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COVBI NATI ONAS ANTI - CANCER TREATMENT FI ELD OF THE
WO DMBERIISN The present invention relates to a PE/OSI08609409
treating cancer by pretreatnment with anti mtotic
agents followed by aurora kingse inhibitors. This
application clains priority fromU. S. provisional
pat ent application, Serial No. 60/953,087 filed July
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FIEL OB THEBINVENTEONt i on of mmi crotubul es can i nhibit
cell division and induce apoptosis. KSP inhibitors
[000APT f erEhe\pielehtinGeh@on Pélaféstg@hbfaligﬂ %ﬁ%lzﬁle@i@%embranes for
therefore disrupt normal mtosis and blocks cell
sepharatimigoatid ftdnotactd iixtasésn-MoPe phrtimmardy, iEgdates $o particularly
requi red for centrosonme separation. Cel]ls in which KSP
adapted polymesiq mgmhrares ang their usennmeparating gndyrecovering acids,
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cells. (Karser et al., J. Biol. Che 1999, 274:
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inhibit centrosome separation by inhibiting centrosone

= = > 1 ng in cell cycle arrest
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arrest by disrupting a kjinesin-related notor protein
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prbceantg ahthegirbeesssalid tb tamovesimpurities.i Bosexample, acids are
cancers_over expression of Aurora A and/or Aurora B
widgly weashingpdustyiad chemicod gad pstreleumn irefiningaanpdicationy that
ene anplificatjon, Over expression of Aurqra Kinases
redPY afi sEetiT R Be e £ED BT ag Y bR Fants
it LR PoRE SPRGE Y6 #Ld iPtd, Rtnear to, it
@ reléuﬁgfo ﬁrﬁgh%errr%cygqe&r%?fsr eggl at?él %ﬁ&o )éted'%e cglf nearto, 1
oripinleproasss spedificationl driequirpimehist erlRandlingsysenvtabRl also raises
abnormalities. Aurora A regul ates centronere
safaly andenyironmentali gonepmsy |  bi pol ar spi ndl e assenbl vy,
andchronosone al i gnment. Aurora B regul ates chromatin
[o0espdel iAg ex&hgférg GRRT s M Ral tha et in®iion is sulfuric
cytoki nesis. Aurofa C expression is I'imted and its
acidyrwtiichnis used hoaghintieo o perbohd¢mical and ipetrobdurdwe HnimgB.

Snal | ol ecul es that inhibit Aurora kinases have been .
proessseopPgperdipstamtheiseaepmmeneial "Higent acid yxtygaenlly supplied

in RGN 1 -0 Bk g, Mol e Jyplcally being
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endor eduplication, cells continue through the cell

cycl e wi thout undergoi ng cytokinesis and accunul ate
DNA wi th >4N content (where 2N DNA represents cells in
‘@ and 4N represents cell in mtosis). Reference is
also made to R R Hoover and MW Harding, Journal of
Cinical Oncol ogy, 2007 Anerican Society of dinical
Oncol ogy Annual Meeting Proceedi ngs Parti. Vol. 25,

No. 18S (June 20 Suppl enent), 2007: 14069, which

di scusses the in vitro use of a reversible kinase

i nhibitor (MK-0457) that targets Aurora A, B and Cin
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This invention further provides a nethod of treating

or aneliorating cancer conprising admnistration to a
woraooemkospsr need of such treatnment an anmount of PEL/UF®ag 009409

one first compound, which is an anti-mtotic agent

foll owed by an anmount of at |gast one second conpound,

which is an aurora kinase inhibitor. The foll ow ng

sections describe the antimtotic agent and the aurora

refh i g%rm:%?éte}iﬁl o En&ligh afid rg?dhsltiitﬁﬁéiﬂgthe sulfuric acid

exanp I'C agents us
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Cenp-E Inhibitor (such as for exanple GSK-923295),
t hi | trol d KS
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caﬁlﬁp {5 bk Ef %n i)?g%sésq%oghgb%él%ﬁ%laﬁﬁn %es@?hé RQatively

ounds Wn i n parag
hlgmpil\ﬂty acorfefiftARAWIdfUTRPIGE Dot etebYilubal ot édiﬁamlir@dted with
ormula A: Formula A or a pharmaceutically acceptable
water and Logart élydrocmbem materialsfconuhenbyi referredytovad acid seluble

oi} (ST a W Ermaniicicnily iliiedasr camusamhir, (ba cagt Actheity of
the ﬁéﬁ{)g%éﬁﬁe agg&aﬁts A I1§f { u%czi‘g lfl?ﬁlrl ngg gizﬁ%}hﬁﬁ)cess can be
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Xi de;
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e e hin P RO Rl gt o

dlbﬁid% to%'ul‘ﬂllr trléﬁ’lﬁboé‘ﬂld‘ﬁbsor?ﬁ'éh Altky balfliytrioxide in water. While
het erocycl yl het er ocycl aryl, aral kyl

thiseteehaogl ,is Imddyamedltmproduc(@ﬁ;gh(}m:ng)macﬁd((ﬁ% wt% H,S0,),
R4 7 7,
it 1sc§§(pg)ahmte1§:(@?)@ CKYO) AT Sc-): (ejcq Ocﬁ%gﬁow volume users

or SR g S R‘hﬁ%msa%‘l?hmm% e e Bl

trucld\l%c%g} elmeNBAeF&e?)tgﬂ Féerg:ﬁ@ RRGy ratlidrShNREBastruct
- NRAC(S) N NRAC( O NRAORY,

the iR @dﬂlﬁi@%r ac{CRigeRerat)dr. ASRTghtSO0BR7can-be a significant part
S(O) 1- 2NRAR5, - N(R7) S2R7, -S(O) 1- 2NRSOR7, -CN, - OCF3,

of’t al cqyte Ktmr)egmeraﬂ@g@pm F9idH2) 1- 10NR4R5, - C(0) NR
7(CH2) 1-i 0OR7, " - C( S) NR7( CH2) 1- 10NR4RS5,

[0066]5) NRH%)cla&anﬁ ali@b@@bhé’éntﬁﬁé’d ﬁlom hBoYT0 wt% HySO4 to

wherei n each of said cycl oal kyl
ab%ﬁPBQ%{rt"% |o§‘|ai%ht 96 %\Ft% Q@Dfﬁlllé’ heidg ﬁ§1ﬁg)é‘i/|a¥661@iti€)¥1| with one or
aryl, aralkyl, heteroaryl or hetéroaral ky
tWIomiemndElm évapmaulom ahdthiod ibbighly erergwi intensive &R%the acid/water
noi eties; each R3 is independently selected fromthe

mgth@pm@éﬁm Beatad top high kemperafyngytp vaporre élpckwater It also
YIS R o SLSER A Ml
pré')(fj%t&:o%éxon CAQ) Bﬁ)rovg g))e%‘lex &&Q&C@%mgm)r%neratmg spent

sutfGEio) duRI RTeeded( S) NRAOR7, - C( O) NR7NRARS,
- C( S) NR7TNR4AR5, - C( S) NRAOR7, - C(O) SR7, - NR4RS,

[00@l 8§ %ﬁ?ﬁgrd%ﬁkﬁ ﬁgm}”ﬁé%?(g?ﬁé E%Wgﬁ?r%ss to

efﬁ'ﬁ%ﬁ(l?aﬂ'ﬁ%cm@f%gﬂwm ntleé\'%ﬁ( &%ﬁ%ntan{l%ﬁ%lds to
R7, SQ2R7, - S(O I RARS, 7) SC2R

S(C»l 2NR50R7, -CN, -OCF3, -SCF3, C( NR7)NR4R5
-C(O NR7(CH2) 1- 10NR4R5, -C(O NR7(CH2) 1-100R7,
-C(S)NR7(CH2) 1-10NR4AR5, -C(S)NR7(CH2)i.i OOR7,
hal oal kyl and al kyl silyl, wherein each of said al kyl,
cycl oal kyl , cycl oal kyl al kyl, heterocyclyl,
heterocycl yl al kyl, aryl, aralkyl, heteroaryl or
heteroaralkyl |s |ndependently optlonally substltuted
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-C(O OR7, -OC(ONRAR5, -NRAC(O R5, and - NR4AC(O) NR4ARS;
each R10 is independently H or alkyl; or RO and R10 ,
wab@posteached to the sanme nitrogen atom are PCT/US2008/009409
optionally taken together with the nitrogen atomto
which they are attached to fofma 3-6 nenbered
heterocyclic ring having 0-2 additional heteroatons
selected fromN, Oor S each Rll i s independently H
reg’tror@m%yémd% om‘lgataﬂgoﬁ i]na]r é&ﬁ%gﬁ&ht 'f’t\thSLcFﬁE@ be
trogen atom are opt ona y ta n together wt
bemeﬁmﬂ eNthat prddess vbulkdbd deploged "t diacheithithe besdess thht 6
menbered heterocyclic ring having 0-2 additional
produesdbthespensatidct ed fromN, O or S; each RI2 is
i ndependent|ly selected fromthe group consisting of H,
ARV KYE TS ONSAE IO ycl oal kyl al kyl ,
ﬁ’é‘[‘éT‘O‘cth%al kyl, aryl, aralkyl,
heteroaryl heteroaral Ky éCRlORl 130-6 OR7,
(006810 R4 Inﬁ@(g;lm 1meuxt,@} G@? ) @\F@nng acid from a

fee%}m %ro%ﬁ\lgﬁ z R4R5 Cﬁﬁkgﬁie méthod includes
pro&igSl %IQ? i NR4@?£) %E‘%MB%&OS?I ﬁé&é{@&%&?gﬁ%@ sCent by

weilR i DUSRAERD crossihiéd pOINVIRMENe meNtk@h OYOIR@R 4, first retentate and
- NR4AC( S) NRAORY7, CR10 1 0- 6SR7, SO2R7, -

a ﬁ;(soppmnma IR50dUCN( h@zsmtems(@qntammstarmlly ZICABY

welsgé?%@r(l N%% ¥ @garl%qg( NR?% é?gltgigg@lle the first
pet @e'}ﬁgﬁ dr%tgﬁ)lgﬁ? re?l%k g@élg})ﬁ] cqe%?x&tgkg}slf%bfdyﬂhan the feed

erel’n eac

misy@rleoar H@’ér@lsiﬂ&‘ﬂkedﬁ%l?fr@?ﬁé%ﬁhbrﬁ% ﬁ§62pﬁ(ﬁ’|tué aépathtion is

aryl, aral kyl, heteroaryl or heteroaral kyl is
selmd@pkmmbamdablmm therazid gventhsthydunoeatbons in thesfe®d mixture. The
and .R40 is sel ected from rou

Cr%%hgf(gif PRY ra?rleym'aqavawcanrb@t@r@eyefl%ac ’r%‘?Fi aghaving a
ﬁs%!xﬁf( éls%nsllt 51%' eﬂ)o%g(irb‘% tosa% H 55 ‘bl‘ﬁ)alhltfyihe trodlment the

ero heteroary are optiona
acidﬂfé@@ea@arﬁbm tﬁé krééd hriikele 4 §Lhﬁir1c3a@i'a' Ghidddther embodiment,
i ndependently selected fromthe group consisting of

the Angsshitktd pallymerad togimbramd saddmposeal m;«ylyvm)d alcohol,
NR1OR11. Such conpounds of Fornula A in are
polydryLaiipte onarombargiondsreot; a étlwean@mer erammetnm,ethe

crfRIHEEY aflr i MesorahE 31 BSERESEL 6P & ofimtrifsH EBR6F an
ox%hl'i1%ﬁtﬂ6@§ﬁm&yhﬁr§3§?géﬂ(yr&,e(?t zglr:lett%ﬁ(gélgg?ﬁ? %6Hr[ﬁ'?§1ﬁg’ alcohol

acceptable salt; sol
or oxognivnirmodifted 4looholmaohemetk. rlmdnedreerhbddfmam thee
up consisting of cycloal kyl, cycl oal ken
crqﬁéb@ﬁ@tp@ lyynerie meabrape gan éw;fprmgé agingsa §h%smnmaily anhydrous
each ,of sai.d,b-

prgcisd I yet e e ity RS e Rty fedicangutrae is
R2 t d h
cofte3td b pBvihyThidifie X OZ? -y §S| ﬁﬂepiﬁﬁem y

substltuted Wi th R6 Wis or Xis Nor
[009%Yxi geln zmegltg)dllg@nt;)a l@.ultg(l@)ergnem]?rq@ strucgure for use in acid

env1ro?r)éégﬁ%dr )500 or mrﬁ%%? %Fggllgkl rov\,ﬁ%ﬁ% rpenq‘lp i-

layek Qne%nbﬁaﬁemaB?a fn%t nayé% %Hﬁfd%&!i bf%@r@%lﬁﬂceﬁr&}}rﬁﬁ?ic

group consisting of "H, halo, alkyl, cycl oal
mehbaphs haying & fiestahidkaeyd, thé eteenioaye lbeing selectively permeable to
het er ocycl enyl, aryl, heteroaryl, -(CRLORL 1)0-6-0OR7,
-C(O R4, C(S)R4 -C(OOR7, -C(SYOR7, -0C(O RY,
-OC(S)R7, -C(O NR4R5, - C(S)NR4R5, - C(O) NRAORY?,
-C(S) NR4CR7, - C( O NR7NR4AR5, - C(S)NR7TNR4RS5,
-C(S)NRAOR7, -C(O SR7, -NR4AR5, -NRAC(OR5, -NRAC(S)R5,
-NR4C(O) OR7, -NRAC(S)OR7, - OC(O NR4R5, - OC(S)NR4RS5,
- NRAC( O) NRARS5, - NRAC( S) NRAR5, - NRAC( O) NRACRY,
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each R7 is independently selected fromthe group

consisting of H, alkyl, aryl, aralkyl, cycl oal kyl,
weywbozisky/| al kyl , heterocycl yl, heterocyclyl al RgT/[S2008/009409

heteroaryl, and heteroaral kyl, wherein each nenber of

R7 except His optionally subgtituted with 1-4 RS

noi eties; each R8 is independently selected fromthe

group consisting of halo, alkyl, cycloal kyl,

ackd %b@ﬁh%&ﬂ&hrb&h@ta%ﬁ%)‘ﬁﬂey khaxﬁ@fe?fz@?lég 'h%@iﬂ %@fdég;lnk density

het er oary 0, Cl-C6 a
framRibolut 1- O%G)))Iﬁbbﬁt 250%0)[@8]second NRilﬁJeRhultl laﬁ?&nembrane
CIF 3, -CF 2CF3, - NOH) R 10, - R 10)C(OR1 1,
is @)0 mfbmomolyraerdor awelbdosiy prlymer haeingi anpersi size that is

cheapdaEet e s igtiSpene thire verdila éﬁmmmias
sthféﬁﬁaﬂhg@% Béd a'rhyteﬁgpagehw @% gfkl%rlﬁ‘b?um.

en eac
icloalkenyl heterocyclyl heterocyclenyl aryl and
[0A30L oarlpianediar simkodigrent saimsdtidaysr membeany steegthesnfor use in

LT BPOR rnthe bl B iest b5 aroeit anaciids Brodgd, The
mEHE Iy R AL Y Ahksf I e LoRfHOsE A BER ORI 0L FREH

mubednet Elye afosskdketpelgméric inefriBrand isV@ﬂh%&e’d'@fEdTBGrﬁﬁerized
carbocyclic or heterocyclic ring; or two gr oups,
a wfmi ait presrdan modifisdpipmenizedaicohok apt ¢ambinajionakereof.

The 3kl ke algieris oo DBpe S-S g GhisKasTANGS lectively

pei'xl'ﬂgglf?l%q leaE id XV&@f&Eﬁﬁbﬁ“ﬁ mﬁ@%&%ﬁ%ﬁ%ﬁ?%‘%ﬁﬁﬁ%% Qné)mbrane can

befﬁh(héf Kbiéraci&)‘ﬁé@é‘ﬂ fﬂaKdeg a @tdsandRIdensity flenPabhiRP0% to about
_C(O) OR7, -OC(O) NRAR5, = NRAC{O R5, ard - NRAC({ O) NRARS:

15¢306h TRie sepondd@xmrrafehe Ingyulie - layeahieyxhbrane iRSommpdsddlof PTFE or
d. to the sane ni en atom are

exv??gﬁigéﬁ’téit flafgs ﬂg&w&ﬁ thaglergss ofigt 43St ha IHCENsK] BaviRg @gpore size

o SRS T SRR B e
mé&fbRMead afstidhlYal fAyer c§mp%§€d1 of% p%lﬂ/(ﬂeﬁﬂqﬁf@?rfgj& mlk:)(n&l)s of at

al kyl, cycl oal kyl, “cycl oal kenyl, "ar’yl, heterocycly
ledseﬂﬁﬁcpmyahdramqremzdmﬁarleastﬁl pmor R0 and Rl 1, V\,hen
attached to the sane nitrogen atom are optionally

BWBF{S}% %N\ngfgf}lﬁg@}gwﬁgasatomto whi ch they
d heterocyclic ring

having 0-2 additional heteroatons selected fromN, O
[0Q}1]s; wﬁ&uarcﬁ 1 6@ dnansfsimilifiedischemiakigs of difftreat &ybodiments of
cl oal ken aryl, heterocyclyl, heterocyclenyl, and
thqwé’ieé?%alpyf’x‘ilgn'i ndependent |y optional |y substit ut ed
with 1-3 noieties selected fromthe group consisting
[06F2]- CN, Figihle 6 iNHZF TR ett&kyt a Telloal fgmband@ipport having a
hal oaI kyl, CF3, alkyl, hydroxyal kyl, al koxy, aryl,
nogyalgpare SmdofmaEemmmys each R12 is independently
seI ected fromthe group consisting of H halo, alkyl,
¢3! oal ky, %ure qysqio%g FTH@'SB&UT EFP?&ﬁ&ﬁ’&hHﬁse PVA membranes.
het erocyclylal kyl, aryl, ara eteroary
‘{1 er oar.al kyl , (CR10R1106CR7 -C(O K4, -C(S)R4
[0 16@0) ORF1gUreBds erempli chematiogfg) membrapeyeshngsystem.
-C(S)NRAR5, - C(O) NRAOR7, -C(S)NR4OR7, - C(O) NR7NR4ARS,
[001 S) NRENUED, showsIhiRé[Etde fiuX 6) afinven#éR5 A membrane.
NR4C( O - NRAC(S)R5, -NR4AC(O OR7, -NR4AC(S)ORY,
- OC(-O NR4R5 - OC(S) NRAR5, - NRAC( O) NRARS,
NRAC( S) NR4R5, - NR4AC( O) NRAOR7, - NRAC(S) NR4AOR7, - (CRIORL
1) 0- 6SR7, S2R7, -S(O 1. 2NR4R5, - N(R7) SC2R7,
-S( 0 1- 2NR5CR7, -CN, -OCF3, -SCF3, -C(=NR7)NR4,
-C(O NR7(CH2) 1- 10NR4R5, -C(O NR7(CH2)1-100R7,
- C( S) NR7( CH2) 1- 10NR4R5, - C( S) NR7( CH2) 1- 100R7,
hal oal kyl and aIkyIsinI mhereln each of said al kyl,

T .




or heteroaryl ring, is optionally substituted with 1-3
substituents i ndependently selected fromthe group
w@omshaspsg of al kyl, al kenyl, al kynyl, hydr oxgdT/US2008/009409
cyano, hal o, hal oal kyl, hal oal koxy, -C(O) OH,
-C(=0 Cal kyl, and -C(ONH2; R§_is selected fromthe
group consisting of alkyl, heterocyclyl, -C(=0Oaryl, -
NH2, -NH(al kyl), -NH(cycl oal kyl),
| kylp; - -
(ORPSF by BEHEI RN e aRPUAROERSO'S Kyl i e permeate as a
funblieh ¥ riif &md Jor anNp@entiyePV-A hidrhletaneoar yl ) ,
-N(al kyl) (heteroaryl), -NHC(=0O) -al kyl,

100376 iy 1BieEEc) L5 the ] ot SXChIL 4o the sparmbrape test

cefl ﬁé&{i;,as Q%g&ﬁﬁd%mn tidfrde i'h%ﬁﬁﬂze% P\/‘l&g‘r‘érﬂ&lam! R
aryl", an eteroary portions of said RL groups is
tionally substituted with 1-3 substituents

0
IODE&bpenEeawreyl?s&l@ewepad%showsea grdudaremaembrane gructure

halcf; rt1e eroc c{. |, aryl, heteroaryl, hal oal kyl,
achAAnL {Q 1“3%9 %&y, cyano, -SH, -S-alkyl,

- S-hal oal kyl, -S(=0) 2al kyl, -S(=0) 20H, -S(=0) 2NH2, -

DE{TAQL PRHDH SYRIP TIS) N QP NHE \RR IBEERRBD ENMBGI)PNENKS | )
2, -S(=0 2heterocyclyl, - S(=0) 2heteroaryl, hydroxy,

10385, EE ey B ety 105 By sdloalend ) 2

merbrddeddnd its use & r%%):ﬁ@tta@ihg%?)éht acid COHd &mbkdiment of the
-C(=O NH2, -C(O NHal kyl, -C(=O N(al kyl) 2 ; wherein
inwtrdoneztstenfo panttubeatyeadapted grosshinkéd polyrhet mendrates that are
haa t\%p substituents on adjacent carbon atons, said
Capay&taAitv

ihytandinganpsid spyirpymeat aad ghe wisgek such membranes in a

601 R R i S R BB R F R 0 2
RiSE €S AYlrocafbdiat . ThR%: i i
saghmettture &ing s peymerednémbiaid® Hroup fiestneiesitategontaining a
al kyl, cycl oal kyl, heter ocilcl yl, aryl and heteroaryl,
subgtaptaally greatercngentraion @f bydrasarhgris thanithe dredomyxture and a

T A .
mik@lten th aast ren’(HJd??feHE tﬁ@%ﬂo@%@ﬁ@r%@s :ﬁ@(%&ggsitn@q}‘le FHrt
I ered aryl,

attached to forma five to sixne
pehmtate prydiotlusineh seemdpelyyeriomehtiran©as Yornt b’gcond
wherei n each of the aforenentioned R4 al kyl,
retgpiatoenpining etsubstantinlly greatgr cemeenirationsxragid than the first
optionally w thsaid five to six-menbered. aryl, )
PeRBEF SE)US And Lt eopd REFmISgIe PrIBURCeRHaMmIDe Asbhgfapgally
B RISt TR B Pt Ehafh b0 A ChAHRRIS GRS and pegovering

ent rom onsiI st ng
saidwaoond hetbatatdlapoRirthel enoditneninedxdes dundeRidhal processing
hal oal koxy, cycl oal kyl, heterocyclyl, aryl,
of Hhet Brsdsetghtate.S(=0) 2al kyl, - S(=0) 2NH2,
-S(=0) 2NH(al kyl'), - S(=0 2N(al kyl')2, -S-alkyl,
hal o P =~ < | . =no
0039128 s S B s ek v
aboyrs18% aby oveight dood,whier(4hd Bydrodafng a8 bepridcdssed to form a
US2008/ 006472, filed May 21, 2008, the content of o
pep¢ate With lavearpsiracarbonaosientbyin egitsrdimeats wheresthe acid is
entirety; Non-limting exanples of suitable aurora
ki nase inhibitors useful in this invention include the
compounds represented by Formulas E-K shown bel ow in
par agr aphs e-k: e. A conpound represented by the
structural Formula E: Formula E or a pharmaceutically
acceptabl e salt, solvate, ester or prodrug thereof,
wherein: Ris H CN, -NR5R6, cycloal kyl, cycl oal kenyl,
het er ocycl enyl, heteroaryl, -C(O NR5R6, -N(R5)C(O R6,
het erocyclyl, heteroaryl substituted with (CH2)1-3

T . R " a o a1



optionally fused, with one or nore noieties which can
be the sane or different with each noi ety being
W0 pbepzseent |y sel ected fromthe group consi stPEyUSF008/009409
hal o, am no, al koxycarbonyl, -OR5, alkyl, -CHO -
NRSR6, -S((Q2) N(RSR6), -C(O N(§2R6), -SR5, alkenyl,
al kynyl, cycloalkyl, aryl, heteroaryl, heterocyclenyl,
and heterocyclyl; R5 is H alkyl, amnoal kyl, aryl,
sdTﬁIr?J ﬂﬁﬂﬂhe vVﬁEP E&%éﬁ{ ¥F tH acd Qireﬁlnkik’ gre@%lﬁ@o% b!V' weight or
, , kyl, heteroaryl, heterocyclyl of

lessx(drdél%jbb' wélght beresw E0% bynwaight ohNRE6 i n For mul a
said RS and R6 can opti onaIIy be joi ned together

Ol o, BT B R BES L e
alm%g%ﬁ%%Z THe A1y M%%ﬁ}%&eé co%gqgsestd%%tél‘?ﬁfg%{ oRfin

i's 1ncorporated herein by r rence inits

méttie with; arf isopadraéfinpoinderin phe prrtace bt]a flig@id heidatatalgbt
formul a: Formul a F or a pharmaceutically acceptabl e
urgler condisionateéfective de pspduseny allylate peesfuct vaéneénqwd RCids

calfiyft B gL %%}8|S§§P§”ffo?tg¥g”aﬂaw§|t,e%Mfﬂm@aw?n such

.ei.n:

I g AP £ N A S
hy@ir&@eﬁbbns hed ovaveyislrgtovired hhe paedesrsed M§1|n§| a fiBt @bmﬁenc
whose structures are shown i nmedi ately above for R can

mbmbmt@sﬁomm ﬁdstactfmmm enatdiyingradehstangiallyygreater concentra-
s S o R S P GRS
pr§§{é g%galﬁfr@gp&gﬁ (9&1 g‘gﬁb@g gglf@%&%‘fi}ﬁﬁﬁﬁg%b&t acid

mn@ﬁl@)lﬂﬁ)ne &hbdnd, the(ﬂﬂRﬁéﬁﬁEﬁe r&it is ﬁic@%]é@ﬁoack to the
- S(O2) NR5R6, - N(R5) S( 2) R7, - N(R5) 8( O R7 and
alkyNar6n @Q@tNRSIRGa smnchermbodhlaﬂlmgemedirsapklyhe;ataproduct is
Is selected fromthe group conS| stin

kyl;
opgioyﬁllyrfafth%ampssqﬁietpéﬁ gUgR Ity Water Qguigytn ot B ﬁlgher processing

caﬁ%’@?%%%ei 9%%&%3@%5@@2% & %ngm% Qftnt. Each

furtlek g dé'e%ﬁn%tl(@'d g)a'(’][ﬂ)('}f Béherid faERb n CHIR TSI % fiRBStream

wherei n eac Said afyl, heteroaryl and heterocyclyl
containingsaibidistantiadtly gneatqmtcnnnaitkamﬂubﬁi;ulﬁm(edcm thhan eaid first

or nore noieties which can be the sane or djfferent,
pesmenterRIPeigt el mgeqmieﬁéqm ﬁpngalryég@c&ub@tmmm/tgféater

oo g St %’j&éﬁ'f‘,ﬁ%ﬁ e g diel” TR rbSgim s
reccﬁ)@@e(}qo) a2t and N ?@?B)@N rbEdRs) We?éroces[sw)% (;)f tge first

R6 R5 is Hor a

permestel cantasb fncdudd beapwration aadest siduugn,afddihg atklydnhydride, or
aryl, heteroaryl, arylalkyl and heteroarylalkyl,

adginigr @ienmeach of said al kyl, heteroarylalkyl, aryl,
heteroaryl and aryl al kyl can be unsubstituted or

[00P1] °na|1h¥t1ﬂ%%iﬁér%rﬁ§odﬂﬁéht%?s i‘?x"veHHE)ﬁ tp‘i'B{u%Tek aSmii- Peﬁrer
can be the sane or different, each noie bei ng

membeperstercturg sagthbl fodt use @méﬂsmragng upldscfnsmstnmgltcés The
hal ogen, al kyl, aryl, cycloal kyl, CF3, OCF3, CN, -OR5,

mulfiEisper str@lqg@:qg thegp brene alip ey m@tructgp@thai gp@lp@s

desmécgégcg\ég% ?\%&%év%%lsrsptz% Yse C{%%\Rsl}iggharﬂgng nlaebglrst layer of the

stralfite & 4 sﬁ)s?&ngéd(%hlgrﬁ‘ér% lag@ﬁttl%;t%‘f)y%i’eg l?)%ﬁ*e?érh}’dl pa8hge of

het er oar rein e sa

het eroaryl al kyl, aryl, heteroaryl and aryl al kyl can be
unsubstituted or optionally substituted with one or
nore noi eties which can be the same or different, each
noi ety bei ng i ndependently selected fromthe group
consi sting of hal ogen, alkyl, aryl, cycloal kyl, CF3,
OCF3, CN, -OR5, -NR5R6, -CH20OR5, -C(Q2)R5, -C(O) NR5SRG,
- SR6 -S(R) R7 S( (2) NR5R6 - N( R5) S( ) R7
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BACKGROUND CF THE | NVENTI ON Summary of Schi zophreni a

[ 0004] Schi zophrenia dramatically affects the health
w@eanedshs bei ng of individuals who suffer fronP€TiUS2008/009409

mental di sorder, which is anong the nost severe and

difficult to treat. Individuags wth schizophrenia

("schi zophrenics") can suffer froma nyriad of

synptons and may require significant custodial care
th@ddid ti%“zft 185 %n]@riﬂ{ﬁgiritg,e&féﬁ! L'hydi6EABYns, WRIE Ao

to substantial social arnd etonom c costs, even in the
haaeeB66d eésistaney tthezRid envieonmest. | Additivial izars ofithe

Schi zophrenia affects approximately 2 mllion L
streturiecangrovide additiersal hepefils for dee slembrapes sushras providing

adol escence and 30 and is characterized by one or
strsiurap B g yaV LY Aftls oE nodmpact gaiqyeraihBugrer providing overall

e - i .

gl 0 or 8 B8 o) o TR\ (Bt properties do
nd’l'cﬁﬁi@@ﬁha&@ﬂalsﬁéﬂm@ﬁfﬁrersgoﬁse to theRkpsReoh¥nvidongnedd For

speech or di sorgani zed behavi or and perception).
exaoiple.opher pkpeseldavelbeadad gesssustsy sorad materialsyares pooneto

to have degraded abilities at tasks_ requiring

stecHINRE P IR QUBEATe IStk idh ipweriay gt 1y the memprang that isragid and

n i pul.at.e, ver bal | resented [.nformatj
abfEfy S BT EudraereSpks B BRhRiny I e Qfahd membrane
undeX g?&gaid, Mus praVeRting faldre ¥ RérY pabdiBRC@ImRR AR S of the
andexecutive function (the ability to réason
membtarect | y, plan, and sol ve problens). Schizophrenics
who have auditory hallucinations (which describes the
i Qb 61 A5k ix Rk My ¢ al so have a
oGty Cot +erat ea degr atat o their speech
reception abilities. Schizophrenics also have soci al
[0623] f undiiegprabergkinvéntimf isodirectedimpart de fipslymerindnembrane,
confusign In identifying.the npods or reactiops of
POSHIRbY & therfopet & aﬁ’ﬁh&‘ﬁ%ﬂ&f’a’ﬁ&f a_trngfﬂ-glasve_a mgapEAneystructure,
th&O5 sfthb L F0F §§id95({rﬁ8ﬁlgr?ﬁea'§9%éﬂgtibg 4k iIsyd&th'@Sgenerating"
sources of “current "and pastactions or “events. ©
pré&€d¥s Z@RRT EM@pblynierid e rafé S0 Wathstdidll fHRHcid Al ®BAment
require constant treatnment to alleviate or decrease
antliprefenentid hcdifhifsep slye acitli avee phe ratestater diitemgmargofhesevdreams

(psychati c and di sorgani zed) s¥nptons may be nost
may, pAMpHse asidy and pnycomiigation ptjagid apd h)é%r@pawns and/or water

S e o e L

j j j jety. The causes of
pei“éﬁ“&%ﬂ? clrehertiaf e hknown. Al though i1 is

bel i eved to have . a genetic envi ronnent al

. conponent
(0024} or s TMSBrPamCIillﬁﬂVG@ﬁ@’@b?&geme@ﬁde Briptupedn a

. I I .| A .
el PP REGENinE B B pUBTHP L Pl fipBaHeERElibaon ¢ varied
acl@REHd sepatbind! (Bihkt appRaticHR8AR&RENE pdRfitiérid mdinbfife can

fiel'd of "the biochem stry of psychoses wds mainly
beased dot acitldiguid separatiediiatiade sfostesample, heheduipahprogduction
.system and the serotonin system [0006] The dopam ne
@ pgagrisuipralichamaerlinrediethren)e phamnagsptical gprifcations, steel
tradi.tiona i cal ) .ant]psychgtic drugs t use
priptipn gheta CloPBisie ahaFRolERERRT: rroflafibhy  RafBisEayy. thoven
paﬁ?&hbﬂf AesibiSRASMafiERiin roiaiBn A6 ?B?iﬁc‘éti@h%ﬁ stvSictdRed
drugs the common nane neurol eptics. The
streams ehatasineain dydyocdrbBas, kha polymeric snembrametafthwiinvention has
di sruption of the bal ance between the dopam nergi c and
cholinergic systens in the nigrostriatum in which the
activity of the dopam nergic structures decreases,
while the activity of the cholinergic structures
i ncreases. The ability of typical neuroleptics to
control productive (psychotic) synptomatol ogy in
patients suffering from schi zophrenic disorder

Y 4 s Y



productive synptons (i.e., delusions, hallucinations,
and behavi oral confusion), and neurocognitive
wale@onzisps. Today there are a nunber of hypot hEGEES2008/009409
within the frameworks of which attenpts are bei ng nade
to explain the pharmacodynani g _mechani sms that result
in the superiority of AAs over first-generation
neurol eptics (hypothesis of the predom nant effect on

enshepBeh % 30 dafbhe B i fer R beg bEHERSTHRCH s pIBRLAERIR, mitric
adiy, st diBer scigf tit }d:taar&tmﬁﬁryf @sticen@hted. 0zapi ne) .
Bi oclinical studies inthe field of schizophrenia,

[ di h f. . .
19925k hopnEheathiages aicordEds e SovamtingcomeRrisn srosslinked

p(%ﬂl%l%? n?&ﬁb’{anfs? ?ne[t%lrgf)}pﬁ Bﬁgl;l}p gmto\f’%erﬂuith—gay%?\fﬁérﬂﬁfﬂ?&t structure.

persistence O ni ca ynpt ons an

Theeasanes adofl nfemblans strictasesed insthbiprogdssastording to the
a nunber of neurochem cal, neuroi munol ogi cal, '

inventidremayaie utglézest inctherfdrmmftedlovy fibers, tubes, films, sheets, etc.
characteristics. [001Q] The hypot heses descri bed .ahqve.

Theaprocssy maaicgﬁfveeieﬁﬂaﬁzﬁ e oWk in ditest CFﬁs\ﬁ@&B it ghgded into
I 0 r, at@, f1t..1] .

copfnBRE AR YA o DBy LE g g ents win

eacB HARE PSR FoH FEMBVIE theToffenthtHeréfemC| THE prcesd hR§tbe
devel ops. In addition, the degree of bl ockade of thése

careed ptibcantimidusky eabatchwispgbuepteferdbdy ireacbntiehdus manner.
anti psychotic therapy and patients who are resistant

i 1 o . . c
26 3o SRR el hoTELE BLagE e R ARl B ine rea
ace8s6-tRE8 lembiinkRar RicB¢or Bpthed tshiffadd 8MnSerAbrane structure)
psychophar macol ogi sts to ‘devel op a drug with
shanld s yufimié¢nt tefpreverd undat sdlwetivitptlosst hye contdmération
opanj nergi c _system have n led to success (S

p W{Oﬂeﬁmeﬂpwg&aé%pﬂl&%sﬁﬂ%e stzsm the ptsulargegmetry and

o BELER L] S AP BT FRAEE n Sbbring o
coRl ket {/é!ssle}zgz%ﬁ, a3 Wdll ddon EMdp&dturel g@éri'éralg‘?, RiBBeSRMEpera-

time, not a practitioners see the change
tugs maddoivendglosf ratas cas e holeratedlr Egmbliskinpatie opgimum flow rate
Mor eover, sone take a skeptical view of the idea that

fox a srgrabrpascoatisyration ard pefval epesating epndigions cambsfreadily

ffi.cacy. .| ndee studies in which the therapeutic
de eggﬂgﬁ(iéytaosq%ﬁ?éjquc-tgléwgf‘ati on drug is conpared to
that of a second-generation drug do not show
[08027ni f | dhghenflured eayebe aclriemed bly|dpegatprgdutti thee¢hinnest
synpto of .psychosis {i.e., delusions .
mefRPrangs; that w&ﬁg}alamn He physisehinteggiyandss the ppefatingh s

e itn ticular.that . he tradi,tionpal_.indi cat .
cofitfit- ¢ ePRblsremBiubiPl hutP e ifitrafE RO B8 physical
int@%m}%%d@di’n?'gsi@‘ miehforané B uddie pheg ﬁﬁﬁl‘é}’ﬂ@lﬁ'ﬂncs%l&‘tive

anti‘psychotic agents and of the possible reserve
polyrdega layert(bentesnbraae pmatyHst supposiedi cavae dontsetective] hadhly
therapy may be very inportant for a reconsideration of
porois membrage o proguege multdaperlemingte sructpgnalte mewmbrane

T B I, WIS S50 AR TG4 S,
Mgﬁt %ﬁ@mtﬂigh&gﬁﬂi& {f bd Bghit P&l Pégaﬁ)bﬁfhn(g with&hE thinnest

actrvity, one nore neuro at or system dr aws

methbeankilayers dn atraglti-laybpinserhBranestgicuirerthaewill maintain the

neur onedi ator system of the central nervous system

(CNS). Since many researchers in recent years have

tended toward the opinion that cognitive disruptions

play a fundanental role in the formation of

schi zophreni ¢ di sorder (N. C. Andreasen,

" Schi zophreni a: the fundanental questions,” Brain Res.

Rev., 2000, 31(2-3): 106- 12), the glutamatergic

.
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i mpoverished. Currently, the phencyclidine nodel of

schi zophrenia is considered to be the closest and nost
w@dmgoztses t o t he behavi or of schi zophreni a pat PEnUS200$009409

M Allen, S. J . Young, "Phencyclidine-induced

psychosis,"” Amer. J. Psych, 1876, 33:1425-8). Siml ar

effects are al so caused by other NVDA receptor ion

channel bl ockers such as ketam ne and AMPA bl ockers

PR R M B the neftTa® RuG IR ndcHEhe SPRIAREVGRidons. The
inipaet o€addya@dpithamdrhbiagictshaicture willl vare @epending difthe pore size
_al so been shown in subsequent studies that the brain
inghe &ayierzophr eni a patients shows an increase of |arge

di aneter glutamatergic fibers that is 30% over that in

br ai f ' : i |0 |

O] ! e BB AR EL LI b SR slE R AEIRECRY eibrane
stticeuretincludesihalvate? Giyers.i hesichoy cddposiltd neadbrianetheafirst

i ncrease of the nunmber of NVDA receptors is seen in )
layérds aearesylmked gralgmer membranepWhei sughaaicentpositbunembrane is

there is also a decrease of,the reverse cgpture of
usgf GO ieRATpOB DEaFessabtatriabhkihe ey Pyt py ol b east one
sulfit Wi s SupbeqdYoIhE sHBLAKEL bRS scdifed “TB st layer s
atthbth@y td deedchBlaybl,isudhlas pdyteuailuyrsetiifaehé EBTFR) b Caste-
spectrum of biological activity. In the series of
Tex™3, vthich is etchelnyidally résistyni polyed-layémainh eslatder pore size than
follow ng types of activity have been found: ) )
thetan liyst.adhpattaghingnt of (@Efyuﬁ,t 8n@ seond kayepeeambe vischemical

1968; DE 1,952,800, filed t. 20, 1969 tra
bogidiee. 408 o S SETRNACH AtpHRPEREANS IS et wonb of ShepOlper
. n . _
il § B! pudo- Enqer o r Y QU oflkhprginod. This
sedbrid lapeaprovid@S&rustutal infdgtity or B-fire) la?'_eﬂ. Ptdferably, the
2, 3,4, 4a, 5, 9b- hexahydro-| H pyri do[ 4, 3-b] i ndol e
seerrd laer peavidemsirpeiioH dntegpity withelut substantialiaelsening the flow

raiGgftglt 8 MaRLrite Sade. BBD e b AEgRLSkEd Bembrane is

: : : gr
AR PY SR el ind KB 2 BB Hore 9 Hiecea o
coffiplizhéit, the Pops tharacteeRtibs o Ag ¢dsslaididambrambathsae

and gevotroline, based on tetra- or hexahydro-

seqandayy mkonbrang may alsdciceveles a saitablesubsteaterforthe forimavien,
been manuf agtured. Di.azoline

depgs_lﬂgpwppgt%g )ﬂ'nc prijiary gnembrane.
tetrahydro-1 H pyrido[ 4, 3-b]indol e di hydrochl oride)

[0429]y uev IVaRethePertodimeat d multMbdies shebafie. strucHeRs
Moscow, “Meditzina" Publishers, 1991, p.512) and

previded tdmt(incladds atleagtl 3 kayers. The first layer is a crosslinked polymer

- (6- hyl - 3-pyridyl)ethyl -2, 3,4,5-1tetrahydraqg-1 H pyr

marese s Hi tora b TRB RS Er vl Fadiide i oS! QR HRGRsral i

. icinal e o i $i
expE 0 AR ppbiae bhBeriebBtned o dus b ARl o a ggeond
lay@e! Ahi 3 iC 0 [@TFH) %r(Goree M- which j

}%yr Fdyl) g‘%dlh%e]%gms@l“i&???g? r(ahyd?go-rl(gﬁ’%??’\éﬂo[ A%T"ég%]si hdo
chémaidillyyrdsistant polyiagr [dySANWidna 1ddger ot dighean the tdp Ugger. The

names (United States Adopted Names, 1961-1988, current
attaghpentrofdthe St lyahandise¢andhlayeoeanibe vimehanieg banding, via a

ot her nonpropriefary .drug nanes 1989, 26th Ed.,
meShdgien SAHRR RO RIS BREE PR oly et daptptegs g the first

(dicarbine) (cis()-2,8-

di met hyl - 2, 3, 4, 4a, 5, 9b- hexahydr o- | H pyri do[ 4, 3-b] i ndol

e di hydrochloride) is a neurol eptic agent having an

anti depressive effect (L. N Yakhontov, R G

d ushkov, Synthetic Drugs, ed. by AL G Natradze,

Moscow, "Meditzina" Publishers, 1983, p.234-23 7), and

its (-)isomer, stobadine, is known as an antiarrythmc

- o "~ -~ a1 "



the second agent is an antipsychotic. The second agent
may be either a typical antipsychotic or an atypi cal

wa@niovpsopedhoti c or a comnbi nati on of an atypi cal PE@NTUSE08/009409
typi cal antipsychotic (in which case the second agent
could contain at |east two difjpf erent conpounds). The
invention particularly enbraces a conbi nation therapy
wherein the first conpound is di nebon (2, 8-

' l15850( 7 66BN S5 R%hI | )P 1hedT a
o RS U G567 T8 o bl e S1 S nnd: Fhre
proetdesdtragaithl insegrityafoy phe fikst dayerp Preferhbly, thensdcodd dayer

but not restricted to risperidone _
progides spacpaal integrity| withoetrsubstansiallg-alteripggbe iftaw rate phough

thﬁhﬁ%ﬁi%feﬁt%ekg-?r@ﬁrgh% the,grasalinked msmbrangissyppprisddy a

se@&%cﬂ'g AefnbPifePhaAfl 'ar}ﬁéfﬁl%%iec%oﬂerhi?@§élé&95@ﬁ'i compliment the
per phenazi ne, or a pharnaceutically acceptable salt o
pctBXhafactdisticOof9R¢ Bbsslink&mendirané] The sebéndary membrane
anti psychotic conmponent of the conbination therapy is.
maytlsarseavy as & ahitableispbytratetfor the figasitionndepesivos or coating of
enbodi nents, the invention enbraces a nethod of: (a)
th?ﬂ?é’élﬂﬂrb(gn%l‘bif%fphr enia (including its positive,
negati ve, and/or cognitive aspects) in an individual
[o0Boeed Proeirably, tHPdecoh@WAY it Aftadli@Dices tifd 1dfer, such as a
schi zophrenia in an individual who has been di agnosed
stmicturak lyier wpthr 2 siillarger poje sizev éat example afefushiangpembrane
devel qpnent of schi.zophrenja in_an indjvidual O1is
stEctyredk S@}?efﬂmlb’pﬁwfsghF%ﬁéﬁrlgnila,suPh@ané? ment, the

C rj-sin dm ni stierin J gl vi .
oERTRAiPh 82 o RSB Al Pl Pk 1250 s piryctural
inflgiRP ¥6r BRI 1ARE 1 R3HC R Pafticulfr, TRE sdcdnldaAby &Nl 22(0WSrovides a
net hods of the i'nvention enpl oy aconbi nati on t herapy

chenscalby reshstantrduippsyiclager that theofitse laydra? 18@rcaatbyepateadhed to,
- antipsychotic. In one variation, the antipsychotic is
whike the thirdblayaint 23 gemyrains theexpaasipy organirfctiopof the second

13@%@@0@%%%3$%6§€%$+%b4{§0§ @e%?gg Fawfé 9516 e 6.2t} example,

stﬂ@?&ﬁ@%b‘?%&&%ﬁﬂi 18%er P3AN%ABH :fi')gessﬂi’@ki 113@ to the membrane

per ospi rone, ziprasidone, ol anzapi ne/fl uoxeti ne
durimer ksé¢pemtadon. Synbyax(tm) ), ari pi prazol e, pali peridone,
sertindol e, zotepine, am sul pride, bifeprunox,
napi nel per aoneg Epaperi done, bl onanserin,
FeoTTe, Stdofie: ocaperi done, QF-2400B8,
SB- 773812, ITI-007, and YKP- 1358. In one variation,
[008E] at ydnoaricasteimisydiments; aicgosslsykedipdbyrmeric mmembrane is used
vari ation, the antipsychotic is,a typical . ot
fog ﬁfzqug})g}gﬂ separation ﬁ)z agit frg{q }&zgropﬁévqny Miateq, or other impurities.

I SFBVEREI e te i S pho B Ao BRGNS spA e muti-
la%éﬂﬂ@ﬂb?&ﬁ@ﬁr%ré? thé trREBAIRE P6lyRRGRNARNSbrane is the first layer
al operidol, nolindone, thiothixéne, thioridazine,

oftthé Strucimee. aTheerodstinkpd pelymeripneembiane, composed of a polymer
prochl or perazi ne Finozide, and .zucl opent hi xol . I n qne .
sugh as anallvinyhaloohigl.can benghasagieriaed én part by erasaliny density.

| n one . varjation,, . the. anti chot j,C. 1S [ '
CrgpsIFI QRIS Kb oSEE R PPINERE! U efe SupBU B A cHers
redétbd Q\ﬁﬂpg‘é}ééélihkﬁlg\%&ﬁ, €8589% RESIARRNEL AREAS tHaR'dbBut 5% of
contain at least two différent conmpounds). In one
thy atoratmers . havh deantregpgyd nath thei cheaicahtrionslinkingbgan. Note
atypi cal antipsychotic selected fromthe group
consi sting of risperidone, clozapine,
N- desnet hyl cl ozapi ne, ol anzapi ne, queti api ne,
perospirone, ziprasi done, ol anzapi ne/fl uoxetine
(marketed as Synmbyax(tn)), aripiprazole, paliperidone,
sertindol e, zotepine, am sul pride, bifeprunox,
asenapi ne, nel perone, abaperi done, bl onanserin,

o o N N A NN TS




decanoat e, hal operidol, nolindone, thiothixene,
thioridazine, trifluoperazine, |oxapine, perphenazine,
wWee@ekwoper azi ne, pinozide, and zucl opent hi XoPCT/U820881§09409
of the above variations, the antipsychotic is a
combi nation of the atypical gntipsychotic risperidone
and the typical antipsychotic perphenazine. [0021] In
one variation, the nmethod is a nethod of alleviating
tth‘Fn %bﬁﬁﬁﬁcrgé’ é?g?h ?ro%gml?élpﬁl'é?rmrﬁn?h{oﬁgﬁnseé 8c8pbRner or
to an I naivi an ectilve anount
arkhdr pelyinen coheligipg: mhrnpla ey perdfahbnomets) ehemriaxdmuspassible
nmet hod of alleviating a positive and a negative
crogshtkodensitysony bogessethan 100 %adhis situationgpacersawhen one or

i ndi vi,dual an effective a f the conbin
ORGP LG MPROESELYRES AF8 0L PF SAPaIEOF TERGIOHE 1 %&hﬁmﬁankmg

ot SIE Shahb e rB Rl SRR A B FRTSEE, FYPRLOED
25.698 Bfélh@ﬁlb@ﬁlrﬁéhtem@ﬁieﬁ%rﬁn@ efRkliNe densit O'y?\ls at least 1. O%, or at
di sorgani zed synpton1of schi zophreni a byadm ni steri ng
least 22574, odiat ledstd . 046, of Atkast/® 0%broorrat 1edst 710, or at least 10.0%.
ion therapy. In anot her vyarj ation,

Aﬁgtrnt%ggfys the W@%@nepraﬁs{l@fs idenpity can§ &% @@ra\lﬁéﬁ’ 29.0% or
e O g o AT, S U3 R R b Yt AR P AR R P g m a

prEf@feré’mbbﬂ'm@é'tﬁttH€ E:rds%hhﬁtdeﬁglt iy edatdiAthbott 2, 5"}3&8 QBout
l eviating a negative and or a cognitive synptom
2(b®%§ ahqu;ﬂtrpwfeaatbiy rangenfretreaborg SL0 a0 dbaait 10AEl an
ef fective anmount of the conbination therapy In yet

her net h
10838 ¢ 5 ARl on ol TS o) SRR SRR Bl s mtmer
mémbeAaTY @&P&! @lﬁﬁrﬁcﬁ)ﬁz@ﬂ FERLSE 86 'tl'i@nﬁl%b@f‘ of Bﬂis‘éhﬁk’@d cldins in
ef fective anmount of the conbination therapy. In
thenwirhbraneaPreferably, theenwmbbiockosslikedethains pér 100 chains in the
alleviating a positive, a negative and a disorgani zed
polyimsrig membrane lmﬁllﬁeaéh’ﬁé sy lﬁemwtslp@sft. erol Qh This
i_ndi vi du fect f ..the conblna .
copfispdhd ® 9, Suc Lo EP GEE R B i RS RAEE AT pDfymer chains
tha¥eArB ofde fosALIREPIdhat cCAOBL kéiBved (RAATAE HRrdI3he by
cogni tive synptom of schizophrenia by adm nistering to
imanersivgh of theahermbraid iecd swicatdewvolvendfoftdbout 454 oaldseor about
therapy I n anot her variation, the nethod is a nethod
1086 oxlessvi ati ng a negative, a disorgani zed and/or a
cogni tive synptom of schizophrenia by admnistering to
[0633] ndi WHHEIoR Fulty LRAEISYSHRTRBlosSfink AEnGHTS Q@ﬁg}ﬁrherem
therapy. In yet another variation, the method is
produdesch mendirhey iteit inngy be pdsptedte w1ﬂlsnz&gha¢ml&:nvaronments
di sgrgani zed and/ or a cogni tive synptom of
typicatly §prewtEEedoip peire ﬁu@mloicwg,smg)aawlqatmns; siedy asgghlfuric acid

o e FERIGR o v iRt ABBLRTievPRes Mifasrite ¥
scfRERUAY sMATAEDLabRFsHE DB MERTEE SHAdAMAPRY A Midchanical

S ot an atypical antipsyc oricoorn any o

andBavietural stabilions Préﬁ’eealﬂ?t thesyiembrarte trdsslinlatyminails
antipsychotic. In an t he above vari ations, the

subgtopiial uaxfpnpspcth@dilr@cngn oématenial flwoduring agsepapation

orGES, Sl bREE Sl S29BIE depe i sttty
un h‘i’istﬁké astéé/eﬁgggf)???ﬁf h@h@ﬂ?&@hé‘eﬂds% xlﬁé tiat th

mar ket e aripl prazole | peri done,
sertindol e, zotepine, am sul pride, blfeprunox
asenapi ne, nel perone, abaperi done, bl onanserin,

i | operidone, |urasidone, ocaperidone, QF- 24008,

SB- 773812, |1 TI-007, and YKP-1358. In any of the above
variations, the atypical antipsychotic is risperidone.
In any of the above variations, the antipsychotic is a
typical antlpsychotlc In any of the above varlatlons

s o o, s o o



anti psychotic is selected fromthe group consisting of
ri speridone, clozapine, Ndesnethyl cl ozapine,
Wo@L@pp23he, queti api ne, perospirone, ziprasi dBCEPS2008/009409
ol anzapi ne/ f|l uoxeti ne (marketed as Synbyax(tm),
aripi prazole, paliperidone, _sertindole, zotepine,
am sul pride, bifeprunox, asenapi ne, nel perone,
abaperi done, bl onanserin, il operidone,

meHRSI8HE lﬁﬁ%%&éiﬂ%bs%ﬁ%f'%% ﬁlﬁah%ﬁé%i'(?sslihﬁ ldeR8ify in any

i \
and YKP-1358. In one variatiofi, the atypica
diggdtiopsychotic is risperidone. In one variation, the

anti psychotic is a typical antipsychotic. In one
{atiagn, the typical anti hgtic is selected.from
108381 5 o1 18P YRGB BT iyt RECRETaRE if FHed
i : , p -
LR el B o o g | ARt Ed oI, or a
conbinbtion eiereof. hConibdaati o, oft alcbhole peprazéntaecopobyapisne,

per phenazi ne, prochl orperazi ne, pinozide, and
tegnadymigess on ioktisir conpbipadonsief manemertunitsitpfouala polymer.

o MRS et IR SRS Bprony
ASHIPHKE B o0 Medhdy PG Rl SRURIH frodhfi6 BBlyiferized
aleébHdledre Blcoborpainaispolyh thyd Aot iigekposeditb@n oxoanion reagent

antipsychotic is a conbination of an atypica
thatrmesply ohantistingesneof adleastanpottiongoiothe atcotwil growps with an

ri speridone, clozapine, N-de t hyl cl ozapi ne )
OXgRRIEFn pﬂ_g%éﬁ’la @é??‘%‘@nn%l:bs%%‘i gfqobﬁk, basegossk Yninclude
e . .
PSP 0 VSLSH G RN S AR UMb i st sc,
an@PotiV Bl BRospHat® PO inoASMIE@ Bk H%hi ol BhH&ITRASD olymer
abaperi done, bl onanserin, il operidone, |urasidone,
merohpncs doayealsQbeAsedBsuBBasTR ¥ Gor dnibthéGilgcokeold modified with

YKP- 1358, and a typical antipsychotic selected from
arsenatey AL B s i uBrate 1o frpi Bedyximd arsenate, polyvinyl
L r i rochloride, . .flup azine HCL . or
enfi el DA BB KBt P e fedii Sxia! such as
pol)miﬁ%héél@ﬂlﬁe ah8 :;ﬂl*}ﬂﬁ?l urald, {HHHOP H ARE 'tl@@realgﬁﬁﬂ RIff$€lenic
per phenazi ne, prochl of perazine, pinozide, an
and deluojpeatids with. PVA mag alsty bauseah, Stilanatticrpaitabletmembsane
a_conbination of the atypical antipsychotic
cap bgfermad by rgaetingnBMA/ Mlﬁhbomtamisychot ic
per phenazi ne. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[0035)25] BWhAhfdiment dHEO R Akl RAnS1s éorﬁPH@cf‘@F Ion
t herapy conprising dinebon and the atypica
pobntinplajaihol (BVA)s ther P¥dnmentbrahe iis pedfetabiyatrosslinked using 1,4
.participants haying schizophrenia, paranoid type,
diispeysamatohcxane befarg Wse da aprcid §mglﬁq>mm§ahtPrfe&r@§Fy e in
t | _Positive and 1y Y m Scal.e | S
mertbnt B ol ot o bEBREL Py AL BY oS iel Y Someor other
cradsRARed bxSanioR mAGEPRY: P AR ?ﬂlle? s%fitabrkecr‘ii)%glfrﬂ{gﬁg“a €nts include
bet ween patients receiving di nebon and placebo~o
1,4PdiNss yaagabutanes g B gktisecyparasoodtangal flRcdiisacy amatbledecane,
NSA- 16, supports the utility of dinebon in treatin
1, ndusacyeBatoyinpaethil pentgnei andit.4nidisomanatedinheaylmpthane.
- data al so suggested a benefit on general cognitive
[0636]Pt OM®)thdr mBirial HbRYes akd'81s8i PR SBIe _E{frofé?min% crosslinked
denonstrated significant iInprovenent in verba
pobmsers iagtondéngreortiteyinvpatioh.o b tinrensipetitheny,i spellynsqrahembrane
menory and nunber aspects of executive functioning -
pl anni ng, purposeful activity and control upon the
results of activity (perseverative errors), as shown
by the results of the Wechsler Menory Scal e Subt est
VI1, the Text Reconstruction test, the Benton test,
t he Bourdohn test, and the Tower of London test (see,
e.g., Table 3). The placebo-controlled, double-blind

Y " . o



"the first compound” or "a first conmpound” includes
and refers to any hydrogenated pyrido[ 4, 3-b]indole or
w@bapossetit i cal |y acceptabl e salt or ot her forpPeT/082008609409
as described herein, such as the conmpound di nebon.
[0030] It is also understood;gnd clearly conveyed by
th| S di scl osure that referencé to "the second agent"”
"a second agent" of a conbinati on t herapy i ncl udes

caﬁ%f HSrdAR) \QH %étﬁ’%ﬁﬁ&_ﬁ&h‘ér Bhitn et rrg! ﬁgétlabé is exposed

acceptable salt ere e secon

to@fnydl:ll&@ena(ﬁl@/nﬂ{erﬂ theRicetite AMdtivaut Eﬂid}ﬁwﬂo hydrolyze and form
conmbi nati on of an atypical antipsychotic and a typical

vinyk alpelyelhcthis vinyl albohdl caagben be csesstinied gedesadhddiabove.
contain at least two different conpounds). [0031] As

he | b .
TP, "0y TR ORLE P LV . i
pdljhmeﬁzéd algobloti] Unginyipitridiae abhlfék/&@drds@llﬁlahgﬂ%nf(ﬁ”rﬂmgbonds at

hebephreni ¢ type, disorganized type, paranoid type,
the eitrogeal intthpysidinedingf ehearésulte dntajteenase hympﬁcmsslmker is

and cit syndrq and/ or. t.hose descrj bed
reQnEe e c B tﬂm%fgw%l%%é linking dgepisdgrge stk pr aromatic

. stical Manual of Mental Disorders, Fourth

dl@c}ﬁ%élson Washington D.C, 2000 or in International
Statistical Cassificati on of Diseases and Rel at ed

[0%&] th #n@blleotbser @mbodnnem's,stéekn@wbrarm mhtgsial sk beedpolymer

r ar 40032 As_used herein, Ete m
matgpip %@& Mhifies-several charagteristics éﬁﬁ;é € #olyper, st be capable
of%? sﬁ’ihkfn%%"ﬁgﬂl a @m§sﬁﬁ¥8@§6§?ﬂerltﬂe&%‘f‘ Heafwe'n%ﬁ éa‘ohﬁner

erapy Cal anti psyc

unkl@rgflﬁ@ cYadsliaking) thé P@Lﬁt@lﬁ@bf&%hﬂfbd AR ¥n€ BRb@shave at least
typi cal antipsychotic. In one variation, the

8060 oiitheapolymedrturainsycresglindses taronatanpither, onat lasy&¥6; br at least

90\£Eqrgqttl%2§st %Sﬁ(@ant syc %(Pr Ahlg(p é(g}peg\rq‘%tinggélaegwlth too low of a
ek RGNkl BRSS tshﬁ?@d AOof KRAGRE A HA TN & "

an a |ca otirci’s
brédkeRHin %eH%@@oﬁ@i & fn a&nféleeriv‘?fdﬁméﬁty We€dhd, the polymer material
antipsychoti intends an antipsychotic that reduces
shouldebe msrmmsto amchemwvommem‘s sack as gbhrtionsHavirig HI24P6 or
eceptor and a dopami ne-2 (D2) receptor. In sone
ﬁtﬁ dukidiicsacid.ne atypi cal antipsychotic reduces an
activity of a serotonin-2A (5-HT2A) receptor and a
[00’39]3”1 nex ﬁnde@ﬁarﬁ@té?ﬁh@ lis m’at e %8 %‘ier%eﬁﬁ%ﬂe HOL1@%provide
10% 20% 30% 40% 50% 60% % 80% 90% 95% or
sufifixientesolabitipn fedtheacid beimgr sepprated g theat tthe membranteveill
ect prior to tre%trrent wi th the atypical

Selgg{{ﬁﬂ;fﬁﬁ peiddo Raskhiong t‘ﬁh‘ﬂ%éeséfé?tﬂ%%ﬁtﬁﬁﬁsﬁ@ge of

B, ORI R e HEERL b e v

on8 RhAiRENA ' SilaBIBERPAA IOWHIAK Y oGP cAE bktfartk!h

| east one of a”5-HT2A recepto a D2 receptor
otierwise aajuterati v sintitarftothaaciddweinlg separatedodor example, when
enbodi nents,  the at |cal anti psychotic is_ capabl e of
a RY Adnagibrancis eaqnoggg &9 pelfurie acigh ab{easkawprtm%theaalcohol

er i nanE ERER T P8 ExShaneeh SYR sitface G ub S5 R§ BalieVed that this
sub&REARLR 'énﬂfﬁjce% tﬁg g%ﬁﬁﬂ%&%ﬁ?ﬁa&@{ﬁ 19d me?nlﬂrane In another

Irreversib the atypi cal
examplay she hintogenr @sisgiesd tih eharnmng iif palyexyipiridifie iotapable of

side effects, such as extrapyram dal side effects

(EPS)[e.g., akathisia (an unpleasant sensation of

restl essness that may be acconpani ed by overtly

i ncreased notor activity), dystonia (a novenent

di sorder in which sustained nmuscle contractions cause

twisting or repetitive novenents or abnornma

postures), and/or Parklnsonlsn1(character|zed by

T L

o o g,



trials). [0034] As used herein, the term"typi cal

anti psychotic" intends an antipsychotic that reduces
w@eooglozesthat es prinmarily an activity of a dopaP@TESZ08/009409

(D2) receptor in a reversible or irreversible manner.

In some enbodi ments, the typijgal antipsychotic reduces

an activity of a D2 receptor by at |east or about any

of 10% 20% 30% 40% 50% 60% 70% 80% 90% 95% or

&Qﬂe&ﬁ% WRARAAAE Or bIGISRE {&19{2)0??1@&%% e gmw cbﬂtetn*a ®f the

sa ject prior to treatnment wt typi cal

manibirfisey CAghing tids is beleveltotimproee ¢l s@abﬂngldfgulﬁmc acid
activity in other su%@ects not receiving the typical
wahm tbgynembrane whigh facibitatesdsepanation. t Nete it the ion acquired by

PSRRI ey 4 8 WL SRS

sep AP GBRARTL VAT PACL BRI SR s wit form
pdlswlarylmfos E%t@nmlﬁ:fh @fne&ﬁmﬁ@kh@ﬁm wssatdle £6 porfdrtiag

but are not limted to, chlorpromazi ne (marketed as
sulfarigeesid B@ar)tlms Thorazine(tm) (3-(2-chl oro-10
H phenot hi azi n- 10- yl) -7V, VW-di net hyl - propan-| - ani ne) ;

L0DA0] | oAER SR e AR DT Bobkrinedt Simbrans cqn. bep
o?bg&haeér otfhleid BB/ dinpldedast muttigle m&ﬁeﬁeqﬂ%@ahe

mar ket ed as roI ixin(tm or Prolixin
enteabimeats Onajoy (Refedof] the[rRong¢mersf inap motndiydg a functional group

cam%jﬁe C&rg%gisa@'n%éhs ﬁshcg%{ 8rp@§f§%lrré€e'tr23’rog§lbrﬁ¢am@pmeﬁ that are

4- en [ OX
cofiHRE Bir it dobtitys FPp BRI R ahie W TshiuBh R e
StyreRé, l‘s@y&ﬂe%ﬁlfwﬁbﬁn ﬁélg)lk(&i&txhﬂha%gﬂw A §yre§d@§ulfomc acid,
hol i’ n-4-yl met hyl) 6, 7-tetrahydro-4 H i ndol - 4-one);
vinyli ptridinerend avay leenield. da another embodiment, anionic/cationic
Navane(tm) ((2) - N, N-di met hyl - ES (4- et hyl pi perazin-|
MORQMENSIPYY ieaBerallyths mamqréwétlz 0 3 gppelymstde) ;
thioridazine (marketed as Mellaril (tm)(10- (2-[(RS)-I
[00441t hy! Pidiethati dopdipthbal wbbrﬁné@t Bf/bﬁmlr baRheRhBRACTRIude
azine); trifluoperazine (markete
mlﬂtlplltﬂ@pne of mor{difefs3nay 4nctadé mcplqnmmzthat do not participate in

1-vl I trifl thyl ) - 1QH phenot hi
crq)sgiia?sfq%g . qéym@%/g{f!r&§ ug{l)l%ggg[-}%ie% méxplmlg)mearr]r?ourlltaozfl tIQee )monomer

' t 2- I
pafiRSBHEEE bt FosbiniDenIB s pboBR B AR b dopopuer
haWrié the (‘ﬁ_&?ﬁﬂn@ Mﬁs{sﬁnk %Cmeo(s%kﬁ)ﬂ’s PVA or 4- vm glyrldme) is at
phénot a2| 10-yl) propyl ] pi perazin-1-yl]e
legst B0 W96, @ratdeant 3©rmt%ebﬁdt RastGHirpaZi, ra)e(at tﬁ)a,st 50 wt% of the
Buccast err(t m
MGRERRESip ¢ wy(yzn@m Igrgichembodiments, i lleast i Wa@ﬁ #hylegss 10

Wit B s [w.)ﬁi$r25tﬁfg¥?q RGeS Dalkg mgAomers
paﬁicﬂ?&t’eqh égslibk%.;mr X @gl aer Cﬁgrgf)%ﬁdj&zﬂuﬁlﬁe%%om@ﬁg the

zucl opent hi xo
arfahpyrencdf tici rdehomerocarCbeops 1ahndom copolymer, a block
Decanoate(tm) (ci s(2)-4-[3-(2-chl orothi oxant hen-9-
copolymaredp abpma}mglcqmoéﬂmmm@@@mmlymnmamtbgr‘ed
herein, "treat e an_approach
coBFIFRt ArEArEeur (majerlys BGRLy ke ob Bl RErrdnags types of
f I
mdoies San HEE (hE pdinersF{ABERIn oA OBYEhichl mbfner.
elimnating one or nore synptons (biochenical,
hi st ol ogi cal and/ or behavioral) of schizophrenia). For
pur poses of this invention, beneficial or desired
results include, but are not limted to, alleviation
of synptons associated with schi zophreni a,
di m ni shment of the extent of the synptons associated
mnth schlzophrenla preventlng a morsenlng of the

N S -



i ndi vidual as a sustained release formor part of a

sustai ned rel ease system such as a system capabl e of
wGaoevaresdsg the rate of delivery of the conpouPdI/Us20881009409

i ndi vidual for a desired duration, which may be an

extended duration such as a_duration that is [onger

than the tine required for a Correspondi ng

i mredi at e-rel ease dosage formto rel ease the sane

nt (& 4 i.gh . d

1002 Do 5o BEgRtA inedhicRheRPbEMe Ros SRRy e
mefbeind bh BE HOleabt 0N Nahi Mathdhdt (.2 fuen,adr dtheast 0.3 um, or at least

adm ni stered conmpound and may be, e.g., at |east about
0.6 topesatdeasitl .0 gastoraib deast 23urhpor at loaste: ping asat kagui0 um, or

at fensh glnim orA liirmpGsely. Bsomicknssnahite Shosslinkediaaty BBy
b
mERPPAH Garfhe 3B TP Josi BhA0 BEP of RS0 Bl PR (oA hum or
les¥, or 9@SimaRQeNs. @dﬁﬁﬁcr&ﬂiﬁl@é@%o]?ﬁ%ﬁm&nm; fotation of
| east about 4 weeks, at | east abolt 8 weeks, or at

tht eashbeineudan e awistead by stasting WiD3 &gl hlearlar weight polymer,
"effective amount” i ntends such ampunt of a co

. | ound

such ag high malegidaeweight PV donbdiin gon shen he ﬂupye@pwmaform the

I nventi on) or c i hat.i on erapy. which i
aesBiaithisRss inftn SRS Bl nRIEPEBf VisePElR Aty membrane

I- i t 3 - . .

TR APy B RS0, SO SURET o e s
flihacrepetic mefmbrane dering asegarasionodA s thd théclaress ofithe

effective anmount nmay be in one or nore doses, i.e., a
memhgane ineerases, the fluxplesrepsess may be required to

achi.eve the desired treatnent endpoint. In sone

S&gﬁg@mmﬁMérﬁgrﬁfgﬁpﬁ&tﬁﬁ anount of a porrpound or the
conbi natton therapy Is an anount sufficient to reduce

n.activjity of 5HT2A receptor and a D2 receptor,
lﬂgﬁ% as Tehw&%g layer of the membrang sfruchie sgrvgs as@asirucgyral

o b Bt A R Bt

méfbiatiel pork RiZeSf thaRcSnPlfet iP8d18¢ted %o tcbﬁﬁ)tlﬂﬁéﬂt tRE pore

0
conpared to the corresponding activity in other
chardoeristes ndithe priatary myembeameo rfbhasddondatyhrreaghrane may also
St andard net hods can be used to neasure the nmagnitude
sepfe asn suitable substrate fonthe farmptipn, depnsitionpr poating of de
nzymne el | - based assays, animal nodels, or hunman
prﬁ%%%’ir??gm%ﬁpeeffect i ve anmount of a conbi nation therapy
i ncl udes an anmount of the first conpound and an anount
[0044])t he deeordbglintent the seodrahlaydmisa stieragorous polymer film
sequentiall¥, si mul t aneously, or continuously, produce
sugh g §iared exlY .c dere gaesdly, |tge segangiulay eneanibesamposed of a

treatment with the conhj nation the may result i
s SRR Sy s biogp b tentdrg PE g pdied EE.
. . . . g o CLE
poffiihj liéedifiatdshe EPTDRD b & BeHNIE SO Rcr) THY pdflesifof the
se€shibRiyeEshGuld del 10¥R eriighnto Minigdgd flak redectidd ¢hile being
conmpound and the second agent is used as part of a
smablndsiawghi torprovislesgtsuctunap supnbrt éortthe fawblayer.oin paticular, the
conponent generally used for [ndividual . )
PO(%%E@ %gqqogéflay%mgﬁybe W@h&nasgg ,re{aﬁléfeéaﬁhe Hrickness of
. Pt ; . .
LS OB rRE LR U 1t XY e Bor e of e
secoHPRYBEW i1l HeMBdis'hhh Pl ComBenRitkhaLsPd O firsh]aRFEIn an
enbodi ments, the sanme or greater therapeutic benefit

is achieved using a smaller anount (e.g., a |ower dose
or a | ess frequent dosing schedule) of a

phar maceutically active conpound in a conbi nation

t herapy than the anmount generally used for individua
therapy. Preferably, the use of a smaller anount of
anti psychotic results in a reduction in the nunber,

o, . o o o o



phar macol ogi cal |y acceptable carrier, which are known

in the art. Depending on the therapeutic form of the
waeymbemsfe. g., transdermal patch vs. oral tableCh/pS100&009409

carrier may be in various forns. In addition,

pharmaceuti cal preparations_ngy. contain preservatives,

sol ubilizers, stabilizers, re-wetting agents,

enmul gators, sweeteners, dyes, adjusters, salts for the
erﬁ%d&ﬁ{éﬁ?%e?oré’% [ fGhR'SESSH R epféfzft%z%tOC(W i9In another

agents or antioxidants. Preparations contal nlng an
embbdiveent,he gdire sizenafithalsscombhyai is M2 Heim dulbesispoce pm or

whi ch have val uabl et herapeutic properties. Therapeutic
lessor ms may be represented by a usual standard dose and

may be prepared by a known pharnmaceuti cal nethod.
(05451201 BB 1Ak SHERU Btk AHEdirstaafor to BorfdEd: SMbeAVise

har maceuti cal "Sci ences | ng Conpany,

atfabh tadeldabt ane fxfaddohthetseco/2d)er. Wriyctorivenient method can be

i ncor porated herein by reference. [0044] The anount of
usgd ¢@ ﬁgmwecf;wp daartto she seronddapém aini amemhedimenti where the

GegElavEF Y A fd T R ¥ in P g e0rin P A EBs g B ashyagnt of

E SEOROLL HEscBind SR OF) ok Pea RS s egbprppric
sobr@t ¥pdtedt fopthe thflayeﬁt FopreRatiple, (the PV AcaflibEedigsvlved in a
a dosage form conprises an anount from about 10 ng to

sohtwu corpining) rouglﬂyneqb@hpaﬂs()of@MB aat) (DMS&D)O Trlng DMdeMSO
bout 10 to aboglfi 250 from &@?% t o .about
sohvsit system, s soppe abH gy & aak%@@n F f‘r‘H cgpdiparicular,
3R R B B P g e
soRRtis HepBsitdd @ﬁ“tl@@@ﬁé]%arﬂ&dr}gTFE PRI s¥Btend W¥Malso allow

about 10 ng to about 250 ngy, from about 10°ng to about
soﬁ@(ﬁlﬁ@lsldmmm tHimopores @frihe expatatedt P TPE ngp that evhealthat 10

0 5 from about 10 ng to about 1 from
Cr%wke@% lwrr%‘wahessmnhgg theé’r}?/é@@dtexmnﬁ@d i’%‘Fﬁokawprs
O t 10 ng to about 100 ng, from about
Wlilg) g{%&rgg&]ﬁ% or fromabout 10 ng to about 50
ng. In one varlatlon the first conmpound (such as
[0@46]ebonln an embmﬁagmt fthe secamblaysewil haseauhickiessrof at least

about nS% t o about 1000_ng, from about 100 ng to
10445B0r a}dea S W R 8h t%@emwrtaé leasbed MO0 @fgleasmﬂmm

o £ A5 T R B

seer&f’@l l}?f?gﬂmﬁalgfgﬁ%dﬁll%ioﬁ:wgs 839(f ﬁﬂ%ﬁ@ﬁl?ﬁ] %gq%ﬁl}:brgg@br ?@%m or

lesa,bmutBO g60ontessf o050 ahout le:ls@O Pn@ferablﬁwhertmckhemﬁﬁm&econd
to about 1000 or from about 500 ng to about
1an5 @%frﬁgl LIOACh AT R %hquér? e M@ﬁﬁhﬁdbh@weﬁwr@fpgreater than

OGS AL A e o
@rf@ﬂﬁ s¥€é§1‘aﬁbh9n Hdh& (fgse odlag%@rﬁzéssfgf h}geoge:]dgﬂgg%% lead

s admnistered In a t ween
to peeluctiays inl theapeysitde fluar thaduginthet ientesamndudgg atseparation
ri speridone, and is admnistered as an intranuscul ar

Praf€pdvt fornul ation (e.g., R sperdal Consta) in a dose
of between 25 ng to 50 ny every 2 weeks. In one
vari ation, the conbination therapy conprises di nebon
as the first conmpound in a delivery form such as a
sustai ned rel ease system in an anount that is |ess
t han about 30 ng of dinebon. In one variation, the
conbi nation therapy conprises dinebon as the first
conmpound in a delivery form such as a single
sustai ned rel ease system capable of nulti-day
adm ni stration of di nebon, where the form conprises an
anmount of di nebon such that the daily dose of dinebon
|s Iess than about 30 ng. [0045] A treatnent reginen
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dosi ng. The dosing frequency of the first conpound

and/ or the second agent in a conbination therapy can
Wh2009020598 han about once weekly dosing. The doRCTES2008/009409

frequency of the first conmpound and/or the second

agent in a conbination theragy can be I ess than three

times a day dosing. The dosing frequency of the first

compound and/ or the second agent in a conbination

Tﬁ;ﬁ’&mgxr gﬁﬁ,[%%ﬂaggssthj@ur}eabout three times a day
I Nyg- cy of the first conpound

and/ or the second agent in a conbination therapy %gn i
[0947hboutIntsemeempadimenticide RADYMEEC MeAbIA isgart of a multi-

frequency of, the fj,rst conppound d/or ~the,s nd
lab§SEE RIS Sebdfrd ol ind RS ed 6L The o ST of the
j i : [ vt Of '
T e R
laydrepreftabBrhdyea ghickiiess of & 1daste8 pan vedlirdiagengan Riree larger

dosi ng frequency of the first conpound and/or_ the
paresined velijimstill previdingosufficient struetuaphystabitityye The dargen pare

.about .once week|y dosi but | egs than about dail .
SRS A B o 5708t UieBemraRe SEHiBtmiring a
Seg@%ggéd%ggaégcond agent in a conbination therapy can

a once nonthly dosing. The dosing frequency

of the first conpound and/or the second agent in a .
[0048Dhi natTherthinddazpy camassiss inpooyiding wieshamwsakand dimensional

Qsi ng. .The dosing frequen of the first conmpound .
stafitib forithe R BHACa ATt 25 11on dos EHCFRRRR0R i HORLy Brggsurized
t I [
e, 90 e IR TN O LES o
PTFE Sthe e iy ep i1 Me dukeestisiond sagthiing Gnder pressure.
conbi nation therapy can be intermttent (e.g., once

Hoakever, ddashigyencompaagd of aimatedal $ichras arosdmkiedrPVA will tend
days, repeated for any 14 day ti erjod,. such as .
to gBik raperdmStreiaies Sipatsondiboli. b HinPE f Situation, a
f dosi first. .
i Fer FRDCRIES I SR S GO e, This
wilEcERai M cORd JayerOfHiS MRRIHi¥ingQ%lef¢hihand PRéV LS
weeks). Any of the ‘dosing frequencCies can enploy any
cradkinp ef cloerpmssliiskalbBYA kgetrherei n t oget her with any of
the dosages described herein, for exanple, the dosing
uenc, . [ .
0P8 00 A yiigh/ G kil BERUABIC oy ER Bl ey, The
thif8/14gran! RSGorhpaseda Potéxdinple, BDHEBT ok fisli dFoSlihkel hatiral
variation, the dosing of the first compound is three
rubberg satiieatey patyethylendosatumpted polypromdene aagepulyiner ofi¢wo of
dajly. In a particular variation the confi natj
the AR ¥R \Pria kPO BENEIIPH oSt tiei ahoverwidh ﬁéﬁ)ﬁ-q—ﬁlezﬁl-tﬁnn%@ther

0. e B0 ST LRGP L s e

fiIRR9YS nfodiBy AEStRichiAl Bf’(ip%'ﬂﬁ@sj 8piHeyhaléeidno8aitable fillers can

Treating Schi zophrenia [0048] The hydrogenated pyrido
in¢lada gréwind ghhss azarbow fibets, psigahday s, ordedoliated dldyes: €llme fillers

may be used in a conmbination therapy_to treat,  and/or
caphe\iaany HamveRieas fagm s ehasspherssolibemnse Instilanethstt

f schi hr.eni including its siktive,. negali .
enfindiRng AR IEFY Bivel HoulfRE e PO hgtEam R SA S p geramic
I ' hydr ogenat ed pyrido [4,3
fbﬁgf?Egé{gﬂégﬁgg%ﬁ&?gscapable of reducing the bl ocking

effect of MK-801 on NMVDA-induced currents in cultured
rat hi ppocanpus neurons. Exenpl ary nethods for
determining the ability of hydrogenated pyrido [4,3
-blindoles to treat and/or prevent and/or delay the
onset and/or the devel opnent of schizophrenia are
described in Exanples 2 and 3. An ongoi ng human st udy
i nvol vi ng conbi nation therapy is described in Exanple
4. [0049] It was surprisingly found that dinebon,

ol . e o o o o o I T o



anount of each pharmaceutically active conpound is

used as part of a conbination therapy conpared to the
waewaneosgener al |y used for individual therapy.PCTUSIING 009409

enbodi nents, the same or greater therapeutic benefit

is achieved using a smaller ggunt {e.g., a |ower dose

or a less frequent dosing schedule) of a

pharnaceutlcally active conpound in a conbination

apy : o

10038) 35y SUFDE RE PR ILr BROART G dirHafhr G RO KK EIeRLed by a
variay o aesttics. alﬂn ¥n2eibodemeannbe att ﬁe@ﬁwhbﬂlty wfahe third layer is at

reductlon i.,n the nunber, .severity, u
e admSior, onet st G iodoriet SclesSihn G ot o, ar eteast 50

ISl o It OB S Bk Hoc e 3@86{5%?\@? | Bfeterably, the air
pegrﬁlee[aﬁg}ty YDA 105, (IRRGF URSnk it N B 6y SHIEREYond

nvent 1'on ere in ure.
laf&Y. EXeéWintplel h &D@n’fb@?ﬁﬁﬂéﬁte\ﬂheretthé s@é&ﬁﬂﬂyek VEsthpesed of an
provi des a nethod of treating schizophrenia in a
expanided P THE, tkedirtgeemeabilitp mi the sevpndday e wilé hikalky b@between
t he ind|V|ﬁuaI an effective anount of a conbinatio

a h§ ﬁqarms.hgswh%m@eﬁape& Mli“rif]@éff)ﬁiryaﬁ]hehn%ﬂf‘éed to
]|
e, A P8 eceRE TR PRt £ ALt A bodi ront | the

present invention provides a nethod of del ayi ng t he
[0063pt ankiecomatiiad foptierthirdf lagehcanogdbo bnlcﬁnaractatimzed based on
i ndi vi dual who i s considered at rlsk for devel a

the infrinsionbulkimatesial valugp of s matrral- b Briapis byl r%@terlal

ers. hay a zophreni a or n i ndi vid
v R0 Tora FRRER s ABehAr vaoh HOPRIOE AylrboMlnshtinlp i the
ma@sag! ThRds'th cBn&as O PMatiH A valuedfor anHhteridy ﬁ‘)at‘&ﬁ@ been
exhi bits behavior consistent wth the onset of
sysatieszzedhoranodifiedoinye imanngr tdeduse she miatgridlaotdeeporous,
i ndi vi dual_an effective anmount of aconbi natiagn therap

stigbihsd; gtcn d\’latqﬁgac!i Valiassuel asfhe trasie gn%}u HelorF dlezpral modulus

Farng%?utlcal gﬁFﬁH§§ﬁb8§¥§gﬁfﬁ%€ﬁ% éﬁﬁéﬁfﬂaﬁﬂgdﬁkd
foRhES&M ad dé‘g@fgéls% FFRNLER . g&z opm}re’ tﬂ@trﬁylhﬁ‘i@ Bul1R material

onset an evel opnent o nra In an

valluwedi ofi tte shirdviay or sngenial cadinctudy enk spared ofche following: a
devel opi ng schi zophreni a conprising adnm nistering to )
10,000 PﬁdﬁﬂSllﬁJ@IOdahJSeatf?éé’Q asemgasirad byfASTa6 M3 famnsiongation

ot P By LDV E ?ﬁ;‘%@%ﬂ%ﬁ’ %E%Eﬁz%\#’f‘%ﬁ%ééfg e quSautus

at 9598 R ABA A Al ﬁ%)b% gﬁ as'rﬂ g’g%f‘ﬁf‘bwbhﬁ tensile

present” I nventi on provi 'ayl ng
strengei atehrdaloat YSUC b piedter ﬁﬁhl abonhled p§1 admAasured by ASTM
i ndi vi dual having a nutated or abnormal gene
D&Xsoci ated with schizophrenia (such as the NRA or
DTNBPI gene) but who has not been dlagnosed wi th
[065 | Zophi, §Rbhet ?E{Hdcﬁhﬁﬂt Etﬂg‘tl‘ﬁh?; fer Iy n%ﬂaf &h be characterized

i vidual an e tive dnount o I'nati1on
byt the abymeritehanigedhfahb yatted el &l epior thd @bivehits Shd/odatil that
or pharnaceutlcall¥ acceptabl e salt thereof (such as
theimesplrane shuctame avili gosye nﬁow@ntaqﬁ vdtiedenhg dynihesis ande

resent entlon rovi des neth of pre tin
eSS en PSR fagtr B R GO SOpH SR o g satetial may
abb&%’ \Unqé‘af t Héntd5Rid. C?‘h%%ﬂ&’&ﬁgl mstﬁg atbgorbed solvent or
devel opl ng schi zophrenia or 0 has a nmutated
. abnormal gene associated with schi zophrenia but mho
has not been di agnosed with schi zophrenia conpri sing
adm nistering to the individual an effective anount of
a conbi nation therapy conprising a hydrogenated
pyrido[ 4, 3-b]indol e or pharnmaceutically acceptabl e
salt thereof (such as dinebon) and an anti psychotic.
In one enbodlnent the present |nvent|on prOV|des a

Y
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fl uphenazi ne HO or fluphenazi ne decanoat e,
hal operi dol, nolindone, thiothixene, thioridazine,
wao pdoblosper azi ne, | oxapi ne, perphenazi ne, PCT/US2008/009409
prochl or perazi ne, pinozide, and zucl openthixol. In one
variation, the antipsychotic jigs. a conbi nation of the
atypi cal antipsychotic risperidone and the typica
anti psychotic perphenazine. [0054] Thus, the invention
t r
aogﬂd %ﬂ i st u??n%&g&ﬁ%r%(ggﬂ{aétﬁ “Eﬁ?. fl@éleﬂ%ﬁ ndo edlgf;ep&lce n
vdlhaergeRishpbad loythroadpineblie chalde éthibeanhtefialitdlatinge to the
di mebon) and an antipsychotic (such as risperidone
sodvefit @ndtmrqamaﬁm ihae beom ebsonbed hErefedably dihgl thirddayenymaterial
ed of aV|ng% ch|20£q8$n| Met hods of
shoull Wndsrap relumeliic chagaset p 6 95 lessdpény fghwent or acid
per [ h [ he
thg%{t%al IS &ﬁ@&% Itggygg ict. !‘1{3‘8 ( ar@hlte &u Oﬁﬁc% synﬁﬁgﬁg ot%nd
m@'ﬁb@zﬁﬁeﬁﬁ&t@ﬂé ﬁiTHTiH"deIa&éf iy @mé MRS ontdd it thel sﬂ)lvents
ef fect delays adm nistiation of these drugs) can
usad fesdepbsityng fher fiestang/or,secomp kryieny I:membodnnmtsl/vdrere the
establ i shed averages of dosage (in_terps _of anount
lrahenmypr seroadviayen ar@e@d@ﬂmsu%ﬂdgi%& aéx}%rrd of RMf) and BMF as a

t her ect

sof itk g s stk vPBRhERccHARES of abidftLave qless in
bo‘iH 'DMS@‘&I?J‘DEMW tp tl?é"m%ﬁ%r@ﬁé’ §ﬁﬁ&ﬂu? %‘;ﬁ‘ﬁéﬂ d@r use gor sulfuric

adm nistering an effective anount rogenat e

acpy/ sépdodtion-th¢ thied layepshpbky aise butvé aazlolhymatrttﬁmaaigle&)f 10% or
salt thereof (such as dinebon) in conjunction with an

lesgrinisptipeieacid. Axddisionalys ﬂ@atqirumetr@a angeefsbeshirddgyer
B R 0ol b B PR
re ﬁ@fﬁ: P thé%/cﬂb@ﬁEEirfd/Sr aad/ tHEt mﬁr&ﬁw&%&%dqgd/]yigfer?nces in

I Ol 0gI Ca ers or assessnents nin

thevkolunsetgic\ohange o6 seondrandndirdidyés couldadsttt ihGtiane
sane paraneters and/or indicators |n t he sane or

desel@plrzf at theilayetiatesrfadep passiblyi leedmﬁgou fpdyrchot url:c membrane
stPRfBF Brefgrabty: tﬂé@@f&%ﬁ‘éﬁaﬂgvg&gwt‘pﬁg&n‘a%&? apfieS etween the
soEHE AR B AP o i ek PRI S, Bt ol

exdinptd, a6 &1¢ VHuRIelriE CRRRde YR JeobRE PR i§ 998 regtﬁ‘ffe‘f'ence in the
resi dues or noieties havi ng a specific number of

vobaneloieschaggawadheswofl about 2P ar less statld dnedrhthrantlseyolumetric

en eonetric. and other isomers thereof. For
@&%ﬁrﬁd @le tL 9Y@r Wﬁel%la%gewv%@ta,hqut 3& apd@hput %obut v
and t- butyl "propyl ™ includes n-propyl and isopropyl.

[0033]57] Theddieiof toHding composed of ardithble! arsial, the@hird layer
branched or %ycllc hydr ocarbon structures and

shewdtlsmhaunsufficins porogityefeemirighizt lany rgdwetion ir Bux troagh
h 20 b t, f f
theiegTbtae e fate EHELEY b e FEWa Tiah LIGPBFE Tigner the
t 8
thlE(F %i" 95 le{iﬁ\@e@g}é IE)?%{ ?ea%fﬂﬁ,&lqgr oegtggasg éo}gl?l #1 %pfeggtsf ¢l pum,
or GEJeASN] (ﬁhﬁfTBPre%B’P}l' Qﬁe poré %Erofi‘hi‘ﬁhr(g [é?y‘ép% élﬁ‘f’ IcH4R so that
nmet hyl , ethyl, propyl, |sopropy butyl, “s-

subst:hmtey Iwhinhl plahsethrokgh the fwest layay(bf nhs membtam:tareﬁn a “free
The term "ary fers ta

&wgggg AJAREING @wllﬂib%l therdglamrp Meterialpith g ffigient
il B8y BRI Fe TRl P e

whi ch condensed rings may or may not be aromatic
{e.g., 2- benzoxazolinone,

2H 1, 4- benzoxai n-3(4H)-one-7-yl ), and the I|ike.
Preferred aryls includes phenyl and naphthyl. [0060]
The term "heteroaryl” refers to an aronmatic
carbocycllc group of fron12 to 10 carbon atons and 1

o, oy o o o



[0068] In one variation, RL is a straight chain alkyl
group. In one variation, Rl is a branched al kyl group.
WO poodMzoseari ati on, RL is a cyclic al kyl group.P¢DOSB)P8/009409
In one variation, RL is nethyl. In one variation, Rl
is ethyl. I'n one variation, _Byis nmethyl or ethyl. In
one variation, RL is nethyl or an aral kyl group such
as benzyl. In one variation, Rl is ethyl or an aralkyl
sugtraﬁ}bop?lgﬁréfﬁlsmg?éﬂa)@ ind1Q8¢ flatdria199€aita¥1k #d iR FrefieribRrg, such
an aral kyl group. 1n one varitation, Rl is an aral kyl
asghe OB er 1305243n@onrbEyleaprdlyahyle@l‘ﬁﬁ’ronwden materials or
substituents listed in the precedi ng paragraphs is
the FQ2HA0 eubOR2#5M0d@ palyphenyleng sulfde menpeovgn, magerials. C
al kyl, Ar-G -C 3al kyl, or Ar-C -C. 5alkyl). In ope
A§&l b RRIOVS TR SRR e bRES e Kot dspramle. B meghods
« I ti.t: ISt | Cdee
Adgerfied B CTAMEALA inb RS chVeH forh <t bl Bolymer blends:
prépatiatibf ShdRrfdrihanie, (®olyaht NV olRA5i(3004) ps.a8 I — §609Pcan
ere any one of the alkyl or |ower alkyl Substituents
bel usstldd formtapolyner exitln guifarienfrppbsity.s f urt her
substituted with a phenyl group {e.g., Ph-C -C6Al kyl

h- G R G o O
10Bg4F S AR ¥ iR e BT v gast S0
prhnéedesstand el epit kheerdypAeseat kadt 190 pen, Grmileed 175 pm.
with any of the variations stated below for R2 and R3
Intametleareenbadiifent,abh thind l&xerropndanbiarthickowsobf B3) pR2 or less, or
and R3 were §Bscifically and_individually |isted.
22504mAr less, Ore00 4 Qriless, oRd 75 4nUor 1§8Sone” vari ati on, R2
is an aral kyl group. In one variation, R2 is a

[0085fst i t UliRCkekiehe DRI Dakibe teled. orl sihereis attadliddd the2hird
i s hydrogen or an aral kyl group. In one variation, R2

layer tyyamogenvemient methodi tharekampleridahathiyd layevigavadilable as a
onevariatjon, R2 is._an aral kyl group or a,suhstituted
ShES ol 1BaiRa e grenst VA Gafb Db ARG thedhird 18uriey Bl
t onsi.sti . : ar al kyl
pro e E AR B4 E A RO lin MOE REFRIQRE o128 ) 1

one variation, Ris an aralkyl group where R can be ‘
[0896] one [nfgeneral dryaadiysting popanensalution coreentiatian andeoating

thiRRPSs Qs ARy TATROTARS o I GKeP St Blpedierr commercial
aphg?ztf'(lnsl it Fﬁ%d\@er Daled ’su%igxg)ngtloi%%% itngi[tc?gns in tﬁéckness.

eroara group, ere y of 't
het er oar al kyl can be any al kyl or |ower alkyl group,
SepargtionsProeesses| i st ed above for Rl. In one variation,

R2 is a substituted heteroaral kyl where the heteroaryl
[0659YP | 3 §é’§’§r%ﬁﬁgta€ﬂi ﬁ‘bhh%éidt\i?as%e Gthedris & Tbw rate of the feed

substituents (e.g., 6-nethyl-3-pyridylethyl). In one
acrs ithé noembrRde isarfaces sheildtbd adfibrine te prateny unduesglectivity

wherein the heteroaryl group is substituted with 1 to
logs hieeondengiatiop polanizasion. vEhg Hovorate pp thesfegdglapsnds ap dlae

et eroar al kyl group.wherein e heteroaryl grqup is
padt i §¥acihyat SSROEEHER of 5 MEBBLER JemEmiing Sigucture

St S 1 . |k

anl{ By SpBBrirE bR K8 DRy iRt
GdnerdlBy, alighydr tepriatutnlowémnflowerakardant botledated. SEstablishing

substituted heteroaral kyl group wherein the heteroaryl
thgypptimuins flowoeate fort @ thembrane senbgurativmandhset afrapgpating n

one. variation, R2 is a.substituted, heteroaral kyl group
coffiod rof s TRAIY gafepmiged i 4 LG BracHioBE w2 b one

nmet hyl group. [0075] In other variations, R2 is any

one of the substituted heteroaral kyl groups in the

i mredi ately precedi ng paragraph where the heteroaryl

noi ety of the heteroaral kyl group is a single ring

het eroaryl group. In other variations, R2 is any one

of the substituted heteroaral kyl groups in the

i mredi ately precedi ng paragraph where the heteroaryl

e o, o o



[0083] The conpound nmay be Formula (1), where R1 is

-CH3, R is -H and R3is -CH3. In one variation, the
w@ooopoznses i s of the Fornula (1), provided thatPE@TES2008/009409

substituents are notwhere RL is -CH3, R2 -H, and R3 is

-CH3. The conpound nay be Fomqula (2), vvhere Rl is

represented by -CH3, CH3CH2-, or PhCH2-; R2 is -H,

PhCH2-, or 6-CH3-3-Py-(CH2)2-; R3 is - H -CH3, or

[Ogagl}l-zrh qn%gdi%t?gleﬁ%w éﬁ%blrésﬁéetﬁﬁt ﬁlmhﬁltamed under

condifens6 prebaure stéh itlat-substantially allRIfEh acid3 mSllqu(fdi'lpBase
or a conpound, where Rl is -CH3, R2 is

Tﬁmw@mmmﬂldra\wa iR3 Vasuumsirhich l%ng@mrpﬂm magintained in
ere

thE SRR G2 10 3P umiHES The peTmeatad;Shase bl BEIN g apor phase,
arld b AR rS O Y ORIk ih Aok ert L pfdsO%

genetdl ﬁﬁ’ﬁ‘@hé b a8 gtiod:- Ci s()
2, 8-di net hyl - ,4,4a, 5, 9b- hexahydro-| H pyri do[ 4, 3-b] i

10581 by ”@%@@'ﬂ%gﬁ B, parmedtEsis ofibe nembrans aneaffect both
se?ec?%pgydngzﬂg’x tha sele%h@ﬂ?ya%%e mxpg’édegﬁl)[ thefeadlas the

vadulnpreBii¥ lonthegiegileatd ihcfoaded. €HI gﬂ’(&dfa@uhﬁfl' présditelcAnbe
-b]lindol e and its di hydrochl ori de;

tol&ratedhtyh;g}e( 2emperaplireS; prywithyd D(BVGH}UO.{]ZI;IQ poir-aced.r hhydr
| H pyrido[4,3- blJindole and its sesquisulfate; 2,
angther et rr@n( A We%gmmx bsypasasd pekosy the membrane at a rate

sugfélgé{ %C%?geralsa éhez g %agh(%n rage b]Sultgbolleeswae%p giases include carbon

dlgxﬂ?t Jli‘ﬁ(nlted n3h€d&g%ﬁ%£1?g¢%g§%ﬁ?g&yg§%%rgfﬁl ‘sﬁ&? b? me%hane

etlamnkmtmopamehyl i odi de; 9.
2-met hyl - 8- brono- 2, 3,4, 5-tetrahydro-| H pyrido[ 4, 3-b]in

[O?ﬁée]ecg%héraap‘ya& ﬁ{yh[gé’rb‘?eeate %ﬂg% ]thé: qra‘é%rrjl@ be IgWept by a

lic?ﬁfdl pets@@ctibR IbB en® e whitik e S¥r 'szi@ sol@e'a%d&ﬁhﬁ:‘ht i§Ghon-
rom a hydrogen, benzyl or 6-CH3-3-Py-(CH2)2- and

cormsbel with eesfacoto thedmegerand, avarratd sufficmnt Imlenharme they
pharnaceutically acceptable salt thereof. In another
peymeRlen Bate okthe 96%?'«889 @arrmO@ﬁn e1-gompppends throgigh the

l; S d fr
mfipGbie, ¥fable BSisHRLRn SR T gl igheriapleqytar vejght
r C
PAPYTIS orei IR AT GARELC LiecScE SRR, Pbdanc, butape
etd.r Bspduogaltyr suipabde petsttactiongblvenitsdne those which do not form
2, 8-di net hyl -2, 3, 4, 4a, 5, 9b- hexahydro-| H pyri do[ 4, 3-Db] i
azeefsvRiC amixures eph anyiof the eomponents ied the pstendidimixture.
pure (+) or substantially pure (-) form 2-ethyl-
[0661 4. SARITRENANE hé"g@ﬁﬁéﬁ@[sfde?’olbﬂh'eriﬂ%%rane the 8ermeate can
2benzy| 2345 trahydro-| H pyri do[ 4, 3- bJi nd
beZ:,oﬂedlledthay\t'eSSelbena)dtreﬁnBoﬂpEmh@Ie ahlybecfafmle@yvqnjo{:(ﬁléi:ted
-b]indol e; 2-nmethyl -5-(2-
peﬁ@fzﬁw(oepww? |u)1 @tsﬁgﬂanﬁ wilhmix il athen substanessralerady,

pr?FSPLW?%"E BW? lb@["e 9#“ %"ezn%&ﬁ % A IHRPHRGOf pubRnGs hat has

s%dtthf h te), optionall ith
pas tetrahydr oglmﬁg%lg,qr%, gg[ 47 S%t?]f'?%goel) optionally mixed with one or

mdtedndeibde bybst@ncesahbt wetd aalh@'aﬂwpdekhrnwn the[perihcaie sidelof the
;o or
2-met hyl - 8- brono- 2, 3, 4, 5-tetrahydro-| H pyrido[ 4, 3-b]in
dol e or any pharnmaceutically acceptable salt of any of
the foregoing. In one variation, the conpound is of
the Formula A or B wherein RLis -CH3, R2is -H and R3
is -CH3 or any pharmaceutically acceptable salt
thereof The conpound may be of the Forrrul a A or B

. ~a - Y



2,3,4,4a,5, 9b- hexahydro-1 H pyrido[ 4, 3-b]Jindole and its
di hydrochl oride are reported, for instance, in the

wo eiobo2dspg) publication: Yakhontov, L.N., G ushRCWpUS2008/009409
R G, Synthetic therapeutic drugs. A G Natradze, the
editor, Mscow Medicina, 1983, p. 234-237. Synthesis
of conpounds 2, 8, and 9 noteg above as known fromthe
literature, and data on their properties as serotonin

is 3
mefHbPARE ip e ERESAPRS B hekigate Hrole) Fi bl if o
perSiedction do16ént iP prdséab o 2HS pePiedtb idesod nidhgbransrdating a
3 noted above as known fromthe literature is
separatione the pearmeats peovhret wil heleonapoded of thie PeBnaategilus the
O Roussel , P.J%ﬁqukggon, J . Chem Soc, 1964, N 2,
pergfgactiomsolyent. 1knether subsimog ixpragsehen ks perasats side of the

e

pefrfr{éﬁiet.he l'iterature. Synthesis of conpounds 5 and 6
not ed above as known fromthe literature is described

(08?1 n kb eﬁ"'m% %\%«ﬁbﬁigg&giﬁ%%e@# @gfift@%ﬁﬁ&aghé,a spent
sl ahh S iR F nB S RFSispap by S

hydip8&drbBa¢l 1§ YedW 604 bﬁin@ 1270581k oBfer- medi®Ord a Bémbténe unit 14.
hft 4, 463-p. 472.° M Yurovskaya and LL. Rodionov in

ThHehmeneiraye ohit ketprisey @ P ¥ Sanembrarts] § 28 1s sdle@ivaly permeable
1072-1078) describe the S%Pthesis of methyl iodide of

toragtd redatbeutacthe coptarainangoyp)catiyepresenftindbappemacihstream. In
t he secon ents of conbi.nation therap be

TP TG PR a1 Cca PP At B Ay Tiof§ spppor

T rhBanRaTE Wek A MR Bl PhiahP structure |

ineludes 8 moedagarsbieatbrane tibarcan\cotrisponkd s@grilfiplenstipport
where the first conpound and the second agent of a

layas iThatselnetivabr pgryneabde plrleml_@rﬁne il§ sgpardtes tyx@sfag@ﬁmiprﬁwo
et AT FE el S B P S RSB Y af Tt et
stxgﬁﬁl CTHE "ﬂggt a;?eg'?rge f siedrh flgtta%ggl?o 884 &S dREntration and

I mebon) an eterm ne a second agent
redwdedicongarhizipe cof@ne) Thefhsf tet&itateostiannd(dad ihdreased

second agents of the conbination therapy unit dosage
cohtanmnanec@irtesient i n anounts effective to treat

schi zophreni a. [0091] The invention further provides

S COHARY; :

(OBE3E, TR A SR UT (R TN O e iR Sguiates
fothears@to ol anaeid wasle stikant ok Habhoentidred aplfusie azidiaiklylation

dosage form (e.g., the dosage formcontains both
progass s indnahsiagle pryabrone emhashimest as dpusirateshin Figure 1.

and/ or per phenazi ne). or i screte.dosage for .
Fegll Vrus pRrigat boonbhfém dantie s aRasidL o B b tferenhacid

tel i h as risperidone and/ or perphenazi ne

fec?d;s Iégﬁ%‘%ﬂé |b2éjghot her dosage form). The kits will

al so contain instructions for use. In one variation,

the kits conprise (a) dinebon, (b) an antipsychoti c;

and (c) instructions for use of in the treatnent,

prevention, slow ng the progression or delaying the

onset and/or devel opnent of schizophrenia. In one

vari ation, the antipsychotic is an atypica

anti psychotic. In one variation, the atypica

anti psychotic is selected fromthe group consisting of

ri speridone, clozapine, N-desnethylclozapine,

ol anzapi ne, queti api ne, perospirone, ziprasidone,

ol anzapi ne/ fl uoxeti ne (marketed as Synbyax(tm),

ari pi prazol e, paliperidone, sertindole, zotepine,

am sul pride, bifeprunox, asenapi ne, nel perone,

abaperi done, bl onanserin, iloperidone, |urasidone,
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[0095] Al references disclosed herein are
i ncorporated by reference in their entireties.
WE200PLES Exanpl e 1. Met hod of eval uati ng t he PCT/US2008/009409
NMDA- i nduced current bl ocking properties of the
conpounds [0096] The drug "diyebon, "
2,8-di nethyl -5-[2-(6-nmethyl pyridyl-3)ethyl]-2,3,4,5-
tetrahydro-| H pyrido[ 4, 3-b]i ndol e di hydrochl ori de of
the Fornmul a: was taken as § sentative of the
conpounds descri bed herei %7] Experiments were
carri ed ouDANVAFGROEHEENMBOPINENDOBFIGIEREI Iy
i sol ated neurons of a rat brain cortex or on cultured

a¥a¥a - aWa a¥ s N o O N =

Ch o100 Ch waAw Cl O . N C O v, Ul V G O17 VV

FeediGomPASKIOBm t he hi nnocampus of necnatal rats (1-2

Acidy®i%)y t he et hd$.0f tfyps8®Dzatilon f 90bwed by  92.0

ASONRIEANG. Celll s sigspended i B.@ul tdre megloum were 4.0

A@i,'d?‘W%Per'IQafi@ quantsties 1 mppihe yvel 920§ a 6Fwellz3

pranchette—(Nunc)—or—nto Petri—dishes,—Tm whith

PaymeatedProfdust Eompesstient ration as a rule was 2.5 x 10

A6id-(vBY%9) 10~6 clel | /8.6 The cuPt.dre nedi uR3dbnsi sted di4.4

ASedqhabs) m ni mim negisum anq a4DME/ F12 med3.gm (1: () 1.6

[N

ATHPRRIRAGS T T30 Al T SER M 4 TN gsam e, %34

o) ra | Apk +
T gerralty T, LT O 1TV FOCOST— At ZTOTIivi N v UIT U1I1T

[OEF%ﬁr oag@blé 9 ABWEREt thehetate %ﬂﬁhpﬁawgfﬁeraw%)}

chettes containing cultures were place
peré&ithed of aditl tRAEtian Sork&Poniding aéitimix@yteassedess the feed. Table 1
ar abi nosi de (10-20 nlL) was added on the second to
alshshavsithe watiocefl adid so mater inftheinitial feggystream and the permeate

L
L R BRE TR Tl PR QRRa

c&@sybﬁaﬁéfta@ld ka0 TnQitfofleer e Ehien® the Bofd £ WittdWatlio of a
5.0 MMKA, 2.6 MM CaC 2, 2.0 MM MgSHA x 7H20, 10 nM
periERES, praddctiGarOberrcatercthen or afual-torth8 @cid GoV8jer ratio of the
Transnmenbr ane currents _produced hy applicatjon of NVDA
coprespondigedeed seam. (Rrefesablynthe %}é to water ratio of the permeate

peftitid aF ISl RO ghstir I B agifl b S D G somesponding
febd §ur88th DO aOleas P orSHRE! driti1ont 1094 LRRker. ver e

registered with the aid of borosilicate
nm croel ectrfgdes (resistance filled,wth

[0062] £ ol I1d PEst PEHPEALESIGAM igd%&élrh% @S,@hfﬂ%fli ARA prater

g ot RgTLLABE st M DGRt )
B O R S AT

pepeers dyrweightn Itwhiaglalsscaitsin guid i as edduns rof HEda. abdoe 89 to
results were analyzed with the aid of the Pul sefjt

abgpb P RETIARERX)WEIZNDaDd Waten incit aIBAUBE O abeKIchEp about 5
inflow currents in the cultured hippocanpus neurons.

peﬁ%%é’nwﬁ@?‘a bl ocki ng effect on currents caused by
application of NVDA. The I C50 of dinebon varied from

[0866] t 0 Rretemfateastdeana0anapeentaje hydrocarbornlimamimount of from

MK- 801 al so_caused bl ockade qf. NVDA-i nduced, currents,
abpyf 2 topBERRHS 353 im ap AEMnt ¢d drof a@ea&gg £o abpyt 89 s water

in o8 iy AT 2% o0Re T RECH BV (707 T e

agonist, i.e., NVDA the blocking effect increased in
a series of successive applications of the agonist up
to sone final value, which was dependent on the
concentration of MK-801. 1 mm MK-801 caused bl ockade
of NMDA-induced currents by 70 15% Prelimnary
perfusion of neurons with a solution containing
di mrebon in a concentration of 10 mM caused a decrease

o a1 - Y Y e o R AYZ £\ A a A NA 7



prevent and/or delay the onset and/or the devel opnent
of schi zophrenia. Standard nethods can be used for

wo bage20shs ni cal trials. [0106] I n one exenpl arpCTHESIV081009409
subjects with schizophrenia are enrolled in a safety,
tolerability, pharmacokinetieg and pharmacodynami cs
phase | study of a hydrogenated pyrido [4, 3-b] indole
usi ng standard protocols. Then a phase |

| e- bl r
OB, 8B et ) Lol RafSs] B Rrsoos
tolbb thebkolutidal diffusiom! §pé. Atuording torthisahethidrdsm foéd
conbi nati on t herapi es of the invention to treat,

C%‘?Wﬁ?}ﬁs wﬁlr:ﬁlbh?‘tﬁa igher helubmtgtmahq f)g}yénciem@@@l @shent
PraferR I ST Ea IAnEhEn Shitse TEoueh MG@M%&%@WM%&
sife 2 SHR LA Bas S priflify SRSBLAR Al hDRISEY, ©F

peri di n-
[01)6§1p] et hihg men@ohfunbcpmr@hmesécc@ngdh@ Biysti ppspeate stream 18
s di mebon

vre@ cén@v%{nn IgO?EO%@ qtﬁtwea@s Iy # sesandempbrane uni 24, as
lut,a’rét%ﬁm &#zoyk' ﬁ&t %o ﬁgﬁx%d?'tﬁe gmga[g?&'fb% t{’ﬂo first

trea c schi zophre
mEmbPAid @tsm @4@1@@%@&%%@% isTdededtivon edblé 8 a¥RiSas
desi gned as random zed pl acebo-controlled, doubleblind
destribigd of re@peqtatfi Biguse bpet alberndiieelyoist seteativielyepemméable to acid
schi zophreni a, paranoid ty and epi sodi c course ( DSM

artd\mtgs r@eslve f@@@@ﬂamn@n@tqtgv thon waieesHahas rdregarbgns. The

wi th. chronic, schi h f.romthe
sefPhd o BaRE bl A 0 o B s Aapn B 7 AL el
e@ﬂfeh@%r\f?&b{; o%8LiNe ddid S PS§§1E’$H% fifst PREAEAR! Hred AP AR ugh
b ocker) in accordance with ctinical "indicators,
the secdridsmefnbrane an @4, the/mengshae 26qurodudesmd sm:lond permeate
neur oi munol ogi cal , bi ochem cal, genetic and
stieaRpAD RBY |acsgporh@r¢<t§n@te strézp@ B0dohee secondpermeatansteeam is rich

in 3P P o 54 lafcgam i< Hioh dn plic, erhraiy 16 nd 26
mg}?ﬁpgg{]i?ga}gg é x(t?(; b?lpdg%h rane supports 16a and 26a, respectively.

A taku]ated Midterliall’wmxyde forth8 cﬁrtioeltnnahvdf Biguire Adf provided in
é&gérinidin-4-one._The study al so eval uated the )
T i bhe hydracasken vichirhtentdte r2i0cmay defremoved for conventional

ﬁlﬁﬁtﬁ%ﬁ%ﬁgﬁééﬁaﬁ STl P agR e POSB Y chHas R yStrated as 36.
TH il qgg ﬁEh ?@giemetﬁreﬁrﬂj 8¢ Qéﬁﬁm?lon%ﬁg%@ Wélﬁﬁmg 22 or

par anol I 'C- progressive schizo

othét heais m%dolnﬂf}n@ﬁtb%ﬁtguﬁ@ 7Ys mlwﬂnatvay;;ﬁtrﬁwmttreﬁm 18
drug rem ssion, without regard to the syn

m@bebe rﬁmtmmocmsedlh’yr erduume AV 2porstian tie remhge stately odiby the

Iude pati ents wh letely resistant to

ad O 90 i AR BN S8 SOReOR eBEMONg XTI o
patlents nmet criteria 295.30, schizophrenia, paranoid
type, chronic course. Patients were selected to
participate in the study according to the foll ow ng
criteria: (1) inclusion criteria: nale patients, 18
year ol d or ol der, schizophrenia, paranoid type, and
epi sodic course in rem ssion or partial rem ssion and
responders or partial responders to risperidone; and
(2) exclusion criteria: excitenent, inpulsiveness or
aggressi ve behavior (nore than noderate),
non-responders to antipsychotic treatnent including
ri speridone, having nental disorders other than (or in
addition to) schizophrenia, necessity of other
treatnment and severe acute somatic di seases or
deconpensat ed chronic somati c di seases.[0110] In the
flrst stage of the study (2 meeks) patients who

oy r - . oy -y



such as the Wechsler nenory scale, subtest VII; (3)
psychonot or speed tests such as the Wechsler test,
wGaimwests9s/l | : Synbol coding (4) verbal nenory PEBUS2008/009409
such as Text reconstruction; (5) visual-spatial nenory
tests such as the Benton visual_ intention test (a test
of visual perception and visual nenory); (6) attention
tests such as the Schulte tables (a test of stability
and shifting of vol untaryrat ti on), the continuous
attention task (CAT)(a teg%tention) and the
BouMIATHRIT. Balt ANCETFQOR dlHiE GBSO BViEN G OF &hG URA 2
executive functions tests such as e Tower of | ondon

(Steadrhi ce, T., "Specifgc ippaipprents qfR pl gnnpgg, " 30
Phil,. Trans. Royal] SO ... .Condon,. . .Seri — Bi ol .. Sdql
7&2‘@1 Vﬁ%)- 169 249 §§-6)97) ) 8 3\ c§inl§i n pZ‘ 411 93.71
sAS0O, ng% est (Berg, B.00, ['A23i34pl ¢ ohj2ct| v8.66 4.88
T ni for neadqurl Tllexi 't I NI nk N
ﬁ?ﬁrrv%%‘h 39: 151224 g ).ﬂ 11:1 0 D233y 141

g oo T |

bl atabBlove) tongidagr § hé@).0fe evaDiidt ed: 9000 Neut héReri 78138
characteristics such as proteins simTlar to glutam ne

[Oﬂégt het qsrﬁgﬁ?gtgly%feo%ﬂa ?Hﬁ%ecfe%)&i {236 16 %ﬂa‘%range from about 83

onorp aracteri stics suc

tolabblf9s 95, UL 80 @k IFideScaPbons) TR GHOEE 28 ABRIRABIWS% and
(3) Neuroi munol ogi ¢ characteristics such as cytoki nes

watss fomanboutvi. § to taheut 4 Wtdbmmatsi Table @astiomon th{d first rétentate 20
IL-2, IFEI gan‘gﬁ, tunor necrosis factaqr); (4) dinical
cogiaing p subsantielly greaterceoncgairatian ob hydengarbens 3 Q) thansthe
i.c fact f _br.ai d ..
o RS S AR o AT Lot} By rcacr
cogg&ﬁ%ti&%f ALeRAY e RleaGhBieal A GOBSEATSNY %Yéaﬁér such

| eukocytic el astase activity, a-1 protelinase
conoénthatiar ofiltydrochshonS-in ehe tdtustapy thiaaithe ifeakbhhxtuadieheans a
l.evel s of antibodies to neuroanti ?ens - factoring the
wejeblpercentage of dydeerarhgry inth asientase thatiip greasgr than the weight
Clinical.bigchem cal chapacteristics . such as |ev of.
pefieligsoes Be A R BRn s IR SRE iR Ao EdeRSt abRVEs o
SfREBIP P MRE B SutPRAK ' ) aptd 18 Wi%.
prof [ n?l?ser Tetr amga%y&rflrﬁer %@E%bggr,la?tnéggg%t e& lvxlm ‘%% A
subitanidalbe proatér amcpatration of atidoinathe ipetrpdateqprioduttythhnahe feed

basic paranmeters of peroxide oxygenation of lipids in
migfysednednsphwetght pereentage gbaciddndhe permeatg produciibat isf

s B B A L 5 S B o
OBl by Ly o B 43 aon

6 Wi%f erence in scale scores between groups the
Mann- Whi t ney Test (Mann, H. B. and Witney, D.R, Ann.

O3 T s d syl heliCotheciBalle entgimi he-
S g e e th P TR g B ARG, ana

théeedcoad gyermealeqsrodadt éafaing hlstbstkalilally 2 rpaes eohéerdthion of
results of the psychonetric eval uations of the study

waterrthpsithe firss . permeats. ndtsohsigntally geeaserscorentration of acid in the
osjtive trend . in.positive subscal e score to the end
seqpilyetppigteithan e BRUSSTEaPTOME Meansias g peight

pe%c%ngfa%ed}edéﬁd Yi’f"ﬁleg%ggﬁﬁ ?Qﬂeﬁta@? #"@Feﬁgegrtﬂé'x? the @?@n‘é Z);?r Xhtage

ement  was served I'n e“subgroup o
of {ledcid tihae ARtopeimeaer sreduentik.,ithe Q] PiRRIPOTo SHedsRond
(p=0.07). The -severity and CA inprovenent scores

wer e conpar abl e between groups. The total score of

Cal gary. scal e of depressi on were conparable in both
groups at the beginning and to the end. The total
score of NSA-16 was conparabl e bet ween groups, however
a change of score was observed in the D nebon group
(p=0.036). In the di nebon group, analyses of sum

~ A s o - o o s

o o o o o o, o s o



acids are commonly referred to as "spent acid".

I ndustrial chem cal and petrol eum processes are prine
W@x@nesss Many of these processes require coseCHUS2008/009409

processi ng of the process acid to renove inpurities.

For exanple, acids are w del.ypgused in industrial

chem cal and petroleumrefining applications that

require acid "regeneration,” which generally neans
mEﬁn‘EPé/rﬁ% aleasPRLEH NARES P%f%?étﬂg'a'ﬂ geagf L6SutVR(eY0), ahti QHdre

the process acid to restore t acid to, or near to,
prefegablyi Qyileat apooce sa%6.pacibseaitially greatee qoncemmation. of water
~Handl ing spent acid also raises safety and
ingaid sesond peameatsrprednst theoGaB first pexmapliearodueti mearsethat the

to illustrate the reseat i nvention is s

wiighEReiteh (a8t Hiiwais H s sebmperreaie Prodhct if gfealdt than the

fiai ’ . .

Y BLRUEE L9 B RRRSEon RARTIH RRctR 148 i 3w

préfer gt sedet aBOnOR) W96, Unduthbty pref@rably M [efsttabout 18 wi%.
remai nder typically being water. Many uses generate a

(78 ooarnahic Rinteridedt OffiRurepL and 22 o efibirines 16 and 26 are
ot . N

prE KRG dprdiER AP €S on APEBEr R eI frEBbRC B 1o

maisit£if Ve BtiddAahe Yiqui® ghise, eQTDMéehpdhigubd ﬁﬁﬂie&aﬁ?é ofaBbut -

[ 0004] An exenpl ary petrol eum processi ng use o
108 towabiout 380UC | moas peeferbdy ysim aboutad Ky kaabaut 50°C, and most

T S Al R P

I SPIBE) BB AGCSEPS BRI 50008 S0 on

thé fdeddi@e. OThe pASRure ¥iehe Pb‘frﬁézﬁb ]MHd i¥ tPpicHflf %trﬂb(sjpheric
contanmi nated, the catalytic activity of the aci

preksgradaes it spddbesapferated at highibr fpressutcso kdrigydsathieqressure

ﬁ,r ocess can be regenerated but at a considerabl e cost
differenge agrass theymembisas 1s podagntdenpernealing PHPORSYs
.acid regeneration involve.generall
MESREAE P i W RE R R AR Y SRHIS BRI Wi e decd
g ¢ P el i d
PrEQURERPION X ridPhEHc el i Deh Bl iR ndls Yol [Fhe water
cohtaisinggrbdudt @R/ (sesomd getnieats protductp heguse ferably contain greater
strength acid (>98 wt % H2SO ), it is caaital ) )
thamakoidid/percantuy weightswaisndess thiprabout b peresat sabfhric agid.

TR B Bt iy arp st S0 RBl et Buun B8y e RPN soptain
erBA AP SL RF 19, HERN SHTAOSER! M 36 i persen
byregighehgdioearbonseainghess tiginsaboan 3qeeréers ibgnvkigha Matear t

of the total costs for regenerating spent acid. [0006]

O Lol 5t e RSRO RS b Rk 2 o

poﬁ%rgopﬁle!iﬁris{‘Eetgﬁl%&oﬁétahﬁfbr%é Re UM érniciRe BEGARE w%&e}eZS may

evaporation nethod 1s highly energy Intensfve as t
beaedcyblvdi{itlustratedyedashed e Ik and38)  thehfieghd waste acid stream

temperature to vaporize the water. It also requires
10dpefurtherpipesssing Alsch ibshayild e undgestoad thaé ngorgrihian one

t ant al um. heat.ers tp. prevent .corrosian. i mproved,

mer AR P2 tischisteorise Analid Raraleordipurahat Rinagh stage

> . e I

of i PR ess, o ASE Qo DALy O Beirbray o that are
effectively renove inpurities from process
contam nated acids torestore the acid to or near its
original process specification. It would also be
beneficial if that process could be deployed "in situ"
with the process that produced the spent acid. SUMVARY
OF THE I NVENTI ON [0008] In an enbodi nent, a nmethod is
provided for recovering acid froma feed m xture

— L, N 1

o s o .



mul ti-layer nmenbrane has a first |ayer conposed of a

crosslinked pol yneric nenbrane. The crosslinked
w@loynespE nmenbrane i s conposed of a pol yneri zBdI/US2008/009409

al cohol , an oxoani on nodified pol ynerized al cohol, or

a combi nation thereof. The crgsslinked polyneric

menbrane has a first thickness and is selectively

perneabl e to acid over hydrocarbons The crosslinked

PG AR5 538 Ak AR SIS et aci

feé& sE¥amTiEcaebonsed . aYhe n@inliel?&)f Iﬂxlémbrdn@}! éh eaEbragoavills
conposed of PTFE or extended PTFE having a thickness

deqn%ndtonl aeaumbmooﬁfantonrssnahmhmgmm@esaaplﬁ puriiyzef thepermeate
ss than half of said first thi The thir
pmﬁy@rln&ach sEatea theicompasition pbt 5831& typ¢ Qf thg pelymeric

kGRS PR el ol e
méﬁlbﬁfnmkgﬁlt@l OF THE DRAW NGS [0011] Figures 1 to

5 are sinplified schematics of different enbodi nents

he p esent i nvention. [0012] Figure a FTI
lO@%%l‘:t ra r%Oﬁﬁmr&ﬁ@l@aﬁqu ﬂw%rga%prﬁoﬁrqﬁary refer-

en%g ﬁ'l Z’F%%‘g %&gnm&%noﬁlsocggﬁg%k%he rﬁrt') H)Lﬂlrfffthrf ggtf%]h@- baane
gaEbHHé Ble%dhﬁ% éoﬁbﬁﬁbhtf HRIirapRARRtdnE rédidim ﬁ;mrmé 396 of

testing s [0015] Figure 9 shows t relative
mémnbxarmes tamegeneeamelthe st avedrb Refierrin@QidB} té-iFagure 31 6he
. shows the anmobunt of ASO.in w%in the perneate as a
inyeitian brillystratgd embadiedin an impreyed slkyyenmpieosessfe). The

ur e of AS n w%d.n.the
al@ﬂ-ﬁf’g’lﬁé" gggncégp?s ?tV\%GSta(g‘ H’R’E?’i’%ﬁepszatr?fh“{‘it o,
coﬁﬁo‘ll‘i‘r‘%ﬁbfhvl%e%\{&l E@%[@Gﬁ "A§@1§;hn5 hetEEcdrfcentrations in the
schenati cal shows a t|- ayer menbrane structure
allaglationipngcdss 6()he | nventr on. DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS [ 0019] This invention

tes nerally t L ps Q n
10074 £ BBt et Ao TS E B VAR o i BRER A Gasror 70
witdre iR ﬂeQé’t@Hthﬂ{‘ ol HRL 6B s RAbltehed B ﬁhﬁé o}\ﬁfé%@%f an acid
crosslinked pol yner nmenbranes that are capable
cawlysttSesuthngg subfurii atidnWihecrkpglatioapdotet msﬁonf rexagtor 70 is
menbranes in a nethod for recovering an acid such as

trangfartad t© agsttler ¥ dmSattlesctd saparates theoplkylationgpraduet into a spent

acl SR TR oS oh st 1Be 106 SaRM, SF e mensylguric

aci PR An f7'8r1§tre&tﬁ?e%%&%ﬁs&@ﬂfrﬁhﬁhf@ Lglzan trtﬁll ééléeaated due

greater concentration of rocar ons

to nndegirgblavitiearchiticis ﬂﬁﬂh&&ﬂkﬁanbﬁ deadtocd0t diheilngirecarbon
greater concentration of acid than said feed m xture.

streamaffo{iest setbisndft ie ransfermedrietanweste unﬁﬂ%wbexwrl@@e@@sﬁg and

wiryeshid ’ﬁﬁ%rg??%tﬁ EBESHG ratiehited 0 § SictioRRg Boluinn 82 to
re?du%ztaﬂrhtlk {eyst%a‘?‘ﬁ1 %fatn%Pélfs{?éﬂhéaaQ Q&) Ll ?hé B@Ergfegg stream

per ate and a seoon perneate pro

84Csut&inB iniinBy i%blbﬁtaﬂ@tw@h bym@rseadlE AmoURE B8N pfanerandfn-butane.
water than the first per rreate product and recovering

d second retentate. nt i ncl.udes
0% ent arowtae%ggrwa%{ Sonaing SIBIE ot piched figgBane
a [

cnb e 5, B ST R e Ol SRR RIS i B e

allylatioe prduess, dbndilatagrthe ea&aﬁctaold Sieengah peaddiion wi ddusing
| ower hydrocarbon content. In enbodi ments where the
acid issulfuric acid, the water content of the acid
streamis preferably 20% by wei ght or |ess, or 15% by
wei ght or less, or 10% by wei ght or |ess. [0021] Yet
anot her enbodi nent of the invention relates to an
i mproved al kyl ation process. The al kyl ation process
conpri ses contactlng an olefrn nrxture mnth an.
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structural integrity with little or no inpact on
overall flux, or providing overall nechanical
w@@biorispy for the nmenbrane so that |ayers w tPCT/US2008/009409
different properties do not cause a nmaterial failure
in response to the separatiqQmgnvironnent. For
exanpl e, when exposed to el evated pressures, sone
materials are prone to stretching while others are
cd}%siorﬁgk&jﬂ@hs! DR splefit héYR STRAK 28 9rdhidkttles 74l i9dte@Rd to a
able to wthstand higher pressures can maintain the

mshibpanehnit 162 toroiwoxeeA 80dad waess WreASOnrishppeneadid sgream 92
_failure of other, possibly thinner |ayers of the
is feerbHsasbto WENSREANESARKDONENBRANE BURPORTY {lod 28)butange stream
esent j.nvention is directed,jn part, to pol ric
84 RKEPatasting Y hep siramsiia undh 4 o Tt thg Balerlipslees,dy the
s R /a5 EBERGARSSSIAV SR od byl b ObR
stcafpgé6 andithigirapsfeeRrdtodaidieacttrg Opdh RIS TTESAIdOssible to
can withstand the acid environnent and preferentially
feeld straamHb aned ste¢am Gbeseparatelydoanactoe 78ont ani nant .
These streans may conprise acid, and any conbi nati on

[0076pC! d HHi¢ iﬂ%?ﬁ%%ﬁﬁ@és @edlQer %ﬁé‘é WS@QBnQ«%xﬁFeI[tions.i the

cont am nant s™. e process can practica n-si
alkylation roEsss peid atein) mathtdiin®adidsueabtPimtR IR flati
%024] Though particularly des%)ri bed hgr ei naftelr%ﬁianlon
proegsat which in tuge maintipeor miceeasep thecalky | atipnseffiesancys wed helps
polyneric nenbrane has, application to varjed .
to §BL§??% %i%t%‘é@% iogﬁ%e. g%e/h%rorhmdiueht Tﬁwsprwﬁ@?rsemlh@lso
. _ ' h A/ Li qui
B0 FES TPOTRE e Bt 60 B BM e o
spentadiddhippeador eadenefalonchem cal production),
pharmaceuti cal applications, steel preparation, netal
ani n and not or, vehi cl e .productian. Addi{ignally,
1007 8Gh " Seat BPEUTEE erpborigient BB esrHian ertom nvaas o
: | . 4C .
e 00 SR ERelor ot Ol S LRI LR
FigareahpAi mainbednd anisaparigusedas Eplafiddeiboverssefove ASO from
aci ds, such as £hosphor| c acid, nitric acid, or other
a spentacid istreamal0bef an ghtylatiom peovtessd 80. The0RSD Iear stream 108
. nbr anes. accor di to the invention conprise .
1S @E&&ﬁl?figaa ﬁ@fsﬁ’@lgampgrﬂel torraystal izespd fusieaadi¢ par t
bz r I The nbranes
oSk I e W05 L TUEIUEPopd NS TP EREAN S svcam
112C SUedig14 & tRaveredallfiRit A8 sBRd Bhék i Atk ARyl  Roless.
of hollow fibers, tubes, filnms, sheets, etc. ¥he
In prvaciation mdthisemvieodiardnit yrystaltiantioe doold bé repladesistvitheln
V\hh%r:] is divided into conpartnents by neans of a
adsprher upik (Rt showardRdsmorgevalshiram seeam W81 each have
means for removing the contents therefrom The process
[0078] be Dayéd AbtReH criBOEinTRYHbW i Itagm:éw £803Pad/or oleum
preferably in a continuous manner. [0026] In
stréR D18tk Mixed vith baftmblthepharated SEHIEC BRI $thih P8O rior to
of the feed across the nenbrane surface (or exposed
sergling theeweated sutfnicramid tes theuadkylatipnahmu? 30 bd he widditcoreof SO3
to prevent undue selectivity | oss by concentration
angfor aldunar¢duces The wataveanaeetrafion live tHecteehtdd salfdsicacid steeam

articular geonetry, and configuration of the menbrane .
26§ Fesuliing i KO ERIEUNEACHh SLrangt sluﬁfa%ﬁkahgcwd stream 220 which

. i -t enper at ur.e.

in GERLEITE UpkERe e S8R xARGREahe ARMENRT PRI 248 Spen
can be tolerated. Establishing the optimumflow rate
for a menbrane configuration and set of operating
conditions can be readily determ ned by a skilled
practitioner. [0027] Hi gher fluxes can be achi eved by
operating with the thinnest nmenbrane that wl|l
mai ntain its physical integrity under the operating

oy



menbrane. Preferably the first layer will include at
| east one surface that is exposed to the substance
wheimg2esepar at ed. The first layer is attached POI/ES2008/009409

second | ayer, such as polytetrafl uoroethyl ene (PTFE)

or Gore-Tex(tm, which is a _chiemcally resistant

pol yner layer with a | arger pore size than the top

| ayer. The attachment of the first |ayer and second

_ . . Py : vi .

A0S Bl K e oo b e Red above,
todprothiee & iffrst Argng 250 MigheiarASOrcoiteaation bed which is sent to a
conveni ent nmethod. This second | ayer provides o
canventivnaladpenhaeigrieggndration Hacility and hdygher streagtt swifyric acid

S SRS 3R R 0 S P e
ofTERL 48513ty SHEUL AR HBSO AR SR o

THleq Si ze selected to conplinent the pore
characteristics of the crosslinked nenbrane. The

secondary nenbrane may al e as a suitable
substrate for the fornatigggiggg%sition or coating of
the pri RAYERIAL 8L ANOBHMBGHRVEENY OF FeGereR3d

| ayer is attached to a third |laver. such as a

structural laye2l®with a still larger Z¥re size. An 260

eXpEndtts SUDIeuneTbp2Mme Sta3ect ur eSpeneschenpsgpcal |y
shown in Figure 12. In such an enbodiymgt, the

oot~ ~at 1 o~ ~F + b oAl | oy 192990 aoneg + by e Al 1 A, "
T o1 aytcit

A3 (wiwyi des oyrigct uoalsg ntegrity fg.syhe fRog2 | ayen.12
1210. In particular, the second |ayer 1220 provides a
Mates 6&1%§ resi SQant suBport16.8fer tRald t he 4.P4t 3.35

§%8(M%n)10 can 2b? attac(lyed to, whi | e tdwe thirdyl ayer 0
constrains” %e expansi on or contraction of the

yer 12 to ent am ngh bgn of fir
%§§2pg?§io due 52, fo?igganp§gsbstreﬁgzﬁng o#v?ﬁ% .53

38 gnd layer 122Qwheg pressyro, is aP(B’%(.E;ed tg-tRe 6067

rane duri ng a separation. ossl 1 ikKed pol yneric
Vst 130

CUOUTToT 1Traac 1 urtt U1 CTTC SCUUTMOUO 1 uyCI LU TaATTU T LIl

[00’21] ln various enbodinents a crosslinked

merig nenbrane i.s ,usgd..for. rform epar ation

10BPoYCr G ey Ry s i fire? an it By dfle Fo GR e bafptes.

In an enbodi ment where the crosslinked polyneric
EXAMPBES is part of a nulti |ayer menbrane structure,

the crosslinked polyneric nenbrane is the first |ayer

§ﬁ gq structure. The crosslinked pol yneric nenbrane,
Exampl :
= d of a polynmer such as a polyvinyl alcohol, can
be characterized in part by a crosslink density.

[0086ks| i 0O gafgidlyviaylalselol@NVeh hwak slissel vadeit@sn tanbydrous
S5 rntad o DAIBED Goaidimetny Foredtice (RATF oA sxgpple, PVA
WA R o O R EAPE e obla®, SR RRL (e

Cledrieal Cakasladmeovy Bydrotwiael drfEltadia HEGIeLYIAE vedghtdtdivieen 124-
pol ymer containing rmultiple types of nononers, the

1 86l g/mioh. pHisssdlhtionveassubskquently hgatediyo BO°C dos appraxximately 5
100%_ This situation occurs when one or nore of_ the

haysho e selubien ‘aa%thﬁr&cqsﬁe%%a%‘ffg aaa mixsdovitly 07842 of e

r ng. ] r [

e RSB dsealy o TR AR AR GaRhST NSO ' BRAF

m Jlaledooldd'® MBNDY). APRAEFBHE Ithe hefaﬁﬂétﬁyyaiﬁs&)c?hnb@aﬁed has
1.0% or at least 2.5% or at” least 3.0% or af | east
5.0% or at least 7.5% or at |east 10.0%
Alternatively, the nenbrane crosslink density can be
25.0% or less, or 20.0%or less, or 17.5%or |ess, or
15.0%or less, or 12.5%or less, or 10.0%or less. In
a preferred enbodi nent the crosslink density ranges
from about 2.5%to about 20.0% and nost preferably
ranges from about 5.0%to about 10.0% [0032] In
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arsenate, antinonate, or bisnmuthate to form pol yvinyl
arsenate, polyvinyl antinonate, and pol yvinyl

whe®amedsest e, respectively. Cal cogenic oxides, BUDOSHEGS/009409
pol yvi nyl sel enate and pol yvinyl telurate, formed from
the reaction of selenic and_tsgluric acids with PVA may
al so be used. Still another suitable nmenbrane can be
formed by reacting PVA with boric acid. [0035] In an

f i r: i .
At 8T TP AOBIs SAL 23B6y Hom air, The |
sotutdesisnkBy besame Moert kéarcdifnat thbesannbef theeP Vidcaridthe

an acid environment. Preferably the nenbranes are made

diggocyanaiel Adfkerdppuexineyc2-d gninutes theS wilhdyodution mas cast
crossli nked oxoani o ified PVAs. O her .suitable )
orip 37 I ToR, PARFLES PTRY SHhsTaleeing SORySHATH sAsiee knife

précé‘dlﬂké.s?ﬁ{sg{bg{,ﬁeﬁﬁgfg{éﬂb g%a;%%le%kéﬁ%&%jﬁﬁ% PARAEER B 1ublilivy

Il SOCyaha ane,

chidtd St RRAINA- it BdreespoRBiHPEeemicAPifeknesdier materi al

choi ces are al so possible for form ng crosslinked
nmer s_.ac ing to the invention. In an enbodi t,
(OB8 LT rreh e B REE s Batibteis BRGER R ASHAPDR Fla ST Bl o1 he
. oy fe.is

sof ARV bd clSlinkinddechf 6ol it eSoRRRA Ton BERML sypport.
THY/ eatingzwad figstfdeied ovemigh® (€@ kempérature) Diilic2d 66M@huous

can then be crosslinked as descri bed above. [0037]
fl@w ioff Initaogarhgas. plowrtingri dry ingewias aeefonmed hiyahermal treating the

4- gi nyl pyridine. Unlike 8‘9| %meri zed al cohol s, ) '
momprarie) A YaunEn qren at 307 Seis? hARIsY Bpuroeempletisgneisthe

. it ' h (sl g, | t
crGisp R teb R CopPtokliBait R Robbleh 4 Sabrk F o
evpolafibh®fAhe$8lveRk! THe RARemBEAMIR R hkX teSfedAl RABL dpent
di halides. [0038] In still other enbodinments, the
acitbsdintor imSepa®8IT mambrenaced fyome Osmordcs at 24 Tt

satisfies several characteristics. First, the polyner

t b f jynki f '
00T, ror SRR S bR sk 5 508 P R R Bres B s
atbastRdridlcBsret flﬁ%eﬂ%ﬁﬁgieirﬁﬂafer SEmIWwerk ARATDE&N for composi-

shoul d have at | east 80% of the pol yner chains
tios O $8itiah sentate @aR WAl 88rkg/Bi/n, | east 85% or at
| east 90% or at |east 95% or at |least 99% A polyner
. rane with too | ow of a percentage of polyners
Fl%?giégl i nked to one another wll be susceptible to
breakdown when exposed to_an acid environnment. Second,
the pol ymer material shoutRFmbAGENOdMEER to aci Permeate
envi r Comgporentsich as sol utieed<Cdmposigoir0 wt % or Puoodact
of sulfuric acid. [0039] A third characteristiCohfposition
that, Th ol'ymer nenbr ane shoul rovide sufficie
s'élctﬂa{‘f'ﬁ%/f’g for the acid being rated so that tﬁ(i-6
mardeR(vetow) | | selectively allowacid to pass through
wWhi l e r rictjng, the passage of _hydrocarbons. Wthqut
W@S%@i@%@(%g{y) particul ar t figor y, it is beli e\£§
tﬁﬁtHyumcth@ytor of a suitable polyner is whether
t he pol yner can exchange or otherw se acquire an ion
[0683i | ar At second membrdre tegt papamaddat 3 Fbpsigdant peessuteemd
a PVA nenbrane is exposed to sulfuric acid, at |east a
atmpospthiesic pressure patroeatelgaye ampsitial fluxeoPVA kg/ht/ne Feed and
exchag}gg@ with sul fate groups. gt IS believed that
Pesgale PLRLUGLICOMRASIUNRAESEPORed 861ahi 1 ity of sulfuric
acid in the nenbrane. In another exanple, the nitrogen
contained in the ring of polyvinylpyridine is capable
of conpl exing with a sulfate or bisulfate ion to
i ncrease the sulfate content of the nenbrane. Again,
this is believed to inprove the solubility of sulfuric
acid within the nmenbrane, which facilitates
separation. Note that the ion acquired by the nenbrane
does not need to directly correspond to the type of

o o o, o o




t he menbrane can be assisted by starting with a high

nmol ecul ar wei ght pol yner, such as hi gh nol ecul ar
woweioghrosP8/A. This can then be thinned out to fPCHUS1068/009409

desired thickness while still retaining sufficient

viscosity to allow nmenbrane fygrmation. The upper |imt

on nmenbrane thickness is dictated by the desired flux

across the nmenbrane during a separation. As the

t hi ckness of the nmenbr anebe%@rR@ﬁF‘%l Ei'Bﬁ flux
N

Permeate
decreases. Second Layer o rane Structure [02,

The secYRBOPEREr of the me?r% 8MROS Y r e ser& g u%
structural layer that is_chenically resistant rgposition

achdqwé/g)onnent. Preferably, tRegmenbrane pore siggeg
of _the second | ayer is selected to conplinent the pare

c¥pte(wiYdt i cs of the primary fehbrane. The secondidry
e FRuBBOA(RPer ve as a suigpbl e substrate fog s
the formation, deposition or coating of the primary
deocarbens)] | n an enbodi ment, the second |ayer is
ol.ymer fil m such re-Tex(tm. More

] Cr ORQr ous S .
lO@% r al Pﬁ}e %}ﬁ%ﬁg% eﬁachg%ﬁe%aweaéné gwplgcag be used for

(o) E . .
folsp i SRGUUREL paRF Il BRYLEHTF AP HREORE BRird i phnaining
pd}ﬁl‘nlei:ﬁ &5d SopsIvHIERs - e. g N@oPOF TS B€ varlylh&RaReFRNENY Y E€6hol

shoul d be l'arge enough to mnimze flux reductioh
memnblandsdongse imsépazatvory bf AS( fiom delfatic acidimathesaikylation

for the first layer. In particular, the pare size of
progesss exeysERl payarnetans thas €ag bg qontiedled rare es sellewsit o t he

t hi ckness of the top layer to prevent collapse of the

top Iay_e(n? el ®igabd ¥f cEd3SliNitng, BéZPoRf voluehes RaAME controlled

| ayer will be less than half of the thickness of the

first | ayer byltheadditimdofe predetdreniped ansiung o the beosslinking

second layer is at |east. 0.05 mm In another

enbodi nent , 28&@ pBshbas dHsoGm@NaKS. second | ayer is 0.25

mmor less, or 0.2 mmor |ess. [0045] The second | ayer

shoul d g} oWhehhehitsl sthat@re dfthb@RcksAihkHg@iaMt SRtermines the

attach to at | east one surface of the second | ayer.

Any conveni ghysigel (vogl, cembranesecthiaoical paggertibs) drid eliemical

| ayer to the secand layer. In an epbodinment where_ the

first |ayer PrRPasyas e insractionwith she feqdsstegamyy pheied

ayer can o8 PaUT o5l Bebatals bRSELI G R sPRGRS

sol vent sysgesmbfifict fife WYde FaMRIof ;F&ént%admiﬁmﬁxgg affis

can be dissolved in a solution containing roughl

equal part s(OFOBNRadN=OCHOOWHENe RO hdvEliplsatio/amd/or aromatic
system has sone ahility to wet an expanded PTFE o
surface. | nipBRture| Bae swtgre@drf\ﬁbﬁtd?@wmt%wful in this
prevent beading,.of .t he PVA.sol ution en the. PV

Borutton | o manyBnibefigks patuts ff IR 4 Mipptfic andior

sol vent sysi@mid HiiddSRandld G, diffusion into the
pores of the expanded PTFE, so that when the

crossli z&gd EVA | ayer finishes form ng, the PVA and
expande &P PTERE captips ofithe pelar/zpppelan chanagtesistics can e

[0046] In a | e the second. | r will have a

t hi ckness o?oé?al%eidagiantiﬁ pr'rﬂﬁ erosre?%(iq'qne(g%, © AR a&de%fucmre
lleast 20 nMMyf He Gosd1BAShg ABeMAndPhedirdct@iofife PRy REr or
at least 35 mMm or at least 40 mm |In another

enbodi nent , capgeytrier c Kiteslsvelf oft lnedregembdntdmpein the ctOslinked
mmor less, or 90 nmor less, or 80 mmor l|less, or 70
mmor |less, or 60 mMmmor |ess, or 50 nmor |ess.
Preferably, the thickness of the second |ayer is from
about- 25 mmto about 75 mm Note that thicknesses of
greater than 100 mm are possible for the second | ayer
while still allow ng the nenbrane stack to perform
separations. However, such larger sizes for the second

| ayer can lead to reductions in the possible flux

t hrough the nmenbrane during a separation process. Third

Y o o ~



variety of netrics. In an enbodinment, the air
perneability of the third layer is at least 5

waele®bme20528 or at | east 10 dnB/s*nR, or at | easPCRBS2008/009409
dnB/s*n2, or at |east 50 dnB/s*nR, or at |east 100
dn8/s*n2, or at |east 500 dn@dhs*n2. Preferably, the
air perneability of the third layer is higher than the
air perneability of the second |ayer. For exanple, in
an enbodi ne ' s 0fi o an
expanded PTrI;l 1 ei%aalI ?ﬁﬁémgﬁﬁl ???{ eoéf’)&te ﬁgggg?gﬂaﬂélng’nl'e"
layer will lamkginy ofeitpgtaleshiolabitgt 1- 5 dnB/s*n2. In
such an enbodinent, a third |layer can be selected to

Ehave air perneability greater than about 5

—3634%?—]5@212. [0051] The material for the third layer can
al so be characterized based on the intrinsic bulk

[0085Fr i alThealeaesombf thesubfirée aeid. with ai arbsslinkied (bwithkl, 6

material value for a material is a naterial value i
dijsgsxanatphexansh ppbi(viny] aleghod) GV Apansrabraneayas fodloyvgdswith

L, contrast. tq a material, valug for g.mpaterd.al that .
PR “BBe ReElispialk P igife e s dinkiey Ampertiane into 2
i b 3 ri .
O Lt s RO £ Bl < e hmahel il rined
bWSEM shioyvrtiepeigtird 2 Rrw prexirhielyTas eficedns. SThordstilts are
bulk formor in a nodified form such as a porous or
shewineindhe gpedraof Prastres Gtang 7.t hhe speatrumaiof Higute 6 shows the

materi al .valyes of the third |ayer nmater.i can,
abpebange g Adetien Hiﬁ”éb@PetSHBPP’all}%W%@.mE“ﬁ!a RS Sirs of 0.2

mitézf&ﬁl I\’ﬂlimglsﬂgc@ﬁ %glég?%ﬁg%qh@fmﬁgﬁ%%g@d Gle-Tex

ongati on at Feak o or I'ess as neasured

subﬁop@é{f MV 3 mBrank Sxaspattiveldu TR splecta Ghelv tbERIsS bf the

than about 100x1 03 psi as neasured by ASTM D790; a
alqadhved igreups oeantrds which veask ‘raplazed’’ wfithya eulfate moity.about

100 psi as neasured by ASTM D638. [0052] In another
Exandisment, the third |ayer material can be

char erized by the volunetric change of the materi al

relative to the solvents and/or acid that the menbrane
[0Q8¢]uct uldeschemagelifigerechphenws aunembeane testing sy tiewi which

and _pr.ocessi Wen.a material. is exposed to, a .
wel gl iS SRR e rmt R, (T ShrepReb EhFigte hid copgigions
uséd)tﬁ/ﬁ{éte\%queﬁﬁgﬂwe;@?e material with the absorbed

solvent oracid may occupy a different volunme than the

naafrial al one. This difference in volune corresponds
Feed Masseh&llsnvealpme: cBAABanf the material relative to

PoBJEG2ELARE GRS S0 TSR0 AIERL il
HPEYTRF L IS SRR a3 S LB P
I O e L

MERbMER! S 6, Meski @Z@% ' \ nd ond

layers. In errblo |nrlre S %%r@’ge%sﬁge ?F%@?elgﬂdg(g{o @%gond

Chiilkdere82 2atccMmyitaireBiezieeld Teed J emnpdratuge of DMSO and DMF as
a solvent, the third | ayer should have a volunetric

106873 " e Bl aRRitbp 8 FAReaiG 3k B D5 g g B0l sthanedr 823 55
opératively CorffelcftdSBRAERIeP 822 el dpehflatiavis il Had®B20 to
have a volunetric change of 10%or less in sulfuric

a nagrnbrandaetllt§ Iénalhy petrheate pradedtrwhichhaniph iafacidend Watet is
| ayer material should be simlar to the volunetric
change of the second |layer naterial relative to the
sol vent and/or acid that both will be exposed to.
Differences in the volunetric change of the second and
third layers could result in strain devel oping at the
| ayer interface, possibly leading to failure of the
menbrane structure. Preferably, the difference in the
vol unetric change val ues between the second | ayer and

I ~n7s o I A N7 o



[0057] In separating acid fromacid waste streans the

flowrate of the feed across the nenbrane surface
w@hmaebske sufficient to prevent undue sel ectiRCT/YS1008609409

by concentration polarization. The flow rate of the

feed depends on the particul a3 geonetry and

configuration of the nenbrane or nenbrane structure

and any supporting or contai nnent vessel used, as well

Ec%i{pl ERLAHE TesdFRERANTHE reﬂ%nggt@rrléh TR bEA®Rns is

ovver rates can be tolerat Establ i"'shi ng t he
reoptleduiia bhelnpraaserel egubitoredbs amnd lino8fl2gortht ifesd acxdek&10.

of operating conditions can be readily determ ned by a
Tk petnacate pauiuqtuaodercteponse]re analyred fortasdd.ieater and élydrocarbon

feed to a unit is Jmintajned defr condi tions
oo Cire I e R RRIARE S o hp Tt the anastpSTgnts at
50mgslg%é%%ﬁéﬁsany;%%ﬁﬁ{%ﬁ?}e§eﬂ?3 iR%i rteglgr ‘Y%nﬁnl 2 ]?1gure

ai ne he ran
1@shws 2 remathe Il ef fey paaiase H’ﬁ@ﬁgh WdrhbRmel 81 @as\/@lﬂlﬂiction
phase, and subsequently condensed y cooling in a
ofcamde ksgure Ihshows theeA 8O congentmatibh yn kiopermeate he adnnction of

(G5 e HeHAERb B D PTETEER OB o a8 L oy s Thus,
conpfisehITITENFRS: L add 47 SHobRSnnt A SOARIRERllioh 36 1REBErmearc

is SLB&SALMBF IR IMhAA THE ?eéaaé'b&%nfr%@ﬁ atrpd daka Sh@Pehat after a
tenperatures, or with a lower boiling point acid. In

peratd effiatbrassrooniditiening, thes WSEp isgesncengrateel inathe deled due to the
across the nmenbrane at a rate sufficient to increase

sepn@tl@@rbfetiteuraﬂmbaw osenlfurie acig\aadpveias Som fegd geeam. The

bon xid Itro air o
P e ReRAS T RymiRt ‘?wahu & 8PRENGIEly 50% of fecd
AR( %&Egtrﬁt@&@ Qlefbier %Eh&ﬁd iéerl ﬁﬁeﬁt&)rﬁin‘ﬁ%u@ftestmg
t he nenbrane may be swept |qu perstraction
solvent in which the perneate is soluble and which is
osive wth respect to the nenbrane, at a rate

sufficient to enhance the perneation rate of the

[0[)8§£e ablFhi§ @MEW&&:&hb@@ TORASTSS of HcorPdsitBenembrane
menbrane. Suitable perstraction solvents include

stiictiire hanlged polymerlaykts. p&rblﬁ fwitPrs polyvarayliabcohol (RY Adrselution
conpr essed ases et hane but

wassmade an py m&oyémwtlg@tqf&a%ﬁfﬁeﬂf@xeﬁ Bfus 0 ind

tr res. W f e
dl%%hbaﬂﬁ%rﬁaaﬁgf @M%??ls AT ensh BT Ryt
hyfd?@l%/%dl‘ dnli had %G%u?axsdv&%h%e%nmf IEHHEKgYIhSl A separate

perimeate can be collected™in a vessel, or a streamo
3. pemti@ashycroud sofudiomest. he%amemlmylkiasd)@dmp&r waspeep(ared in a
erneate in_a strelﬁiﬁ wll mx with other substances

50490 euutprg of 2MS QP esobenianixsurs; ddothithe iselutionsere, chilled
bst ance t hat assed t hr.ou
torgafioridiea® Yy soliSsap EmdfEd T CERSE PipRAPUB e hay e rato
i | 0
bl 618265 AR BAE o\ A St Tt 20
Thrsfigalpoiluwdst wap heikedtfor Bms nanamjba“ore éoaaurgeai StrhaHahickn

solvent is present on the perneate side of a nenbrane
sobifiamigyer e pepr af pdhl migronpporesizecnandgdtpolytefrafgoroethylene

sed ,of .t per me t he perstractjon
PIEFTERE Rninaleq DR ey Bldhah ducsbpoisuaborSidided by
0] I {
DEHIERR CoRleay CindioF MEESEF0E, MN (IR IRERRKE Qe Mhis
[ 0062] Referring now to Flgure 1, a spent acid stream
10 such as a spent sulfuric acid stream conprising
acid, and contam nant such as water and hydrocarbons,
is fed via a punp 12 or sonme other neans to a nenbrane
unit 14. The nenbrane unit conprises a PVS nmenbrane 16
that is selectively perneable to acid relative to the
contami nants typically present |n the spent aC|d

o o A~



about 96 percent by weight and water in an anount of

fromabout 3 to about 5 percent by weight. [0066]
wRedoee@Eb®e stream 20 may contain hydrocar bon i PCHIS2008/009409

amount of from about 7 to about 30, acid in an anount

of from about 65 to about 89,34and water in an anount

of from about 2 to about 4 percent by weight.[0067] In

a preferred enbodi nent, the separation nmechanismis

p(%\gg tlﬂ?cq?%&{(ﬁ& stuﬁgoﬁjﬁbed 'Pn ARSI Qﬂen%t}‘n%rth ut an

I ng |sn1 conponent mhlc have
si gmsmaht HRpadion flyx and sBRcHolty rp%wﬂan &Yyitht ce&ds-linked
preferentially sorbed and then diffuse through the
membbanmeThocoated selutint kaysi vas aBefraedhat toom termperatire (25°C)

fof VBB Ang st?ﬁé@rtebﬁgﬂggd%t&fé%%@or ﬁb"s%SSéQsTBE MYASHRExt cured
atT20P8 ot 8 ilrfluds 8&%?@&@11.@%%&% BHE. RLARE @%”ﬁnélo

a‘“second rane uni

thR@cfn%sf bﬂﬂletc‘i’ofsi AHKEd PV A hfernBRite vo4d get’meehﬂ f2énicfons.
first menbrane unit 14 where nenbrane 16 is

sel ectjvely perneable to acid as described in respect
E’éﬁ—@;—gédre 1, or alternatively, is selectively
per meabl e to acid and water relative to contam nants
[008?TEr t Nawo wedrAbraies Rimdahytheanémbiene prieparericiarikample 4
rane unit 24 conprises a menbrane 26 that is

werg| uscd ito esfopar sepatiton on asuburigwaetd solutiaoithat #ss sonigined
hﬁig r st rrreatg stream 18 thrg% h the seaj)ond
siEREHhes . e membranes wirs papRare Sfr‘%f’&%%:g‘se éRsngedure to

fofi}ﬁrarﬁ%fs H}? ed PHA: g{ﬁ ﬂ{lﬂaﬁ‘e 88%%%{ £r?é‘fcﬁ it 6t %ﬂs‘]?:%@ fithterial

e Seco per ne reamis ri c
&Igﬁﬁsiﬁi hEtRPorbes PTTFERGH ddol léﬁﬁhnicﬁolz&bds shbpdit aT®e two
andg26 may be prefer ablq)y 5;(l)Jpported menbrane
memprores Ve aampilegﬁk;en fempaliffexenit yectmrrsaifdhb amembrane roll.

Tqhio g shevsithe Fesiensl h?%q%"ggg@geé%ﬁ ks bon S siheéonso
o TR BRI o BB o
Tabfe 4% s}iéhﬂaé&ﬂdfr%tffeﬂﬂ&m? alﬂééflﬁﬁ‘@ﬁ Gl 'ERTelE I}:Jr§ssure was

conventionally fed via pu or other neans

809gmsom dt arfedar Aow ratg of @48 gl dmsrpraminatey, The lfﬁmhltemperature
stream 18 nay be further processed by vac

releptie FanpYALLrs, am@@n%@ éemperatyrg Wens aelblaﬁ‘%G o hgfpesmeate

WaC| d. ?nhﬁt h as SO, or oleumfor

ANt Briofledie ESEANCE FOR THE EMBODI VENT OF

FI GURE 2 [0069] Preferably, the acid in the feed
stream 10 nay range from about 83 to about 95 wt % ASO
(or hydrocarbons) from about 2.0 to about 15 wt % and
water from about 0.5 to about 4 wt% As Table 2 shows,
the first retentate 20 contains a substantially
greater concentration of hydrocarbons (ASO than the
feed m xture, and the first perneate product 18
contains a substantially greater concentration of acid
than the feed m xture. A substantially greater
concentration of hydrocarbons in the retentate than
the feed m xture neans a wei ght percentage of
hydrocarbons in the retentate that is greater than the
wei ght percentage of the hydrocarbons in the feed
m xture by at |east about 3 W% preferably at |east
about 10 wt % and nore preferably at |east about 18
wt% A substantially greater concentration of acid in
the pernmeate product than the feed m xture neans a
wei ght percentage of acid in the perneate product that
is greater than the weight percentage of acid in the
feed m xture by at |east about 1 w% preferably at
| east about 3 wt % and nore preferably at | east about
6 W% [0070] Also, Table 2 shows that the second
retentate cont ai ns a subst ant| aI I y greater

T T o - o s . Y T



portion of the first retentate 20 and/or the second

per neat e product water 28 may be recycled (illustrated
whpoodastsesl | i ne 36 and 38) to the feed waste apCTUS2008/009409

stream 10 for further processing. Also, it should be

understood that nore than ongcnenbrane unit can be

used in series and/or parall él configurations for each

stage of the separation process. In the first stage

one or nore menbranes 16 tha.qr eper meabl e sel ective
to acid and water over th carbons of the spent

aci d Teed sprgaprdéd can be used. The npe@featef
menbranes |in each stage will depend on a nunber o

factors i ncGHI p§Vdtbe | desd rpASO puy i t Y Witet hd gqidr pASCe

product inl each{ statel the lconpositioph of the feed,
M’shﬁ)rmwélog t he| pol ym=ri c nenbrane| or | menbr anes used

SReedner ot ST | pobd] RE-Iheliifage] of | SHD pf Sdih | 108
Sqrﬁ%l‘lé(g/'eg”a."ﬁgpa ?'3?” §5§§ %f)‘?othee:nag'u act grgg@ofé'og

Saﬂhn@@@” oct 3(5‘.?7932.%'n~8@.'4%ndl4!9900”p07§!#7, 18262 | 8.61
I nprovenent resjding | n the use of| menbranes to

Meadeanss #2€ t he spent pacid. [Referrihg pow to| Figure 3,
the inventlion iks illustrated enhodi edlin anlimroved

Saanpdgllat i or| bPBck29860| 87188 [9.k31 atf on| prédces91i4c| 4:88s

at l aact na M ranaol canariat i An Y if 682 'IEC

T UAOT

Sagelerol | rid B8t p3dRe pBYd2sol Libfe poi | | #:08s0f P& 623

SYBITA Norl®) Epe? Pooal 13704 PHalh | Sopathne | Bl riah 64

IS fed to areactor 70 where it is reacted wih

[069€f i ns Axbstsaver imT ablet 41the nemblmmepteramesetdctivel yaallavs the
catal yst 69 such as sulfuric acid,, The al kyl ati.an

acrﬁ tRass throughg ﬁ@slué%g gt a permeatevaith pa rm%r@awﬂ wéaomeén (by

weighin A Bt aaROL ARG L EVRBH By BIeehE! Thi R
dedfda8BOA Rl arhBignt dré&drbBhiif tRE fé%dslhﬁl‘?&%.f %ult $he membrane

reduced because of I sture and ASO mat er | gener at ed

is sl effectine s parbbreninigdhe sepations i n the al kyl ation
reactor 70. The hydrocar bon stream 76 fromsettler 74

tran d to where i.t is _caustic
(001 ot IS e BT nbOiimety B Aided BygfiiPhes of
1llﬁé1ra'%1rfgr etihPaRIdPanE Thotl R beRonSGEANE 'és Wf‘mﬁlng}fh@fs@ope of the
stream 86 and an overhead stream 84. The overhead
inedntemnasSde]l meateal i theefollopving ahaitene with some smal |
anmount of propane and n-butane. [0075] The i sobutane
stream 84 contains sol uble water picked up in the
caustic and water wash. O course, water is an
undesi rabl e conponent of the al kylation process, as it
dilutes the sulfuric acid strength in addition to
causi ngcorrosi on problens. The spent acid stream 78
fromsettler 74 is directed to a nenbrane unit 62 to
renmove ASO and water. An ASO rich spent acid stream 92
is then used to reduce the water concentration in the
recycl ed i sobutane stream 84 by contacting the two
streanms in unit 94 so that the water dissolves in the
spent acid phase. A dry isobutane recycle stream96 is
m xed with the olefin stream 66 and then transferred
to said reactor 70 via line 98. It is also possible to
feed stream 66 and stream 96 separately to reactor 70.
[0076] This invention reduces the water and ASO
concentrations in the al kylation process acid stream
mai ntai ning acid strength in the al kyl ati on process,
which in turn maintains or increases the al kylation
efficiency, and hel ps to enhance the octane val ue of
the al kyl ation product. This process will al so reduce
the cost of sulfuric acid regeneration by reducing the
t ot al anDunt of spent aC|d shlpped for regeneratlon
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186 Kg/ nol. The sol ution was subsequently heated to

8Q0C for approximately 5 hours. The solution was then
w@eombmeehspo 100C and mixed with 0.084 g of PCT/US2008/009409

hexanet hyl di i socyanate di ssolved in an anhydrous 2.5 g

DMSQ 2.5 g DMF nmixture (al sg3gool ed to 100C).

Preferably, the hexanethyl diisocyanate used haslittle

or no exposure to water vapor, including water vapor
C%ﬁﬁﬂ@ i r. The solution visually became nore viscous

0 the reaction of the PVA and the diisocyanate.

After approximately 2-3 mnutes, the 2.7 wt % sol ution

was castl.onbanultplayerimerabrangsirusture fompse Byaid eayaonments,

usi ng _conventional casting knife procedures. This
COUYPERL: system was sel ected due to its favorable

solubility characteristics and its correspondi ng

chemi cal i nefitstdager ddipddedTdtea EXOEHirskddspolamerivanembrane

pl aced on a support glass plate. The solution of PVA,
haying a fuststhicknessy thgenembraneihsing seleetively permgpblsrtotacd over

S ort. The_.coati s .first,dried overnight (room
helehisabans paf s HhraSirirsd SubtVingn SESHMIC B oEE about
1.68 toudhXigeg. was perforned by thernal treating the

menbrane in a vYacuum oven at 1300C for 5 hours to

ensure conpl etion of the crosslinking reaction )
(appr oxi matéesscondhlayer ganposed efa Bnetapelywsppeasellulosic

ti f th I t. .Th [
polBT hainga hprersice BT ot gLl Ohe Tt dapaprratnd
menbrane cell from Gsnonics at 24C. [0082] The feed
was pressurd thédl steuctOfhl psyey,coanpbspd rofmanatepiad seth @ poas size
at atnospheric pressure. Feed and perneate streans
of\a deash A i zatintensicdmll spateriahvalug dox the flgarabmodubus f
. 83 .kg/ h Fi.r st ; Test, Spent id Soluti
erpEr Hishaneh DRERO SPic R &5 sERE R apfistial Valul Tor the
Wi i Y \NAt wy% 4.4 5.4
te]%g!%ﬂ%g%% Irbef%k?te? V\m)t%g agé.ﬁlSt 213(’)?(%)00( gsrl Hy S: Ot(: ar t{?) ns)

[ 0083] A second nenbrane test perforned at 300 psig
feed présstiemembangstyyrie of sladasl whersintha @ogslnked

initial,fl f 3.6 kalhrin®. . Feed and .
pofPgslt i Shiad sepds s A Hedputed e msT S B TRg: dn oxoanion
ma@ifith! BssHRkER _Zbgﬂfyrgeﬁﬁed‘ allohol &% SotiPRMtibhRefppduct

Conposition Acid (W% 87.8 90.8 Water (W% 4.1 4.7
| (

Acid Soluble Gl (w% 8.1 4. or dr ocar bons) )
[0084] Phelhg/meneliage shyeue 102 app of Fg%éeowcl@rm& wherein the

X le can be used, for formng crosslinked .
cr T P o s, o 8Pk Botyviny1 alcohol, an
oxOY AT FRIH @l‘o@bl‘ﬂ&é@%dl?ﬁ‘[e?iz@ﬂ%owﬂﬁ Y 8Rbfol, @ Gosslinked
copolynmers of vinylacetate and vinyl al cohol menbranes

polymetized polyvapdrmtridine obr ASGnbimationuheraafc acid in the
al kyl ati on process. Several paraneters that can be

[ fall X . .
croser | i H meATbrbAy sRIE st bk ath SIRRERSEHEHaimr. yhgipin the
créd3BinRed@ ipblyRRer9é nferRb AR IRMPrid tAFBHhofe type§ of monomers, at

crosslinki'ng agent, such as diisocyanates.” (2) The
leash ene odthstypes tofmromdmehbeingodny | alkohgl, ageanion modified vinyl
determ nes the physical (e.g., nmenbrane nmechani cal
al¢nhobestyreas) styrrnecHd fanae, q@r%p%awiegleel@cgyl,w Aftde SHEENGN
ﬁjth thghﬂeeg streanl. Thelstrictures of the
su PP§6¥§ ‘are p%%%?ﬁr Pﬂafﬂfgn? Nention exenplifies the
wi de range of potential crosslinking agents
(O=C=N-R-N=C=0, where R can be aliphatic and/or
aromatic in nature). The structures of the
di i socyanates useful in this invention includes
m xtures and bl ends of aliphatic and/or aromatic
di i socyanate structures. (3) The control of the
pol ar/ nonpol ar characteristics can be controlled via
t he proper selection of the anbunt and structure of
the crosslinking agent and the structure of the

o



used in the evaluation were: Feed Vessel 810, Vol une :
3000 M Punp 826, Rate: up to 1 gallon/mnute (usually

WO 009420508 63 gal | ons/ mi nute) Heat Exchanger S82BCT/USH08/009409
di aneter and 18.75" length, 2.18 ft2 surface area
Menbrane 816, Effective Surfaee Area in Use: 24 in
Menbrane 816, Maxi mum Operating Pressure Test Cell
1000 psig Chiller 822 to Maintain Desired Feed
Tenper atyir ¢y} grgéﬁﬁrélh@ s?lngﬂﬂjeg)g%n&%f'mE Abgl & cFa)i/ngl's,V #herein the

tenperatdre, xchanger s operative

SceOnI R/ hat @ thickheld 6f aiddst hgmppent_acid i's dir ect ed
via line 820 to a nmenbrane cell 816. The perneate

product ich is rich in acid_and water iscallect in
B et odi orhe sisbusns B afaim S Wheris fhe firdfayerhas a
r i cycl ed via back pressure regul at or

th%e%%@f?ﬂ%ést@zﬁ 0 the feed vessel 810. The perneate

product and retentate are anal yzed for _ acid, water and

hydr ocarbohhe sresebrangtstrpsturgiod¢laig 6, whewin thethiidlayer has a

The resplts of the nmeasurenents at 500 psig feed
thtﬁké@%?ﬁata] M3 e presented in Figures 9, 10 and

11. Figure 10 shows the relative flux of the perneate

t hr ough 8reThe arenrhfic asruatire ndtangrofahe aboee chiie) whifkin the

shows the ASO concentration in the perneate as a

parestzei ofitheseeondelayer 0@ Lm asHesss t he ASO
concentration in the feed with run tine. Thus,

conpar i SPNTRE nfendbtafe stcalte obhn§ Whe bbave I&I%QHIS’ wherein the

concentration 1n the perneate i s substantially |ower

fitshdnickiess icatdeastric@pmat i on. The data show that after
a period of menmbrane conditioning, the ASO is

ronbr and o s feliiah€ SyEtie bf abl HraFE A A QUMY liiein the
crdSSHinfRIENs AP Gs BOM hPHRI D% B QEbiRE SeYgreat e cont ai ni ng

approxi mately 50% of feed ASO concentration even over
ext ended .periods of tinme of continuqus testing, )
Exanpl ech- [Q@eﬁamen?bfage SHARIe 0423¥ Of s 2boYs 6l Whergin at

eRT0%5 O BB A B RS BeRBE A pr
crésshipaks®. anhydrous m xture of dinethyl sul f oxi de (DMSO)
and di net hyl formam de (DMF). The PVA (Al drich Chem cal

Co) was ,99%.hydrol.yzed and had_.a nol.ecul ar i ght )
ol v 135 4 hE B AR S S UCITe G5 APH.O6 The 8BOVg SIpHns, wherein the
' . [ dii t
poRE R dtife Bt LR Pt RESCIRY e OV ol vent

m xture. Both the solutions were chilled to 70C. These_
two sol UBi ok membrans sdueiurg o€any of the abeva ¢leims,uxherein the

thatf . the.ratio b L ght xamnet I L.socyanate .to,
sepsil €t irecamnasedsl b P MEREASEp e Bk Engt & Edphingiion
th&%?fnixed for one mnute before coating a 3 m | thick
sol'ution layer on top of a 0.1 micron pore size
expanded pol ytetrafl uoroethyl ene (PTFE) |ayer ]
| ani nat d4- orheamgaibrane sirpcivire pbpay of $he app\er elapnswhiergin the
by . Donal dson Co n I nc. of neapol i s, (Item
i) 1R 3% EGRe5ed BRPeloIS G atbs Hker dgantudins it irated
' i j : Lanicf i cant
poff Y RAE, SRR 6y pRmARRt, el E U main Bt
cross-1linked nenbrane. The coated saolution |ayer was
ai r dridd. dthemembrangsirueture of 2BCpf thg ahovd elairas.anberein the
f nqii cur ed %¥ hot air at 118C for 40 seconds. It was
IrsRICkagSE I 20 MILBHIESSor 5 i nutes before storing for
performance testing. The final thickness of the
cross-1linked PVA nenbrane was between 1 - 2 microns.
Exanple 5 [0089] Two nenbranes simlar to the nmenbrane
prepared in Exanple 4 were used to perform separation
on a sulfuric acid solution that al so contai ned
hydr ocar bons. The nenbranes were prepared by using the
above procedure to forma crosslinked PVA nmenbrane on
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greater than about 100x1 03 psi, and an intrinsic bulk

material value for the tensile nodulus of greater than
W@bwman20508 000 psi. 2. The menbrane structure oPCTIUSI008/009409

1, wherein the crosslinked polyneric nmenbrane

conprises a crosslinked polygﬁglzed al cohol , an

oxoani on nodi fied crosslinked pol ynerized aIcohoI, or

a conbination thereof. 3. The nmenbrane structure of

any of tfg ?ﬁg‘{ﬁerﬁbﬁh%tru\eﬂﬁé?ﬁ'ﬁnghﬁtﬁé B§{lée s, wherein the

pol ymeri ¢ nmenbrane conprises ssl |n ol yvi ny

scabnd Myler hap adkanbmdteidichagge eamhlsnkfedlcmﬁl& F&Hd thedhird
pol yvi nyl al cohol, a crosslinked polynerized ﬁg yvi nyl
|3

stpetural lae/er bes a vedmeinia clumgehalenm sulfurihacidshat difers from
st uct of the ab ve | ai ms, wherein the
thE#%§%Y lﬁﬁﬁg%%?Y%hl ClE%‘;n'prlses two or nore

types of nononers, at | east one of the types of

nononer 1yei Agnw'hbw foﬁkm@hnF@cixﬁﬂoﬁﬂ alfeed friigAiry icobitlprising

al cohol , styrene, styrene sulfonate, acrylic acid,
acibthyscesarbensand wasery themethad comprisinigd, ~ vi ny!

pyridine, and acryl am de.5. The nmenbrane structure of

any _h

Y Aoy B BIRER, Su PRl gl SEEANUAREY RS and

structure_of claim5, wherein the third | ayer _has a

t h| d?(ﬁ%%%?"tﬁ said feediBrixnwe that cpmprises feom rabeut 20 toebgred8

aimdb, . wher.e the~third s a thic
peerf bot k85 SefdrmiEnil it Eakd SopiitnRe SiSlgfiady Ereater
AL RO TS GG SR LR U 8 R fheare
pradyctaontdinirgo geeatdrav eight pbrseatagetdfeacid tadn $did Cedbasxture,
is at least 0.3 nm 10. The nenbrane structure of any
Satsir Crpﬁﬂlrd@dvreolzzmmnembéam beingeselactively pernrabie tq/thesacld

0%.1 0% The, menbr ane
ovg AR arboRAh e iR mislu S st G R0 3hying 2
I r [ i nked pol yneric
cn%%ﬁ%gg éﬁ%ﬁ@?&?@?gﬁﬁmzlgﬂétga%$ﬁt§5?ﬁ rane stPuc¥ure

of any of the above clainms, wherein the pore size of
the third layer is at least 3 mm 13. The nenbrane
structure of any of the above clains, wherein the
second | ayer is conposed of PVDF, PTFE, extended PTFE,
or a conbination thereof. 14. The nenbrane structure
of any of the above clains, wherein the third |ayer is
conposed of pol yolefin, crosslinked natural rubber,
saturated pol yethyl ene, saturated pol ypropyl ene, or a
conbi nation thereof. 15. The nenbrane structure of any
of the above clains, wherein the first thickness is 50
mm or | ess.16. The nmenbrane structure of any of the
above cl ains, wherein the second | ayer has a first
vol unetric change value in sulfuric acid, and the
third structural |ayer has a volunetric change val ue
in sulfuric acid that differs fromthe first
vol unetric change value by 2% or less. 17. A nethod
for recovering acid froma feed m xture conpri si ng
aci d, hydrocarbons and water, the nethod conpri sing:
Provi ding a nmenbrane structure according to any of
clains 1 - 16; and processing said feed m xture that
conprises fromabout 70 to about 98 percent by wei ght
acid to forma first retentate containing a
substantially greater weight percentage of
hydr ocarbons than said feed m xture and a first
pernmeat e product containing a greater weight
percentage of acid than said feed m xture, said
crosslinked polyneric nenbrane being selectively
perneable to the acid over the hydrocarbons in the
feed m xture and further characterized as having a
crosslinking density fromabout 1.0%to about 25.0%



