used in step (i) of the first
asperiGof8the anvememanic tdeoseased¢oiopibeeras of aa afourth
| nternmedi ate conpound of fornula (VI VI )wherein Y.is.
L EATES Tt AR (ot brctetty oS dddice
off helse SOPPON NS 8d es WY | Ibsls @8 Cori dh NDef©-lBahd féhde of the

aspect of the present invention. Preferably, Y is
Ergpesr APl FRRNIPTS fIRYHE? PF oViPYeICECRR PRI Bown open

ot 04 " gh{ llandNe1 & Mot Li5e SEl §6ted dhgm CH2CH20H,
CH2Br and Br. The process according to the invention

di ffefe, f6opa Us R B0 gA@PLE LR | 9n 2R3 O23F438-§SE€ional

above) in that none of "the reactants are an aniline

viewpeling, sweblahke comperhall off farbypas | dgviee oseh hgngly
. | nvent | esc N jtional strongly

cé\%%%%%@ggoérﬁ]gf?%%g §/ g*%m%%g%o%%ﬂ%%' group present

(such as nethoxy in Exanple 2 of US Patent Application

2003/ 0236438). Furthernore, the am ne catal ysts used

in the present invepqti e ' er (e.g. they

do not need to be cﬁ%#gf&génggﬁéﬂ%é&gﬁﬁaper. The

process according to the invention differs fromthe

Jurd paper nentioned above (Journal of Heterocylic

Chenmistry, vaol 28 (4), 1991, 983-986) i n that none

ST T4 s e Sondetaroad, haR oaitlot e, Aogainais of
t KOMPEeEEN ©f i hPs it Gn (dédcALEad dhétBe1® hdg bOVEPilDfed in

does not have an additional strongly activating or

Vaxtnyl 9r e RE F PP HondF P gr bl predentnVatiked as
h@ffi’&(ﬁ{t&’:[ ’ h%é’f@fé’al ,-rh@té nvept 4 oy h@éri@@s Iﬁ%ﬁf‘ﬁﬁurations ’

advantage that, as part of a process for
wptleletdepaotingl feomdiime, PY nctppes i ebnthe tpresent
if& @fgnfj' S‘fljlé)S gé{ir}{&é@/g}?éog%s%rﬂﬁg@grﬁeroé]t%eggté}?{ﬂnples
and processing steps are el 1'ni nat ed, eadl ng a
of edsiefu bnappl tost Sons of the principles of the invention,
which is not limited to any specific details of these

embodiments.
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Furthernore, the process avoids the use of expensive
reduci ng agents such as diisobutylal um ni um hydri de

W@ DIoBAE3Be4 sodi um bi s( 2- met hoxyet hoxy) al umi ni unP¢lyTB20e004287
or lithiumtri-t rt-butoxyal um nohydride, which are
also difficult to dispose af .gThe i nvention has the
further advantage that, as part of a process for the
production of fesoterodine, in conparison with the

processege St Opely | QedbLiPEIOE S tend w&P@é?ﬁéative

reaction and procesSing steps are elimnated, [eadi ng
enmbodimenuetdbnthe twsesticwr thereotond hetermsessuch as

- QiGhg5 LIS 1iSg. of  agaL Aous, apd. PIVLEONTENL Al LYoy g0

undesi tabl' e Teagents; which are difficuft I Spose
cofivedhend¢avemt r@fersind | tist tlad egedympdney {104 | dvawiongs. In

exanp] es,in whjich, the fol Ilpvvivgég (?pbre i ati ons may be
IRLE ! BUGPL DUt andPPeT DEA WPHTEL hyR &t HE™ térms refer
t&li aed hyd@ELE RN 6lga AV e db Bt Y | Sl FBsdSlea IMRY & wellbore,

| ,3-dinmethyl-3,4,5,6-tetrahydro-2(1 H)-pyri mdone DVMSO
and di PeteWl suf PPoRT de thTERwaRd hyd R et Bkt Ret e Faaceefer to
a 41 fo&eiom CAY | PER | En&XEestn B Qher Falt ylomgetid @

Et OH = et hanol™ h = hour I PA = isopropyl alcohol LC M5
welllbepe d chronat ography - nmass spectrometry LOD = | oss

on drying MeOH = nethanol mn = mnute n-BuCOH =

n- buiRepoesgnisativel polhbespeateduiam eFIGchl TEA & well system
1érifl oroacetic acid THE = tefr hé(drofuran tic = 1thin

whic ﬁ%@ ﬁ

AR R ERET BT P ERNT 1 iR invention. A

gBadle Di haclk Dn - et tyd - 4s phetyd) - @&t benaepyim the well system

2_olp-Cresol . (150y, 1.387npl irred with .
1 &5 P HEed ot Bt v R s e R o Leher (i gpeing
£ 15w A ) n @8R dah hemnhe@s etls abe £ REdNXa USKIRG 1 H8dn &St BkK 20 and

conditions for at |east 30 mnutes to renove water
a gvel Heexe ctear PRl ehieimepnest vt i grevel pack 16 is

iﬂ_éi?é‘f%é?i npRoRL dehyde (%é}sn Nf;z? S0nt Er O8indBLed 11?‘3:9%

was then added over 2 I'lst malntalning t
completion string 20.

In one important feature of the well system 10, the
well screen 14 is provided with a flow restricting device
for restricting inward flow through the screen during
production, and is also provided with a bypass device which
permits relatively unrestricted inward flow through the
screen until after the gravel packing operation. This
feature allows greater flow rates through the screen 14
before and during the gravel packing operation, but also
obtains the benefits of reduced flow rates through the

screen during production.

Although the wellbore 22 is depicted in FIG. 1 as being
cased, it should be understood that the wellbore could be
completed open hole in keeping with the principles of the
invention. In addition, although the screen 14 is shown as

being positioned in a generally vertical portion of the
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reaction m xture at reflux under Dean & Stark
conditions. Once the addition was conpl ete, heating of
WO b@8o08364 i on m xture was continued at refl ux RCEB2007/004287
Dean & Stark conditions for a further 4 hours. The
bl ack solution was allowed_tqg cool to 800C and then
slowWy quenched over 45 mnutes with a sol ution of
0.67M HCO (aq) (750m , 0.601 nol, 1.3eq). The two-phase
ﬁpiy&f@nzzwasswﬁnséfééﬁg%%%gﬁeyﬁﬁa{ti@élw dEash algdltlon,
ours at a tenperature of The stirring wa
be hmnsstuptp@@ Emchohezonika Lirer abthwedise deolated rwﬁtlons
e and the phases separated. The tol uene
‘?‘%%%‘g‘%% then washed with IMHJ (aq) (750m ,

5n1/ t hen wa 750m
Bt PER RIS (S X FP00by SR Theen onrgad scate
cl(‘jk@és+§ef)d:ﬁi@lﬁiaﬁu¢lexgséfadqé hectedénene sswlﬂépsﬂ@sml ws\e@llz) y
j rect in the. reductiye amnatjon ste anpl e :
U %/%dSynTWe% CLeY qepterddihe $oHS ‘Er%\‘% edn@l‘ln@I the
ggmégr}ggé]agn d@éfé‘_@i@nThe t ol uene sol uti on conprising
crude 4- di 6- met hyl - 4- phenyl - 2H benzopyr an- 2-

ol fx %ﬁ@f@%&ﬂoﬁt@@%ﬁtw@ gravdf: Stutsy| 1§pra§ws

tol uene) was diluted with nethanol (750m, / 9)
inverd by | slopeepy| anf hbte¢sgsertiani1ype af Tehe rmre@reqw The

en t
e P et vt g o TR TR o PO e ue of
wi\m ZWJ(&ﬁ)s psh'n)t amrdldﬁoeﬁbés)roﬂthbUes maﬂtesnhqnl e( swash as
nmoved f f %mal The reaction m xtu

m?? ter el ‘?]ﬁ‘? %Jo%]cel?‘f?r) (FRY 137 & %fb ?%}PT%J{/e
efilbd@ wSht & £Si dues and then heated to reflux and all

di i sopropyl am ne and net hanol renoved by distillation

and Tep! eCeLd Vot L Oh UBNEehiBSHS taMGahiuPat | Si8cd OF 8IMBetween

of 10m /g. The black solution was then cooled to 25C,
tl&%efb:h*ée]( Mtl% 26)aRRs? delRUL 2 BRR IR RReS S P Eit Flom
shealedi 4 }%Plgioﬁ‘ §@'&f'@@e0f1&15a£ﬁé5'§a§§é§ through a

(312q, 2 081rml 5eq) 1 n nethanol (1.05L, g) was
f%@Meﬂe@WElC@m% dﬁi‘(%@e ndd nt anci aeEter tmap‘excam uiif@ @f the

- C..Jhe n then allowed to

f]glg%)(??ossr’%%m ({é ga%% %%‘???%?? 12 hours. The
suspgensi,on_ was |Itere washed w t cetpne (2 .
Soon e SYpdse LB PR, T PR (el ot
idwahd Uf Bow ot g oegh hehé | ¢ eecwnpoupli s e add dm'rixeg the

solif EL159 2 48%é24%f om p- Cresol %] Achi r (ﬁ\
IRFTt YPIFEAD R TR | HPBEV et etRe YR cFe¥ife 38 can
bé’Uéd:Eﬁ’aﬂ‘@di 8. fefebse l@é‘?ﬂ)ﬁoﬁo&i@ﬂe@f Sf Dliid ageIGE passes

tol terodi ne hydrochlorid ol uene (i) Tol uene/ MeOH 20%

th%RQ$D2VQ§(©*QW ¥ﬁﬁtﬁﬂ¢§b%gd%?vh%¢n% 18l by obpereasing

the restriction to flow through the screen, as described

more fully below.

The flow restricting device 34 may be of the type known
to those skilled in the art as an inflow control device. As
depicted in FIG. 2, the device 34 utilizes relatively small
diameter tubes 40 (only one of which is visible in FIG. 2)
to restrict inward flow through the screen 14 (i.e., between
the annulus 18 and an inner passage 42 formed through the

sScreen).
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(ii) 37%CI Racem c tolterodine HCl Step A
Preparati on of

W@20080653394r 0- 6- met hyl - 4- phenyl - 2H benzopyr an- 2PGI/1BRO074)04287
solution of p-cresol (25 g, 0.231 nol, 1 equiv),
pi perazine ( 11.94 g, 0.139 gol, 0.6 equiv) and
toluene (250mM, 10 m/g) at reflux under Dean & Stark
condi ti ons was added ci nnamal dehyde (45.83 g, 44 m,
O'3436W@wer}'§teQHéUidOU@rcﬁegrgfuﬁn&5¥éfﬁb@nghat any .type
reaction mXxture nonitored by HPLC for the presence of

oh- tlew orestuport togplevion @y the 3hoed sfor tblee ndevice 34 in

. cool ed t 0] ol pt.i 0 (2 ,
LBGI8 LE S AU PG RE Sy ol 2 cnamone,
saheW yf bold ecomttb heddetcas Be J0O lious gpadengdés p orifices

h}JI‘S. The resulting splution s allowed to cpol to
a ‘go‘i’r’ft%‘ﬁlb%lfa % LR HEt A stLeRepE? at@d SShHe ¢ bl R d
£ B&Y Ut h PHuyRSa Washesh Wi th ITM HA (125 M, 5 m/g), then
water (3 X 125 m). The resulting organic |ayer was

t akefn | /@i £ '6n | CAWET £ VEW af@@@fi@@iﬁ et REMB)nay Be
crude m xture, Step B. Preparation of racemc
“inte bl bEeme” hyRiredlt obhelcdaviehaney Ube BoMQEebn ¢orkrolled

S 0 )

o B DO STed 8 0 Ugpdiiamie oo fiesRy oifsea
downhole owsdihbonsyn ogeder edo ovar i 20w U Sl 10H) 2/ Thrwaetd

5.6 10w % theory of. the benz ran- 2- ol t. 110 0C
*{fter oalal o da8 11 T9h Bobh BrBedta o the deice 34
mdjgathd DidrHodesshabs admt oI Belr by4 Hh{e ararpl B¢ bide a

u ualli ogccurs between 16 and 24h)..1#1§)0 corfdpl tion,
L Heek Xﬁ%"%\%‘% Vol SR CRL RF t L 't%b%e%,r ¢ red
andEhaeshefome tTod ol eme (2 X 25 m ). The filtrate was

then azeotroped with toluene to renove all nethanol

and g4 SOPIODY| ahder 1y epdseti@c{holiey My is an
_corresponding to 10m /g cresol. The solution was then
iREeg¥aH RRr500500 aveir 8 HEl $a9tiBati the Dhaw mgstricting

ddv &M Vi&séaﬁ@é%ﬂeﬁ{"aéh@d%@ije%ﬁsi‘éti@&téméé‘% the well
precipitation of racem c tolterodi ne hydrochl oride.
sYi$reem ubkpensIimntwes rcawhed, tan 2bn O et 5o rimwico fioie 2hell is

then filtered and ed wi toluene. (2. X 50m ).
RGBT ER 57 oSSRyt BEH DFY dECSEEL T R0 (PTG nithr
HOWEE) abtED G ot Bddlr MeBon2. drg, pESYHBIOM PCkESEIng with
with achjral puri t]¥ of 97% . The synthesis of
LRI R PECE - P hr R et BR YRR ¥ ng to the methods of

Exanples 1-3 is_shown in Schene 2 bel ow. p- Cresol

f r anShe PYRARS dePYHES BRnbrel udehd et b1l ahf nghich

sﬁ@iﬁéYﬁin@ﬂ@a§@§Vfﬁtvéihﬂéﬁlﬁhéﬁ contacted with a certain
3, 4- Di hydr o- 6- net hyl - 4- phenyl - 2Hbenzopyran- 2-ol The
flebdtimntled wbhpl eFar vexamepeat et Mmatewbalifyg coeld swell

. anj | yst The t

L SERRLE VLo 0, O VEfer T PRBEALYTE Ui
warly sydverdrbén | dwerd [ uot ess resporsedtotdenvacse)with gas
SR SHBLE 00 RO YL BY WSS U0 5%, L1CLES!Shass
déabte. SIRAVELL iACKI NG SCRIEEN V¥ Tt NRMOW KEONTRES r DIEVI £

exposed to the fluid in the well.

Examples of swellable materials are described in U.S.
patent application publication nos. 2004-0020662, 2005-
0110217, 2004-0112609, and 2004-0060706, the entire
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AND BYPASS TECHNI CAL FI ELD The present invention

relates generally to equipnment utilized and operations
WEeeBosIsed i n conjunction with a subterranean REl/IB2ao7d)04287

in an enbodi ment described herein, nore particularly

provi des a gravel packing screen with an inflow

control device and a bypass. BACKGROUND Al t hough sone

well's can be conpleted with sand control screens for

A£85 50U 14 0% Fapd; B OSHE | Qflor a{t&gl 111§r@1§ @f”@ﬁidé ed
by additionally having a gravel pack placed around the
reteremse . FUPtiher nexamp sesreo hedwe thapl etharerpabs are

1 ed. : | ; .
AQERE P by nel bbb b PSSR R B g £
200w/ 63 DWW Bf apd odlicz@i0 S f 1l 6394y otigd el ser@emslodures of

SP cases, the infl confrol devices vari ably
WREQE 13E% THEOTROR AT R LR noY Fobe THECRSRED | ity to
respond to changed, downhol e condiii ns and/ or be

r enot &F YPYRMEF ofF LT e Y. 2190 mRFHIRMtPOT 1 | @fy Passages 48

tHﬁEﬁ?@'wﬁ@Wﬁcﬁﬁé-ff@Id POPYL HOT 38 0t &hs OPLTOROL® and during
conpletions can benefit substantially fromthe use of
thefymyebrproklngwretat ok cr cipike thakpln FHF- t hekhe

md 86 Ba1 [ £4V é}éfmj’f‘@é’ )rg\fegLiL.?V?%#/ Fu@ﬁ@&ff%?é&t £ &P Bhe

screen having an integra ow contr devi ce and

flmid pogrburl 3packronsgh athedoaboayes 8 screen. Thi s
may be due to the fact that the presence of the inflow
contPoéfecabh e, i thedgrrpass déreicer2@niswan dinteeral grart of

revent the successful | acenent of the gravel k
B2 E T Thot &b r 22 et 18 | TP Lo AR Shat® ol GF t41 ted when
eI NG Pgeh eChni wgtes] 16d nte the wall oyysoshr vh . devn Cehis

significantly restricts the available flowrate .
MIPRREIgHAR e ERF Bt 1R | Yt ? hengrusdl packPhgreduired to

iPEI Rl | Ofle KPPNSHTAOPBLe SO T YHAWERPEPT SEEEPI GY8Figurations
requi re a mich greater flow rate through the screen at

AERrRPeS PP ik keerhed grhivie| theickY Hec tpkeatebrthean is

. jcally possible with the inflow control device in

l%ﬁggéigﬁherefore, it my be seen that inprovenents are

needﬁgferring additionally now to FIG. 3, the screen 14 is
representatively illustrated after the material 46 has
swollen in response to contact with a fluid in the well.
Flow through the passages 48 is now prevented, and all of
the inward flow through the screen 14 must pass through the
flow restricting device 34. 1In this manner, inward flow
through the screen 14 is increasingly restricted due to

swelling of the material 46.

The swollen material 46 itself blocks flow through the
passages 48. However, note that it is not necessary for the
material 46 to completely prevent flow through the passages
48, since it may be sufficient in some circumstances for the
material to just increasingly restrict flow through the

passages.
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in the arts of well screen construction and gravel
packing. It is anong the objects of the present

WO p008Msi3en to provide such inprovenents . SUVMMARYIB2007/004287
carrying out the principles of the present invention,
a new well screen and associ gyed net hods are provided
whi ch solve at | east one problemin the art. One
exanpl e is described below in which a screen includes

an i AfLow ?ﬁ?tépévéjf%&%m_@p@ﬁ@@f&$Oaijiv?éf dd Mast an

around the | Ow control device. Another exanple |
infeseas e dobepont {on Whd £ htle giawetd phbdw nepopes athoeugls the
ed. whj . bypass | n d h
e EHLSE PP IAS ALEIOUERET, LEpREF n AP g prpass
devdtnd3 8 he Thds pwleonf Twld devi€tonlus2 ngi pI oskies i oh. of nfluid

ne aspect of the invention, a wel| screen includes a
59 IORPOUSEe | LTS et Cot 1 BTeT cROFTOR 1 nviar d 11 ow
through. 1t he screen. A bypass device is used tp vary. a .,
pr op%"?‘f’p;]rp%fof heh¢ rm\%’?%lp%%vxf‘ TP YRS ek e Yl ng
of | P ELSERS Ch e DOV ERI nd NSpOYREESH USY | CLot NEXAHISTe 2
material which swells in response to contact between
CiFRUhE bRy ot eeEtaini Hlyuid down | to|phenderren akpeetthvri or
[ t th acql :
2O e 2R T L O Y £ o fodiad eyia 52

cowrld , comeactrieen nacénthhg@a dhdwaese rittimgswell cefter
whi ch ref,tri s flow through the screen, and a bypass

t
tl&%v?]f:aev? orp%cg]fle% i%‘?{/aiblecr’rﬁ tting relatively
unrestricted fl ow through the screen:.and actuatin .
the By BRREIRE | bt e EEBNoENE S Lo Y Bt HRearerial 46
coml@rbval inhtideedyppsshaeyame angid !4 dis nid hehaelbdll at

thereby increasingly restricting flow through, the
therelie thaycthanttheen akhertd ot ts NRYPF2IE BHCE &3 et e

i8YSA BN Si RO dfgh 1 Theryelha sysi £8 1 figd usles: AiNgl b the
screen with a flow restricting device for restricting

mateiral f4ourenkdulmh releasdedenso abtita BYpaskosere cer
e A L S RO PR 08 Tt B Y v I o
beevorgel ¢ ped udrisi h aedes ivdd wilcbegueht stime, such as after
the gravel packing operation is at least substantially
complete. The swelling of the material 46 could be retarded
by, for example, designing the material composition so that
it swells slowly, covering the material with another
material which is only slowly penetrable by the well fluid
or swells at a relatively slow rate, providing a cover or
coating on the material to limit contact between the

material and the well fluid, etc.

Any manner of contacting the material 46 with the fluid
which causes the material to swell may be used at any time,
and initiation of the contact between the material and the
well fluid to cause the material to swell may occur at any

time, in keeping with the principles of the invention.
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in response to contact between the material and fluid

inthe well. In a further aspect of the invention, a
woreaoRosB3ed gravel packing a well includes the BCEB2067/004287
installing a well screen in the well, the screen

including a flow A - restriciing device which
restricts flow through the screen, and a bypass device
for selectively permtting relatively unrestricted

fl oved AL OLOR, thEa BEI&RM 1! QU s opgil. the £ O ternate

restricting device and flow through the bypass devi ce
cenbigurpaien | ef . thheseeedmwdl 4 urs heepresenidesiveky st ep

: C ng e a e . t her S

PLugplabano, 1o YRS RLege dler  ASLEEARRlL o0

fheaher ebnc hudedt agekos ines afémise ANSM obh Beh Si®fdidelaced by
resent inve&éion wi || becone apparent to one of

the A2ET5 2kit? in the art upon careful consideration

of the detail ed descrjption of representative _ . i
enbo%]?‘?re‘ﬁ?%%lf Thel$ n’fl?%ng%‘Peﬁg%b%l Q¥R Yitch carries

s SAPRPYH D01 B S ADSsed T's WNI GEh St My Fés S ENBIG Sué Sor
i ndi cated in the various figures using the same

chek bpg irembemdh dray BRI FebESCRPTE e tTHEY DRAVR Ndse
pfiﬁ%ié%§$ gfsgggngﬁ%gnpféﬂially cross-sectional view
of a

system enpodyi ng principles of the present

inveﬁéié’éc‘%iﬂ fniﬁ?” gnl E&@if%f%%ﬁf@?@ﬂ% ed flow is
cross-sectronal View throligh a we creen in the
peysleredftit@igl thé&lthsBages ad@chehys £ a greater

Cross-sectipon view of the well creen of FIG. 2
PE PR L Ry b r tatd chi s B ReR hie s olehide 38
idstSad SEheBbLGh CEIOS ST BEEt Fosed i vt Eng Odleridéd r34.
alternate construction of the well screen; FIG 5 is a

sc heﬂi@féﬁrpﬁcﬂsédéﬁl@ié@@_ﬁiy VhGW €6 Fhe. | | tBET£PPePhate
FIG 4, with a bypass device of the screen being

CRMBEBFEFEon 60 F sthe sehEaeR | b4 ctDSEERERIPRIRI LN BV of a
1 PEEOPEL @A CAPRLE COSHILCLIRN 6 RIS MELH SFSPRM. 2

ypass device of the screen being shown closed on a
Svellimandf sthie miteneali gurkas prlused byparembkyize b

d££51§8é3§9 §e$8§i§f8MMiQRﬁﬁich the member blocks the

passages 48, preventing flow through the passages.

It is not necessary for the member 54 to completely
prevent flow through the passages 48, since in some
circumstances it may be acceptable for flow through the
passages to be increasingly restricted. Preferably, at
least a greater proportion of fluid is forced to flow
through the flow restricting device 34, rather than through
the bypass device 38, due to the displacement of the member

54.

In the constructions of the screen 14 as depicted in
FIGS. 2-5, the bypass device 38 operates as a valve or choke
to variably restrict flow through the passages 48. 1In the
constructions of FIGS. 4 & 5, the material 46 is an actuator

for the valve, since the material supplies the force
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on a right-hand side of the figure; FIG 7 is a

schematic cross-sectional viewof a third alternate
W@osnsazet i on of the well screen, a bypass devPCEIR07/004287

t he screen being shown closed on a |l eft-hand side of

the figure, and the bypass_deyice of the screen being

shown open on a right-hand side of the figure; FIG 8

is a schematic cross-sectional view of a fourth

réa%ﬁffé‘@t €0 CONSLE UEL SR NeRf ol e ¥Rd 'C]?ééé&fé‘s 28 by pas

vice of the screen being Shown osed on a left-hand
maieleiat 4hels i glse, a anbosee bygralssr devi tlee ofongteruction of

58S SER e g %og%po&?gdo%ab,féghtz-hgng side of the
I?i gure; - and F‘—i§ TSRN €hlarged Scal e schematic
S ti | ' f L1 abl terial of
bypasal v B addi et Rt Fog I s f  aiothet pplternate
chypbgsr selon eo f DEHA kDl DeSERIPTI ONiL s tréprégedeatively

.understood that the various enbodi ments of the present
LR R0 dest? | RS nePRt HO Wt b ut Fip¢ z’gjoo"i’nr Fbousing

dE¥F1Eat 2 | HRS , bPpEds a8V 1\6d | D@ Uard WEER EfhcbpbZOE@| into an
vertical, etc., and in various configurations, w thout
Uparent et rohe t $rreen nkt pl BN ¥hghpriargdiside of the
I t{PNy T, odi s ar I Y2 @Ss
e L T a1 i fone” T EHe. pr TR bl 28 5} oPen
andeon nvehe forhamdi shdé sofiothé | s teen t thanyatsgetali46 has

defails, of fhese .enbodinents.In the follow ng
sfigkien oo e G S IO AR Get e e Lo T 1Y of the
i nvept i OPI. directional te "above"

“bel APt P8 ng "8G 8 Y5A 8 NS4S device 38 are

depivesd eNteFI@s I ef €5 ra$god Dndy e PELHEP adyeiign € avf NEise
In general, "above", "upper"”, "upward" and siml ar
SEEPPR Fof erHQVCVEHI et i oPnEbRFIE IR @5 ¥ Hes Qurface

dShORG Pa i8S | DRI €, RSk "DR Rt "h&YBEE » cORIVRWAT fh+ &4
simlar terms refer to a direction away fromthe
skrgid’ StEuetaee, advhgthdle aeVabeley Feprbsemate vel y

. . ; . . _ _
coihEc Ao My deid B Phe SYPRTLEY N Seping gpien
tipacha hge el dwdof stivei gveetfonmed in the well system

Prior to and during a gravel packing operation,
relatively unrestricted flow is permitted through an annular
passage 58 of the bypass device 38 as depicted on the right-
hand side of FIG. 6. The annular passage is formed between
the material 46 and the tube 40. The fluid portion 36 flows
through this passage 58.

More restricted flow is also permitted through a
relatively small diameter passage (not visible in FIG. 6)
formed in the tubes 40. The fluid portion 32 flows through
the tubes 40.

When the material 46 swells, it blocks (or at least
increasingly restricts) flow through the passage 58, so that
a greater proportion of fluid is forced to flow through the

tubes 40. 1In this manner, the restriction to fluid flow
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10 as depicted in FIG 1, wth a gravel slurry 12

being flowed into an annulus 18 between a conpl etion
waeossp3zd and a wel | bore 22. I n this manner, BCTIB20¢4/004287

pack 16 is installed about a well screen 14

i nterconnected in the conpleigon string 20. In one

i nportant feature of the well system 10, the well

screen 14 is provided with a flow restricting device

tﬁPcSuél’?SEﬁé Cﬁyﬁﬁsé ijcé | pyv IB%:% %@hlﬁé“@e §é&e<§h1di'r‘i

production, and 1s so provi ded wt ypass deV| ce
aﬁmlchtlp@rma‘sel epmkmyom@‘smmct ed i nvvard flow

through the screen until after the gravel packing

operBefenrindi addeaionel by | now 9o cBi@r T} canohes alternate

h th 14 Dbef dd
COIRE RY REP BSED 201 orte BT & Rof bbral Het R BEREHT S
iI pasteesit&éd oW 0t £SridiioLgind heidereentiibirsdigeen 14 as

rod ctlon Al t hough the wel |l bore 22 is depicted in
VTE—? 113sF HGi ng’ cHERPYRPISE RV HCDe’ Unterddy Fpdion 2

1éhe_Nehd bol ge cotll ehdescosph etied Rpesr 1W] €46 ieeshdDlen to

with the principles of the invention. In addition,
therelyighlose e devpags | deeHean as being positioned in

a generally vertical portion of thewellbore 22, such

scr ebhstivy embediaenvethe svel hakbelimaorridpk 46 is bonded

té’oa?ﬂtltiﬁ’ﬂ‘&j é&‘rf‘é’% Z%‘téfﬁé’iﬁ SLDEEW a?f“ rf?@onent of the

portions of a welTlbore eferring additiona now t
b¥pdss 2devire €38 ar geer slon| foxmbss - srcanmanbir vsparef 74 he

14 tatively ill d. Thi
oGEITED 71 HARET ST Raea 0T e VST SUBHE gkl 484 an
o@per adhPfacd Té UbE POrinwer 2dulehliNec Ghpyeéns| of ryhd oypass

flows inwardly through a filter portion 26 of the |
deytern 1%“%&‘?@@%@%%90@1 o6 Yel dl%‘?ﬁ]&%%%l PREFR T Oy

r@r@a@ﬁb@gy NBiEe 4P DEL M T £1 9V 2DS , potthi OLER Mt K YPESH Ofhis

filter material (such as mesh, sintered material,

arielyr ngpaee T eff | thothypassiderhent38. THeen | thel

I r 8; en t
PP ATe S ELRAE 20 A0 g r SR N o Afyponse v
cemtaen With Ao poettain 32ebf fheid) utlde tdmemupassesace 74 is
ciggéngraat least reduced in size so as to stop or at least

increasingly restrict flow through the annular space.

Another alternative embodiment of the device shown in
FIG. 8 has the swellable material 46 bonded to the outer
surface 76 of the inner tubular component of the bypass
device 38, with the annular space 74 formed between the
outer surface of the swellable material and the inner
surface 72 of the outer tubular component of the bypass
device. On a right-hand side of the screen 14 as viewed in
FIG. 8, the bypass device 38 is open, and on a left-hand
side of the screen the material 46 has swollen to thereby
close the bypass device. The swellable material 46 would

swell radially outward upon contact with a certain well
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flow restricting device 34, and another portion 36 of

the fluid passes through a bypass device 38. The
Whypasssdsevi ce 38 pernmits relatively unrestri cREHIB2007/004287

inward flow through the screen 14 prior to and during

t he gravel packing operationijgHowever, the bypass

devi ce 38 can be actuated to increase the proportion

of fluid which passes through the flow restricting

FCen 3 by, 4HCT easi e LGt d ;

e augh Tha Sor L oagy G2 P LR P Pt g et
fivwvthestgh ctheganevlze Sdagay’dbe of the type known to

those skilled in the art as an inflow control device.

As deEpianedof nti Gmidodimdmt slevf ceh@4bypass zédgvice 38 as

relativ mal | , di amet er_tubes 40 (anly one of | ¢h
Sl L pries bty 6 st rrien e TRewr il biohe
miber 58T eeh ridkés . Conthet weey bdeenidmded 48 afdt@naid in
i nner fSSﬁ e 42 forped éhrou h the screen) .However,
the syollaPbe Breer3! unbkPStRd 2 neeahrg92 et ofPat ow
ré&sivigd i Hgr figvé ce TRY Heresed hey bderseyhéfed%bot Nit may
keepingwith the principles of the invention. For
b%x%m%wg?t%%%e TP FaoP trof deleressegraderiepuamooth so

a@?ééagﬁﬁanégiEﬁ&e§e§ﬂ?¥§$&%@§${liégmbf éi§%éf¥bbl?n

el enents to restrict ow t'hrough a screen

madelr tabnd 6 tnizet | D castadts | e desd¢erv Bdg nayr bece.
"intelligent” in that the device may be renotely
contxm| éxamphel/ of $ieh dewr Lacemyr detapabl s ocshown in FIG.

respondi ng to changed. downhol e conditions.in der to
9\ or B Vet 5 FERRCE 8 BE NS Rrlind, oRties, BEEE
chRtadted WErposenatdeideviep 34 1mythd Cémisked Bnsowndipl B1G.

controller 44 which may {nclude a telenetry device for
8 conhRintRat $FYMRM € hSRPEN stk f5Ee- of  aid heRn¢enptkface 72 has

sePEA 1 ONs &F ef £lADL Viothea FL o E68 T £ CA AN EEVAEL By
is an integral part of the screen 14, so that the flow

corlsagt ceetiiceeilke matentahl 4ednfchhe heukstaeen is
installed in the well system 10. In this manner, an
i nt efvestowhdibe cundersiedndi shajpt akigubueh theiscresn 14

hége?éégmé%§§}{$§6|Q@o@gy%$eb§fhikgggye{n.$t$§gvel packing
configurations are possible in keeping with
operation and in the well system 10 in which the screen is
gravel packed, it is not necessary for the screen to be used
in such gravel packing operations or well systems. For
example, the screen 14 (or any screen incorporating
principles of the invention) could be used in well systems
where the screen is not gravel packed, or in operations

where a restriction to flow through the screen is not

increased in relation to any gravel packing operation.

It may now be fully appreciated that the well screen 14
and its many embodiments described above provide significant
improvements in the art. Note that, in each of the
embodiments of FIGS. 2-8, the fluid portion 36 which flows
through the bypass device 38 flows in parallel with the

fluid portion 32 which flows through the flow restricting



10

15

20

25

30

the principles of the invention. The bypass device 38
includes a material 46 which swells (increases in

wa 008M83364vhen contacted with a certain fluid i PCT/EB2007/004287
wel | . For exanple, the material 46 could swell in
response to contact with wates,_in response to contact
W th hydrocarbon fluid, or in response to contact with
gas in the well, etc. Ports 50 nay be provided in the

adypassssevi £ 3814 ndNCELASENE SHEE ALE SF epndfed b

material 46 exposed to the fluid in the well. Exanples
restsietiabl o nblevithsouwgk deschybessidetis: Pphtwmich

- QHBL4§ 538 RUBL1 530, 05 20805 BO20EC%0, 200%n incroased
pEmHOrEths cb HStiie Sf i idhd Z ht@ar £1owceli pough echdef bbw by
this.reference, O her exa?I es of swel Iggéé?nateri al s

TE T HeSERY bV 1FC PET: paR RS T VAT oy FEHeiRh this

f896ur MO 2 0044 O 50 5¢ Binfhd ViEd 20054 13631 ch 1@ | €i8rough the
di scl osures of which are incorporated herein by this

byRA2F IRELCThES HYPRS sNAeVIREESBREHSb §HeY ubeowsh tsherflow
ré’é‘éﬁf&@ﬁn&sdé\gi@é*gﬁu Which {he fi&‘iﬂ POFLLOR 35 xﬁﬂ%tfelows

prior to and during the gravel packihg operation. _
thhewgh ntie Elowtheshaiering dévpee ndoss redatheedgsarily

ff&ﬁ%ﬁ{é&é@%% M%%%;ge%%géd portion 36 through the

passages e bypass device 38 is an

| ntegll QAL QLo LS FCIEeN, Ls1 PO LPBL Lhe. B PRt in

devicCe i s ns%a?‘?edov%en The Cereen TS i nstart e $ e
pihec il és syst€e 10nvémt i dm Swomhd ebe B0 émdleY & ed gliodr £low

into the well is not. required.to jnstall the bypass

TS5 ¢S BB HOERRIC L HPherT chid STt R i AT RS HossPhital

pﬁﬁsga§9iIﬁbﬂ&iibﬁﬂ@nFrf@P16W§§%0&hi@@ PRYSA L8 actuation
Referring additionally nowto FIG 3 , the screen 14
of stheprxress AeVity ¥illsturektonfterresier Hat e21 hlorgnost

£ 1% §£‘@+'<§‘P J'hl‘i‘té eﬁﬂ?@%@li%&% afbrd { @ {ha A Tohdie
wel | . Flow through the passages 48 Is now prevent ed,
thanough | the £hewi reetrdidt ong tdevied. t hBuck raeninit haktphase
ss through.the. flow restricting device 34. In.this
oRahai <t TR e BRI Rl Sy HepoFit e e
by ne&lablmgl vt restfia thealiflu® idgher sustained production or

injection over the life of the well.

Well screens incorporating principles of the invention
may be used in injection or production operations without
gravel packing. Screens incorporating principles of the
invention may be used to permit a large initial flow rate,
for example, to aid in breaking up a filter cake lining the
wellbore, or to permit high flow rate acidizing or other
stimulation treatments, prior to long term production or
injection.

Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments of the invention, readily

appreciate that many modifications, additions,
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swelling of the material 46. The swollen material 46

itself blocks flow through the passages 48. However,
WmRa08/0533e4 it i s not necessary for the materi aPCHBB2/004287

conpl etely prevent flow through the passages 48, since

it my be sufficient in sonejgitcunstances for the

material to just increasingly restrict flow through

t he passages. After the gravel packi ng operation, al
s&]@étﬂu%f&% afle 1 OCL SRS % RE OPORL L 0 2 P d hﬁa?%rﬂade to

| ow passes t hrough the’ f?om1restr|ct|ng device 34,

th@§©e$p¢©aﬁl¢hemb@mnm©@t®yp@@@ ﬁ@@hc@haﬂgeﬁhmse Witghin the

on.3 C ce
sdamb iR Obie P ffetbids FOESISE Slolomh (4 Rio M Ao
exahele Al 1’46wI:D]J|}ﬁieb@ppm¢1alt®di el £ nlgypaisﬁfdﬂJ_ctém may be
ravel kln eration by, _for circulatin
oG o OB ERe e pio t ia i STy e a by (ece
other stibey d2. vl v&s Nt | vigbWes thgy bodused Fhikll & not

could contact the material 46 and cause it to swell

uiptlbre ttiechtaRbe Pkt Yl opr et PR DALY arbipeforegoing

t | u
SAFLIR A P oeLl 6, o (e Sl diysgibg eins
givem bharay hef st bestnat sonl am@ &ypske devlye E%EEﬁEﬂrlt

| BS d I

aé@eéﬁaégr?glt%% RO +%n%ef?% gSgélﬁ%haﬁ%f% o§%+

tlos appem@s@dclasms|@ﬁdOﬁhéh{O@@@1wmbemy$ass deV|ce 38
woul d not be conpleted until a desired subsequent
time, such as after the gravel packing operation is at
| east substantially conplete. The swelling of the
material 46 could be retarded by, for exanple,
designing the material conposition so that it swells
slowy, covering the material with another nateri al
which is only slowy penetrable by the well fluid or
swells at a relatively slow rate, providing a cover or
coating on the material to limt contact between the
material and the well fluid, etc. Any manner of
contacting the material 46 with the fluid which causes
the material to swell may be used at any tinme, and
initiation of the contact between the material and the
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well fluid to cause the material to swell may occur at
any time, in keeping with the principles of the
WO pws533en. Ref erring additionally now to FI G ECT/IE2007/004287
alternate configuration of the screen 14 is
representatively illustrated;7ln this configuration
t he bypass device 38 further includes a closure nenber
54 which is displaced by the nmaterial 46. The menber
54 iggAP i§eciRimkPf 18, Sl eeve which carries spaced
apart 1 nternal seals. Oher types of closure or
choki ng nenbers nay be used w thout departing fromthe
principles of the invention. As depicted in FIG 4
relativel SL L] d | S:pbermtted through the
pass%ges %é#ggﬁu%§£§é§feé%@¥£%$%%§Ption of fluid flows
t hrough, t he_bypass, device 38, Lnstead of throu th
{1 o PosY: ET R TSR S8u Ce tOF T Bt LSSy, Firpuon
the &dkzed; ,atidde alternate configuration of the screen
14 is representatively illustrated after the nmateri al
46 hasbypeess saevies. fGnerdiyingfa t peopdi el drl o A6t ast low
caused the nmenber 54 to djsplace tp a position in

WINHF & P PRCFrebEP UGN otk HHRW pERSEEST BT PRlehti hiye bypass

dd¥ o¥e t I OUENi hHea PRSSAHEST Thid® @@élﬂ§0§§3§é§$§ﬁ§et@@
menber 54 to conpletely prevent flow through the

corsaagekergeen pee natebhel card ufbebdicE’ @ tWehy- be
acceptable for flow through the passages to be
increasingly restricted. Preferably, at |east a
greater proportion of fluid is forced to flow through
the 2} ow Theetvell i sgreeni et @haimat hevheheinnt bheugipass

y [ u 0 sp e

ALty PERuTEY 48 Pnal e RALSRIL TRACCTER, Qirdilh ene

paepa gt ede i mg H kSre s fnglherdypabst ekdvwicen 36hopestéesal
as. a val ve or choke to variably restrict flow through

SYablPassages 48. In the constructions of FIGS. 4 & 5 ,
the material 46 is an actuator for the valve, since
the material supplies the forcerequired to bl ock fl ow

t hrough t he passages 48. The materjal 46 is also a )
cl ostire nER®eyYelh treeednet ret?1Bn? of VeSS BRe Mateslal

r&epi £Led Flof! GProdgk Bhe passage when the material swells.

4. The well screen of claim 2, wherein the material
displaces a member to thereby increasingly restrict flow

through the passage when the material swells.

5. The well screen of claim 1, wherein the flow is
permitted to pass through both of the flow restricting and
bypass devices prior to contact between the material and the
fluid.

6. The well screen of claim 1, wherein contact

between the material and the fluid closes the bypass device



Referring additionally nowto FIG 6 , another
alternate configuration of the well screen 14 is

WO @BesSBM atively illustrated. In this confi guPGr/iB207/004287
the flow restricting device 34 and bypass devi ce 38
are both incorporated into_apgupper end of the screen
14. On a right-hand side of the screen 14 as viewed in
FIG 6 the bypass device 38 is open, and on a

S t r

*Qvel i en T e oo hoh BASe e aR Ly £lpPFestricting

deestei cting device 34 and bypass device 38 are
depicted in FIGS. 2-5 as being separate el enents of
the screen 14. However, the configuration of FIG 6
denonstrates that these el enents nmay be conbined into
a single structure, and that a variety of alternate
constructions nay be used in the screen 14 in keeping
with the principles of the invention. Prior to and
during a gravel packing operation, relatively
unrestricted flowis permtted through an annul ar
passage 58 of the bypass device 38 as depicted on the
righthand side of FIG 6 . The annul ar passage is
formed between the material 46 and the tube 40. The
fluid portion 36 flows through this passage 58. Mire
restricted flowis also permtted through a relatively
smal | di ameter passage (not visible in FIG 6 ) forned
in the tubes 40. The fluid portion 32 flows through
the tubes 40. When the material 46 swells, it blocks
(or at least increasingly restricts) flow through the
passage 58, so that a greater proportion of fluid is
forced to flow through the tubes 40. In this manner,
the restriction to fluid fl omt hrough the bypass device
38 may be increased during or after the gravel packing
operation. Referring additionally nowto FIG 7 ,
anot her alternate configuration of the screen 14 is
representatively illustrated. On a right-hand side of
the screen 14 as viewed in FIG 7 , the bypass device
38 is open, and on a left-hand side of the screen the
material 46 has swollen to
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thereby close the bypass device. In this enbodi nent
the swellable nmaterial 46 is bonded to an inner

WGeoBasse42 of an outer tubul ar conponent of tPET/BPERHE4287

devi ce 38, thereby form ng an annul ar space 74 between
an i nner surface of the sweli@ble naterial and an
outer surface 76 of an inner tubul ar conponent of the
bypass device. Prior to and during a gravel packing
Operfli ony rﬁ@é}?&éVgﬂgf‘%@fgﬁé fﬂ’%fé%if Pendn hd tha
through this annul ar Space 74 e bypass device 38
calfeni s heg sved | stbées nef erial 46 swells radially inward

in response to contact with a certain well fluid, the
annuimst@bbb@g7d vaelll| scecenrimttheasell edutedseresn ze

SO, as.to st or_at reasin restrict flo
13RS f ot il r St EERing METRE Il ittt ots How
tienboghh mené Sirédae, d@NdC@ I5Y104%s | dev e Boha@elétetlvely

swel| | abl e na{erlal 46 bonded to éhf outer surface 76

%?m%*ﬁ’%l‘?%n%‘? bl Ly %ﬁ%%’ﬁ%h‘f HRW pyEQeoRy e gScreen;

38, with the annu] ar. space 74 fornmed between the outer

surf%%%W%ﬁgt$%@§%kl?%%?% e SF¢Eeemn2%e i nner

surface 72 of the outer tubular conponent of the

bypa%%t‘éi"é*%%‘é thrg ]%YW@% PEHE sTRIerRFPPIZEE sk e fact

bé‘@wéléﬁ"@dmé@eﬂﬁ 8t tﬂé‘eb;b%ﬁéésd@'\?i’é& 28 £BufPeh the

on a left-hand side of screen t e material 46
W¢11al:,, sWedtehy t onehezrebyd Lty oses thiecbipastloevikeougihethe
Séyggﬁgble material 46 would swell radially outward

upon contact with a certain wellfluid in order to
close, or at least increasingly restrict, flow through
the annul ar space 74. In any of t he enbodi nents of the

bypags d |ce the surf
o Dot chn i) SE Pl of 1 arharte Hakas SHpLEf “ragving
s bep endapseto e dSwh D1 @i €hé Nbhes S WbV b epdBhBEs atelatively
effecting a seal against that receiving surface. The
uRtRFHEECHRY BEOY obigrerely HheisCHeS  be undul ati ng,
corrugated, or otherw se nade non-snooth so as to
enhance the sealing capability of the swellable
material 46 when it contacts the receiving surface. An
exandt e oFheedtlRed fakectaat renfReTeinHehd PyPass device

actag%iﬁ@n§ﬁe§uféaﬁ@igg%ﬁgdtgftgypéﬁé Qﬁ%&&f fﬁ%thg step.

10. The method of claim 7, wherein the actuating step
further comprises swelling the material in response to the

contact between the fluid and the material.

11. The method of claim 10, wherein the swelling step
further comprises restricting flow through at least one

passage with the swollen material.



contacted by the material 46, as in the enbodi nent of

FIG 8 . In the exanple shown in FIG 9 , the inner
wWaeBAasBed2 has serrations or ridges forned thRCEHIBRQ04287

enhance sealing contact between the material 46 and

the surface. It should be unggrstand that, although

the screen 14 has been descri bed above as bei ng used

in a gravel packing operation and in the well system

10 i pp whi gl ther 565650 &Fa BhaVe! PRCKSHn el SwdPling step

necessary for the screen to be used in such gravel
fpechkéngconer bs¢ondisplaelhg sy stemiger Foktle x| syol hen
o Céffgll4 (or any screen incorporating principles of

e rnvention) could be used in well systens where the

screen is not gravel packed, or in operations where a

restriction to flow through the screen is not

increased in relation_to an ravel packing operation.

£ D noRh BT HRDS “apr L B Y Rer ST et R FESLELLRE step
fdAtleeel ¢dmpRisys epbeeingnin tesEsdded phOyErPiovi & inward

significant inprovenents in the art. Note that, in o
£l ntroupl e oiFHReR stofPEfsthecygh tee tf1py restricting
aeeiddon 36 which flows through the bypass device 38

flows in parallel with the fluid portion 32 which

flows through the flow restrictingdevice 34. In this

manner, the closing or increased restriction to flow

t hrough the bypass device 38 which results from

swelling of the material 46 causes an increased

proportion of the fluid 52 to flow through the fl ow

restricting device 34. Another nmanner of descri bing

this feature is that the fluid portion 36 which flows

t hrough the bypass device 38 does not necessarily flow

through the flow restricting device 34, and the fluid

portion 32 which flows through the flow restricting

devi ce does not necessarily flow through the bypass

devi ce. One advantage to using a well screen

i ncorporating principles of the invention would be to

enabl e higher flow rates, either production or

injection, during an initial phase of installation,

foll owi ng whi ch phase the actuation of the bypass

device wll function to restrict all or nost flow from

or into the well to no nore than that all owed
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through the flow restricting device. Such an initia
phase of higher production or injection rate nmay

Whewshs13e4 he wel | by enabling it to maintain aP¢ii/iBee7/004287

sust ai ned production or injection over the life of the

well. Well screens incorporaging principles of the

i nvention may be used in injection or production

operations w thout gravel packing. Screens

i ncof por af i rinei o es hoyvention may be used

to p£$n1tiéﬁggfgip§$§¢ie§6$?%£§?%.e, for exanple, to

aid i i P; [ Al el

R R R e R
restnidaingnfioeatimeoigh phe oscreeh pnand ea nbypaskicdévice for

or._injection. . cour se,. a rson skilled in the art
VR FobiorothH R fF conds BRI Ih e fRac At B ene
fmeé@tfwtm%r?@vﬁé@ntméW@yﬁﬂ@@dd@@mé gl_ﬁcf;;lhwir;g a

i nventjon, . readi appreci ate that many nodifications,
maa’b%’FJc?Jon‘%}}-’s%sW‘FﬁJc? oﬁ% TRRIPAFDNS %‘i’%%%e‘?%“ﬁ%%e"she
m&EYr PE1 nagle tpuidese emeckéir. enbodi ments, and such

changes are within the scope of the principles of the

present invention. For exanple, it will be appreciated

t hat bypass devices may be constructed w thout the use

of syel | rd i HEe r :

Chokee: oy Be asac P o oo ot ot H 1 P s gy apr fing @
gravel i pack Anlondi Py yscxéen{ or egoi ng detail ed

description is to be clearly understood as being given

by way of illustration and exanple only, the spirit

and scope of the present invention being limted

sol el§. byThdevappesyedert| @af nelaim iHheiwherein the gravel

equi val ent s. .S IMED IS: 1 . Awell screen
PEATS sERGA R TS 0TS FE TP RPEEY of® 87 (T HRA5H
dévbve t Miotghs ihg St eeropeEli én bypasise deVow ewhi Déh passes

varying a proportion of fhe flow which passes through
thRAgh oW btV cE e Rl VR, I8 HEC Dy pass devi ce

including a material which swells in response to

contact between the material and fluid in a well. 2.

The well screen of claiml1l , wherein the bypass device
i ncl biles Bie @kt synetemshigelaimel 41 oeFRbughhe Heypass

device includes at least one passage, the flow through the
passage being increasingly restricted when the material

swells.

18. The well system of claim 17, wherein the material

restricts flow through the passage when the material swells.

19. The well system of claim 17, wherein the material
displaces a member to thereby increasingly restrict flow

through the passage when the material swells.



passage being increasingly restricted when the
material swells . 3 . The well screen of claim2 ,
wWab@se5izes he material restricts flow through tPEr/1B2007/004287
passage when the material swells, 4 . The well screen
of claim2 , wherein the matggial displaces a nenber
to thereby increasingly restrict flow through the
passage when the material swells. 5 . The well screen
Of CH@i My M%'f E&ﬁ &t O&‘iéﬁnpﬁm\kﬂggeiﬁ’ RS Spypass
hrough bot% om1restr|ct|ng and bypass
deMw¢@esn@¢ud¢St@ w@hvaptamﬁnwhﬁwelmethatmatQWl@hdl$he
: ' The r , Wherein
l%%#%%% %t%een %$t§%t§$?a dgiﬂ% fluid closes the
bypass deviceso that all of the fl ow passes through
the flowrestricting device.7 . A nmethod of gravel
packing a well, the nethod conprising the steps of:
installing a well screen in the well, the screen
including a flow restricting device which restricts
flow through the screen, and a bypass device for
selectively permtting relatively unrestricted flow
t hrough the screen; flow ng gravel about the screen;
and actuating the bypass device in response to contact
between a material of the bypass device and fluid in
the well, thereby increasingly restricting flow
through the screen. 8 . The nethod of claim7 ,
wherein the gravel flowing step is perfornmed while the
bypass device permts relatively unrestricted fl ow
through the screen. 9 . The nethod of claim7 ,
wherei n the bypass device actuating step is perforned
after the gravel flow ng step. 10. The nethod of claim
7 , wherein the actuating step further conprises
swelling the material in response to the contact
between the fluid and the material. 11. The nethod of
claim 10, wherein the swelling step further conprises
restricting flow through at | east one passage with the
swol len material.12. The met hod of claim 10, wherein
the swelling step
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further conprises displacing a nenber with the swollen
material . 13. The nmethod of claim7 , wherein the
w@eisasing step further conprises forcing an i PCT/BBROEH04287
proportion of inward flow through the screen to pass
through the flow restrictingzgevice.14. A well system
conprising: a well screen including a flow restricting
device for restricting flow through the screen, and a
bypag$ deyi r i [ t I
b b b e o S T R ER SRl et e e e
chypussinevike $hepsiddhy a material which swells in
response to contact between the material and fluid in
t he edtalllbng Thewakl | seyserninf thd aved L4, theirsdeeen
. CO I Sin ravel, pack. about the screen, 16.. The
el LT R b o T L R RT HE N L7 R BPSHakRET oELov
thrshgh | €l a@@ﬂéh eft heam_raem?ﬁﬁrd?‘f)ict@afh@y HP@@BeéileWé)Ey
i ncreasi ng the proportion of, the ow whi ¢ asses
PeHPbUGHY h%ﬂ"f‘*bﬁ)’?ﬁ%t‘i“?%?%%l%’%%‘? c%?o"if?h%‘é‘?%we screen,
£ By e Qhgk | @hé Afow WREE€F It byPRESe U8YA CE1 bvn CE HEGSgh
at | east one passage, the flow through the passage
theibyrase réasieq) Deiegt in e ehi t he materi al
swells. 18. The well systemof claim17, wherein the
mat eflewingsyravels dbowr thheugtresr: pakdage when the
material swells, 19. The well system of claim 17,
wherat¢ruathiengmatle i Rypass pllectse a veebeby t tnecheasbygly

rongt f LT elar Sl Ol el e ot o m 17

wherei n the bypass device includes a val ve, and
wherein the material is included in an actuator for

ot A GO I REHEE RaE ST Epen of £ 1 BRTRP g itye! “FLowing

s5&p eb péir fbemae| WhildetserieppasHclie] dg pefhdDie relatively
restricting device which restricts flow through the

u%%ﬁ%%ﬁﬂc%ﬁ& Sloy pleoweli the rafre@tecti vel y pernitting
relatively unrestricted flow through the screen, flow
through the flow restricting device and fl ow t hrough

23. The method of claim 21, wherein the bypass device

actuating step is performed after the gravel flowing step.

24. The method of claim 21, wherein the actuating step
further comprises swelling the material in response to

contact between the material and fluid in the well.

25. The method of claim 24, wherein the swelling step
further comprises restricting flow through at least one

passage with the swollen material.



t he bypass device being in parallel; flow ng gravel
about the screen; and actuating the bypass device,

WO b@BeBs64 ncreasi ngly restricting flow throughP@TEB82007/004287
screen. 22. The nmethod of claim 21, wherein the gravel
flowing step is perforned whpie_the bypass device
permts relatively unrestricted flow through the
screen. 23. The nethod of claim21, wherein the bypass
devi a t eps i f
o o orep Mot e Lo ol B SR erirhring step

f@mih@m|¢@mBIE®e$udlﬁ@la@nm@rasm%mQQBIWlh@ tie swokléenl

mé{%{ esponse to contact between the material and fluid
e wel|. 25. The method of clai m 24, wherein the
swelling step further conprises restricting flow
through at | east one passage with the swollen

nate th f wher t he :
mvet 11 ng The P IRerE T sBbr drASTaL iEhe Hedbering step
fu\i'tﬂilef %ﬁy\ﬂié@@ f&teingl an J‘Zﬂcré'i@edfepﬂ@ﬁoﬁlf.lcﬁﬂl abfM inward
21, wherein the actuating step further conprise
f*%Wc?%ﬁo%%h|%%?e%%%%e%r%ﬁoP%$% %ﬁOVQNwﬁQPff%ﬂWt?ﬁ%ﬁEﬁFtlng
dgdheescreen to pass through the flow restricting
devi ce.



