HETEROBI CYCLI C PYRAZOLE COVPOUNDS AND METHODS OF USE

PRI ORI TY OF THE | NVENTI ON [ 0001] This application
wera@bmssspriority to United States Provisional pcr/us2007/005599
Application Nunmber 60/779,805 that was filed on 7

March 2006 and United States Provisional Application
Nunber 60/874,832 that was filed on 14 Decenber 2006.

The entire content of these provisional applications

is hereby incorporated herein by reference. FIELD OF

THE | NVENTI ON [ 0002] The inventi.on relates to

het er obi cyclic pyrazol e conpounds having protein

tyrosi ne kinase activity. The heterobicyclic pyrazole
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Overexpression of Met and HGF is associated with poor
prognosis. [0005] Recent data denonstrating the

suppression of cancer cell proliferation, survival,

and i nvasi on upon inhibition of Met binding to HGF and

Met receptor dinerization (Furge et al. (2001) Proc.
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often referred to as c-Met or human hepat ocyte growth
factor receptor tyrosine kinase (hHGFR). The

wex@raesipn of c-Met is thought to play a rol ep1us2007/005599
primary tunmor grow h and netastasis (Kimet al. CHn.
Cancer Res. (2003) 9(14):5161-5170). [0010] Modul ation
of the HGF/ c- Met signaling pathway may be effected by
regul ati ng binding of HG- beta chain to cMet. In
particul ar enbodi ments, the zynogen-1like form of HGF
beta nmutant was shown to bind et wth 14-fold | ower
affinity than the wld-type serine protease-like form
suggesting optimal interactions result from
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targets and nmutated targets and coul d be designed to

have oral bioavailability. Several |ead conpounds have

shown prom sing activity against such targets as the

EGFR, the vascul ar endothelial cell growth factor

receptor and bcr-abl. The hepatocyte growth factor

receptor c-Met was first identified as an activated

oncogene in an N-nmethyl-N -nitrosoguanidinic treated
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[0019] Anot her aspect of the invention provides

met hods of inhibiting or nodul ating receptor tyrosine
wkrias6s3act i vity, conprising contacting the Kim@asesihidyssoo
an effective inhibitory anount of a conpound of
Formula la or Ib. [0020] Another aspect of the

i nvention provides nethods of inhibiting c-Mt kinase
activity, conprising contacting a c-Mt kinase with an
effective inhibitory amount of a conmpound of Fornmula
la or Ib, or a stereoisoner, .gganetric isoner,
tautoner, solvate, netabolite, or pharnmaceutically
acceptable salt or prodrug thereof. [0021] Another
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mambrzmqomgaraﬁorf erative properties.(0023] In a further

aspect the present invention provides a nethod of

BRIFE DESCRIPTIONOF THE DRAEWINGSt 0 treat a di sease

or. condition nodulated by c-Met in a mammal. [0024] An

[0969} | OIRguRs Naet3 afe diffpliffatEstheaintics dfftiffefent @mibdiments of

conpound of this invention in the preparation of a

the piresent invengiont he t r eat ment or prevention of a

di sease or condition nodul ated by c- Met in a mamal .
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conprising a conpound of Formula |I a or Ib, or a
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conpounds of Fornmula la and Ib. [0027] Additional

advant ages and novel features of this invention shall

be set forth in part in the description that follows,

and in part will becone apparent to those skilled in

the art upon exam nat| on of the foI I ovv| ng
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atons can be arranged, for exanple, as a bicyclo
[4,5], [5,5], [5,6] or [6,6] system and bicyclic
webheesed es having 9 or 10 ring atons can be gr¥es®etioosseo
as a bicyclo [5,6] or [6,6] system or as bridged
systens such as bicycl o[ 2. 2. 1] hept ane,
bi cycl o[ 2. 2. 2] oct ane and bi cycl o[ 3. 2. 2] nonane.
Exanpl es of nonocyclic carbocycl es include, but are
not limted to, cyclopropyl, cyclobutyl, cyclopentyl,
1-cyclopent-I-enyl, 1-cycl openg-2-enyl,
1-cycl opent - 3-enyl, cycl ohexyl, 1-cyclohex-1enyl,
| -cycl ohex-2-enyl, |-cycl ohex-3-enyl, cycl ohexadienyl,

ﬁE?' qpeRs YiEs@m?@Nyd)F ﬁﬁiﬁ' WENTION cl odecyl ,
undecy cycC odecy e IIKe. [0035]
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di sorder, or (iii) prevents or delays the onset of one

or nore synptons of the particul ar di sease, condition,
wesoodingargder described herein. In the case of w@ENCE07/005599

the therapeutically effective amount of the drug may

reduce the nunber of cancer cells; reduce the tunor

size; inhibit (i.e., slowto sone extent and

preferably stop) cancer cell infiltration into

peri pheral organs; inhibit (i.e., slowto sone extent

and preferably stop) tunor netgfstasis; inhibit, to

sone extent, tunmor growh; and/or relieve to sone

extent one or nore of the synptons associated with the
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anal og); (iv) protein kinase inhibitors; (v) lipid
ki nase inhibitors; (vi) antisense
w®bdog@ssdgd eoti des, particularly those which i nhpd/t152007/005599
expression of genes in signaling pathways inplicated
in aberrant cell proliferation, such as, for exanple,
PKC- al pha, Ralf and H Ras; (vii) ribozynes such as
VEG- expression inhibitors (e.g., ANG QZYME(r)) and
HER2 expression inhibitors; (viii) vaccines such as
gene therapy vaccines, for exagpl e, ALLOVECTIN(r),
LEUVECTIN(r), and VAXID(r); PROLEUKIN(r) rilL-2; a
t opoi somerase 1 inhibitor such as LURTOTECAN(r);
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roduced t hrough netabqlism.in the bo speci fi.ed

1084 3bundhsreanseptratien ob ANIGRIE SEJHRS; cAD e’éprr,eé Bgpits
L\ Ta? [
G SN (LGP BT BRSNS o o o
thadiny pelyrhesim ﬂhreszrmd lﬁmin Hmtevmld&tminrqhzed:mteqmmlent of base.
tian

resﬁsbt? y&%@lﬁ @rﬁ% @s laégnw%hd@tﬁ cdup Pvf?ﬂ?amls'ahof the
rggﬁé.tn A&g TRRAY P feo&mg ga@a'iﬂﬁw'ﬁak'bh®
€ a nlnls I

ered conpoun Accor e I nvention

peﬁrﬂhuﬁﬂatdmed@mymbemmfufmﬁmbw DuFont N1y picatigntanges between
|nclud|n8 qgounds produced by.a prqcess conprisin
%mah,tsp g Addigepaldesceptioniof thisasmbsangmay be W.Y.

095 a8 101G BieBind, -5 Hdebr Pl CRuste 8! if 1B 1% hBorinate

MefibirhRes;© nppﬁeﬂbﬁhewérms 18y p983 P30T I26]S,
phosphol i’pi ds and/ or surfactant which is useful for

delivery of a drug (such as the cMet inhibitors

di scl osed herein and, optionally, a chenotherapeutic
agent) to a manmal . The conponents of the |iposone are
commonly arranged in a bilayer formation, simlar to
the lipid arrangenent of biological nenbranes. [0050]
The term "package insert"” is used to refer to

i nstructions custonmarily included in comercia
packages of therapeutlc products that contaln

o g, " g, o o



conpounds of Fornulas la or Ib. [0059] If the conpound
of the invention is a base, the desired

wobaraeReutical |y acceptable salt may be prepapedubyno7/005599
any suitable nethod available in the art, for exanple,
treatnment of the free base with an inorganic acid,
such as hydrochloric acid, hydrobrom c acid, sulfuric
acid, nitric acid, phosphoric acid and the |ike, or
with an organic acid, such as acetic acid, maleic
acid, succinic acid, mandelic acid, fumaric acid,
mal oni ¢ acid, pyruvic acid, oxalic acid, glycolic
acid, salicylic acid, a pyranosidyl acid, such as
[B0Y61'T OA predehdd %erﬁﬁ%ﬁf‘éﬂfr%é tn A Hves@t‘i‘t ProRESs RMdemKfied in
acl d, such as citric acid or tartaric acid, an am no
theé itthde 2y Mafion@s paitlc issx cdpdlynglrlﬂfmﬁuamemylane and perﬂuoro-
aromatic acid, such as benzoic acid or _cinnam i
vinglethesnthe lagpracoweﬁeafshams pgadat aulfomic anwcc? ic'acid

EoHBvaTCorLE 3‘ o afongh F seiriSengr A LS cose ofa
s‘&i‘ﬁhwgf 5& t@Ri:salt may be prepared by

any sulta or exanple, treatnent of the
free acid mnth an |norganic Qr organi c base, such as
an amn ne (pr'i'fn@ﬂizcgg QFGF tertiary), an alkali
net al hydroxi de or al kalli ne earth netal hydroxide, or
the |ike. IIIustratlve ' S

i ncl ude, but are not ?ﬂ ﬁﬂ@ﬁhaﬁg?@%erived
fromam no aci ds, such as gl ygi ne and ar gi ni ne,

amoni a, primary, secondary, @pd tertiary amnes, and
cyclic am nes, such as piperidine, norpholine and

erazin nor gani ts derived from sodi um
‘@‘&‘? i %Eﬁ i§$ cprﬂag e m nmanganese, iron,
CoppelBquivdlent Wdight(BEW9Rhrdek 915001,800061] The phrase
‘phar maceutical | y accept abl e” i ndi cates that the

subst &ationoExehange<Ceanasitynl86-1ha5 sl i bl e chenical |y
and/or toxicologically, with the other ingredients

[002F] | SINUFich® 9h&MbairedbanBedyimettec FRAFBhnRE €I Asymmetric
treated therewith. [0062] A "sSolvate" refers to an
Mafon®ahembranescareosxpride doofamateriab mehieb lis/processed so as to

nol ecul es and, a compound .of the inventiqn. %gﬁgyles
Rspdues %ﬂt‘%e'f‘h%ﬁmf% o8 Bayipgdilerent prRReTtigY fuch 85, g example, a
lbk%]égte%:ﬁ%(y d'-c Qﬂﬁﬁg?&% in Sgé?)%gﬁ %I@ﬁ%r of sulfonic

ace ate acetTc acid "hanol ant ne.
a%cbﬁfaﬁmln@)ﬁﬁmt eVlore pegferred Ndiorn® membrantsrare Nufion® 1100
solvent nolecule is water. [0063] The term "protecting
agdoipfion® 8¢y marketeddyt BuRostiudrapehymetsatWilmington, Delaware.
commonly enployed to bl ock or protect a particul ar

[i)UQQL' onglal ﬁr)éféi'?éd @m'b%ﬁﬁhél'ﬁg tid RRbrine id QipPorfddByPa secondary

on the conpound. For exanple, an "am no-protecting
gemiypdnd such asfestoint me(&breﬁex%ﬁm example drrving grmembrane pore
that bIo s or rotects the n1no f nctlg aI|t

PBC% RPF S é’é"ﬁ“ﬁ 54§ ¢ Pﬁ‘ ZHPJ é“em rane.
(;E&éq(yndtalbl %&%ﬁﬂ?%% alsb 5‘3}'&‘&0@/& Shits¥¥subBEktk for the
enzy oxycar bonyl and 9-
ﬂolrmatlenyﬂqmdm]dm ooxyaang dlB}bOl@ pfitied pridiamy insgrhrang.
"“hydr oxy-protecting group” refers to a substituent of
[?053]“ O sg &‘éﬁn@%‘id Bl h8idOWaRE QtRaMS the QIJW %t@@f the feed
uncti onal i y Sui t abl e protecting groups include
aress/theanembrand surfacecstraudd e snfficeni togprgyonptindusf salectivity

to substituent of the c rou at,. bl cks r
loFoPucoBcentEation BRleyizntng: TR R T yatecap i food dependy on the
car boxy-protecting groups include - CH2CH2SO2Ph, '
cyanoet hyl, 2-(trinmethyls lyl)ethyl,
2-(trinmethylsilyl)ethoxynethyl, 2-(ptoluenesulfonyl)

et hyl, 2-(p-nitrophenyl sul fenyl)ethyl,

2- (di phenyl phosphi no)-ethyl, nitroethyl and the Iike.
For a general descrlptlon of protecting groups and

o —— ~ -~ a2 ae ~~



-OC(=Y)OR 10 , -OC(=Y)NR 10Rp , -C(=ONR

12( CR14R15) , NR1ORu , -OPC=Y)CORLIOXOR1 1), -OP(OR

wd 0@RI331) , - SR 10, -SCO R10, -SCO) 2R10, - SCO) 2iRUOR87/005599
1, -SCC=Y)R10, -SCC=Y)OR10, G -C 12 alkyl, C-C
al kenyl, C2-C al kynyl, C -G 2 carbocyclyl, C2-C20
heterocyclyl, Cg-C2 aryl, or G -C 20 heteroaryl;
[0076] R10, R' and R12 are independently H5 C - C
al kyl, C2- C al kenyl, C2-Cg al kynyl, C3- C 2 :
carbocyclyl, (CR 14R15)nC2- 29 -heterocyclyl, CCRL14R
)nC6- C20 aryl, or Cl- C20 heteroaryl, wherein said
al kyl, al kenyl, al kynyl, carbocyclyl, heterocyclyl,
pakti¢ulaPBEOMBHS R ddn AR a @O bP B h\\én%tﬁﬁé ahdtafd st%Brting or
one or nore groups in endently selected fromF
cBn;ammesovmel as¢d, @Rarvelﬁmab [LCIDPEDNR. a@enemﬂam@ﬁmmpera-

tﬁ{ftsb 0 ‘X' rates Cén&er {ﬂlferagq% ]gsztab@&;a} 5%? §8pmum 64 rate for a

rﬁ&%ﬁ?&neoéorﬁiéluaﬁén Bhd ket sﬂsﬁaafmg donditiéhsédn’ BORAdIY

are attached opti onal forma saturated,
qmm‘(mabdijbylmslaﬂadaxrwltmnerul |y unsaturated C3- C20
het erocyclic ring optionally containing one or nore
[ﬁﬁﬁdf | opgbh fuMdca BERCKRigVES b?d)pfei"&mé\'wnfﬂ the tRinnébeRirbrane
sal d heterocyclic ring is optionally substituted with
thatewdl maintainyite @pysncaummwmnqprm eperatingreonditions. To help

R A h G Ritie] THteeply, 3 LomPapRY organgnay be

ﬁEJ} ek cx%ipm aPhEy @Hl'ectl(:é P C?'r%elfié’ gjk@'(&/ henﬁ?ran@?may be

het er ocycly Ce-C 2 aryl het er oar
supp@ded on ARiGn-aakEcHY, pargus mermwam, tthprastuses lmeaﬁructure-

ttached ' f
e i et AGe SR GmBiors A, SEE B A s 4 P or
Joggzé]th&ﬁ”rfhée bk, the E)OQB[% Iﬁk:mﬂran%at&@al&k/hﬁ:ﬁydons%c@ \
al kyRyl, (CR 14R15) n-cydoal kyl, (CR
physical sappadry. TheCRIMBOISeray lylblcr (eR range m thlckness from sub-

RS Jh S0 GRECT o R bSErADT R AR O (TSR iR, breferably 0.5
rﬁ&%n@o&%mr&{s (CR14R15) n- NR1IO(SCG2Me) -R p , wherein
sai d a kyl, al kenyl, alkynyl cycl oal kyl ,

B MR T an g S OB ML PO OB B Evention may be
dtﬂ%ﬁ%‘ﬁé?%ﬁfn %?'h%(@lb@\ﬁﬁf)éﬁ%esChlmgrshet:ts), K0, Tl%%ﬁ%ess may

camnkghiendy-beGraicd ey lin atast ol whichrigldivided igbpcompartments by

eI ﬁlﬁfwmﬁf&sgog?r% A The conpanients will each have means
fof %ﬂ@@ﬁ@’ﬂk)ﬁoﬂterﬁé théréfrodl. KThe pPocdsSildy bétitried HR81]

or R14 and R15 together wth the atons t'o which they
cantinaousiyrarddtchwiss, but preferabilyoin p goniinneys masaelr at ed
G- G 2 carbocyclic ring, [0082] or R10 and R15
MEMBREANY $BPARA TIORES YS TENMSIFOREXCIDEREGEINBRA TION
T—_‘———Ft_'t—t_d——d'——l_l——

orm an 0XO-SubStl saturated or partla Yy

t ed m) cI | ¢ clic G
IHG28 oo e RGBT Ry bt aPatiet praseayisg feverse
&ﬂ?os‘i’i of'ﬁﬁﬁoﬁlﬁf#ﬂﬁﬁ\ pr@@@:&e Mﬁﬁé%tf&e&hﬁ%%ﬁ feud is pr@sunzed
- G2 alk al kenyl -Cg
ﬁhckmprse azs;nons progess @ad mnoﬁmatlmprov@s& arsckrown to those

SKied R e S v faforipe a7 e By, et in

groups i ndependently selected fromF, d, Br, and I,
[0083] or R14 is null and R10 and R15 toget her with
the atons to which they are attached forma G -C 20
heteroaryl ring having one or nore heteroatons; [0084]
Ra and Rb are independently H Cl1-G 2 alkyl, C- C
al kenyl, C2- C8 al kynyl, C3- C 2 carbocyclyl, C- C
Oheterocyclyl, C6- C2Caryl, or C - CCheteroaryl,
mhereln sald aIkyI alkenyl alkynyl carbocyclyl

T . o, o o o g,



- OPCOR10OXOR11 - SR 10, -SCO) R10, -SCO) 2R10,
- SCO) 2NR10R11 , -SCC=Y)R10, -SCC=Y)OR10, C-C 12al kyl,
wo2ng8oslkenyl, C2-C8 al kynyl, C3-G 2 carbocycpy#us2007/005599
C2- C20 heterocyclyl, C6-C20 aryl, or G -C20
heteroaryl; [0098] R10 R1 1 and R12 are independently
H C-C 12 al kyl, C2- C8 al kenyl, C2- C8 al kynyl, C3-
Cl2 carbocyclyl, C2- C20 heterocyclyl, Cn-C20 aryl, or
C-- C20 heteroaryl, wherein said al kyl, alkenyl,
al kynyl, carbocyclyl, heteroeyzl-yl, aryl, and
heteroaryl are optionally substituted with one or nore
groups i ndependently selected fromF, d, Br, I,
MR BraneChec l’g@o@' ([Jg{caQbMOn@%lﬁo@mm Wilte§ andl Sons,
al kyl, C2- C al Kenyl, C8a|kyny| C3-a 2
Led bbpg@etwwl €rseqC20 aryl, and C - C2Cheteroaryl,
[0099] or R10 and R1 1 together with the nitrogen to
[062 A0 tReYerfing tBiHiBGRET, ePﬂilhfénﬁ:'lJi reécp(m)as é@ﬁ%}%‘d%d
partial ly unsaturated or 'y unsaturated
pt:@@mtzed bw;nump méang (d3) tmmml;rano mnéti (4 ﬂhglrothe KSIVEFAr@SmMosis

t ted f.r
(B} R 5 BB Sl B B Sooo o,
p%r%rém%ggbq)s@ %ﬁHQSmgﬁ?pﬁ{mﬁﬁ%{Byre?@Jaﬁ sdo fpgpm 17%«50 psi. The
mmaﬁ@m\qm( L4)C«mwpmmm3pplyn@r1@n§a';m'akq (1 6)@@at p)g:ferentlally

&@Sg @Flﬁ’éyﬁ‘?‘% a Sﬂﬁﬁxﬁaﬁ%af% exg Scfgefé}gflgilggrlwbove Ina

p['é*@ﬁ%@]cn%oxﬁﬁ%rﬁnﬂle%’&aﬁ@ PRS Y &mpt 1§& drh@c@i@t&dtc@mpatlble

which they are attached form an oxo-substituted

hgddpdtibic ougteriabsudhnag @pss-dmkled poly(yénlyltalcehdlp nzemepolymer
r| ng@\iﬂ?ﬁlo ,|fo|1?:L3 L %&gﬁ%éaée%}p p((]@%ljtpaq, e?c ian X preferred

oftf Ax&%}ﬁflr}i@n&)&%lé%é %%%LEW&@Hémbrane

( (@M&‘s’mmoﬂ. exarﬁﬁRl %ﬁhahl&ibﬁﬁﬁéﬁ WEda)Rnay preferably

wherein said al k al kenyl , al ky cl oal kyl
cpmpgiss Sf anmagid pia %lgﬁgrcngst r@p@ﬁa} |sug,% s pgi/)geta? uoroethylene

PR P i ey BB g g ver
vﬁ%hx%er%y@t@hta& €20 QRacid\RRalkland I)Raﬁ@a@)(RB) 19]11=ed6i1ﬁnantly
& kyokn ) RO@zld mfé%répeémmacil o, tbeea?% or dife @cid feed,

RN by 38 B vt

ab00L83% water), prafedathiydesoaniaboundOiwt®hacat Gres about 60%
which they are attached forma s tur ed or parti

WAeR: and mest preferably degsghag apppt £7 9} %‘1{9&] 3‘59“‘%46% water).

Rl paaonly & b8, ?%eﬁ?isd*@a% PRISY e fwater content

vessusi peirimeatenwaterrconesht @or 6ne €hitodlimeyit| As notedyfrom the graph, in

optionally further s bgtltut d with one or_nore roug

th%B&b@ﬁ&éﬂ?ﬁV"*’éQ"e%‘P adiment, the membgane prefegentially excludes acid
I

Cyc ﬁ(ﬁﬁfrﬁgogdéfg%gsﬁlé% ?lécg?t ?é oy FOICC%Sda o ’corétrent greater

than ﬂ)&@ Zﬁéltaeamdrpdrmeamsrthe mnembthrml ikydppaoxineatgly limearly

optionally substituted with one Qr nore groups

in¢rgapiesfuneynts yuth ceasing Aeqe aci copfentang 1, [00105]

or R4 is null and R10 and R15 together with the atons

[0028)i cln bhaytcanate ahitactiesint,chemeerGbrage2@steat émloamsil

ring having one or nore heteroato

rEs b SHARIEY 5 1PErvARPTEY RTHENNORg lyslFBe R Figure 2.
C8 al kynyl, C3-C] 2 carbocyclyl, C2-C 20 heterocyclyl
C6-C 20 aryl , or G-C ZGweteroaryI , Wherein said

al kyl, al kenyl, al kynyl, carbocyclyl, heterocyclyl,

aryl, and heteroaryl are optionally substituted with

one or nore alkyl groups; [00107] Rc is G -G 2 alkyl

or C CZO aryl wher ei n sal d aI kyI and aryl are

L T Y 1 o o o




[00124] In certain enbodinents, RL is H Cl1-C4 al kyl,
CF3, CHF2 or CH2F. [00125] In certain enbodi nents, Rl
wo 2009Részpnal |y substituted al kynyl. For exanplect/igRo07/005599
certain enbodiments Rl is al kynyl optionally
substituted by -(CR I4R15)-NR 12C(=0O (CR14R15) NR1ORn
r -(CR 4R5XNR10R11, wherein t, R10, Rn , R12, R14
and R15 are as defined herein. [00126] In certain
enbodi nents, t is 1. [00127] In certain enbodi nents,
R10 is H or C1-C6 al kyl. [00138]-In certain
enbodi nents, R1' is Hor C-Ce alkyl. [00129] In other
enbodi rrents, R10 and R' together with the nitrogen
[ﬂéﬁj xY‘P'hQ Britd@¥mahE tRE T@éﬁ Rth fiRnABrane udit' s Bhdinefined under
rocyclic ring optionally having a second ring
cbatdiriom tafipressuee sech ﬂtabsubstaﬁnaljgoaumf t©agidkis in liquid phase.
Toptl onal |y, subséqltut ed with one or t

is Wyitadravyn uaden 3 MagRuR. which’ wﬁ& oupﬁwa&ﬁ%md In
B AT U PRI e 25 i, o
ni6st tpaéeferabily doimme nd 3 5 iidHgndl IMﬁermatw pha:Mewll! be igajvapor

@?%pén@ﬁ%@ggéj‘?%& n‘;‘}sq?l s ‘5 g%?to ﬁsgglanﬁ“&ﬂsm(qog shewn). This
peBt sgri?hé ég?ﬁ&{owﬂ Rl art aﬁge%ﬁn@)f'&ﬂﬂ’ |. [00134] In

cer ain ments, Rl is phenyl "optionally

bstituted t 6_al.kyl
(0301 - T Ret @rsdpioodimant; thesparanshpgaaisfids hhgerstood
t@g‘%ﬁé ngﬁl'n?\%h@?féfs%‘ét?& r 'A&o?ﬂﬁl'gqgeﬁﬂls%@!?ﬁamsm feed

c I's a 6 nenbered ring having
cbntp?or&nls whidiehavreokighes sollubdpgndehe pplyseermateridlgein N

iy tbesl anden Adta Mediay Ine wemptsangl fielpermeate
HbabeE s AR
[gﬁé gl :1 Eh&%\fas?gwgg gnéNh agrrngti:q&]? :;\)Pde[aggt{xg @erpﬁragber an zhffect both
SRR EL7he S B s o901
vepuinnpdessurs wisthietperectatd inicresses. [lagk8ehother cexhiasliment, a

enbodi nents, Rl is a 5-6 _nenbered heter oar hav] a
Weeg grsrBRYBe drssed ATesythe BMUranG ac 5E S t‘f‘?Sﬂéﬁg'\?cfease the
biibHE&d, WudithbRé s@k%‘%@s Te nRlekdrboR didxtide hetrogen,
ereln hetCyc 1s a ered azacycle (such as a
kmqnegazlamIorgowmmngﬂ)ydnmaryoswmh aumethane; athgne ©s propane.

al ky 37] Exe ?rhn’o nts of Rl [ nclt#ge i d
%Pmawvm_:y § BE‘E"&?"é L MRy e SR 1qut
?t?&gfon %&9«%&%}1 vﬁfﬂfchrtﬁé Ip%ﬁ%@’@de% YoRiNedha®ich ¥ nbHdcorrosive
nc uc

OW ng st tures: [00140] In certain
\ertb eespeentstheRhembrané, atanmate sufficéentto gnhan¢etheppraeation rate

| east one het er oat om and ti sybstituted wgt

o e perrgeblelGwapaent s aruanep Copsig A webrage."Shllable
heéisiradford SRvERL!iR¥AE a¥édnes ur es: CVf- 0 [00142] In
~certain enbodinents, Rl is -C(=0 NR 10Rn or

'&i’% o sy ogogis 21 4 Seaf iR SufBIPDTRRAT g ppent
flhllé){l(:lg streE}rr&/ mpflgﬂigﬂld | &&%CEQMn&W Wate s fedela a pump

or (C wherein Rh is H o
@20 06 athiey meap@ma@embrm urait Q@qblﬁhﬁ m@anmuaﬁmnprlses a

oy membians (JeVinal i< a9 eqwa én?{ng%aﬁ]? ;f/g HJae\??exyré:?a[tﬁre to acid.

BES pRdefre8 iy dhRat, ARt A aed @B%f onipriteanim 42id feed compatible
opttonally substituted with al kyl . [00147]

Exenpl ary enbodi nents of Rl include the foll ow ng
structures: [00148] and substituted forns thereof.
[00149] Further exenplary enbodi ments of Rl include
the followi ng structures: [00150] Further exenplary
enbodl nent s of Rl |ncI ude the foll OWI ng structure:

~NNA a1 T . o



[00171] z4, Z5, Z6, and Z7 are independently CR4a or N
and G 1, or 2 of Z4 75 7Z6, and Z7 is N, wherein when
wlthoamesszd or Z6 and Z7 are CR4a, then Z4 and por/o$2066005599
and Z7 optionally forma saturated, partially
unsaturated or fully unsaturated carbocyclic or
heterocyclic ring; [00172] each R4a is independently
H F, d, Br, CF3, CN5 -CC=Y)R10, -CC=Y)OR 10,
-C(=Y)NR 10Rn , -NR 10R1 1, NR1OC(=Y)R', NR1OCC=Y)OR',
NRI 2C(=Y)NR 10R p , -NR 12S2NR10OR 11, -OR 10,
-OC(=Y)R 10, -OCC=Y)OR 10, -OCC=Y)NR 10R1 , -CC=O) NR
12CCRI 4R15) t NR1ORu , - OPC=Y) COR10XOR 11), -OPCOR1) CORn

ﬂyg&?p‘i@ é‘?ﬁeﬁ&@é&e%oa&réégm}%& C%Qlé/(vﬂ}@)almp Rdnit polymer

(Nafn®), arfdPp SI§tétttifinoroethsderis, fér eveerrhpley dinyd pref2rr&20
het er ocycl yﬁ) -C20 aryl, or Cl1-C20 heteroaryl; and
agennanpmbmnqi%)aﬁ supportydby aFantigugus suppary membrane

GBS R g S B e i o aci

sta¥ie perSusGheteridl BhoiRas %ggrtéﬁaﬂﬁ&i@e@)ﬂﬁa@ pdRyvinyhi@ene fluoride,
12SO2R10, -NR 12CC=Y1 14R15 =Y 2)NR 10R1\ NR

eteCThy selerfivelyqp @6) separalrs thecfeed injq yo

S A et BT Ay e

petiiead stAER(I8) Has-iatkdabed WaterSdAceRiration aﬁﬂ@hbgﬂﬁﬁtlally
10R1 1, -SCO) 0), -SCO 2C0R10) -SCC=Y)R 1
re@@@d@o@acmotmc@}m figst tejentate steganci(29) bwwcrea@zd agigl content.

lﬁ%ff? %%%qn%:ntaw t?kggﬁ )?ﬁ%fﬁg ]‘%sl‘?é@ %a#éiﬂé of z?r%efi ¥ er content

WhRAIEP dinfeats Wad tky bonthk €sbdeverdl lexeuipla@y@dmhk ldvels (permeate
heterocyclyl, aryl and heteroar 5{1 are optionally
vagbem)tfar dit embpdinentatlupsateddn Higuare Z}déﬁé’ﬁﬂéﬁleldyn this graph,

e O o Al HtrasclfTh kw2 3R ST Ph2: BoMlen ranges

9@ dbouth! wivsNo abBaL §5wtke) prefaablyeabdut Sowt%atbrabout 80 Wt%,
enbodi nents of Fornula | a and | b conpounds, R3 is

asndl reostepreferabiyt He vals trabews?0 Wik. [ Yaqwmen rapans (25) maintains

ted for there
Rificnt vaciinn S e bOGRERE sidtFE B TpbRBraft ddifie suitable
seefchil IR BLR of BXE ate eNipofpreteirsd eintddimeat, uﬁe vacuum is
the followi ng structures: [00177] In certain

paintained in ﬁlmtar@@rqu;mg abfour§Prmma Candenser mears (22) fanctions
e arp e EeTReals viRe! il I%E;b@%v'htl | Eblisfs Mt pblncate.

enbodi nent _is the structure 00178] In certa|

[0883Hi ndiet Blustrateoamappli¢ati thg ip¥eRIiRMdst eepl{ghqnsmmulates two

sel ecte fro th

YoriE fip oRPR] st RN fur 08 b el HRE B puld Enbiinent as
iflnstrited inMgaee ZeFead dehk PefmehRdatd ¥ol twe different acid feeds is
enbodi nents, each Rd4a is independently selected from
shown inCTableil.C al kyl, O (G -C6 alkyl):; and ON.

[00181] Exenpl ary embodi ments of R3 include the

followi ng structures: [00182] wherein the wavy |ine

i ndicates the point of attachnent to X and R5 is as

defi ned herein. [00183] Additional exenplary

enbodi ments of R3 include the structures: [00184]

Furt her exenplary enbodi nents of Fornmula la and Ib
conmpounds i ncl ude conpounds wherein R3 is[001851

wherein R4a and R5 are as defined herein and two

adj acent R4a groups together with the atonms to which

they are attached forma saturated, partially

unsaturated or fully unsaturated carbocyclic or
heterocyclic ring. For exanple, in certain enbodi nents

R3 is selected fromthe followi ng structures: [00186]
Exenpl ary enbodi ments of conpounds of Formulas Ia and

Ib | ncI ude the foll OWI 'ng structures: [00187] In certain

. o



CRaC(=ORb, G -G 2 alkyl, C2- C8 al kenyl, C2- C8
al kynyl, C6- C2Caryl, and G -C 2Cheteroaryl. In

w6 glvaizienbodi ments, the phenyl and cycl ohexybcgu9195005599
are optionally substituted with one Rd group. In
certain enbodi ments, Rd is F. [00218] Exenplary
enbodi nents of R5 include the structures: [00219]
Furt her exenpl ary enbodi nents of R5 include the
structure:[00220] In certain enbodinents, RL 1 is an
optionally substituted heteroanyl, such as a pyridyl
group. An exenplary enbodi nent of R5 includes the
structure: [00221] In certain enbodi nents of conpounds
of Formula la and Ib, RS hggphe jstructure: [00222]

vvherer n R10 R12 R14 R15—Y1‘—nd Y2 are as def| ned
PArIeA |k [HE j v OF F1 % nMembrane used is

wtiN ®th8§ (Bcﬁ ndiII tlinclt, h@é SGEW)gi Faedh&dAf;uf*W&tnr Solution

antiaoanal |l v it ad ~ar faYaXoXoXoX|

haoey A
QUUQLI LUL \,u CTUT IJU\J_)’\JI T\J I I II\‘J LUULRJ )
s 1t

Frér?fjt(:n‘?‘npggnmnrmlﬁ of B5 i h - [00224]

Agidr(@tho fined-Therei h and5-7

Rl14a and R15a t oget her wth the carbon atomto which

Réipicats € dinpbsitibhdohBiburerm- J0SPi anec @0 psigduddRressure

‘Qé{gr(“a%)a cycl opr opylidi nE gr oup. {q0225]2 4% certain 2.5

moodir meENts, YI TS5 O [UUAADJ 'n cert arn enpodi m=nt S,

l’:egseﬁ;)ﬁﬁgegsf B TOE FIR 2 B E a0 Tgn 6 PERRCAR Pressure
T |‘y|
Acidi3tXe) v quhqlt i tﬂfopA Wi l h aﬁr% nmaln group_ | n

certain_emhodi ne . sai.d _phenyl subst ituted w ..
(B335 0] TherK G amppdimans iHBriralbs it HAHR LAY tecqrubined with the

Dt 0T RArEri U Bogih A T B 2, The
dohgbintd ygsteneis illRBafedvihdigore 31, Y2, R1I0O , RlL 1 R12 ,
R and RI5 are as defined herein. In certain
[ t

(OB abe B, R o0 St means 02
telfiegt mehtiianShnit(3d ¥ wihichn iscarb RO Uenaﬁoﬁl?ﬂdildmmbmhrane system.
Cl-C. al kyl. [00234] In certajn enbodi mnents, R14 |(sl H
T[fwaﬁe}oq iHugerted; A Pesiiypinans ftikatippaneans, sughhapap pdgigional

EpbPult, HEP O FRGqscTberded MORBanO Bhit TP Lol removs. oxganic or
1{16@3?4 comandrams] suchi as lnadroearboasb Pute feeredsfi ation: means
[00238] A further exenp] ary enbodi nent of Ris

qoedm%ﬂ thepcad telgrant spgipbrane systegps bwae-mpdwaranlacanon
t I |
2RO ys e Al oshos, ekt ERtflay excludes

deid as desoribezhinads peottof Figuies4, @or fEPEBRY) deid cemdemitrations less
enbodi nents, R10 is H [00243] In _certain enbodi nents,
tham abeui® pfi% pug EHQfqubh)’ %%‘r ?%ﬂr@@hﬂﬁl&% FRIFCRtratigns pEfess than

Pl 30,6085 100 B0 Bid ARt o Rtk o,

dcmﬁéﬂﬁsateNtml(r%&Rﬂrﬁ:)&smg amcuiRy RisiaNA in the graph of
10C(=0 -aryl, wherein said alk er oaryl .and
Figyes 6c9811§/rn BBRTEBHS iR walspin g’ﬁ‘aﬁ‘?@t?o& S:) Purlt.‘/ is further

’)D?
RSB AP SR o B i 1y i s
prabaporativadnembharead ystmn af fdescrebedripl Ees@edt, oﬂiﬁnguwrﬂ he second

are |ndepe ly H.or nethy] an LS or 0

mBAG BN 43 LLAAIBRTINGS A Breireied3ks salerively REtfeable o

A

\%rﬁng?ngesﬂlgl g»%garh% hO%z4 rLte'rﬁal_Qg@g?] grrbagh A
membirand anit€db)) dherenersbraRe 33 pfagiices alskgdnd petmeate (35) and a
wherein hetAr is a 6 nenbered heteroaryl ring having
one or two ring nitrogen atons. A particul ar exanple
of RI3is (C-C2 alkyl)- pyridyl. [00249] In
particul ar enbodi nents, R13 is a 5-6 nenbered
heteroaryl ring having 1 to 2 ring atonms independently
seI ect ed from N O and S and optr onaI I y subst itut ed

o o o o o




[0003] Acids are widely used in industrial chem ca

and petroleumrefining applications that require acid

wo bgamsiat i on, " which general ly nmeans renoval pof/weio81/005599
fromthe spent acid to restore the acid to, or near

to, its original process specification or

requi renents. An exenplary acid use to illustrate the
present invention is sulfuric acid, which is used in a
nunber of chem cal, petrochenical and petrol eum

refining processes. [0004] Suljhuric acid is wdely.

used in industrial chemcal and petroleun1refining
processes. Depending on the use, commercial "fresh"

sBEpr Ferehit Rl (SPROTAE Se RIS Patefaichtacta Whieh can
beaeeycledbayk us dse freda38).c Thewasord wtem;ami;tream (d3 %) isddgh

il o ol 5 e Ao
rﬁ“@,}@ram gag%ﬁ%%béj‘?@ 2 d,%gggétg\;g, on of the sulfuric

'S C enti o renove the water and
ot her cont am nant_organi c mater.i al

[0830knt i the crbedaents of Figwies 1adi famlr %»gtgﬁ &mempeanes are
PP RSPAER Lo GRS S BB ppplesht byl

rbaintdin the hoid idahe diquid phase) el tentpdrhmrs i the rdnlglecof iabeut
water. While this technolog_ is mndek% used t

93‘6@ ke abangH0WG. anerePée@dly-be fo al?qut go C, and most

| o b
FFERe AL Ao TO Pout i, LR THER S iion
@@ Biarililslopet fted €iain pouet 00 16 abeanS0EUpdigamorapreferably from
truck, ship, or p| eline to a central regeneratiaqn
&Ogctm 1200 psig warthe feed sides (Yhecpressizeonghs nesmiente yidg is typically

1 SR R 5 0B 0y 08 B g
p&@@iﬁ‘e aiﬂféi‘enf;@ﬁ%]ss fhd inehtirane islswifitiaitSor permeation purposes

regenerated from about 70 wt % H2SO4 to .about 85 wt % or
TsoRRTVaBOTAtIgNINEMBFARS ecnrsfmbl.:rswﬁ‘ga@daa FeEYaRaFatipR mode with

@% gereo(f plle %‘r%;t %ﬁllg-g?rﬁl géﬁ&% %‘r{’% kl?&?%lﬂ%'r%acuum

m&dohﬂnﬁlﬂy Mtélﬁﬂ’@ﬂﬁat B9 (f)@ﬂﬁ@d!@) Wik pi‘éf%ra/hﬂy &ontdih greater
al so requires speci al naterla s such as glass I1ned

th@ts about Ynpercgnt by wveigkiwates, and Jass van abeit l0spegentgplfuric

r
agfiFr e ieh PRACAGEA0YG S%a%lf*ﬁtez RS tal, St
é@a&ﬁﬂiwﬁbm WO%drUer&WYglﬁEc]’d‘lEeésl‘MENﬁbm Im(ib@khnt by
he present invention, relates generally to an
werghbwaterpol yeri c rrenbr ane and its use in

regenerating spent acid. One enbodi ment of the present
[0A3Eht i drher oapexefe@rng@mb@étmnty argipysivaded fryprrposes of

nbr anes t.hat are cap of, wi L hst an
e Qe S knlon ahfRRgef ROust SORMAM P ARRENR sope of the
iAVeRFditla$ Helinétited BY thé f6l16wirth Elagnsa feed mixture
conprising predoninantly acid and water. The method

conpri ses processing the acid/water m xture using a
pol yneric nmenbrane to forma first retentate
containing a substantially greater concentration of
acid than the feed m xture and a first perneate
containing a substantially greater concentration of
water than the feed m xture. In another enbodi nent,
the nmet hod conprises processing the first perneate
usi ng a second polymeric nmenbrane to forma second
retentate containing a substantially greater
concentration of acid than the first perneate and a
second perneate containing a substantially greater
concentration of water than the first perneate, and
recovering the first and second retentate. A further
enbodlnent |ncludes proceSS|ng of the feed flrst

S . N . o o o, .




fluid substance containing about 70%to about 98 w %

acid. In addition to poly(vinyl sulfate), other
woRbieaey mat erial s can be pol y(vinyl phosphatggr/agdososses

ot her vinyl groups which nay have affinity to sulfuric

acid or an affinity to the particular acid conprising

the acid environnment. [0013] In addition to the

formati on of polyvinylsulfate (PVS) fromthe reaction

of polyvinyl alcohol with sulfuric acid, other

i norgani ¢ oxoani on nodi fi ed pddysrer nenbranes may be

used. They include polyvinyl phosphate nenbranes nade

from PVA nenbranes. [0014] In addition to the

ehAagpit e, one can al so use arsenate, antinonate, or

bi smut hate to form pol yvi nyl arsenate, polyvinyl

ant i npnat ' o o] , ' 1o

Cal cooni‘s MERGATEE KeieRetinD oE(H OB F folPRRREIL CRlprising

predominartlyt &did raadewatenrthe endthodcohepristagt i on of

selenic and teluric acids with PVA may al so be used.

ﬂr@@és@lngﬁfﬂiﬁ heixtste dsiig @ ed8enémbianeniodfoby 4 Gestireregtate

PVA with boric acid. [0016] In alternatjve ) )

comtaitingem sebstantinlly grsajersqongentratien kb psidthantsaid feed mixture

B RrS peine SenRTes P Buahdrl, R il Sutian ofrater

thie shidaretd ¢Rixoire] BaidPdtg@eticims@bidmdsel Etaval esclting
sui tabl e Eolynerlzed al cohol s include polypro

: . yl :
permehbEe opatidhaiey|the waderon the fecd maxturg @Pd'lfﬁégér characterized as

Sobnrkete Sy B iyTRlorp B K EFeo kg BB from sbput

ROV IFABGR D S20%0beh peeflabiin@ed iosuaan nidinbidef | ed
pol yneri zed al cohol terpolynmers and the |ike. These

foo17- orhar i PE reBnS AR o ' { feeRRoiidng o
thiR¢ER bOALi8 AREMNW AR RRid Hethddadprisaitpmer nenbranes

characterized by the presence of active anionic
groups. TPhepregessingsaid {rad using 8 firshpolyseerihmeaibrane that

kbR HOSEP bR PS8 AR oF Ve

i dentity @f prodedsinl the pericande yOMedilRenfiniBrafd with a second
t hereby, such as in the case of

npdymeriggnembranethan s¢lpctively peeaertasavater pelative te the acid; and
"perfluorinatgd iononger rame’ refers to an :
ion-exchéhg80ﬁgﬁﬂpéﬁggﬂ?ggggggﬁﬁpSﬂﬁzgﬁgrfIuorinated

i on-exchange pol ynmer. [0018] This class of ion

exchahge Ths peshed pf clgims l20n 3 Wheseinsaid pebanerjc meabrane is

f i oni: I
FREATRER A U P o) B Padi GeB0 Y "he
ions. The fornmer exhibit acidic character. while the

| att ef- exFhpmethed of plakr@sldrfarr%&lﬁr@inm@ EeRdomietuEy eRpains
PR EROE B 20 Uy e M RSP 6 FORER i

groups -are carboxyl ate, sul fonate, and phosphonate.

[ 0019] The concentration of anionic groups can be
expressed in units designated as EW (equi val ent

wei ght) which is defined as the mass in grans of the
dry polyner in the acid formthat would neutralize one
equi val ent of base. The EWof poly (acrylic acid) is
64, which is the nol ecul ar wei ght of the nononer
acrylic acid. The EWof comercially avail able
Nafion(r), a perfluorinated copol yner manufactured by
DuPont, typically ranges between 950 to 1, 800.
Addi ti onal description of this nenbrane may be found
in W Y. Hsu and T. C Gercke, "lon Transport and
Clusters in Nafion(r) Perfluorinate Menbranes," J.
Menbrane Sci ence, 13 [1983], 307-326.[0020] A
preferred nmenbrane for use in the present process is
identified in the trade as Nafion(r), which is a

Y o o ' o,




[0026] In one enbodi nent, the nmenbrane separation
process is a reverse osnosis or nanofiltration
wPs0ees314 Whereby the dilute acid feed is presgsuigR6h/005599
The reverse osnosis process and nanofiltrati on process
are known to those skilled in the art and are
descri bed, for exanple, by R chard W Baker inMenbrane
Technol ogy and' Applications, Second edition, John
Wley and Sons, Ltd., at pages 191 et seq. [0027]
Referring to Figure 1, a dilutls acid feed (10) is
conveyed and pressurized by punp neans (12) to
menbrane unit (14). In the reverse osnosis ("RO')
enbodj Menthe hthdESclafin® &5 wherdin RaideRmbrane tofRises the
psi and 5000 psi, preferably 300 psi and 1500 psi, and
foblewing edbpolybier: 600 psi to 1200 psi. The nenbrane unit
(14) conprises a polyneric nenbrane (16) that
preferenti all S |dg._such a sulfuric acid
for exanplefﬂggﬁﬁggggﬁﬂcgﬁﬁg?einabove. In a preferred
enbodi nent, nenbrane (1€4) conprises an acidic feed
conpati bl e hydrophili c[ @CEICF TspOCRSCF3863H nked
pol y(vinyl alcohol), ionic poj ymer such as Nafion(r),
for exanple, cellulose acetatle, polysulfone, etc. In a
preferred enbodi ment, nmenbrafeFg16) is supported by a
conti guous support menbrane (16a) such as Teflon, for

m@%e_-5l}§q‘§_r§n§m§“gpprobggl6a) may preferably

conprise of "an’acid stable porous material such as

pol yt et raf.l uor get ne, Rpolyvinyli.depe fluori.de. efc.

Nerbine esenias o Shfs 1o L uBirib SR pply 8ot Fisafhfane bas a

pUIFIHERY 15 R4MbAE BF aHDyiner 86lebeli FOmARE gRBipRBAGSIASOI PVA,

IS predom nantly water. In the RO and nanof |tration ]

PViBoPVre phosphiate, éAtarsenade,| RV A saienhte cBRYA tothiraigi BY A nitrate,

con i hants, typically contains |ess than about 50

Nﬁhé§§§?9¥¢?e. about 50% water), preferably |ess than

about 40 wt% acid (i.e. about 60%water), and nost

pr ef €f.ablThd esthadaficlabouit whsrein theoieimpiang is fiydher 75%
ter). ferri.ng nonentar.ily, to. Figure t here

et st aagsshang Ssheich FheiRe fomaphiie] 9% to about

Mpger content for one enbodiment. As noted fromthe

graph, in the RO or nanof l|tration enbodi nent, the

of acka rEREmeHi afglaimsd o DS heBfintng FerpbiheCPiiing
EnERY $hnddORoAPMBuL 2556, RCABbURSDIPAL es the nenbrane in

approxinately linearly increasing anounts with

i ncreasi feed aci ontent. [.0028] |n, an_al L .
embodt merthe PROGERBPETE CPheerintar mum b geh By ARy density
rBRgELHB hbowt PRItyaBeLAlD9: configuration, illustrated
in"Figure 2.[0029] In this enbodinent, the feed to a

menbrane unit i.s Fniai ned.under 1] .
oressiiie Ui metfod B BhbEran prdref wF PORhbRE hahbrane s
drbS¥lirtkedRRRR a cTB@slﬁﬂdiﬂ@ﬁFénﬂ contplikidgawn under a
vacuum which is generally maintained in the range of

1to 50 .preferably in the range of 2 mMmmto 25 mMm
Hg., and sh‘&aglfec{’gg’f’é?@}%to 15 mm Hg. The
per meat Ed(tbphﬁ&ﬁa%hbti@ﬂiibéb}&nﬁmom phase, and

n

subseque y condensed by cooling in a condenser (not

shown) . Ti%) smprtyressef (a3 agdbral |y known in the art as
per vapor at j on. is preferred enbodi nent,
t he sepa?@%‘ﬁnéggﬁg%h%{rﬁ¢@ understood to be the

"sol uti ongeyi édrHbin@kiont YIPEc) Aiet@)di ng to this mechani sm
feed conmponents which have higher solubility in the

pol ymer material get preferentially sorbed and then

di ffuse through the nenbrane to the perneate side.
Separation is based primarily on sorption and

di ffusion. [0031] The vacuum on the perneate side of

t he menbrane can affect both selectivity and flux. The
selectivity and the flux generally increase as the

o o, o o,



Though not illustrated, a prelimnary filtration
means, such as an additional nenbrane, nay be
wo foeigxaped before menbrane unit (34) to renoviECRUHRT/E)5599
or inorgani c contam nants, such as hydrocarbons.
Preferred filtration nmeans conprise the acid tolerant
menbr ane systens taught in co-pending application
2005/ 0173345 published August 11, 2005. Menbrane (36)
sel ectively excludes acid as described in respect of
Figure 4, for feed (30) acid-qencentrations |ess than
about 50 wt % and preferably for feed (30) acid
concentrations of |ess than about 20 wt% For feed
(30) 1a¢i THeARERIY Gt é181H 2 Wherew SaidFeed @BHIpries Wskithan about
acid perneates the nenbrane in increasing anmounts
S0 wisétacid end said: feecrgatesonyprisisqureaten tharhatout 7 0 wi' acid.
results in water in the retentate (39). Acid purity is
further rmrrﬁ\éﬁﬂ)doa(f ALRAISWRGreiE b AatBtentdte dolepries 96 than
menbrane unit 1), which is a pervaporation nmenbrane
abyatHWm&@ﬁda&urlbed in respect of Figure 2. The second
menbrane unit (31) conprises a nenbrane (33) is
sel eqly Vet RRIHTPHE Elaif 1Vwhefei? U rdtéiftattCisturthes pdt@ssed
the first retentate (39) through the second nenbrane
with & s¢adnd memebrapsithatrselqctyelypexcudes permeansg®f water over acid,
te ) and aseco retentate trean1(37) The
"’ggcg‘ﬁge @%fi‘stpgwam 8? $oReime lef‘r? can be
recycled back to the feed (30). The second retentate
stream (37) is high purity acid. Menbranes (36) and
(33) may be preferably supported by nmenbrane supports
(36a) and (33a), respectively. [0036] In the
enbodi nents of Figures 1, 2 and 3, the nenbranes are
preferably operated at conditions of tenperature and
pressure sufficient to maintain the acid in the liquid
phase, e.g., tenperature in the range of about -100C
to about 3000C, nore preferably fromabout 00C to
about 500C, and nost preferably from about 4C to about
400C. Preferably, the RO or nanofiltration nenbrane is
operated from about 100 to about 5000 psig, nore
preferably from800 to 1200 psig on the feed side. The
pressure on the perneate side is typically atnospheric
pressure, but it could be operated at hi gher pressure
so long as the pressure difference across the nenbrane
is sufficient for perneation purposes. The
pervaporation nmenbrane is preferably operated in
pervaporation node with the feed pressure typically
at nospheric and the perneate side under vacuum The
predom nantly water product (35) (perneate) wll
preferably contain greater than about 95 percent by
wei ght water, and |l ess than about 10 percent sulfuric
acid. The high purity acid product (37) (retentate)
will preferably contain greater than about 70 percent
by wei ght acid, |ess than about 10 percent by wei ght
wat er. [0037] The above preferred enbodi nents are
provi ded for purposes of illustrating the invention
and shoul d not be construed as Iimting the scope of
the invention as delineated by the foll ow ng
claims. CLAIMS: 1. A nethod for recovering acid froma
feed m xture conprising predom nantly acid and water,
the nmet hod conprising: processing said m xture using a
pol yneric nenbrane to forma first retentate
containing a substantially greater concentration of
acid than said feed m xture and a first perneate
containing a substantially greater concentration of
wat er than said feed m xture, said polyneric nenbrane
sel ectively excludi ng perneance of acid over the water
in the feed m xture and further characterized as a
crossllnked ponV|nyI nenbrane haV|ng a crossllnklng



