MULTI PLE CATALYST AND REACTOR SYSTEM FOR OLEFI N
POLYMERI ZATI ON AND POLYMERS PRODUCED THEREFROM Fi el d
wofhodshesdonvent i on This invention relates to a pCoOMS3®35/012982
to polynerize olefins using nultiple catal ysts and
mul tiple reactors and pol ynmers produced therefrom In
particular this invention relates to a process to
produce pol yol efin adhesives and t he adhesi ves so
produced. Background of the Invention For sone
appl i cations such as adhesives individual polynmers do
not possess the necessary conbi nation of properties.
I ndi vi dual pol yol efins having certain characteristics
are often bl ended together in the hope of conbining
the positive attributes of the individual conponents.
Typically the result is a blend which displays an
average of the individual properties of the individua
resins. For exanple EP O 527 589 discl oses bl ends of
flexible, |ow nolecular weight anorphous pol ypropyl ene
wi t h hi gher nol ecul ar wei ght isotactic pol ypropyl ene
to obtain conpositions with bal anced nechanica
strength and flexibility. These conpositions show
better flexibility conpared to that of the isotactic

pc(t@MP@symems ANDPROGESSES FORSREDUCIRG MAIENIS s@@hs r
physi cal Eﬁhﬁﬁ' ﬁéquﬁglcal bl ends _al so have t

probl ens of. SRIHID GATALBTIG ¢RACKINEss t he
conponents are selected for their conpatibility they
can phase separate or smaller conponents can mgrate
to the surface. Reactor blends, also called intimate
bl ends (a conposition conprising two or nore polyners
made in the sane reactor or in a series of reactors)
are often used to address these issues, however
finding catal yst systens that will operate under the
same environnments to produce different polyners has
been a chal |l enge. Mul ti ple catal yst systens have been
used in the past to produce reactor blends (al so
called intimate bl ends) of various polymers and ot her
pol ymer conpositions. Reactor bl ends and ot her one-pot
pol ynmer conpositions are often regarded as superior to
physi cal bl ends of simlar polyners. For exanple US

6, 248, 832 di scl oses a pol ymer conposition produced in
t he presence of one or nore stereospecif c netallocene
catal yst systens and at | east one nonstereospecific
net al | ocene catal yst system The resultant polyner has
advant ageous properties over the physical bl ends

di sclosed in EP 0 527 589 and US 5, 539, 056. Thus there
has been interest in the art in developing nmultiple
catal yst systens to produce new pol yner conpositions.
For exanple, US Patent 5,516, 848 di scl oses the use of
two different cycl opentadi enyl based transition netal
conpounds activated wi th al unoxane or non-coordinating
anions. In particular, the exanples disclose, anong

ot her things, catalyst conpounds in conbination, such
as (Me2Si (Me4C5) (N-C-C12H23) Ti 2 and rac-

Me2Si (H4In(l)zZrd 2, or

Me2Si (Me4C5) (N-C- C12H23) Ti d 2and Me2Si (|1 nd2) Hf Me2,
(Ind = indenyl) activated with activators such as

met hyl al unboxane or N5SNdi et hyl ani lini um

t et raki s(pent af |l uor phenyl) borate to produce

pol ypr opyl enes havi ng bi nodal nol ecul ar wei ght

di stributions (Mv M1), varying anmounts of isotacticity
(from12 to 52 weight % isotactic PP in the product in
Ex 2, 3 and 4), and havi ng wei ght average nol ecul ar

wei ghts over 100, 000, and sonme even as high as

1, 200, 000 for use as thernoplastics. Likew se, US

6, 184, 327 di scl oses a thernopl astic el astoner
conpr|3|ng a branched ol efin polyner haV|ng
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different Ziegler-Natta catal yst systemin each step.
This graft polynmer is stated to be useful for
wonpiswwdsey the inmpact properties in blended PCT/US2005/012982
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end uses. In particular, it would be desirable to find
a conposition that is strong yet has adhesive
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and crystalline conponents. Such adhesives are -desired
in the industry as a replacenent for blends requiring
significant anmount of hydrocarbon resin tackif
ers. Addi tional references2that are of interest
include: 1) EP Patents: EP 0 619 325 Bl, and EP 719
802 Bl; 2) US Patents/Publications: 6,207, 606,
6, 258, 903, 6, 271, 323, 6, 340, 703, 6,297,301, US
2001/ 0007896 A, 6,184,327, 6,225,432, 6,342,574,
6, 147,180, 6,114,457, 6,143,846, 5,998,547, 5, 696, 045;
5,350,817, and 6,659,965. 3) PCT Publications: WO
00/ 37514, WO 01/81493 WO 98/ 49229, WO 98/32784; and
WD 01/09200 4) thallocene Based Branch Bl ock




70C, and at a residence tine of 120 mi nutes or |ess;
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1500 or less, or between 250 and 6000 nPa.sec, or
bet ween 500 and 5500 nPa. sec, or between 500 and 3000
nPa. sec, or between 500 and 1500 nPa.sec. In other
enbodi ments the viscosity is 200,000 nPa.sec or |ess
at 190 C, dependi ng on the application. In other
enbodi nents the VISCOSIty is 50,000 nPa.sec or |less
dependi ng on the applications. In another enbodi nent
t he pol yner descri bed above al so has a heat of fusion
of 70 J/g or less, or 60 J/g or less, or 50 J/g or
| ess; or 40 J/g or less, or 30 J/g or less, or 20 J/g
or less and greater than zero, or greater than 1 J/g,
or greater than 10 J/g, or between 20 and 50 J/g. In
anot her enbodi nent the pol yner descri bed above al so
has a Shore A Hardness (as neasured by ASTM 2240) of
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the insult being applied. The maxi mum force achieved

for each sanple tested was recorded and averaged, thus
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"Vh“fhecgosnOt &ggnf%w&ig@feé Jé’f’t }f'égiﬁandp Vnger T |ess,
preferably 4.5 or |ess, preferably betmeen 1 and 6.0.
(110 and 12 are neasured according to ASTM 1238 D
2.16kg, 190Q0C). In anot her enbodi nent sonme pol yners
descri bed above have a nelt index (as determ ned by
ASTM 1238 D, 2.16 kg, 190 deg. C) of 25 dg/mn or
nore, preferably 50 dg/min or nore, preferably 100
dg/mn or nore, nore prefgerably 200dg/ m n or nore,
nore preferably 500 dg/m or nore, nore preferably
2000 dg/mn or nore..|In another enbodi nent the pol yner
has a nelt index of 900 dg/m n or nore. In another
enbodi nent the pol ynmer descri bed above has a range of
crystallization of 10 to 600C w de, preferably 20 to
50 0C, preferably 30 to 45 0OCin the DSC traces. In
DSC traces where there are two or nore non-overl appi ng
peaks, then each peak has a range of crystallization
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nore of the follow ng: a) a peak nelting point between
60 and 1900C, or between about 60 and 150C, or between
wW@000a/0008980C;, and/or b) a viscosity of 8000 nPBRCEHES2005/012982
| ess at 1900C (as neasured by ASTM D 3236 at 1900C);
or 5000 or | ess, or 4000 or |ess, or 3000 or |ess, or
5ltéz\ﬁgn 250 and 6000 nPa. sec, or
a. sec, or between 500 and 3000
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pol yner, and a nelt viscosity of 8000 nPa sec or |ess
at 190C. In a preferred enmbodi ment, the pol yner of
this invention conprises gnorphous, crystalline and
branch- bl ock nol ecul ar structures. In a preferred
enbodi ment the polyner conprises at | east 50 weight %
propyl ene, preferably at |east 60% propyl ene,
alternatively at least 70% propyl ene, alternatively at
| east 80% propyl ene. I n anot her enbodi nent the pol yner
conpri ses propylene and 50 nole % ethyl ene or |ess,
preferably 45 nole % ethylene or |ess, nore preferably
40 nDIe Qbethylene or Iess nor e preferably 35 nDIe %
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alternatively between 50 and 95% In anot her
enbodi nent the pol yner produced by this invention has
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substdnBlally QFROGS: dereéh‘fmca)noérsfeudﬂﬂ@ glelcﬂdﬂ pEERrA B oMfts
-~ used at anmounts up to 2 weight % is preferably
. prodygedfluging thg ECE msecesd t o 500 ppm I n anot her enbodi nent
[0021 ng TheR YEShd" g&&%@* tHeSoréRM My ehBorl 'Y Resdhibd i Harth¥etail
I'ecul ar melg s fractions. are present at greater
deWhan 20 wei ght % each based upon the weight of the
pol ymer as neasured by Gel Pernmeation Chronmatography.
The fractlons can be identified on the GPC trace by
: AWENGBat i ons of nol ecul ar

oo %?Gé@‘%%oa"" %@ﬁ@gpie%w?@%aﬁ& RSO0 Wikie 4

Additive Bavedditived€r Atididvd Drastl Addiive Eqpepasserih EXMBLESa 228,

i-ght % ner. a under the -second
4 anf 3Bl o rfo s ROS s B R b e R S o
streallrr]ﬂ] va?gtme mﬁﬂb&ohrmeﬁdea hwﬁtbm e;dqmibrmih d‘d@kﬁlglcml;?lyﬁt i(leaving
as wei ase n <
the REOREFISPn BUPPR T7oI5 ) HBich ABNE BoIES SIS R CHLOL B
pronfd‘téicUFE’-B® (@BEinéd frdh gi}hceo/fl)@hsdx@i}‘olulﬂfl@,f PIRkhy dddctivated

t@bor Iess of Soxhl et. boiling he LN ubl es,
usm&@e%@/ lisSsonyine japyng Rpcedwis apd ffsy%%eﬂ ih S%ﬁYi%‘rFf’ répt ane’
i nsoluble refers to one of the fracti ons obtai ned when
a sanple IS fractlonated usi ng successi ve sol vent
A dPESQRIE SHEIRNYENTION onations are carried

: [OOZW%ltﬁ&éHA@ev%fa‘? Fi‘f-ftrog@ﬂ xiday Q}evﬁ%ﬂrpﬁlmcheﬁ@%lﬁt‘i\}é[}e stable at
vent extraction, t he ot her soxhl et extraction. In

ambiehiccon@didians cliop prmpies ef thelpyesent inventien NQxivilldsoised élﬁ@g? tom
|
o BT 3B 0 s fhoagyss o oo
wellpsN;@aeNz@pmd mixturgytherndfxt ure is stirred at room E
SRR ot s B G e
contdinihg N&»;i wduetiveompasitionnin d’dmbmatimlvuth aeﬂmdtceﬂalyab dracking

hen.s xhlet extrac S
Fog R PR R e P AR B8 S VY
effectin@ for 13l tedidtionyofi NOy amissioss saddageh fromhihei FECH oepemegptor -

jpts from t. above roomte rature. t 100
undef HCh! Bspis el Y HGH o BioFBOTA <CHkss i By oPon 1S
converéfoh @€ &th® 9;elcisoff drickkd prolaast esmpositidhs 9hthevihtdntiba xgneany

(Soxhlet); the extracted material is recovered b

compsis 3oraAticwate: (REpositigr sentainme aertplisy & h@xr@é‘f% zeplite
comﬂoﬂ@ﬁ?l YAl £ PRI ELerhbodiaR of el iRGdn®ion, V‘thé |NC5‘ e@&?cft‘i%naib@hte

“after solvent evaporation, it is Wei

particissmt bowed with dnngars bindks. ThonovaiGTadictisn sempesidons
air-dried in a hood to evaporate nost of the sol vent,
then dried in a nitrogen-purged vacuum oven. The
amount of insoluble left in the thinble is then
cal cul ated, provided thegare weight of the thinble is
known. I n another enbodi nent, the polyners produced in
this invention have a heptane i nsol ubl e fraction
bet ween 20% and 70 wei ght % based upon the wei ght of
the starting polyner, and the heptane insol uble
fraction has branching index g of 0.9 (preferably
0.7) or less as neasured at the Mz of the polymer. In
anot her enbodi nent, the polyners produced in this
|nvent|on have a heptane |nsoluble fractlon betmeen
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processi ng tenperature, the conplex viscosity is
relatively low (Zone |I) and increases gradually wth
W(ale(mrsmwamg tenperature. In zone |1, a sharp i|iPCT/E855/012982
| ex_Vviscosit ars te rature is
may, g AR A GRpTaE AL e IFehGe e BPe
sepatateCsticle/adtiitive or it & Poraeep @a6s nﬁégrhl(hmfpoh@ﬂmﬁé Heldr&king
t;ﬁorrespondlng to appllcatlon tenmperatures. In Zone' ||
catalYft conpl ex viscosity is high and varies.slightly with"
[00£3] AP Qurpdess’ 62HE priscn€ MRRAAIL R pRdS “A s@R Rl change in
viscosity profile provides, i n hot nmel t adhesi ve
hydegsarbios feqdoeaversion casi thabrield eberpeled trreductst iy deftped bereimtp.
atn' iBheMiteRfa 0
medn'i € %é@thﬁrfﬁ'@@%%l‘d{rgeﬁhgg&éhﬁ?%a@g ets§ fh?gﬁa QbA: .

|'ower tenperat'ures. In a pre
relativg pheoes and wast pecifenablelass tavian)% edativehhangt inthe gield of

' Lc§ lggﬂt ‘éyrkbe oxﬂz\ﬁgﬁ%s aﬁc‘? éespg eini?llc(é/om 112 wH@1 Q’é a% F%lp%%?c} tcg

the bme%xe ym}deofphcefamabf yub]sﬁnm:ll}%he BENE pmdeéte;rrat(ir)/ le$Lthan a

R ve SR BGRB8 B oot

lessidR 25% adatbieichagehialigstydrdtadion Wd@ﬂﬁerﬁﬂfbﬁ%oﬂﬁﬁkd té e

basik Pl d, o The PR i Sae g 1O mgr rbitoms Yield

LCP l_’y%ﬂc@f ey the N, FEdRAioP E@HiIsafdh)s Bseths mls;%}atérﬂdcﬁtwe, the
erably 8 +X nol % nore preferabl%?10+x nol:% nore
basegw SBESP copvarsiondr ddeldret aprigdest d tsRE-CLE opstating with the
sam8r %uma%ﬁﬂl)abk)éaﬁ& fo¥d TRl Ynddohe shhefe rsﬁ@ta)ﬁtlgl@y e saIne ‘
nol % where X is_the nole % of ethyl ene as neasured (y

reactign BRshuntroRmitonss bk befererbel adskitivavpf the presqmt éventicads adde
to tmﬁglyffeimenté e \ﬂfﬂe}f niﬁé NE! AIHGSESH Qcﬁﬁﬁ‘dsﬁron hé“ﬂlt@%&ﬂﬁ&sér
t han Mol % e | 'ene, have an anmor phous conpone .
incogRgtechinfosthe efaplﬁee catalysbpartieles isoprevide a@ﬁnt@m@ N4 xedwation

i 0
catafy{TRRRkL, nag SighfBdn " Bfanfe GhUAEL aryhr(d@% Yonlith P i Odf
cracledeprodusts i3 determingzd ysingf & basliye defimst! s thmmearpﬁcefversmbl or

ylelci3 frgl %dugpfhethpgﬂ)%rcﬁbéqggnqn%ﬂgﬂ'{@ sand ?Cepeép%tq%ggxgt}nzthe

more preferab o nore prefera
samerpt %JstMIaéy preeine dbftd/ uder thel stna or seasntidly tby sa(ﬁa-r l‘eanmo‘lﬁ

C hel o
and %cgr?drltg)%%r% %gl d é'eru\:gélu}g ?]aé%yst m%:nFo\% m_pi_rl%%nﬁ'g SPBIF g/ro
subsemtisilyethe, sahmveac&ungrnatapho usmponiqimn amttha(tvdmmahnm§ the NO

redudeg cned glgo be teh Eﬁ?ﬂ; ({ é o 0S|
Eifir Sitbobiond el it e 105 sl apd in the
crackiogtaalyst vith 4 easi Gdmp$nem|siol( z@Hﬁ))Hn of bﬂhSr, filpreThé ?&b&nﬂ

+X nol.9 refer bI, +X mal % e pr r abl
changg S«?emﬁ/r%ir Orsf‘raé? fg‘f‘fff%é%lmﬁabfsna SGiatad E?fﬁ? aafysrng itz +X
[0026PL86titedDiisefup I R e Ox ¥eduttforledfite BBy RERT BY arél Pregént
~ +X nol % nore preferably 20 +X nol % where X
mvel?ﬂﬂnem%l%ff zeqlitpy | heppdng; & m&e&@e@n@yg egermcrhomﬁ rmb@rg 7.2

Anggeawlmesiope o R Mmerrsﬁosmee tﬂérﬁzftﬁﬁf %b r@re&ﬂrgfegé e

yner conprises an r cop

250, @mﬁmrr:fgrah{y lessdhanr WﬁarBrengalxlb ﬂ@mUOalrmtlm eer0i1t¢spon1pnnent :
isa zf%gf?t'é Eaéct&{ ﬁ&ff Eﬁeg'oﬁﬁggrgs s%ng%f kgl@l ﬂ J[anl\ﬁ/l)ageﬁ‘rordenlte

urther conpri's one or. nore diolé Hrcmmnmmr .

preferably one or nore &4 to C40 diolefins.. In a

preferred enbodi nent the pol yner conprises an ol efin

honopol ymer or copol yner, having | ess than 5 nol %

et hyl ene, and conprising7one or nore C3 to C40 al pha

ol efins. In another preferred enbodi nent the ol efin

pol ymer, having |l ess than 5 nol % et hyl ene, further

conprises one or nore diolefin comononers, preferably

one or nore C4 to C40 diolefins. In a preferred

enbodi nent the pol yner produced herein is a propyl ene

honopol ymer or copol ynmer. The conononer is preferably

a ¢ to C20 linear, branched or cyclic nononer, and in

one enbodlnent |s a C4 to C12 Ilnear or branched
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to A O al kyl groups. Additionally two adjacent

substitutions nmay be joined to forma ring structure.
w@e@bm998e81 ar omat i c- gr oup- cont ai ni ng nonomer s PONUS1005/012982

at | east one aromatic structure appended to a .
MQMit5pnBedliteab) zzokitk &lion epionie, @habaziRg clindptilotitd, Mavehekmont

s JHEREH] SRR 25kt G ShYE8 U5, g, zowsr, zowie,

ZKV3, Nel L )08 21Ei6 1, S8y b neniadsane, s8lzlog! DReZ&RE Mtbite,
i ndene, especially styrene, paranethyl styrene,

Lowlapite lyAvype phavaweitise dERIFHIpite, Ermelontse, imoadipem Cagcrinite,
,Bre_?;\ﬁ&kike‘} SeIbRE PPaG R @o@&cf@ﬂw‘?‘{ago%,e%@%% dr %i?&ol'%sl:s Sfeof,

ese nobnoners can contal n up on a

In thei masy prefeoned embealiment cgfc thec inyendiop, dhenN&ixniedgetionnzeviites
rably. e. .7 e y i zabl e ol efjni

confofbt’ f8 VaeD Sfrdd” B, I eBeY FERIOR R & ARhFeo

mowgenites MEM-56f Zedtigedy cidotites Rhag terriomite, Thieabayie, | dinoptilolite,

M Yol ther substituted by .one or -
M2 OfsBist R T ASpLEL soiven BT B Berepi o Lo,
[007] Iha 1EEfetred kaybod@fensE thPrifeatioe dhd NO; aEdR68d EeolileChas &

rouF contai ni ng pononers incl ude vggélcyclohexane, :
surfgeearpa 9t denst R anAg; prgTembly t Igrsh 200 B /gyanil arastpreferably at
leas? 30PRL/BE L andtkf LRRBAAA 6P e ifLfiti D HELEH el'edu%io zeolite is
cyct ohexene, cycl obut ene, vi nyl adafant ane an PRE
exchgnged ithe fae mpaiegialii esllestddn fraom dher gows efonsisting ofii lydrogen,

i vent pen: | N\ r.ucGt ur .
o LR AGH AR SO SAERE A S i gy
bindsp et §FCOMutalyst.n The prefoed nikeli ofietaltie onesetuedfron the pesip
con&{tﬁg%?@cﬁdi&ﬁ{, HoB SR AU LGl efgogpo! ymer by either a
stefeospeci’fic or a non-stereospecific catalyst(s). It
[00283 Optiondilyy therNG,eredadtidrhatolitthmayliconteihi stabitizirEnsunts e.g.,

| fr. | pha, - di. i e
oo G058 39 LU AR, TGS ROk et
' incomrz]mm@hlm the @oie$ OF ?’fe ﬁbt{wl Iﬁuggm B@Eﬁﬂilzﬁg niepsld irﬁhﬂé,ﬂililﬁﬁkle)/
. S con 1 NN om to car.oon_.at ons. es
not AP ey BB s ST 1 00 GRUPE A Or3en A k. 3B,
6B, MB)EB)2BNBA, 415 Bhodhe iR, Laatiaaide 886es dfqmta@biaxg@tﬁe 'gable, Ag and
[l decadl ene, -

- . decadi eng, _undecadi ene, dodecadi ene, _
mIXQEEs ?fg‘as%fzd Péﬁ?%?biﬁe fhea atéblgaang ractaliedrs elestad dpn the group
consitipg afl@foags SB@A, OB, 3ReHAAhENEnthAHPNASIS 261 BB Periodic Table,

i cosadi ene,. henetcosadj ene, docosadi ene, tricosadi ene,

and pixtpres therepf.c Most paeferablys the dehilizing mstabsargiselsated from the
grouF eRhAGRB A I8RBanuAs, AGATRM, SREneHAN2LAS SR Rtures t}ﬁere f,
ri acontadj ene, particularly preferred dienes inc uge
The mepl syt Redineerporatedzintsc thg drossseof the NQyorgdiesition ezeolite by any
) . T di . ) cadi
meithd 30606 LS, o d 16k LRBEERL ihiRenation br aIBEE 3 BdBoses
of thiggnesstipmrthe\Béripdic Pable xfergu¢ediwscin Moveds thetResindit M@ble as
- pubihth e REEHENGL UG d i enes include
cycl opentadi ene; Vi nyl norpor nene, norbornadi ene,
[002%)t Thel iad@nat mdr bi@neredyctitiny iznylitbengseindn the catalyst/additive
com do'slgi ESL&Q n{nﬁ%{ﬁiﬁ? gwu@lg\faipjlf g%%%@%g?;gqggqr\%qaﬁpa:c{] .?IIIC?Jd?IIgrﬁlt
not 1jmeiedttd,0the mdde o cohiing €tk NORGEHWGE0h z6dfe WithME Qatalytic
di enes are present in the polynmer produced herein at
up to 10 weight % preferably at 0.00001 to 1.0 wei ght
% preferably 0.002 to 0.5 weight % -even nore
preferably 0.003 to 0.2 weight % based upon the total
wei ght of the conposition. In sone enbodi nents 500 ppm
or less of diene is added to the polynerization,
preferably 400 ppmor |ess, preferably or 300 ppm or
| ess. In other enbodinments at |east 50 ppmof diene is
added to the pol ynerization, or 100 ppmor nore, or
150 ppmor nore. In a preferred enbodi nent the ol efin
pol ynmer i s hono- pol ypropyl ene. In another preferred
enbodi nent the ol efin polynmer conprises propyl ene,
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dodecene, hexadecene, butadi ene, 1,5-hexadi ene,
1, 6- hept adi ene, 1, 4-pent adi ene, 1, 7-oct adi ene,
wa 2@snemsekli ene, 1, 9-decadi ene, 1,1 1-dodecadi ePer/Uszoos/0129sz
styrene, 3,5,5- trinethyl hexene-1, 3-nethyl pentene-|
an cl [
cscb SR 50 0k R ARRELE! Rl rBothefriag
inveh@o1R0 thed | @nifositidhg | eﬁethe ptiﬁfremnabl ref rseparﬂet catapstipdditives,

et hyl ene, nore prefer framO.to
comppy néﬁgd COPTISe AP 8 parfigyl Blc “\!PP%} xbfqnge%gy ﬁ;léfilgg é%mcles ofa
NO eielauétﬁ)ﬂeaeom le6mpéRhewablaY siitable iﬁotg@mB biltlee Gentrally,che.
preferred enbodi nent the rrer co ptiﬁses

amopnto p>f | e Nehdradresiono zgobites OC‘?%IPOé‘e % BEeHe M gher Rartigniare
com éﬁﬁ%ﬁg of &eelgvem&?ls%i Ridqoe Fare%%ﬁﬁy e} &Eﬁ%bﬁlﬁstfpi'ﬁ'eﬁaﬂlyta@ '

butene, nore preée erably fromO to 100&;10
leasbifl andeyemmpis ppafetidy abeast § Poveightrsrasntkssed on thetotel v e‘ﬂ*\ﬂ

of tg grrﬁgo%{t{ogd t’lgjggzgﬁyﬁgﬁgE%rhﬁﬁ]a&o!:éfﬂ?&/aﬁﬁﬁﬁ% b&ﬁ?osﬁfoﬁpd’ﬂ thee

exene, preferably fromO to
lnveaﬁommalﬂ& fren ebeit 10be é)opt @5eprafirably fiom abotic3 011 ahepteBly,
fer f
e RO A R N e
zeolkO b&npcmwrmassdmn ied ta(taEnglu: af the natalust@déltlm eaenesition.

e a nch lefin o nme r ‘
ou By REUEF iS55 3 SR CCL B GOIE Lhlig o e
mveﬂﬁ@ﬁi #feiudg agy PelgyHe rmriaavwm:haa chpublef of IGAJIMHS zedlité pewder

and a _cr stallnt %.or | es r abl
o gy Reot ot ke SsP P okt s TSR sl
con&iﬁln?s(:t TSl 1§&§Qﬂ§j bindErainyEdrialso tgediretot premmkcbmpon‘itlons in
produci n

ynmer having, an Mv o | @$s
acccadaﬂcsx s‘tlta%hq Pﬂe%eyt larenae%n(cmfé% @Pbﬁﬁ?"bg@“%‘f ‘°n6‘.“8‘}“ao ?ﬁ"a’
silicdQifnifd, AGinSE pREIpRate RAY W@ like adndafixaeadhedeofl sPrefeyably,
contacting a cat al yst. conponent,

the acﬂewetssleste@mrrbﬂve FOUPFSIEE L %mm& %Eo%é“'icﬁ ajymina.

Rurh RED S v Uh BreQfref@FaB1 @ie binder
Mo‘%ogéé%rag fera fh;?‘%gﬁ%ns%%? nore), and atqu;r gs%e

compisas ap facid PObast pentized Aluminas Megs perterablp) he BEdeR ‘i‘?ﬁ‘cpé‘§esc§‘|“
alum1%§ §%1 e. gngﬁ%xﬁuﬁrﬁaﬁ&%ﬂdr&g ERfert N B hifioh of BRdéd fnsterial
ne to a second reaction zone and furt her .

presenmmaﬂ:e ipagictlae casdnstieAditivercompasiti Ry FYaRriseS ﬁ’ﬁBh%l?ﬂ“ SR

vatar an Bt A mdst
abo iR ipe S Dl RompiFRichs 58 1 Aot B0 ek e mos
prefemably) fromnaboat 13 toesbazi&rﬂﬁewmglet OﬁCQ}EO Oﬁlthﬁt"@?lﬁyaqd@s‘@

refe 6Q mnutes or less); and 5) optionally,

°°"§’B%{H%‘¥%ﬁ€? %‘Zﬁ ‘igﬂ’é contents of the second reaction zone
[00319 Aaiditidhaldmatedals lopfbmaﬁyl epre&mﬂt finirthér eompositians t afride tpmesent

conten th a catal onp r
inveggn H%C Vgé‘t &5 HPBF’&@/ g‘??ﬁss@ qdaOﬁ Cﬁ eéra‘ﬁ%r e af
(e.29" S@hie, tiligd) J&aoﬁuﬁxmaefyambl lynt@ﬁmtc&nat hmmﬁr@o@naﬂ&
' and at a residence tine- 05 rg nut es R’PC § S\yhe used
eurqpis: epdaliais) (i, FHCARIL-SRAEP Y’é‘é?s‘j“ DRAVTES TRy e
the ?«;&M%ﬁﬁqa@}wﬁ; b8 uBe Y A8 ameRAP Whidh dbedhotl si@sificabfly mbdes%y
-one or nore C3 to C40 olefins, where the fir é
. affectthapfrmansapbiie sempasitiong e Frdurs NG emussions Fleas ‘i P i
hesEa64 of thed
P d6asRBitel e 1RT kiRt e ERTIRR ued whed
reaction zone the C2 to C40 olefinis a C3 to C40
al pha-olefin. This invention further relates to a
conti nuous process to produce a branched ol efin
pol ymer conprising: 1) s&ecting a first catalyst
conmponent capabl e of producing a polymer having an Mwv
of 100,000 or |ess and a heat of fusion of 70 J/g or
| ess (preferably 10 J/g or |ess) under sel ected
pol ymeri zation conditions; 2) selecting a second
cat al yst conmponent capabl e of produci ng pol yner havi ng
an Mv of 100,000 or less and a crystallinity of 20% or
nor e (preferably 30960r nDre) at the selected
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This invention further relates to a continuous process
to produce a branched ol efin polyner conprising: 1)
waeisovispy) a first catal yst conmponent capabl e BET/US2005/012982
produci ng a pol yner having an Mv of 100, 000 or- | ess
prod@d‘tdyleldhﬁafheocfradkmgl caralyk. 7 \gégprdr thie e&kht(qnaleﬁmtealblsywﬂb

or |ess), bl e | Zi cro

comm‘ |“Hd“9r%§@P|aP@‘t g E#?P%[E %‘gﬁﬁeef%l OB%I gn Pi zé’tsel on

howéveR Oihki SHeScomposifiGsestt kHRYindeteD ROnsisat ahmtﬂbc@mmermx
capable of pr.oduci ng macronononers having reactive
redugtion zeplite andamippregniondedoo or | ess and a crystallinity
[oosgf ﬁ’%@c@l £ d H@fy@ﬂa@ﬂﬁﬁé oRpbsftiGRY 0P théGhiRhtie shbBEd have a
ected polynerization conditions; 3) contacting a

 partidatsideysufficientso permit theneorenosiinne ioa be icatlated thiouslne the
a
- roclRifulmed By i 8 Blidiy Lol iR ERkr e MerOe it
Typrtdlkyrth& 6ﬁ®qsm§»n d)f dte lavemesn wélddwve arrecapfpantinge ﬁ’Z‘h Qf greatey

v 53y SROEASSCHL B Y 52 Mg 08 s 20

mbsttpieﬁraﬁslcfﬁﬁﬂ abcﬁrasi tcmboilt)rﬁé) jangl eferr mherprcfbn’cdiﬁ'bm@otlh@

contents w a cat, onponent ., . ana trvator
to abgyp 1 2 H?bre E‘gﬁxo?fe?'] ndnvegpion t’fpér?pgr ils eD%r"
amlt%eraa@;r(mﬁadruam&s(tmﬁmnamyp@feemlﬁ lest ktean abO@OZD), s d
at _a residence t|rre of 120 mi nutes or |ess,
prefepahinlessth ?ﬂ]%i’o%l m nutes or less); and 5) optionally,

[oosé]fwﬂﬂé Qﬁé Eﬁ’cﬁeﬁthﬁv&ﬁﬁﬁ e8tifor af niitee t©eanngartiedat Ip@cb’i:ei’sﬂ o
to ath eaction zone and_further, .cont

' tin
prepasaitic P 5 PAIEURA Sere MBSO RRPPoSHOR Y G
eRfihipsy the NG rb@IEaEH 2ddht 1
prep ég}?cggfgorrﬁﬂﬁ%%ngguéoﬁs % ef erlz;gll%y %]r égtrer t han 10%8%?01]3
zeoliternomppnents; theiiprsgasic hindes apfl op3ional Maltis Malgrialse ican amourit
| sufﬁ{)@r’ft% ﬁk@ﬁk ¥it @%t 7.9 ldJe t Bredi@ SSONO Adudion Z86I1RY @i Adedt
r conprising at | east 50 nole%
© 5.0 vefight percent qul@emamalonohq) ﬁeral pRalysifeddisive gemppsitign and,
| Ele®n
eSS FATVRIA Bl i fuat RSt pa
are qeiooally duakai ersuﬁfmt deniperdtere fon agsuffigienit tigpdo remove
reactj on t
o EER O RO, Bt ST % B SN s
prefopred embasdientyuf delineentiore tied WOk refustipnzeditel egizinivgdqegsbse -

s SER01 R o bR Bl PR Bt R0

contaﬁllied| iaske slngly & Memh @flessuseferaldfy 570mbrdessy mlosts;seferably 3

um oy R GRS HERY R PRI B Lt for LG o e

brnd&%ﬁ&ﬁﬁm@tﬁk@ﬁa‘i@ials@@ﬂ&ﬂ’e@nt Capabl e of pr oducr ng :
macr onononers having re ctl e(grm ni, an MN?f 30..000

0034, Thespeay=gigd SOBPSFRIORIMAY et Bbg tinsinge @pg &ret ey

sufidOYoLO FerfBRE $dlatiiRd akOfFb@aE 'sﬁfﬁcién@ éhhﬂhys%tto mﬁmribr uselis
or nore activators and one or nore to 40 1@%%9
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5,470,811 1, and 5,719,241 all of which are herein
fully incoiporated herein reference. It is further
contenpl ated that one or nore of the catal yst
compounds descri bed above or catal yst systens may be
used in conmbination with one or nore conventiona
cat al yst compounds or catal yst systens. Non-limting
exanpl es of m xed catal ysts and catal yst systens are
described in U S. Patent Nos. 4,159, 965, 4, 325, 837,
4,701, 432, 5,124,418, 5,077,255, 5,183,867, 5, 391, 660,
5, 395, 810, 5, 691, 264, 5,723,399 and 5,767,03 1 and PCT
Publ i cati on WO 96/ 23010 published August 1, 1996, al
of which are herein fully incorporated by reference.
Preferred nmetal | ocene catal ysts used in this invention
can nore specifically be represented by one of the
foll ow ng gener al f or mul #8 (all references to G oups
bei ng the new G oup notation of the Period Table of
the El enments as descri bed by Chem cal and Engi neering
News, 63(5), 27, 1985): [([(A-Cp)MXI+)JI[Br-) (4)
[([(A-Cp)MX1L] +)Ji[Bf-) (5) wherein: (A-Cp) is either
(Cp), (Cp*) or Cp-A -Cp*; Cp and Cp* are the sane or
di fferent cycl opentadi enyl rings substituted with from
zero to five substituent groups S", each substituent



hydr ocar byl , substituted hydrocarbyl, hal ocarbyl,

substi tuted hal ocarbyl, hydrocarbyl -substituted
woe@anesset al | oi d, or hal ocarbyl -substituted  PCT/US2005/012982

organonetal l oid; and z is the coordi nati on nunber of

ExXAgpreEgnent J; y is 0O or 1; L is an olefin, diolefmor
‘_ETVﬁé_Tlgand L' is the sane as L, and can

additionally be an am ne, phosphine, ether, or sulfide
: EQ%%—aﬁgé or any other neutral Lewis base; L' can al so

cond transition netal conpound of the same type

[00s2]: A ¢ongpositibe containing tede MENM-€T arld 40P@icldf baune vhihl zog(edhdfay

- sonhalfife o gt ed DS el ROl RS coliane HCh
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[ ] Gal . - nucl il [ e
(R EER Thi. el S andif Bl EpiaE Bl ol Sl SR Hom.
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om,t he rea ti.on,of a Lewi act oy, with t
arigl G St PRl e Horr B SRS SER. BliEVEL b o gve
a caylybewitlle NapOlieet] bnlebothan baewtds. 4The\/jheﬁbr3es dfShelcatalyst are

Lewi s-acid activator, X can also be an al kyl group
shogrinilabledy t he Lewi s-acid activator; and d is an

i nteger representing the charge of B . The catal ysts

are preferably prepared by conbining at |east two

- EXAMBIdh2nts. In one preferred method, the first

[Oﬂﬁ?jnR Q‘Bﬁxﬂgsﬂlén élong%'? 1'1 oQ&%;b%%:' a HyJO‘VdaES\% M@l}nd\(ﬁtho% n/a Sl% %(ﬁ
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at least-  one lig contained in sa

- Thecgligrotph dindes wag Pféb’cﬁﬁfb fremt %Od’éﬂﬁljmhcﬁ%?ﬂdcm %lumaifhm gatalyst '

slardPvadeh bty Hﬁecﬁh‘a'}?cfwé} s§+apsah@r qunﬁ.g gﬁﬁﬂ&@bﬁauct
conprising a plurality of I'ipoph |c ra

 wascyodird mrtwarnmemdinrmtﬂfe@ gobutigndft hwed by mtfm te @iveraatatalyst

witl Q"NE?U vl DR IS RR 1 R8s mﬁlé‘br ?Ex’iﬁ@é 8‘1%9 nggt ow?ﬂn
ani ofi conprising a pluralit boron ato suc

Tabol.yhedral boranes, carboranes and netallacarboranes

“_In neral , suitable anions for the second conponent
Emzﬁﬁggg%3any stabl e and bul ky anionic conplex having the

[oo&qlA @wnaaslmﬂ e&uéla,hgato% infdeRfte ahd dobs cﬁpluaun& el $ho,

have a | ecul ar dianeter greater than 4 Angstrons; 2)
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car boranes, netall acarboranes, pol yoxoani ons and
spraysirish PEOdBEioN#f WashedYYith GmmIcaiiEs ﬂdfaée sedutiong fodleywed byl water
the chemcal literature. The cation portion of the
second component may conprise Bronsted acids such as
protons or protonated Lewi s bases or may conprise
Lewi s acids such as ferricinum tropylium
tri phenyl car beni um or si Per cations. In anot her
preferred nmethod, the second conponent is a Lew s-acid
conpl ex whi ch Wil | react wwth at |east one ligand of
the first conmponent, thereby form ng an ionic species
described in fornulae 4-6 with the |ligand abstracted
fromthe first conponent now bound to the second
conponent. Al unoxanes and especi al |l y net hyl al unoxane,
the product forned fron1the reactlon of

T L




The Goup 4 netal conpounds; i.e., titanium zirconium
and hafnium netal | ocene conpounds, useful as first

waerpsowmsas (pre-catal ysts) in the preparation BET/UR®05/012982

preferred nmetal |l ocene catalysts of this inventi.on are’
to gw& la0RRIN R Wiy Naderivelof Y65 tih (L1 Wa%l UThe Biopertiey ofthe
and hafnium In géneral, useful titanocenes,
caszﬂa&nmoenasTaﬂﬂlhafnocenes may be represented by the
- follow ng general formulae: (A-Cp)MX 1X2 (8) (A-Cp)M
(9)wherein: (A-Cp) is either (Cp)(Cp*) or Cp-A -Cp*;
EXAMBIRY Cp* are the same or different cyclopentadlenyl

[ooq;]&ggg%gﬁ’éﬁ%%u&m o et 66% aybonad Wih b0l SHea
sol w&’cﬁﬁwﬂf %yp:ﬁ‘ed &sdfoqaws OA R Hguewhl shitry @on@almgi D59% Teblitk ,

substitu drocar byl , hal ocar byl

L (Ss,@aézﬂzﬂet-eﬁl\haﬂ m&laé wya Draigailh cshedwlleg elite L wewy (5050g)
wasgaianre v apde Mk SRR Bl S0 diicn et indr 0%

soluﬂﬁ)l The Qﬂ?lga sS1Wisdelr twkib @fbp@i&alfm\ggﬁﬂlm silla:ite) gad ad\f;ﬁdhﬁﬁl’&m
: and Cp* are opent adi en I C
catafss S AR Ren PTG B BEEV OB Mt AR RreY ‘%fé
procfdc@ Gvds Qv h¥E with eRirhbrade GulBite @&Et&ﬁri,l lfﬂl(ﬁfédp@ W@Wﬂd give a
cycIoPentadlenyI | i-gand;

A brid rou
cunbst vl § bl Igickot s i Lybrolune Pieriglisdi o
" hJ@ ged with fromzero to five S radlcals as
SOHEF? 8%°above; x is fromoO to 5 denoting the degree of
substitution; (JS z-i-y) a heteroatom|ligand in which
el enent from Goup 15 of the Periodic Table of
Exéﬁéﬁéﬁgs with a coordination nunber of 3 or an el.enent
[00d6] m&pwmh&omaimn@m M(CMrSzﬁtamcb nommeround with 26% silicas

|caI oup whi c ubstituted o
sof ({3 liiee iy ey PEAPHES by Pl b FERl SUFD SR BYE 21.8%
Mcw-ésqswzbyi biQ)IWashﬁdedarnganﬁmemm |'Tohie Ghyilled MCM-56 slurry:
hal ocar byl - substltuted organonetal | oid; and z is the
(5765@) veis mambined mithb@p0p Natkh slag|(énbatis) rnd 60DQe silicagiobbinder
[
(1o% D B P Bilak PR profyed firh B0ARIGHR o 3B
ThelclagﬂYBﬂ sluoy vazayhemtShmy dnied, firr aBowgwmfa)bélm '[he Teswiing| swy

cond tr L

arie] e RE SR b F Wi Bl B S R ol 6 RGO
a calflystrwdthé NafO el ef lnssl\ihmh@ﬁ wttie Beneopretiesi Qfgh%@tﬂWSt N‘e

lhas the sane neaning as X1 and X 2 has the sane -
- showmamialeds X2 where such dineric conpounds which are -
precursors to the cationic portion of the catalyst are
represented by fornula 7 above; wis an integer fromO
to 3; and X1 and X2 are, independently, hydride
radi cal s, hydrocarbyl radicals, substituted
hydrocar byl radicals, hal ocarbyl radicals, substituted
hal ocar byl radicals, and hydrocarbyl- and
hal ocar byl - substituted organonetal | oid radicals,
substituted pnictogen radicals, or substituted
chal cogen radicals; or X1 and X2 are joined and bound
to the netal atomto forma netallacycle ring
contai ning fromabout 3 to about 20 carbon atons; or
X1 and X2 together can be an olefin, diolefin or aryne
| i gand; or when Lew s-acid activators, such as
nmet hyl al unoxane, which are capable of donating an X1
| i gand as descri bed abov o the transition netal
conponent are used, X1 and X2 may i ndependently be a
hal ogen, al koxi de, aryl oxi de, am de, phosphi de or
ot her unival ent anionic ligand or both Xland X2 can
al so be joined to forma anionic chelating |igand and
Wth the proviso that X1 and X2 are not a substituted
or unsubstituted cycl opentadienyl ring. Table A
depicts representative constituent noieties for the
netallocene conponents of fornulae 7 10 The |ISt S

o, . o L,



where sone conponents are listed in Table A To
illustrate nmenbers of the transition netal conponent,
W@ 0080998981y conbi nati on of the species |isted POT/UsiE612982
A. For nonencl ature purposes, -for the bridging group,
A, the words "silyl" gugledi | yl ene” are used
i nt erchangeabl y, and represent a diradical species.
For the bridging group A, ethylene refers to a
1, 2- ethylene nk | SLI shed from
et hene- | )}J ‘?‘%BS?Ra%‘F‘§? ‘Aéﬁgzr}%é ng group A,
etherne and "1,2- ethylene" are used
i nt er changeabl y. .Fqor co ounds Si ri
group, A théx‘iﬁ“’regxge Ap Vf IEonA|d gﬁics lﬂ%ltweB gg(!llp\%E
cyclopentadlenyl-type ring is always considered the
fv@1msi=t .iva@, Thuses f or exampl e, thesuse ofs.11 5.09
$i0; f1I fl uang LSI : $5.d tnt etrch,gngeabl evept hftthemlgfse of I 75.4
uoren [ustrativy gcompou 0 or nu
AlGs e arék’/”‘bl s( c¥cl opent £aitenyl ) hg??ﬁr um di’ thyI B
RE@i hy| eneti%s (t et .8thydr oi Wefnyl ) zi PdBni um AHI dr yde?-01
Nazdgi s( p(ﬁnltvam:et lh)(/:<b &dar coniTunzdi et Ih),eb,020 ; <0.023 <0.022
i methylsily oreny cycl opent adi e titan
Fe i chl or'i'dé and §ﬁ§ Ilke(héllustrgggve COQ%%bndS o? ?Le
TiOf or ul & V8% ype &P%: bi s@pcl opent 1d8i enyl )%32,3- 0 °
|gobutad|enmy2|rcon|un1 1.681 '
bls(cyclopentadlenyl)(2,3-d|nethyl-l,3-
~ sa but adi eng)zi rcopj 238 269 258 218
Zcﬁils(pentanethyl %FIopentgglenyl)%gfnzene)@ rconluql
(pent t hyl cycl opent adi enyl ) ani um et hyl ene and
Matbte | i ken20l | | us®Pative c®hpounds ¥f the f& nula 1P4
type are:
dlnethyIS|IyI(tetranethylcyclopentad|enyI)(t butyl ani d
o) zirconiumdichloride, 5
et hyl eneCnet hyl cycl opent adi enyty henyl am do”i t ani um
di met hyl ,
nmet hyl phenyl si | yl (i ndenyl ) (phenyphosphi do) haf ni um
di hydri de and
(pent anmet hyl cycl opent adi enyl ) (di -t - but yl am do) haf ni um
di met hoxi de. The condi ti ons under which conpl exes
containing neutral Lew s base 0 |igands such as ether
or those which formdineric conpounds is determn ned by
the steric bulk of the |igands about the netal center.
For exanple, the t-butyl group in
Me2Si (Me4C5) (N-t-Bu) Zrd 2 has greater steric
requi renents that the phenyl in Me2Si (Me4C5) (NPh)zZrd 2
Et 20 thereby not permtting ether coordination in the
former conmpound in its solid state. Simlarly, due to
the 5 decreased steric bulk of the
trimethyl silylcycl opentadi enyl group in
[ Me2Si (Me3Si C5H3) (N-t-Bu) Zrd 2] 2 versus that of the
tetranet hyl cycl opent adi enyl group in
Me2Si (Me4C5) (N-t-Bu) Zrd 2, the fornmer conpound is
dineric and the latter is not. 0O TABLE AREVERSE- TURN
M METI CS AND METHOD RELATI NG THERETO CROSS- REFERENCES
TO RELATED APPLI CATI ONS This application is a
continuation-in-part of co-pending U S. patent
application serial No. 10/826,972, filed April 16,
2004, which is a conti.nuation-in-part of co-pending
U S. patent application rial No. 10/803,179 filed
March 17, 2004, which is™a continuation-in-part of
U S. patent application serial No. 10/41 1,877 filed
April 9, 2003 (now abandoned), which is a
continuation-in-part of U S. patent application seria
No. 10/087,443 filed March 0 1, 2002 (now abandoned),
which is a continuation-in-part of U S. patent
application serial No. 09/976,470 filed October 12,
2001 (nom1abandoned) Thi s appllcatlon al so clains
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revi ew of various conbinatorial chemcal libraries has
identified a nunber of such techniques (Dolle, J. Com

wW@h@s109982€ 3) : 383-433, 2000), including the useCDUSO$/H12982

tagged and untagged |ibrary nenbers (Janda, Proc.
EXARIBLE §cad. ScL USA 9 1:10779-10785, 1994). Initially,
conbinatorial chemstry libraries were generally

1006710 heeability odeiddisives HFE frepediicgeNQemissisine foindtbe HCCyinit. wako

valubl , TS t Lo il lcust paté
oveed 8t P38 OGS Rl I, i Mgy o b DS
has ibter pttilisied inshdivdlovinggmpenGe Wa A cub,eG.ddrWeathérbee, aid S.

eptide libraries via it.synthesis techniques . .
W. PRl Smplali s e AL RE G v St B Rk B iser
(DCi&)Zlﬁlbt ,plab? aﬁ_ﬁt,’BiNaqb@l Mdleulﬁrlkgflineksehksqc%ﬁéxl@@g?%? JPaper
‘ i s technique, soluble peptide |jbraries -
AM@%%?L%W d} Qs %qaﬂm ArbisEeROTRG erehygiRestospane in the
Lab&iaicy," el Fluid Chtdig iy @latigts: Macd m&mﬁ&@%&ﬁ, 9. B€Magee-and
effective in the identification of opioid peptides,
M. My, Mitchell. dia Blse Afudies impgrface Seienes.aad ikaghuis Yolpme db.ay 28hd
ElsdyRY 8Bl PubllfsfersBLY S AmstbRAR; 1993 71sprP8:3)4-3504-8 The DCR.
N-acyl at ed peFtlde [ibrary has been used to identify
was gtarted np hy chamginglihewnit wish eprroxapatelyd! 896 g oquilibriunt Dualysy
: . L. - 10, Z >
nelgErerict e Pl Tt bejo PR T i et
are pwpharited lin bableyl #hoyeb&enthe pugtosescafatiisaest, scomaeereid] FOE

I [.C L Y] j "m.) opioid
feed?vga%é‘%?dzlj%a%‘(“%gﬁ&# é‘i?%’f“%%%{ B3 W0 PR3 hetl) 51 0, ,
1994) . Wii |l e conbinatorial libraries containing nenbers
of peptide and nucl eotide origin are of significant
value, there is still a need in the art for libraries
contai ning nenbers of different origin. For exanple,
traditional peptide libraries to a |arge extent nerely
vary the am no acid sequence to generate library
menbers. VWiile it is well recognized that the
secondary structures of peptides are inportant to
bi ol ogi cal activity, such peptide libraries do not
i mpart a constrained secondary structure to its
library menbers. To this end, sone researchers have
cyclized peptides with disulfide bridges in an attenpt
to provide a nore constrai ned secondary structure
(Tunelty et al., J. Chem Soc. 1067-68, 1994; Eichler
et al., Peptide Res. 7:300-306, 1994). However, such
cyclized peptides are generally still quite flexible
and are poorly bioavailable, and thus have nmet with
only limted success. Mdrre recently, non-peptide
conmpounds have been devel oped which nore closely mmc
the secondary structure of reverse-turns found in
bi ol ogi cally active proteins or peptides. For exanple,
U S. Pat. No. 5,440,013 to Kahn and published PCT
appl i cati ons nos. W094/03494, WX1/00210A1 , and
W01/ 16135A2 to Kahn each di sclose confornationally
constrai ned, nonpeptidic conpounds, which mmic the
t hree- di nensi onal structure of reverseturns. In
addition, U S. Pat. No. 5,929,237 and its
continuation-in-part U S. Pat. No. 6,013,458, both to
Kahn, disclose conformationally constrai ned conpounds
which mimc the secondary structure of reverse-turn
regi ons of biologically fctive pepti des and proteins.
The synt hesis and i denti44 cation of conformational |y
constrai ned, reverse-turn mnetics and their
application to diseases were well reviewed by Cbrecht
(Advances in Med. Chem, 4, 1-68, 1999). Wiile
significant advances have been nmade in the synthesis
and identification of conformationally constrained,
reverse-turn mnetics, there remains a need in the art
for small nol ecules which mimc the secondary
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ki nase gl ycogen synt hase kinase (GSK)-3 b and
b-catenin (Su et al., 1993, Science 262, 1734-1737:
woms/oesoml ., 1996 Genes Dev. 10, 1443-1454: HeQEER1008012982
al ., 1997, Proc. Natl. Acad. Sci. USA, 94, 242-247:
Sakanaka et al., 1998, Tabdec2 Natl. Acad. Sci. USA, 95,
3020- 3023: Sakanaka and WIlliam 1999, J. Biol. Chem
274, 14090-1 4093). Phosphoryl ation of APC by GSK-3b
regul at eprdpBifiel SRl taRlysitedth DERGegAL ent N, whi ch
in turn may reqgul ate the signaling function of
b-catenin (B. - Rubinfeld et al., Science 272, 1023,
1996) . Wit signaling stabilizes b-catenin allowing its
transl ocati O'Sié)? t he nuc{ygyys whepgoit interacts with
menbers of the Iynphoid enhancer factor (LEF1 )/T-cel
factor (TCF4)A|1°&m' ly of: W%nscriﬁ?-ﬁon factors (Behrens
et al., 1996REgbyre 382, {3R- 642 9. 3#su et al ., 1998,
Mol. Cell. Biol, 18, 4807-4818 : _ Qet all., 1999
Sci ence 285, NPg93-1926): Wikcent | §-3¢- nyc, a known
oncogene, wageShown to bg @ targefggene for
b- cat eni n/ T 2-nediated transcription (He et al., 1998
Sci ence 281 T88o-1512: #+%igs el-2| ., 1999 M. Cell.
Biol. 19, 56 706) . Mapyy, ot herg gygort ant genes,
including cyclin D1, and netall oprotei nase, which are
al so invol veMiin oncogen®d¥i s, ha 81pbeen identified to
be regul at edyby TCF4/ bat ggat eni M4geanscri ptiona
pat hway (Crawford et al., 1999, Oncogene 18, 2883-
2891 : Shtutman et al., 1999,  Proc. Natl. Acad. Sci.
USA., 11, 558A- 5527 : Tem¥gy and #B&orni ck, 1999
Nature, 398, Azxfitd26). Mpygover, qogerexpression of
several downstream nediators of Wit signaling has been
found to reguiatrix apopt:o'é‘,'l(% (Mori€9 et al., 1996, Proc.
Natl. Acad. Sci. USA, 93, 7950-7954 : He et al., 1999,
Cell 99, 335-345 : Oford et al, 1999 J. Cell. Biol.
146, 855-868: Strovel and Sussman, 1999, Exp. Cell
Res., 253, 637-648). Overexpression of APC in human
col orectal cancer cells induced apoptosis (Mris et
al ., 1996, Proc. Natl. Acad. Sci. USA., 93,
7950- 7954), ectopic expression of b-catenin inhibited
apopt osis associated with |loss of attachnent to
extracellular matrix (O ford et al, 1999, J. Cel
Bi ol . 146, 855-868). Inhibition of TCF4/ b-catenin
transcription by expression of dom nant-negative
mut ant of TCF4 bl ocked Wht-1 -nedi ated cell survival
and rendered cells sensitive to apoptotic stinmuli such
as anti-cancer agent (Shaoqgiong Chen et al., 2001 , J.
Cell. Biol., 152, 1, 87-96) and APC nutation inhibits
apoptosis by allowi ng constitutive survivin
expression, a well known anti-apoptotic protein (Tao
Zhang et al., 2001 , Cancer Research, 62, 8664-38667).
Al t hough nmutations in the Wit gene have not been found
i n human cancer, a nmutation in APC or b-catenin, as is
the case in the majority of colorectal tunors, results
in inappropriate activation of TCF4, overexpression of
c-myc and production of neoplastic growth (Bubinfeld
et al, 1997, Science, 275, 1790-1 792 : Morin et al,
1997, Science, 275, 1787-1 790 : Casa et al, 1999,
Cell. Gowh. Differ. 10, 369-376). The tunor
suppressor gene (APC) isyj ost or inactivated in 85% of
colorectal cancers and in a variety of other cancers
as well (Kinzler and Vogel stein, 1996, Cell 87, 159-1
70). APCs principal role’is that of a negative
regul ator of the Wit signal transduction cascade. A
center feature of this pathway involves the nodul ati on
of the stability and localization of a cytosolic poo
of b-catenin by interaction with a | arge Axin-based
conpl ex that includes APC. This interaction results in
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of reverse-turn regions of biologically active
peptides and proteins. This invention also discloses
WO Rimsapeses cont ai ni ng such conpounds, as wel | BST/URE05/012982
synthesi s and screening thereof. The conpounds of the
present ‘i nventi on have TApld 8l | owi ng general formula
(I): wherein Ais -(CHR3)- or -(CO-, Bis -(CHR4) -
or -(CO-, Dis -(CHR5)- or -(C=O-, Eis -(ZR 6)-
or -(CO-, Gis -(XRr). n- , -(CHRr)-(NRB)-, -(C=0) -
(XR9) -, or -((ﬁ'@}"?’?'eWi)f%edWéﬁt?CBm(wc:q NH, -(S®)-
or is absent, Y is oxygen, sulfur, or--NH, Xand Zis
i ndependent|ly nitrogen or CH n=0 or 1; and R > R2,
R3, MFIGevitr@60RF. Rs and RO are tB&2same or
di fferent and i ndependently selected froman am no
aci d S4fde Wti%ai n noi ety or- deri vati v®02der eof, the
r enaiTothe Nitedgenh&t.9pl ecul e, a linkergagd a solid

SUPP@LL: ter.epi soners thereof. | n an enbodi nent
Merga%'ﬁ(‘ﬂﬂgg??'c‘fﬁpgs)-, Bis -(C=0P937® i s -(CHRS)-, E

IS -e6n Lo (XRr) n- , the_conpounds of this
[ nvestgp'og)r?-sﬁg?é%@éb@'ﬁl owi ng formul QO?‘I [): wherein W
X, YF%Q%HF are as defined above, an% Rl, R2, R, R5
and R/'are as defined in the follomnﬂb detai | ed
descNAIR®N. I n an enbodi ment wherei B7A is -(C=0) -, B

i's -%&Qﬁék -, Dis -(CO-, Eis -(ZR 6)-, and Gis
-(Cc=0) - 9)-, the conpounds of thi%#*invention have

t he ' Sull A11): wherein W X and Y are as
defigled'l'%g%\%t{'%{'%“%f' %SGen or CH (wWth the proviso
thatYwhen Z is-CH, then Xis nitrog, and Ri, R2,
R4, Re and Rg are as defined in thesfgol 'owi ng detail ed
descqg ption. In an enbodi nent wherein Ais -(CO-, B
is -{CHR 4)-, Dis -(CO-, Eis -( )-, ‘and Gis
(XRn- , the conpounds of this invi&dtion have the

fol 18w ng general fornmula (1V): whegsgin W Y and n are
as g¢gdp ned above, Z is-nitrogen or1%—§(when Zis
nitrogen, then n is zero, and when Is CH then X is
nitrogen and n is not zero), and Ri, R2, R4, R and
R7, are as defined in the follow ng detail ed
description. In certain enbodi nents, the conpounds of
this invention have the follow ng general fornula
(M): (M) wherein Ris a phenyl group; a substituted
phenyl group having one or nore substituents wherein
the one or nore substituents are independently

sel ected fromone or nore of am no, am dino,

guani di no, hydrazi no, am dazonyl, C _ 4al kyl am no, C

- 4di al kyl am no, hal ogen, perfluoro G -4alkyl, C

-4al kyl, C). 3al koxy, nitro, carboxy, cyano,

sul furyl, and hydroxyl groups; a benzyl group; a
substituted benzyl group with one or nore substituents
where the one or nore substituents are independently
sel ected fromone or nore of am no, am dino,

guani di no, hydrazi no, am dazonyl, C -4al kylam no, G

- 4di al kyl am no, hal ogen, perfluoro G ~al kyl, G

- 3al koxy, nitro, carboxy, cyano, sulfuryl, and

hydr oxyl group; or a bicyclic aryl group having 8 to
11 ring nenbers, which may have 1 to 3 heteroatons
selected fromnitrogen, oxygen or sulfur; Rbis a
nmonocyclic aryl group having 5 to 7 ring nenbers,

whi ch. may have 1 to 2 eroatons sel ected from

ni trogen, oxygen or sultur, and aryl ring in the
conpound may have one or nore substituents sel ected
froma group consisting of halide, hydroxy, cyano,

| ower al kyl, and | ower al koxy groups; Ris a saturated
or unsaturated Cl-6al kyl, G -6al koxy, perfluoro C
-i-6al kyl group; and X1, X2, and X3 nay be the sane or
di fferent and i ndependently sel ected from hydrogen,
hydroxyl, and halide. The present invention is al so
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phosphoryl oxynet hyl oxycar bonyl , di nmet hyl am noacet at e,

di net hyl am noal kyl car bamat . es, hydr oxyal kyl s, am no
w@eiod/09ghs/cosy |, substituted or unsubstituted PCT/US2005/012982
pi peri di ne oxycarbonyl, or a salt thereof; and wherein

t he prodrugs are capable of serving as a substrate for

[Oo%%ﬁver p’f%t \?g‘s opttated Wi Pﬁxéﬁkégﬁ %gﬂgt}érr etngl%fc?bé( d w1th the

npoun aving gener al ornu

odi e ok t e I )

regﬁ‘be{rm‘?x %l“fn 18 aéifog %f 53 pE}) Rgteg Eto&s&'ﬁ‘loﬂ%b?rlﬁiw tfe b {)g;eg%eotdp.
emiski@ny [dagewtrei mnemd QBing &mabxshndl Lac-lS%ldr dS(DQ/bIlQi rAnalyzer
contai ni ng one or nore conpounds of fornula (1) above,

(SM8108d))] Subsequsntyd80 o cetphsthwsre inicgted iup the BERr qoasistifgd
of T HEGR ACAmETaRI SR SEAOLCoR B PeroH (BRI iy
na e AReirer PO &SRR PR BB Rt Ve e

Cyaimoﬂylafel Steding Hbthod (CES)nd ieuitivtimrcatadysal The dedoriptieh

of B RRURE P Gt 4 Pl 19ERRka o v gy X Rudesil

"Cmﬁﬁm&ﬁﬂ)&tn\faﬂbrﬂhﬁcﬂM@ia)-Deh?dragdnﬁhﬁi Effec@s Dafihg C‘glblﬁ:
present invention provides a nethod f ﬁ@a erforn1nf Sre

Prqwlﬁm Rigamg of FludGaplyds tckiag VIS VatipR g, e
BRoEArBb Qro%esfsinﬁ UatdhRsA A0 §Bposhie Siieé BEAFCIT1NT996),
otein, said frrst ‘co-activator conprising a binding

ISB?E)018F1%'541L1)©(LL LXXLI or FXXFF wherein X is any amino

[00%%]'( Afer me ORI LdGin! | the INOP eRfdsIonat dita B Hﬂﬁcted

eracting protein wt “a test conpound; and (.c)
Thatesfest 2 Wge af the additye tp bebtesie] mlpngevie 85258 @ffPtrlzqsed Cco

prom%te@ QJa's \c{&} ? Ecg ﬁ@ %CtRh o Q%%ﬁ?zﬁ';: L BEbraGh q1a91e '4rbeich@

npoun aving general fornmula (1).
[OOTh]eApslmelnn tlnaﬁ%lﬂand ruhéalFIéiURﬁ o&tddi@‘sesrﬁsthm%@ E e effective

. in %ﬁlgc\é%nﬁd" i sil?#sri?o%]i B‘r‘l'sor équﬁﬁ?rasﬁ%cicﬁﬁtms ‘%‘é g%pwglly

—

e treate
effq‘mw emtcbdeamgnganmmﬂpmuwathmn &ﬁmﬁomﬂyl afffecting tthe cracked
sen@. entl ﬁ,ﬁds tunor or cancer (e.g.
p“’%ﬁiz' & 8% ABr §7°° Pest enosi s associ ated with

angloplasty, polycystlc ki dney di sease, aberrant

angi ogenesi s di sease, rheumatoid arthritis di sease,

ul cerative colitis, tuberous sclerosis conplex, hair

| oss, and Al zheiner's di sease. Such nethods conpri se
adm nistering to a subject in need thereof a conpound
or conposition of the present invention in an anount
effective to achieve the desired outconme. In a rel ated
aspect, the present invention further provides nethods
for pronoting neurite outgrowmh, differentiation of a
neural stemcell, and apoptosis in cancer cells. Such
nmet hods conprise adm nistering to appropriate cells a
conmpound or conposition of the present invention in an
amount effective to achieve the desired outcone. These
and ot her aspects of this invention will be apparent
upon reference to the attached figure and foll ow ng
detail ed description. To this end, various references
are set forth herein, which describe in nore detai
certain procedures, conpounds and/or conpositions, and
are incorporated by reference in their entirety. BRI EF
DESCRI PTI ON OF THE DRAW NGS Figure 1 provides a
general synthetic scheme for preparing reverse-turn

m metics of the present iZAvent i on. Figure 2 provides a
general synthetic schene for preparing reverse-turn

m nmetics of the present invention. Figure 3 shows a
graph based on the neasurenent of IC50 for Conpound A
of the present invention using SW80 cells, wherein
cell growth inhibition on SW80 cells was neasured at
various concentrations of Conmpound A prepared in
Exanple 4 to obtain the |1C50 value. SpeC|f|caIIy, t he
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hours post-transfection (as described in Exanple 7).
Data represent the nean of three independent
wezpsndsesit s (SD). Asterisk indicate P < 0. 05. PEI/YS2085/012982
Compound D phenotypically corrects deficient neuronal
differentiation in PC 1214&\{?{ expr essi ng nut ant
PS-1/L286V cells. Miutant cellswere exposed to 10 nmnM .
Resnstiomel W) emissaad froinghe tegensi@ior ofithe DayitoheCirculating Riser
(ICR) whemusing Zanitgteasedatidfives NEOS Btimad on stiRRamcironNgtiel time of
Acad. Sci. bHdngPt9B) cdmbustio A0Mdk) to hAunieurite . - -
Aaldditiyet i on andLexel erlBO®n @a=Flolwser vaND i n PGIA Redattion .
over expr essi ng (R$- 1/ (IHB6V uphn tr qaippai)t wi t h Qggpound
D. (B) GAP-43 (green) is significantly elevated in the
gglaant cells, and is seen igggthe newd.tes. (O
%antitati on of neurite outgrowh in PC 12 cells.
P &PSHf nut aB25cel |5 wi t B8%eurit e 16@ngt hs great er
: cell djpanmeters was,J.ess than 10%that Qf the
bgg %’%\-Q?r ansf egicgd an{i ovefgeolgpr essing PS-1/Wr i A" PC- 12
ggl Ll.s Nunber of nutant PS-SB]g L286V cgl ls that had the
Pi ned neurite |lengths wa Gi gnificantly increased,
epixcpsr eat nenp.2wi t h1 30 mMMdganpound{fy The results are
the average ( SD) of three independent determ nations.
Adeigive & i ndi catle P 4 0.05.91Fi g. 6. S8phrin B2 (E&RhB2)
receptor expression. |nmminofluorescence anal ysis and
EFAPCR were perforned to deéiféct EphBZ receptor
r ion (as scrjhed i anpl e . (A, B) EphB2
&é%e%?grs are %? ar | derm%gﬁ(at ed F%‘l neurites. of
A@aitioé ct r ansf ecfped and overgypressing PS- 1/ W gghls.
The intensity of staining correlates with the hi-gh
gxRfession level. (Q In cgg%r ast, Rg-1/L286V PC 12
ceils have markedly reduce phB2 receptor expression.
¢PB, TP8at nent @25 nuthdt cel8Fd with Cimpound D leads to
| hel.eased EphB2 receptor e ession, _which is focused
é\q&'ﬁ%‘fﬁts of néari te%outgrg&){’h. (E) gI%xpressi on g? :
l]ffq? 2 receptor has previously been shown to be .
scriptionally regul at e<§7%Guo et 381 ., J. Neurosci.
dF.3, 8842 (1997 23. Lppe 1, gyector-ty@nsfected PC 12
cells, lane 2, overexpressing PS-1/W cells, |ane 3,
_ AdditivedBr essi ng 1But an# PS- 186286V cel0%, | ane 4,28t ant
cells treated with Conpound D. RT-PCR anal ysis
i ndi cates nmessage for EphB2 receptor in cells
over expressing nutant PS-1/L286V is decreased conpared
to those in both the vector-transfected and
overexpressing wt PS-1 PC-12 cells. Treatnment with 10
nv Conpound D upregul at es EphB2 nessage. GAPDH i s used
an internal control.Figure 7. A Conmpound D arrests
cells in GL. FACS anal ysis was perforned on SW80
(1 ower panel) and HCT1 16 (upper panel) cells treated
for 24 hours with either Conmpound D (25 mM (right) or
control (0.5%DMSO (left). 5.5 X 106 cells were fixed
and stained with propidiumiodide (Pl). B. Conpound D
sel ectively activates caspases in colon carcinonma cell
lines. SWI80 and HCT1 16 (left graph) cells (105)
along with the normal col onocytes CCD18CO (ri ght
graph) were treated with either control (0.5% DVSO or
Compound D (25 mM. 24 hours post treatnment, cells
were |ysed and the caspase-3/7 enzymatic activities
were neasured. Relative fluorescence units (RFU were
cal cul ated by subtracti nésthe unit val ues of the blank
(control, without cells) fromthe treated sanpl es
(Conpound D or control) and plotted. Figure 8.
Conpound D reduces colony growh in soft agar in a
dose dependent manner. |ncreasing concentrations of
5-fluorouracil (5-FU) (0.5-32 mM and Conpound D
(0.25-5 M) were added to SWI80 (5000 cells/well) of
triplicate wells. Cells were washed and suspended in
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transl ational level. A Wstern blot analysis of
extracts of cells treated with vehicle (0.5% DVSO)

W@k@sm9982® nM or 25 nM Conpound D, or 5 nM 5- FRCTVES2005/012982

Taiﬂe s

performed using survivin 6E4 nonocl onal antibody (Cell
Signaling Technol gy). B. Survivin inmunofl uorescence
m croscopy. Cultured cancer cells were fixed and
stained with anti-survivin green. C. Survivin
i mrunof | uorescence m croscopy. SWI80 cells treated
Wi t.h Con‘pougpl D were fixed and stained with
a l-surV|g/|¢n green. Figure 15. Conpound D acti vates
thfé casm e B tivity (but not<theygaspage %m
cEivit ? S'Upp-r eSsi 8n of of hg |UR VTvi na,exg:rgssﬁon.
Cu.*eture CgE| s fh B wthRoflt tringfectidn of
cogstrudf &entai ning the survivin gene were treat ed
wi-gh stausp&ine (0.5 m\), Conpound D (2.5 mMor 5.0
m\zg, or botm The caspase 2 and caspase 3 activities
i nSt hese. cBl®s were neasured. Figure 16. Conpound D
pr 8not esga'él*:i g@aid W acsuppeess gnedfs thE s& @ vien
ex reSS|<om- :Siul‘t uf‘édccaEc Q€| Bsewnst or"W g’n@:ut o
trgnsf e@ D of~a construct containing the survivin
geBe were E@at ed with stausporine (0.5 nV, Conpound
D.‘QS 0 mV), Yor both. The cell death of these cells was
rreasured |‘£;ure 17. Compound D-increases the nunber
of‘,,cel I s§|2| *0. Cultured cancer ceI I S vvlth, Olg t;Lout
tr@nsfealibrigof@a Rolt RucR %nﬁam @ng t h& @WVFn
gea‘é wer® Ereat@d i ©ch st aus jsor e PO , cc8hpdlind
5 myu iﬂr\both FACS anal ysis was perforned on
thEse cel 1€ S?;md t he percentages of cells in Go are
i ngi cat ed. Figgure 18 shows the changes of
coﬁcentratgogs of prodrug A and its .parent corrpound in
rmlgse plisamgvmduh bheyi rbgre@s@ g;ntbrre:af@r el
botgus i i et ongofS prddiug gJ —par eat Q.srp(wnd
D| am)nd OpRodrdg A DETAIL b DESCR PTI g THE
NgeNT! AN ¥RE present invention is directed to
coq-tf ormatiormally constrai ned conpounds that mmc the
seg)ndary gtpucture of reverse-turn.regions of
bi @ ogi Iopgptlde and prot ei nséal so refegreq
hefi n ch &rigvefsest 48 n @i meB cH @ i s%l S Lc}f’: 2

di fgect e the@ odl dibrardes @iat my t Her ekd® Me

re@srse ugn\m metic structures of the present

m&nt i on ars useful as bioactive agents, including
(blﬁJ not Iquht ed to) use as diagnostic, prophyl actl c
anﬁ or trhe eut~| Cxnaggnt.s. Jh@ @\nero:seatur:ﬁ nﬁ
stifictur@ §a ragi e @ tHi $2ipvedtd ¢h2are gsed

hez i dertti Zi gat Mon  of bi oacti ve Tagent s haV| ng such
usgs. In the practice of the present invention, the
liQraries may cqntaln fromtens to hundredg to
t hGwsandg (or g ater) aoR |nd| Vi dual rever eturg
stidictur8s (al s@ ref efrell t§ herd n Ase" mefibers In
oné& aspezt of tlge gredent i Avent o.g,vﬁrevgrsg ur
mrretlcﬁtructuﬁe«sgsgc@ rAvE .L,.he§0|l'§0'n
formJIa-El) wherefn B i 5 -% F&’%¢ g(C— 0B
- (CHRY) - mor (c:oO)O, ;?@1 5)2 ror- ) S B
-(ZR 6)-© (C-O) : -, (CHR7HNR 8) -
-(C=0) - (XR9) (C—O) Wis -Y(C=0) - (C—O)NH-
-(SQ2)- or nothi ng, Yis oxygen, sulfur, or -NH, X
and Z is independently nitrogen or CH, n=0 or 1; and
Ri, R, R3, R, R5, Re, R7, Re and Rg are the sane or
different and i ndependel%?l y selected froman am no
acid side chain noiety or derivative thereof, the
remai nder of the nolecule, a linker and a solid
support, and stereoisoners thereof.In one enbodi nent,
Rl, R2, R3, R4, R5, Re, R7, Rs and RO are
i ndependent |y selected fromthe group consisting of
am noC 2 5a| kyI guani d| neC 2- 5al kyI

~A A 1 1 - 1 o~ o~ = 1 1 1t Nt I D L Y ~
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substituents are independently selected fromone or
nore of am no, am di no, guani di no, hydrazi no,
waniodageny/| , C - 4al kyl am no, Cl-4di al kyl am noPCT/US2005/012982
hal ogen, perfluoro G -4al kyl, Ci1-4alkyl, Ci1-3al koxy,
WHADIS CLAIPELYIS: cyano, sul furyl or hydroxyl),
pyrimdyl G -4alkyl, substituted pyrimdyl C 1-4alkyl
(where the pyrimdine substituents are independently

: fe a ,
L & ELBFGRA of ARARE NS, IHeor O bR Yeaiaf) fomg dying fuid
Ctaﬁlj}'fad Iqak:kmgmf maiyda@eﬁrboméfeﬁktum int&ilowet anlo¥dculaf weight
8%1 | ent a ko}éi)z/‘f nitro, carboxy, cyano, sulfuryl

V\é’r% §/|Sj’ PIRCESOMPINE- G - 4al kyl, substituted .
t ri azia-ényctifg a-Hakdexibon B H@m{gré #%idNGealytic cracking
tuents are independently selected fromone or

nﬁ@gafpf%ﬁ% hereiRNPx fonistRps Areciclased Hipar asegereration zone of
agl fladoaiytic@rackddl (F@Cﬁ.%’ opgra'tmé'qh@elr ‘Fﬁca{afﬂgmﬂ(s wtth a

hal ogen, perfluoro C:-4al - 4al ,
nFireiating ipvseory cgiape, FCSQJICFW(W% @ﬂfal}’gtcﬂﬂdxgrlga}rtlculate N()x

o ngqaﬁ@IQcaiﬁ%Mdltlv% %ﬁl&)b&ﬁ&?ﬁ’adl Q%QL Qtlf:]%aglg+ o% \ggg{er;v
t he i m dazol susti tuents arel een .
f ﬂ@m‘bﬁénb?n%mr@fnge(mahdﬁastarﬂ malgm per\r;cwahofd|aanOx l'eductlon

h |
M g Ao 8] BRI 25 1. et e
- A% Idyﬂlordemle SMEWIG0, rﬁebhto L, caedjme(thm;y anionitey| t:hubytilte

PR At BB s Manssof b, A 2w 2

cstsas KESMFA2N BSMVE 4T, KBS M- &lyﬂKeﬁ;y@J NGB8V kit-1, SSZ-35, ssz-

8 %%dfn% Slgéf ?Ig’dﬁﬁa] %55%3 M?Clk? ﬂab%ri?e? rg:gycl:méz I?a%lmkontlte )
aEplstdbyte I @ﬂneboyit@(!ﬁlﬁﬁbﬂdjﬁe, Chlﬂbrmﬂe, B?B"bﬁé’ﬂlmﬂblta Bauﬁ?glte,

?5??88? kit ﬁ%ﬂﬁrt}&r 8&1&%& Of wewrsﬁﬁrerraér anefr ) rréowa%ep N

adbduR3B500fwefght Reradht Bf o Br@hicDbinders sd1&%dde &-dnk A 3oup -
am no..aci 1ai N noi ety or derivative thereof. Ks

(FOBYSHRg é’?ﬁ?u“t‘ﬂ% g ilipg, Almigfe alusting ﬁbosela%cﬁmdmmres
nBassf;any noi ety, agent, conpound, support, nolecule,

i nk amno acid, peptide or protein covalently .

at t aPRetfdpgng fie qresie Q NPy erisgiope feleasest from tlae seggnerption

éne &BtheRECHRby aRJeQJin%ras %gmBQI%H td @P §motm 'o? NG/ gﬁ‘lgglgl?S

i ncl udes am no acid de chain noieties

delpaseiin thebsanee abthe pﬁlﬁlcetﬁfsﬂ{érre@mgmmnm of A R5
of Db R6 of E, and R7, Re, and RO of G are the sane or
different and represent the remai nder of.the conpound,
whiihe gorgerss of Clamd vefereinthe FGC omekings@eadyst abthprifes aRil-type2
and, g of B represent an am no acid sidechain. In this
case, the term"remni nder of the conpound" neans any .
noi ety, agent, conpound support, nolecule, Iinker,

a [ t|d |n coval.ent | attac edto
2 B Pr8es Jor BB 1 Shedlin QR TS L a R Bl indat & kit
Rshamg;b/ dn R pmbearms feetisrosktarnm@ioﬁo of NGIAIRF Bt

T a § %, e chain nD %s and d égtlves t her eof . As
L Sxdrofw, 8psas FHRPATE 16 $hF dpidroprTBon tediteRk ©PNPRsiAner yield
MBAra ckéthhydiRdc@itdns Qlﬂﬁlﬂéd fr60 TROHIGinSSRINA S10nBD! ecul e,
atom linker, amno acid, peptide or protein
covalently attached to the reverse-turn mnetic
structure. This termalso includes am no acid side
chain noieties and derivatives thereof. In one aspect
of the invention, any one or nore of the Ri, R2, R3,
R4, R5, Re, R7, R8 andpor RO positions may represent
the renmai nder of the conmpound. In one aspect of the
i nvention, one or nore of Ri, R2 and R represents an
am no acid side chain noiety or a derivative thereof.
As used herein, the term"am no acid side chain
noi ety" represents any amino acid side chain noiety
present in naturally occurrlng protelns |nclud|ng (but
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10.

11.

wQas8egspse - CH(OH) CH 3 Threoni ne Proline

.noi et at ves

-CH 2CH2CONH2 @& ut am nePhenyl al ani ne Tyrosi ne H
Trypt ophan -CH 2SH Cystei ne - CH2CH2SCH3 Met hi oni ne - CH

Hydroxyproline In addition to naturally occurring
ami no acid side chain noieties, the anino acid side

-chain noi eties of the present invention also include
var PoRPogss iof &lsived Wheetiwdhe amguntsdthn Qs wducgion zeolite

" dgghycakhY resﬁK 19%%%@6}&1%@&%0‘5&% %'tgle%sté1 0 w«lelght

i ncl.udes cations and/or variati ons

‘ocperesit af thendonpositiond si de chain noi eties. For exanple

the am no acid side chain noieties of alanine, valine,

"l euci ne, isoleucine and phenyl al ani ne may generally be

cl Ehspforcesls as Gla:met whiegeiim tiad kyibunt ajf)the NO, xaawuah IAeblite
no aci side ¢

o GHBEY REReReh By PR Smaron s s e AR vt
cypﬁtan@ﬁﬂﬁnﬂﬁmehu@; substituted or unsubstituted,

‘saturated or unsaturated | oner charn al kyl, aryl or
aryl al kyl noieties. As used herein, "lower chain alkyl

MOTIRS pie6esCONTRiM § Whdhehr #2 ﬁﬁ&&gw@ﬁeﬂm rethRUBH 2 gbﬁt'e”

aryI noi eties” contain from®6 car.bon "atons an

" | RPONER PSRt &) 19| catabistéadditive commosition fsrasrieapt 1® weight
C gt Gl % ompidion, | N Oneenbodi ment, the anmino acid
side chain derivative is selected froma G -12 al kyl ,
a Ce-12 aryl and a C7-12 arylalkyl, and in a nore

' pr’ﬂ{eeﬁrfygéjssegpéﬁ'ixﬂelngvpe]fe{; ofﬂeaaR%unt Ef ?ljr(fkﬁb’ ré‘dugﬁorl z&olite

aryl ‘and a C7-11 ar e chal

d eaoimpaeny gwessht infthe Catﬂy&thﬂdltme ﬁmnpdsdronlrmgem cﬂr&m about 10
S chain al kyl, aryl, -
aﬁgﬁg?§ %Qﬂ?gﬁﬁg%a?d¥§%c&&@?§¥§gthe substrtuent IS
sel ected from (but |s not limted to) one or nore of

Uil 9O SBloToh LS 5P 5B red R ol

- $6mPbhent $CRenind tlIEad:emajym/addlﬁaé cshhpgition réfges Bomadbdut 30

ere| ach Qocurre s independently sel ected
fr%?rlr)oé]F? % VGHgh gﬁrﬁ?rﬁ gﬁlek?f"ﬁ’ﬁeﬂ{é?i’ cyclic or noncyclic,

substituted or unsubstrtuted saturated or

upsat ur at ed | ower ch kyI nd aral k
PR eSS g, R 8 VRgEn; e ginut thateNar kguction geolitn
arcyrlnpdadeyﬂ prasbistih @ @talyshudditiny &iMpositioh Psdges ﬁom about 40
a%;ne as wel | %F het er.ocycl i ¢ conmpounds such as
!i_)[’ﬁﬂte wepght pegpent of the SAMPesiidiazol e, oxazol e,
thlazole pyrazol e, 3-pyrroline, pyrrolidine,

ridine, ri mdine, purine, quinoline, isoquinoline
a he e%eﬁtﬁzeﬁy Glainnkion § vaesrein glruu@%s reduetienezeoliterdoppgnent is
f [ u t

poraled i £ S RIGRA Forl Bl 4Bl (Gt Sl

i Aemeniumg alknlitmetatand combisatiansthes¢dfy| and ar al ky!
phosphonates and sil anes. Representative R, R2, R3,
R4, R5, Re, R7, Rs and RO nvieties specrfrcally :

i e proessé mftClaine] mierefri thiie NGO, tedt)ctloﬁ]ﬂeohtaapmpm further

-NH 2 , -NHR -NRR
%ﬁe Qg\ls&ﬁﬁtamﬁg\l%@ﬁta ach occurrence of Ris as

defined above. In a further enbodinment, and in
addition to being an am no acid side chain noiety or
derivative thereof (or the renmi nder of the conpound
in the case of Rl, R2, R3, R5, Re, R7, Rs and R9) ,

Rl, R2, R3, R4, R5, Rej3lR7, R or RO may be a |inker
facilitating the |inkage of the conpound to anot her

noi ety or conpound. For exanple, the conmpounds of this
i nvention may be linked to one or nore known
compounds, such as biotin, for use in diagnostic or
screeni ng assay. Furthernore, R, R2, R3, R4 , R5, Re,
R7, Rs or Rg nmay be a linker joining the conmpound to a
solid support (such as a support used in solidphase
peptrde synthesrs) or alternatrvely, may be the

LLLLLL o T
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amno acid side chain noiety. In a nore specific
enbodi nent wherein Ais -(CO-, Bis - (CHR4)-, Dis

WORMSMISISE is -(ZR 6)-, and Gis (XRz)n- , theCT/ESH0S@12982

12.

turn mnmetic conpound of this invention has the

{ Ol phoRhs/cPEmkR (WML QAifd meis aRetalRetectRY ﬁgﬁ;

and'n are as I ned above, a I'S nitrogen.or. »
( Witherergup eonsistingo gEGroups 84, BBi 48,78, 6B, ZRMBByB 3K, 44, TA;

ot nipitt KR AR RoKS 190 A ARk fBfi ey

13.

14.

of the conpound, and R is selected froman am no acid
Si chai n Lety..ln one aspect..R or is selected |
Fr Ofc BiFRah dfoC it PaenEE bk, el ik Toma e
bogloufidonsTdtiag ®f CHERpYISBIS2 ATERB, BA. SidaRe L asthidd/Sdrlek oF BRe -
appropriate starting conponent nol ecul es (hereinafter

r ef 81T able, grd myigtwERstRsteotpi eces”). Briefly, in the
synthesis of reverse-turn mnetic structures having

formula (1), first and second conponent pieces are o
coipt erpcess afdrlpimn Bovrbergiadthe istabilizmgoneial wtselepted ifeprothe”

11 oRG6 eSRAkiNe of WrithrARC AR A b AR ARE D RiB GRS RES

15.

16.

17.

18.

19.

20.

coupled to rma conbined thir ourth 1 nterned a
(othereof. commercially available, a single third
internmedi ate may be used), the conbined first-second
internmediate and third-fourth internediate (or third .

i nThy prockisab£laimel t Whereinobep$teldliziog pretal isdecaaporated into the
fi - -third-fourth interpediate (or o
fiﬁif%%ifﬁﬁ%?ﬁg’r{%wﬁt’?% i eantBoREqI L R 1O cyclized to
yield the reverse-turn mmetic structures of this

i nxentian. ernativel t he.reversezturn mnetic . -
ot 1 PisRES QrCRUPL MESY ea por@Mer Bder di Sigered rom the
S egraemtonaistitgolfHi 1i6d) ahimihd) ilica siumichlall ntiRuFRs BRfdofpi- eces -
either stepwise in solution or by solid phase : :
synthesis as comonly practiced in solid phase peptide
SYThd6dess ofIPiakh fi6GvIRpdiD didemdrgfiiekiRder luhing. assenbl y
thereof to prepare conpounds of the present invention
are illustrated in Figure 1. For exanple, a "first ‘
C OTROPRBEss RIFQCIBImM NEY whaém ihB ealdrRinh QMaR thefdosi s peptized!
H (S1> ROwherein R2 i-s as defined above, and Ris a
prdtBEgi ve group suitable for use in peptide

synthesis, where this protection group-may be joined

to _a polyneric support to enable solid-phase :

sy hiersagess ofﬁamhﬂf;é’vlﬁrs‘gﬂ thg pliminzis gleninym ghlorphydrel and,
in a preferred enbodinent, Ris a nethyl group. In:
Figure 1, one of the R groups is a polyneric (solid)
supsarecess eidleme dawhsreinfhe amount of mofgagigrbindeSprskent i tdte

T MERRG RNGRRRATe RRBRAh ol AT B el shome 9

21.

a wiglglpacemsdfither eagpasgionbet ween H2ZN-R2 and
CH(OR) 2- CH2- LG (wherein LG refers-to a | eavi ng group,
e.g., a halogen (Hal) group). A "second conponent

pi HegrodeEyofiGlyit ROevhkadil theiamguht@f ifokganiodindsh presentin the

~an am po protectjon group suitable for use in peptide
B Bl Sl bg aPTEe 95

s YRS Catglystiagldiivgy cRmRosition Janggs (o) BRI 1y iat
grvdight perdenti3f teScagpdiionned above. Preferred '
protection groups include t-butyl dinethylsilyl.
(TBDMS), tbutyl oxycarbonyl (BOC), nethyl oxycarbonyl
(MXC), 9Hfl uorenyl met hyl oxycar bonyl (FMOC), and

al Il yl oxycarbonyl (Alloc). NProtected am no acids are
commerci al 'y avai l'abl e; shor exanpl e, FMOC am no aci ds
are available froma variety of sources. In order for
the second conponent piece to be reactive with the
first conponent piece, L1 is a carboxyl-activation
group, and the conversion of carboxyl groups to

acti vated carboxyl groups may be readily achi eved by
met hods known in the art for the activation of

car boxyl groups. Suitable activated carboxylic acid



p go (S2') R4 wherein R2, R and P are as defined
above, A "third conponent piece" of this invention may

whaws/ 094888 f ol | owi ng fornmula S3: (S3)where G BPCL/USHNE012982

22.

23. 0

L2 are as defined above. Suitable third conponent
pi eces are commercially available froma variety of
sources or can be prepared by nethods well known in
or gB8ipfocefRedN Fhify1 whérdih @ RO redubfort SBRRUAH ent has a
fornula d; has -(C=0O - for_ A, -(CHR4)- for -(C=0O) -
f oPi(y oy SJ’Q(@RT@)" Ofﬁﬁs than 9apounds of formula ( 1)
wherein a carbonyl group is at position B and an R
group is at position B, i.e., conpounds wherein"Ais
( ThirpScessaofClEm & wh@@ﬂm)the Nﬁxyrddectmnemhemmnpoaent is a

eROgE: 30880945 b8 45 QBN B T ek g

' adMGM -56, Zenlitd-h zednpﬁh@ntrrmnﬁe;&hahmztté}&lmoptilolite, MCM-22,

24

25.

27.

- 28,

- 29,

30.

eco onent i,nt.er ne rat her than
SR AL ot MRS Bt he i d
conponent plece prlor to reaction with the
t- secon di at plepe I n- addj Flgure 2
| Tt poarat #1 O Do et i G A eoesen
i Nfemed &iihpm&faﬁ ladlilt@)daﬁ zedIfeEBabr théuﬁ HeOx e adtion @61, -
as in Figure 1), and Eis -(C=0- (rather than
-(CHR6)- as in Figure 1). Finally, Figure 2

I |hlxb3§?f &ﬁsoﬁdwmpmewﬁéﬁtm e 2ddiSSHIPQERHS @A@&é&édﬂfr@n'tﬁe
NR7 as illustrated above, the reverse-turn

i SFEYR @%Hﬁwfﬁ%‘ﬂ&?s Z%M%lZaSMﬁ)S anﬁms@r% fherendsi zed by

reacting a first conponent piece with a second

A 264conponent piece to yield a conbined first-second

i nEler preersareClaing R4 ond?l vherein g addifiqnabzepbitebis peagent in an

£ LdrRnP R ORE b BAMIdL BN ek efboRAUTRAN R MpoBiiGE >
sequenti a to provi e a co

first- second thlrd fourth internedi ate, and then

CYy

o el A I B Bt Bt P BT BEGASRT
coam@n@ﬁbmp%enéﬁkaﬁomh7&wwuﬂmpmnﬂmoﬁﬂecdmmcmhmed |n
Preparati on Exanpl es and wor ki ng Exanpl es. The '
reverse-turn mnetic structures of formula (I11) and

( I'me pmges:bef Gside] bry3 videhein aimta:lymhd@mscdr@dsimen further

ent S Iosed above

P BsesoE BRI AR GO e o R tls BF tuhingh o
r &Vlﬁhs eﬂtcurﬂummaretmama,stzlmhia[ %&trﬂf lid’tﬁarﬂ{ @8164)t neodymia,
invention are useful as |oact|ve uch as
AR EPEPI RN aaftee YR EREEE P Rgent s, For
exanpl e, the reverse-turn- mnmetic structures of the

presentinvention may be used for nodulating a cel
s .Td’ﬁaar?q?gs ehrledpiaced PR thadpagrix materialds REYSDT tean ampugt
vvqgsmt}mno;@ h@{gér&ﬁ{ by a nmet hod conpri sing
adm nistering to the animal an effective anount of the
conpound of formula (I) Further, the reverse-turn

TiEt e t | ] y

THTECEeSL U UMEET '3 R SRl SEALAR, TRVl
deatalysts from asard/ammmﬁmg)dwp aandmateatifgo tharoised abialygt @ a
prof.ein.co tor ) and ion channel in a
mé?%}% 'mhy %ggfé?d%§§§53t|ng cytokines in a
war m bl ooded anlnal Meanwhil e, it has been found that
t he conpounds of the fornmula (1), especially.conmpounds
of formula (VI) are effective for inhibiting or
treating disorders nodul ated by Wit -signaling pat hway,
such as cancer, especially colorectal cancer. wherein
Ra is a phenyl group; asubstituted phenyl group
havi ng one or nore substituents wherein the one or
nore substituents are independently selected from one
or nore of am no, amidino, guanidino, hydrazino,
am dazonyl, G - 4al kyl am no, G ~di al kyl am no,
hal ogen, perfluoro G "al kyl, G -4alkyl, G _ 3al koxy,




wa@20080p808 f or i nhibiting the gromh of tunor ceCT/ES19Y5/012982

31.

Toduh ALAH Y. SCTdhe GRS It RSO I Pt Bl
32,
33.

34,

35.

36.

signal i ng pat hway, especially by TCF4- b-catenin-CBP
conpl ex. Further, the present invention is to provide

usi ng the above-descri bed conposition of the present
i nvention; a nmethod for inducing apoptosis of tunor
cells by using the above-descri bed conposition of the
pr d&e processveintlaom ; 30awWieetelro thef oncking sathlyss anddthe padisnlate:

abovedescri ositron of 't rese

andecdstoakt hod of treating cancer such as col orectal

cancer by admi nistering the conposition of the present

invention together with other anti-cancer agent such.

as The prodeys @Sk 1 (073 FWirtht @¥Mrisify SOMt@ing thdThydR6dasbdh
tegafur, raltitrexed, capecitabine, and irinotecan,

C ; € . :
et &eed Withat [sas pae addifioaah N@«Fedction corpRosisions ent

i nvention, the conmpound of the present invention has a
(6S,1 OR)-configuration .as follows:wherein Ra and Ro_ .
hav&e pieeess afvElaim dRivigreingheledditinng] Moo veduction compopition is
asR&Gh-zMik Blsnd ntion, prodrugs derived from
conpouﬁ%@uﬁggﬁ%gﬁgéneral formula (1) are disclosed. )
The prodrugs generally increase aqueous solubility and
th . L abi | e : " oral oo
ot e PP B Gl 14 el MDAl S0, 28 BT0EE Bposon
t heopprisse(i) an aviditt metal draide coheiningg Substmiilly eoerealite; (2) a-

f Vi) VI)-.Y-R,10 i i ; I, ..

£ OFfEH) Borbafinbr, pieauded sl ColliC T e i dhe oREB Eofisiine

;)( ; oﬁairtd alk)éﬁen%gif gr&_algﬁ]hﬁ raasﬁl reethlethdfmiatords thertka; (3%an oXygen
an ., . | S S , e SUCCGL hat e, - : :

eAPRES P! YOI R hEd o RAT Bl component.

di met hyl am noacet at e, di net hyl am noal kyl car banat e,

hydr oxyal k am.no acid, glycosy|. substjtuted qr' ,
o BERDTeSEEaER e e Tk kBE YOS eghetign gampostion i

t heneoNO,200 wisHusiidh prlesneP dbiPssitRinewRidR aohPrisds (1) an

serVLngxgé a substrate for a phosp ataie,or a -

caf Bk yPiSeSmRITafE thalkdy mamv M dqalkgineorastumstel or
hawiitétedaRGEH BPrdtadsitMn) mdtdl QB BVRRIORPHINS stofige0
of the.generai formula (VII) is not an amno acid . |

gr EAPAPIEY; anddAbraliadii®ni no aci.d group. In another aspect
of this invention, |libraries containing reverseturn

mmetic structures of the present invention are - .
di 8k preess oDkdimaBswhaseén thet asiditionpk Bk eedugtion; eamposition

pr 1 . I .
P B0 oY S (S A iRl e Yelin carty
of metakor ighegsi theredf (3) bi travtifioremetahbyide having ox)igoh storage
fo , y e hindi | yi fd h

rec BT (¥ Rl gl ela L R B o o e e
| i Parimdig Treblejmudanilvawes tlereaf.f unct i onal assay. Screeni ng
is normally acconplished by contacting thelibrary
menbers (or a subset of library nenbers) with a target
of interest, such as, for exanple, an antibody,
enzyme, receptor or cell line. Library nmenbers which
are capable of interacting with the target of
interest, are referred to herein as "bioactive library
menbers" or "bioactive mnef4 cs". For exanple, a

bi oactive mnetic may be a library nenber which is:
capabl e of binding to.an antibody or receptor, or

“which is capable of inhibiting an enzyne, or which is

capabl e of eliciting or antagoni zing a functi.ona
response associ ated, for exanple, with a cell line. In
ot her words, the screening of the libraries of the
present invention determ nes which |ibrary nenbers are
capabl e of interacting with one or nore biol ogica
targets of interest. Furthernore, when interaction
does occur, the bioactive mnetic (or mnetics) may
then be identified fromthe library nmenbers. The

N - . o o s e



constrai ned reverse-turn mnetic, which has both an
N-term nus and a Ctermnus, may be utilized as the

wW@eoos/0g989$10 acid to be added to the |inear pepeCTE$2005/012982

38

Upon incorporation of the conformationally constrained
reverse-turn mmnetic structures into the sequence,

37, AR L 0RO LI RGUSEpUPt eteR RARPOIY

t h@ombA&Aat Rt 6dthétbiScoatishifg dpafeliwhich iREREAC SE: Repl dnde
sequences may be synthesized on a saolid sup ‘

] : port,
r efdeeWdmRcizhharee 3 yplpracthishentrar s valenss of gaid dirgtpeetal, at
CORAQ SRt doRf}dhdny loPQFﬂﬁH AEAEGhENARR S8 ftsadd SRbdCmetals

structures I'n solution using known solution coupling
t eehthiiglgest ond eprzpenerti of a deypthonetgf othpr than said dirstogecond and

e r 4Gl r [ :

T SRR WEARE MU e SRR HORE IR ol A5G e
e. GiroupGd metalseGroap IIB detalspGroutaiA mBtls] #@Fafe2dith metals,
1994) ,permt,a vast nunper of co nds t e_I api

o e PRERE ‘G BRlaat e SRR AT sk b IPLs §
a beledted Mhechd group cahbisting ofCdrvhi, neitkel, éitantung hcliroméasn,
have been.used, to construct p@ﬁ%hgs l i r%ries der.i ved
f r BRPEINEShatUPLy |87 BENTRr ity » aB1o0PoeRER SRHMRTE,
by virdivigandOnituds Wlieeeofof 20 suitably protected and

di fferent am no acids and coupling each with oneof

the 20 amino acids, a library of 400 (i.e., 202)

. di PROEIRE of CHiIRA P WheRAPER hidGall BStAAIRE O HRIPALS

times results, in the preparation of a peptide library
comIenes N asrsaiditiimetsd apd plumgymy 3s g@id segr) metal.

. octapeptides. Specifically, synthesis of the pepti de

39,

40.

41.

42,

mnetics of the library of the present invention may
beThe eeaepisi efheldiny S7 ivhareinihe Pundt metal sspmnqaetsin the metal
te i: . i . - ]
RevaPUAHE Sontih SBATP LGt iR Rroatt B PR thaat ofi
Symetab dhesrarsfearth emeppdsond aeixtwresherassf. of the |ibraries of
the present invention was acconplished using a

FI exChem React or Bl ock which has 96 well pl ates by

k nBhenproeess of Gladn 37| wherdin thebibiré npethbemanpdbent is pegsemdp@ans
ab [ ) '

o BRGR BE B FundeiEh ok S06% 06 SN BE ity 1BlcBln e
r edemer{tathigd méta8 nmol / g) and a sol ution of R2- am ne
in DVMSO ( 1.4m _) were placed in a Robbins bl ock

(Fl exChem) having 96 well plates. The reaction m xture
waThespratesn o ClaiBDCwhatingaid fomttaiietd compondnRisiyrésest in an

Scientifi for hours. .The resin .was washed, w
DN?Q]:IOL}% aﬁl]e é"ﬂ@et"% 5?10“%@;@&% 6b021t S%?l\é\ﬁﬁ Rsrcent: calcmaEeH as
C OdTerRémtaldburaiatethlabl e FnocAm no Acids (4 equiv.), PyBob
(4 equiv.), HOAt (4 equiv.), and DIEA (12 equiv.) in
DMF was added to the resin. After the reaction m xture
VerBhSHBK&RS of @lairh 32NAhEdin ke ARIAHHA RG) RUWEON dARiVESShN
was washed with DVF, MeCH, and then DCM Step 3 To the
r egingbasobtatadyst.oy DMF before reaction was added 25%

pi peridine in DM and the reaction m xture was shaken
for 30 mn at roomtenperature. This deprotection step
was repeated again and the resin waswashed wi th DVF,
Met hanol, and then DCM A solution of hydrazine acid
(4 equiv.), HOBt (4 equiv.), and DIG (4 equiv.) in DWW
was added to the resin and the reaction m xture was
shaken for 12 hours at roomtenperature. The resin was
washed with DMF, MeOH, and then DCM Step 4a (Were
hydrazine acid is MOC carhamate) The resin obtained in
Step 3 was treated with formc acid. (1.2 m _ each
well) for 18 hours at roomtenperature. After the
resin was renoved by filtration, the filtrate was
condensed under a reduced pressure using SpeedVac

[ SAVANT] to give the product as oil. The product was
diluted with 50% wat er/ acetonitrile and then

Y . ~ “Alz p—



wabakemspor 30 mn at roomtenperature. This PCT/US2005/012982

43,

To the resin swollen by DVF before reaction was added
25% pi peridine in DVF and the reaction m xture was

deprotection step was repeated again and the resin

oty rmbroriorn g RS0 thol Rl -

c hlaptimbny s ENOSredaption additved di i sopropyl et hyl am ne (5

.equiv.) in DCM After ‘the reaction m xture was - shaken

44,
45.

46. ¢

47.
48.
49,
50.

51.

for 12 hours at roomtenperature, the reSin was washed
Wi trihe PMcess\F@ainfBE whbeh {REMdiTenal MeO) RGP EIdRNRES a
primary amnes in DCMfor 12 hours at roomtenperature
and@erongitespingl N@x refaefioa dddifiyh DMF, MeOH, and then DCM
After reaction the resin was treated with formc acid
1.2 m _ each well) for 18 hours at room tenperature,

(Af {Tae prasessraf<Glaimnadd wheneinibel agditiorial V@4 regnctiqnhadditive is a-
fi der a reduced pressure using
Spégglavggltfgiﬁw%@gﬁ%l \}f)g the product as oil. The

product was diluted with 50% water/acetonitrile and

h I hi |4 zed t r e

g@‘ﬁ oc S ol,tJ élgmi %w ere @1? é#‘&ﬁg‘&“ a?\elghpgﬂ‘gé&né&ga@% &mn .
vvenemﬁxysret h?sn acidic antad rodldagllb oertdneomrdapedpa mnthamde ox1de
i11ys ated n Pre arati

L oleE B St o R Rl A RS il B S R
be sﬂécﬂaiafreﬂ Gfups @B rgd tIB bh ehqpPaidibt Tablegnbblenmetalk and -
whi-gh re es ntative preparation is given.in Exanple'
4, TPHBCE "HE [ 4, 4, 0] REVERSE TURN M METI CS -
LIBRARYCONPCSITIONS AND PROCESSES FOR REDUCI NG NOx .
EM_SSI ONSDURI NG FLUI D, CATALYTI. C ﬁEﬁCthEIZCS "Rl

' Tdhe Propgss aPBlafreA Hherd the pytipulsts afﬁsmt’@aw@ﬁ%l%q as
CORt Ak BdrtiOIB sizf fibAldbo@Bblé SRfut 20D |@h, U. S. Pat ent
Application Serial No. 10/824, 913, flled April 15,
2004. FIELD OF THE | NVENTI ON [ 0002] The present

' n\m@woe&s rgl@bigsat andieh thepustiing ﬁgrrp&ﬁbﬁéfp%m%mm
t he nethod of use thereof to reduce em ssions in

r ehasrpapganagisdessizedromyahout Heleiabpit dFPymn | ui d
catal ytic cracking (FCC) processes. Mre particularly,
the present invention relates to NOx reduction
coﬁb@g}roqeemspfaﬁtmm ht ereBhvdiersin thee naféqudase NOx r eduction
| uid
FafRliER b0l phNRon SRR 7] BSEdrbomAsh S, o
FCC process mnthout a substanti al change in

o ThEBRERR oA CaT S hBReR e i O RRA R Foppifon

InmmadHthmeﬁmssﬂhmze has been an increased concern |nA'
the United States and el sewhere about air pollution
fromindustrial em ssions of noxious oxi des of ,

Ni THOH@Eess 9811dim snwheéin bmlpariif]uleftei‘@?p&&igbﬁmrﬁcmﬁp_ osition
concerns, . gover nnent _agenci es have pl ace imts on-
almﬁﬁéyﬂ@h@ﬁf$§?3ﬁ%ﬁ%f one or nore of these

pol lutants, and the trend is clearly in the direction
of increasingly stringent regulations. [0004] NOx, or
oxi des of nitrogen, in flue gas streans exiting from
fluid catalytic cracking (FCC) regenerators is a
pervasi ve problem Fluid catalytic cracking units
(FCCUs) process heavy hydrocarbon feeds contai ning

ni trogen conpounds, a portion of which is contained in
the coke on the catalyst as it enters the regenerator.
Sone of this coke-nitrogen is eventually converted
into NOXx em ssions, elthé? in the FCC regenerator or
in a domnstreaWICO boiler. Thus, all FCCUs processing
ni trogencont ai ni ng feeds can have a NO emi ssi ons
probl em due to catal yst regeneration. [0005] In the
FCC process, catalyst particles (inventory) are
continuously circul ated between a catal ytic cracking
zone and a catalyst regeneratlon zone. Durlng

o o, I I I | T N B T T




air with oxygen in a regenerator operating in partia
burn node has al so been suggested, e.g., U S. Patent

WG 28080989!. [ 0009] Additives have al so been uskdI/Uf2005/012982

52.

54.

55.

attenpts to deal with NOx emi ssions. U S. Patent Nos.
6,379, 536, 6,280,607, 6,129,834 and 6, 143, 167 di scl ose
t h&he EowsNf xClatioy arhesinpths | emews plorthy cerielysigdieie

o, HaRGRn i AfE LU HEnERORNGE R, MGG (S iy
C orapo oF Ny meduvifrinehol fie ovrmpaBsntO Yo tyib aerlitim the totakeatalist

egeneration process step while
SIﬁﬁﬁﬁ&ﬁé%3§T@'?€du0|ng the level OONOx emitted during

. “the regeneration step. hKM reduction conpositions
53.

_di P pess Py b Lo ario s g of Nt eBciof eally Spmbachf

Ye6lite inObRDEARIRA inventofy ik se@amll. part .of the

FCC catalyst. [0010] U S. Patent Nos. 4,973,399 and

4, 980, 052 di scl ose reduci ng eni ssions CfNO'fron1the'
r 991%1&6@459 bf Cfhint f@/h&@@étéﬂ)y(b} REeERPIRhddNGithHtQ JubQantial .

C|rculat|ngplnventor of cracking catal yst separate

adeliangs, én plhet hydrecarbep nfesfisiockg canvesyiprerar| yagldqof cracked
e drdrbotiOR {dmpyRato th@l'fﬂfréda}‘&m EQRRER cEh0&Sion or yield

ereto ore used to control. NOx em ssi ons have
t yoff crapked hyshiesshanseobsdingdi frane thercrasking satelyst alongsdr ocar bon
conversion .or the yield of valuable cracked products,
e.g., gasoline, light ol efins and | i quefied petrol eum
gaAe‘buq lcRGEing cothly$te(FCRY compositipr, Ivdigir mms@n mmxmske

aclil & 35 Ak FRpRAE SRRSO covelin Yo, Ssine

p rodustrbphe uoder HCE leamtjeorish end (Y aI partwnlate Ny ecchlcmn

56.

Th CccU i al | d
or BB TARi st Bage.hincel Pale e BE elbef dndiP8
sI jixh ean@fcoapaisikg i) pt dedstciOs waighit' pamnmofel@,efredmmyn zeohte

Vasimpogheelelid t SR s of 7SVERF At

dugbrdgnitehe NIERKS6S UrAgelitedy, i Vzteﬂntes eRB@ n dreowite.ef cimbazite,

e e BN 5 MR RgPLEEL E s ﬂéﬁ%ﬂg‘s“e

oiZsmrltsdstmsttspmprsnms NaJl Hhig7eCHht- MR ZE3 QST
profitable to%?roduce l'ight, o] efi né@ﬁ gﬁucts t hat Can

bet8s §P4-4tn 34123 dinshiarditesderligpitg; Ly Vy8edqumoatytes
petiafhie ChheldtitNt GRMoh@AES t OfiteFinitd, 0 By sidhied) fStlhmé

reducti on additive increases coke productign, the

neRaulingite, Gresgsreekite.Natrodites omsgmes mymtres Hersetand (émoat
COKE 'cﬁfd t %Wefgﬁtsdﬁélréen{ Bf & ine¥Rhicl R LOEQHE TRIM tHengrBﬁ}ﬁ
uni t. t tive i1 ncreases the production of
aqouestmgyofgamna, Riticp rsiliva elunune, glunpine phesphatghand mlxwres
prﬂg s may decrease. An increase in dry gas may
excééd the ability of the unit to handle it, thus
forcing a reduction of the anount of feed processed

or D EERshorEy e barRY EEFRR ety Glense v-

thg&empﬁﬁducts and the unit has the eqU|pnent
necessary to process the extra Ilght hydr ocar bons, the
additive may reduce profitability if the refinery's
goal is to maxim ze gasoline production. Light olefins
are typically made in the FCCU at the expense of
gasol i ne production. Even an additive which increases
unit conversion may be undesirable if it affects
product yields, causes the unit to reach an equi pment
limtation, and/or decregses the anmount of feed that
can be processed. [0013] Consequently, any change to

the FCCU that affects the product slate or changes the

ability to process feed at the desired rate can be
detrinmental to the refinery profitability. Therefore,
there eX|sts a need for NOx contr ol conp03|t|ons mhlch
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provi ded whi ch conpositions reduce NOx em ssions from
the FCCU regenerator during the FCC process while
wa@adpsogasps al | y mai nt ai ni ng hydr ocar bon conver sPORUSIUA5/012982
the yield of cracked petrol eum products and m ni m zi ng
an increase in the. production of coke. [001 9 ] It is
57. andibh eatabystpd (Haiof 56 Whergin dbe eatalystiadditiveosontpositiomisi plesent

pr or..the reduction. o ent .of [ e
bt £ B8 oti2eiahACiab BT i B orblpd NGOG byl e, ds Dk
us iretyctidzeokite uerhpenentao Ypype kéodiresofiless d@p @y dance Wt h
the present invention. [0020] Another aspect of the
invention is to provide inproved FCC processes for the

58. I edye tda@fysObf t1Anc 85 vedreif thdl@mdufit bh WS fed8@RAS2Oblite
the FCCU regenerator w thout substantially affecting -
hy 8PBRAERoRIeEBhinahe cefalysifadditixe wpmpesition lﬁ)é{ Jeast@nyeight.
Pr getes o Mk QEHGRHicur i ng- the FCC process. -[0021] These
and ot her aspects of the present invention are
descri bed in further detail below BRI EF DESCRI PTION -
OF 10 j r o .

9. omtesanbay PhERi AR SefIf (b Ghient S Xy Ry spolie

" AddempopentRyreséptdint the eat@y fiddilitive sobpesitibn Asldi leastel0Bveight

pr j MPLES 1, 2, 3, 4 and 5 respectively, to
regﬁgéﬁﬁﬂkgg%ﬁggﬁg%s froma DCR regenerator versus .
time on stream when the additives are blended with an

eqid | i brjum cracki atal yst (havin e properties:
60. oothe SRRMITOA SRS 5 {itrdln MBS, gt O 6L fthie 2o cie
pecagpunetiprésem iatthecaralpstadoities coipbsRioq iy at ehét F0ngdight
fromGa Davi sn, Col unbia, MD and deacti vated -usi ng
thBer?S?E?ﬁge BIYIeke St eami ng procedure as descri bed
in EXAMPLE 6). DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[ 0023 t hough ,several nitrogen oxi des are known _ -
61. m%%]C%Iﬁéﬁr gihﬂvefr%/ vt} dhe, dmap eﬂN% oo e olityr -
PUEddoaent PrestdiGn BeQaRMs/adWR dotiposilibXrafkds! fr e ab&d10
herein to represent nitric oxide, nitrogen dioxide
( t RELPIHSA NeHEAE Petesnt LS 6XNRRSEIOBF ni trogen) as wel |l as
N2O4, N2O6 and mi xtures thereof. [0024] The present
i nvention enconpasses the discovery that the use of

62. ceFicar#alydotfi Clairs ofit shereiny thaoasoprideic NOs rredustipn eqliths
| NeHORRLA st m:tf&am}fs{/&mi&%ﬂl Litin ﬁhgé;"ﬁd?,g abdat 0
catalyst, "preferably a catalyst Conprisihg an active
Y-toypeut 28 piejgheper¢ent ofdhg campasionve for the reduction of -
NOx em ssions rel eased fromthe FCCU regenerator under
FCC process conditions without a substantial change in
63. hykheoesialipt roff €l ci@nwhewsimo theormptrg off ND¢l reductivackedite
pr S L invent.ion | cal
coc%gl%?é%t 8‘%%%??". @Elcatltggsg%iﬁ% g’? iTr6 ﬁ%%nnrtagée\é iQJﬁO abolrt 40
pap ebait S weighiopeldEnt ofebkuicdnmmitiveol i t e conponent. In a
preferred enbodi nent of the invention, the NOx
reduction zeolite particles are bound with an.
64. | rMieganilyst bf Ceh. 55ThBerbY e WO rédbdticht 2edlite componerat is
conposi tjopnsmay e aaaea to nme circulating inventory of
t r?gataas Wﬁé‘ E%tﬁ’&kﬁeﬁ*@teéaftg%my@? gouwp cpnsising gf bydrogen, .
P@krink dniiin, 30 inle¥ afMl cdniiGiRAtiRAE BleR@f.aS an i ntegral
conponent into the cracking catalyst. [0025] For
pur poses of the present invention, the phrase "a
substanti al change in hydrocarbon feed conversion or
the yield of cracked products” is defined herein to .
mean in the alternative (i) less than a 30%relative
change, preferably |ess ghan' a 20% . relative change
and nost preferably I ess than a 10%rel ati ve change in
the yield of . LCO (light cycle oils), bottons and
gasoline in conmbination wth LPG as conpared to the
baseline yield of the sane or substantially the sane
products; or (ii) less than a 10%rel ati ve change,
preferably less than a 6.5%rel ati ve change and nost
preferably less than a 5% rel ative change in the

o Y o N a



ZK-5, NaJ, Nu-87, G M5 SSzZ-35, SSz-48, SSZ-44,
SSZ- 23, Dachiardite, Merlinoite, Lovdarite, Levyne,
waaus094898 e, Epistil bite, Grelonite, G snondi NBCT/US2005/012982
Cancrinite, Brewsterite, Stilhite, Paulingite,
Goosecreekite, Natrolite, onega or m xtures thereof.
65.1 n Tﬂee:ambst ofﬂlaﬁeﬁnﬁmhrein’dmdﬂm;mduodﬁn zdoditd sovpohrieninfurthére
reducti on zeol i co ent is a zeolite selected
fr ocf?ﬂpﬁléesﬁf %ﬁﬁ Oﬁeosrﬁ%qllé?ﬁ’%%gtsp beta, MCM 49, nordenite,
MCM 56, Zeolite-L, zeol [ te Rho, errionite, chabazite,
clinoptilolite, ZSM 12, ZSM 23,
66. caialystRf,Glaimds W‘T?é‘?"ég\e Stafe)%wm&ﬂ isa pelak slederd from
~ e”’QH@gﬁBﬂonﬁfstlﬁé‘@fGﬁﬁﬁsﬂiA% 4BNsp NBX 7BEGHCIH, @W@&'Me

has a surface area of l'east 100 in 2/ g, preferably
at thebanthaniie Sexigspf Ahe mezslﬂc Tabls Agand pixtures tharsof300
n2/ g. I n another enbodi ment of the invention, the NOx
reduction zeolite is exchanged with ,a material -
- 67. selldhetogialyist ofrClaine 64 r\rdwpeim dresstahilizigg wktahydsedagted] from the

o B st onl e, B 260 R Tl it SPkies BE S

pr FedodieTalde, laall minmeathetesf.one sel ected fromthe group
consi sting of sodium potassiumand m xtures thereof.
. [0028] Optionally, the NOx reduction zeolite may
68. cOmthaicataiiiadi Claihil ﬁ‘g vﬂiﬁ)ﬁﬂmﬂ&z st€biliing tptal Q; @hﬁttti ﬁ‘ém the
[ Eer cent a b|J i Zi ng net al i on
BPSjsting OF HBES‘F%H ARy RleRopEs P ey
Suithepddife stabilizing netals include, but are not
limted to, nmetals selected fromthe group consisting
of Groups 2A, 3B, 4B, 5B, 6B, 7B, 8B, 2B, 3A 4A, 5A,
69. andhé bRalkAR R &8 \@@fdlme@fabmﬁxg%@w @ﬁineo{ﬁafe!e% inf¥the
and m xtures thereof. Preferabl the stabilizing ,
e Paies okthe NOs reslugtion ZF?’SﬁF?rﬁéo"ﬁﬁ%up consi sting of
G oups 3B, 2A, 2B, 3A and the Lanthanide Series of the

Peri odi c_ Tabl e, and mixtures thereof. Mbst referably
70. ¢ h&he calglysy of KdpitretSambersin ﬂ@em@raa@s trindgs ip htge g:paéwlate
co
AT RO el UL The BRED Rk o0 Slce
i nelgmingesifien abuming andyaixuars therﬁaf:tl on zeolite by any
met hod known in the art, e.g., ion exchange,
i npregnation or the like. For pur poses of this
71. i nVeneatalyst of GleinPé} whetkin theainbeganie baidemis elntiex ei n above
is the Periodic Table as published by the Anmerican
Chem cal Society. [0029] The anount of NOx reduction
72. ze@hd teatalystedf iOlrimh®l odteedity she dntetpdniov @inderrixo sn t alonsnumd
1 gycptl on will vary dependi ng upon sever al
fa o |nclud|ng but not limted to, the node of
conbi ning the NOx reduction zeolite with the

cat.al yti.ccracki.ng a and the type, rackin

7. calts 9(@%%5503&5 P76 Rists s Hmine Torani sy pepiized

" thgugmapositions of the invention are separate
catal yst/additive conpositions and conprise a
parti cul ate. conposition fornmed by binding particles of
a NOx reduction zeolite conmponent with a suitable
i norgani c binder. Cenerally, the anmpbunt of the NOx
reduction zeolite conmponent present in the particul ate
conpositions of the invention,is at |east 10
preferably at |east 30, nost preferably at |east 40
and even nore preferably at least 5 O weight percent
based on the total weight of the conposition.
Typically, the particulate catal yst/additive
conposition of the invention contains fromabout 10 to
about 85, preferably fromabout 30 to about 80, nost
preferably, from about 40 to about 75, weight percent
of the NOx reduction zeolite conponent based on the
total weight of the catal yst/additive conposition. r
[0030] Blnder naterlals useful to prepare t he
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Typically the conposition of the invention will have a
nmean particle size of greater than 45 mm Preferably,

WO b@soemos particle size is fromabout 50 to abpor/uB05/012982
mm nost preferably fromabout 55 to about 150 nrn,
even nore preferred from about 60.to about, 120 nm .The

74. ¢ oﬁb@gﬂtQIY&ﬁ o Claimt $5ewhareia kg eouny 9f dergapic r PreseRfiiB on
at s xBANbERABt 590ut 30
o pr{e]% %ﬁ\aﬂel es@S&@g&wgg%d{ﬁosmoﬁ rﬁ%gt pr gf g?gbl y less
thwmghtt;mdentlﬁthe[@ﬁ@@?tlmw l e the present invention is
not limted to any particul ar process of preparation,
typically the particulate NOx reduction conpositions.
75. OTThd‘I&talyw @A Claih ’alrwhqsrem plher agomy of inonganiy landempmentsml
s ry contain uct i an 0 ,

PP SRR SO psH A eE PRGOS B 2t
rm&,e;gmrﬁmeﬁrdmescompas,aﬁh amount suffici ent to pr ovi de
at | east 10.0 wei ght percent of NOx reduction zeolite
and at |east 5.0 weight percent of binder material in’

76. 1 Nehd b st G AL 55 Seltdtdin iR NOYRediction Becﬂlw component is
thereafter, spray drying the aquequs_ sl ur
‘ pa$€t1¢°tﬁ|defsom Theogropp £9asiting @f psta; MGM<9 aP’é?f 3}498{ 5%
er&ﬂlt@i RofitdHHoC f:ﬁi% é%ﬂﬂﬁilﬁat Hﬁx?opflﬁihteam{ffffﬂc OFfétite,
to renove vo at about 90C to about
323@$Mr12a58m230psegaoandmmlrmhqmir s. In a preferred
enbodi nent  of the invention, the NOx reduction zeolite
cont ai ni ng aqueous slurry is mlled-prior to
77. SpTheyeatlyst ofjClaim 56 duteesin the N@aredysiion izgolige gompongnt has a -
|aI cont ai ned urry to 10 mm or |ess,
préﬁélt%\‘é 205 Bolgt falio g%%&gﬁss preferably 3 mmor | ess.
The aqueous sl urry may be mlled prior to or after

I ncor a of er / -as

78. qolht v phSa hreRE R calRel B L Bhbdidon™s
C afigtheesbmptise alzeolfte bﬁabumm tha NO,oedugtion mllgmompgnmt to
renmove vol atiles and provide sufficient hardness.to
the binder for use in the FCCU under FCC process -

79. ?Omﬁlé Edg&l?éi ,ocf) Uéeﬁﬁt@&ibheteiﬁ rtmmb:ozetohggee molltaksdﬁtteda ¢om
R donte S SNBSS S sk FRAEE

ammonium salt (e.g., ammnlumsulfate nltrate
chl ori de, car bonat e phasp e)

80. | ndheyeailyst of Crigaffl CVIEESR ﬂ(eeotgef zegmef‘ﬁ rpfeéen Ht’taPlaE“Oum .
ph&ﬁgﬂg ofrr abBYAT 18 GBHRBD QUCI%@ dreént of G Gb@pasitibnt he | ke)
to redice the anount of al ine netals, e.g. sodium
or potassium in the finished product. [0036]

81. Paﬁé lZ%%f ‘@ﬁ ?Wh@ﬁﬁl ke Jthg ZebNe NS ipRBeritlif an amount
C|rcu orm of separate icle additives
al mngmg/lﬁ'om abhm Wao abant a&memgt poxecat 9&13 P‘HFEF@&WBut t he
FCCU. Cenerally, the catalyst/additive conpositionis
used in .an anount of at least; 0.1 weight percent of

82. t hghd~Eatalgsa ol Cladth S5rwieendio ﬂy: coﬁrpesnemaﬁhrshet PRINRIIFOYIA Malix

t he catal st /additive co ltl g

angEeng e e SRR s MRS SRA%GRed A6ne
f r gianiabAktbnid, @iaglathand Qeriie nediynfis rsamatia, efiroptag gﬁbﬁma,
‘catalyst I nventory. Separate particle
caP@ﬁVéPP@@BSPPV%WE gltlons of the invention may be
added to the FCCU in the conventional nmanner, e.g.,

wi th make-up catalyst to the regenerator or by any

ot her conveni ent nmethod. [0037] In a second enbodi nent
of the invention, the NOx reduction zeolite is
integrated or incorporated into the cracking catal yst
particles thenselves to provigle an integral NOX
reduction catal yst system In accordance with this
enbodi nent of the invention, the NOx reduction zeolite
may be added to the catalyst at any stage during

catal yst manufacturing prior to spray drying the
cracklng catalyst slurry to obtaln the f|UId cracklng

o, o g,




particle. Preferably, the anmpbunt of the NOx reduction
zeol ite conponent used ranges from about 0.1 to about
woe0eIEht percent, nost preferably from aboutPdT/U82005/012982
about 40 wei ght percent, of the FCC catal yst
particles. [0040] The integrated FCC catal yst wll
83.1 y pihsadatalystof aims® Wheseindhe matipaterinh isresent i an amount
coqpégqﬁz{ll‘tmavbeg@g Wdp the cracking catal yst zeolite,
norgani c eP“raterial s and optionally, matrix,
flllers and ot her additive conponents .such as netals

o0 B e TR 5 00 e S0 o O

- usyaduciomcorapokifin.or REUSY-type, provides the maj ori ty
of the cracking activity and is typically present in a
range from about 10 to about 75, preferably from about

85. 15 1R c‘éﬁg)s‘ﬁ ofﬁﬁalﬁ'ﬂﬂ viRedin Heeldaitiafdl WO, redactb® bbmpditiof is
about 5 percent based on the total weight of
th@ﬂf’@rﬁﬁ@@l"tqoﬁlﬁwqqli‘or gani ¢ binder materials useful to
prepare integrated catal yst conpositions in accordance
with the present invention include _any inorganic

86. matTdwi catalyshpfiGlein 85 vherein tg addisiond fontedpatiogrcompesition
I nt cat 1 b
or SOHPRREaLH! E1ICRebPolisl DAY SUBRAIM ATzeolis ® =
pr ongalsompautint,inwagiredrgspthe gkid, seiqq@dufm? g@rﬁr@umpqva@vng
m_at r | %lk%h %ll %g %lkaf?r%t ea?cﬁ“?ne?ﬁtaml] Hﬂtﬁfég ﬁepeof "’Uﬁ}lgﬂ (ﬁggen
Si phosp ate

I lsmra@nmbtahoxtdemcmpmhxﬁrmdt (d)@t‘leaﬁpmczble méetal ¢oimpgergnt. s

sel ected fromthe groTip consisting of alum na,

silica, silica.alumna. Cenerally, the anmount of

87 bi rmhercamenﬁ Glamp B4 shinteiri thetadditionl S¥D.ateductivat campetition

L 50 b
ORS00 S 30 S B S iy A B
Pr Qﬁ&ilaﬁ"nﬁxtufeb aaerd@Qr(g)amtransttidndﬁﬂalrmﬁdar hxaarirg oxsyng)r soregd

in the [.ntegrated catalyst. in an_a

DB gT oLt TSR SEPEL e (Hove IF arEfB
f r ogiadie Ukbld,Andl Midlresther8OF. Wei ght per cent and nost
preferably from about 15 to about 25 wei ght percent,

based on the total weight of the conposition. [0041]

- 88, TherpERhthiy dmleﬁﬁl' 83 lvheRipt tHeRAlitivnd) 'N@@’Gﬁudtlﬁn bb\ﬁpomtlon is
Integrated cat al é}t COHpOSItlonS of the resen

i neleri DR« i G Icombustipn, Prompeter empqsiiop Syhie caﬁnaﬂ%eﬁéa> an

Si lb@R @lld&@uﬁ?ort (B & SRAE ﬁeﬁl('ag%fﬂcaﬁﬁé? Barét meN bhabdures
transition oxi des such as t|tan|a Z|rC0n|a and

ratipaendse) o whesition grasal i haxing exyeenctorage Gragilig and (dhd
bar i, Mﬂ% fxides, clays such as kaolin, and mxtures
théfeot. ‘The matrix and/or fillers are typically
present in the integral catalyst in an anount of |ess
than 50 wei ght percent based the total weight of the
catal yst conposition. Preferably, the matrix and/or
fillers are-present in an anmount rangi ng from about 1
to about 45 wei ght percent based on tine total weight
of the catal yst conposition. [0042] The particle size
and attrition properties of the integra.l catalyst
affect fluidization properties in the unit and
determ ne how well the catalyst is retained in the
commercial FCC unit. The integral catal yst conposition
of the invention typically has a nean particle size of
about 45 to about 200mm . nore preferably from about
50mm t o about 150mm The attrition properties of the

i ntegral catalyst, as ngﬁsured by the Davi son
Attrition Index (D), have a DI value of less than 5
05, nore preferably |less than 20 and nost preferably

| ess than 15. [0043] In a preferred enbodi nent of the
i nvention, the FCC cracking catal yst contains a Y-type
zeolite. The NOx reduction zeolite may be added as a
separate addltlve partlcle to a C|rculat|ng |nventory
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wWowi0gl99shs/dr ocar bon f eedstocks results in the PCT/US2005/012982

89.

90.

91.

92.

93. ¢

94.

95.

150 mm preferably from about 60 to about 120 mm The
catal ytic cracking of these relatively high nol ecul ar

production of a hydrocarbon product of |ower nolecul ar

wei ght. The significant steps in the cyclic FGC~ . -

pr qhessalgstesf (lhim 84 erhéleedthe sdditiomll NO,aeduction coropasitiann

a catal crackin nor ser

2 0f&TP, %rtﬁrash@earet% ORI P R awfuses(ﬁ rrséﬁét‘éwﬂ

CORtsahd Rital BHAN Vdlerte HiheCham thevalencer cﬁ‘gelﬂeﬂ‘rﬁttlﬁdal at

cracking catal yst to _produce an eff

cr eRee spmaerent ob thidyestel %thrfaﬁl%%a“gg ‘ﬁ% "2’6‘& s

angn LERPAR! n@%ﬂé’n‘? 53] *P&Ht%’méthl' c)thetr lﬂfbn%ﬁfﬁ'ﬂ#ﬁ,niecbﬁd and
e

di sc arged an par ated, norma in one or nore-

cy tHirdrrestals,i witcgeim said fford petaksie srlr:%wy from MRW%P‘&M&?f

a”%rapﬁﬁ sl &l ﬂ%%aaﬁomeagnqnam@ (BPRR. o A
vapor phase s 'treno roduct and .

f r dhet Plativatre Group mlamlsFﬁ(d mizitvre thetoh @midsaict fouthsmetahised

srd I to form gas ui QH&£S
i n&Y ffg‘?% g"’ﬁlaé*iﬂ Fifep v’)sm}agngf sﬂogelhtlﬁzlzk‘éfft a[r}ys is @fn%

st piapgmeke, usdbal,| )gemdrﬁum;,t amim bﬂsmuth,e nmelgbdsoahy dmﬁmony,
hydr ocar bons fronrthe catal yst, after which the '
st VRpem wdmixipess thereofy i gati vel y regenerated in a
catal yst regeneration zone to produce hot, regenerated

catal yst which then recycl ed t he. crack n
f oilhe jcaiakystn I@f GL"Ir‘;“hé? “31? 15 8%? fcongWg frabeﬁ mprlses

Co gt iuf R said GlestGadtallaid hisminied abdaid staund enceatpl e,
zeolIte based catalysts with a faujasite cracking

conponent as described in the sem nal review by Venuto
an %é‘%&h@st & elaﬂn @t #herbin CthErmedk el \bbinPonéfOln the metal
Cat al ysts, Marcel Dekker, New York 1979, |8BN °
o gonidinigg ppingl, is selegied fromsthe GrHRROPYSIIESL R A WHR Qé%“P
eﬁa% H?Aeeal fdl tixhr&sahé@boft i ¢ Cracki ng '
Al e ik i A on, 1995, | SBN
0- 88415-290- 1. Preferably the FCC catalyst is a.
catl Y5k &%élﬁll ﬁgwﬂerx tt}ff%lﬁlerﬁéthlt&) hdny & sregeakinngh.
conponen¥ a part |cu y preferred enbodi nent: of
t hempunt ém thegmnget dfebRa®. et talapeut20curight percet; ‘aalwﬂ%?s
usuenlxa“g éhﬁ% al um na, or srllca al.umna, a Y-type
PP dcti Ve conponent one or nore matrix al um nas
and/or silica alum nas, and fillers such as kaolin

eqlite e
o s ML 8 58 Skl louRE A PGBbopelt SRl B
t r edbef intHeragdeadfi dbbuti (@) 1ctataboutst Osmghta)srcamtycajculathb as
rare-eart 47] Typi cal FCC processes are
coﬁﬁﬁ@?@&hﬂwlkgﬁbtlon temperatures of 480C to 600C
mrth catal yst regeneration tenperatures of 600C-to
As it is well known.i he t he..cat al.yst..
e gBn snalvitas Gobapoctnse seBpnd NO P EaSE s e
reaﬁgg&mygﬁagce The conpositions of the invention may
be used processi ng of any typical hydrocarbon.
feedstock. Suitable feedstocks .include petrol eum
di | R addittidg] 0!, fedietiondRive is an
Dot h"lgté %?’ﬁ%ﬁar‘ﬁa’ﬁ@e‘gg?k'g (K a RAHAR Q0L Rl 900C,
pr erﬁtancmlylby*;*edé‘%utedlsz@addﬁl%out 800C, whi ch when
catal ytically cracked provi de a gasoline or other

petrol eum product. Synthetic feeds having boiling

poi nts of about 200C to about 800C, such as oil from
coal, tar sands or shale oil, can also be

i ncl uded. [0048] In order t,9 remove coke fromthe

catal yst, oxygen or air is added to.the regeneration
zone. This is perforned by a suitabl e spargi ng device
in the bottomof the regeneration zone, or if desired,
addi ti onal oxygen is added to the dilute or dense
phase of the regeneration zone. [0049]
Catalyst/addltlve conposrtlons |n accordance with the
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of the conpositions alone. Preferably, the additiona
NOx reduction conponent is a non-zeolitic material,

WO b@b/ 09898 a material that contains no or substBeL/U82005012982
no (i.e., less than 5 weight percent, preferably |less .
than 1 wei ght- percent) zeolite. - [0051] One such cl ass
of non-zeolitic materials suitable for use in

96.COMPhABthigh a&ﬂélﬁhmt th’g%mrtﬁéi HaditicHAl NOTROSIclibP Bddiffe fshe
i nvention’include noble netal contalnlng NOx reducti on
c onpsyskiteAginel Nk ra@caorsa,dd@yed and described in U.S.
Pat ent 6, 660,683 Bl, the entire disclosure of which is
herei n i ncorporated by reference. Conpositions inthis

97.cl ke vatalysttofiigial 84y wharmiprths edditignal NOg uéductonradditivesis af
e contai ning substantially no

zeoﬁ’xcﬁ%tg]‘(éﬁ? cé?rge}q%tgggpx%p&ﬁglgpm ng silica and al um na,

rmst preferabl y containing at |east 1 weight percent

a taI. t | east 5. wei ght .
6. per ottt of 6 By i ot P s sy afaiigheoripostion
permratn‘aeana;ﬁnfelelwelm £t 40 toRbalt 20@himl east 0.5 wei ght
percent, preferably about 0.5 to about 50 wei ght
percent) and m xtures thereof; (3) at |east 0.1 weight

99.Per PR datlyst 80 CRIN 9§ Q/h&teﬁlrtﬂg Earff@ﬁlﬁb catl g%deﬁﬁp eBRPdsition
. (preferably ceria) east 1 ppmof a .

nobhas ameqaa patislesiz diom e(bspb%Sépabq‘Wﬂ umpd, Rh, Ir, OCs,
Ru, Re and m xtures thereof). Preferred conpositi ons

“in this class of materials conprise (1) an acidic -
- 1000 Bee catphstiphiChagn &7 whergisx the partienlygh catplystépdditive cemposition
an I east 0.5 wei ght

peﬁ%:ag%?ﬂg?sggh@lll*%aﬁ& ﬁg dafugr?g%@rthﬁsgl kal i ne earth
metal or mxtures thereof; (3) about 1 to about 25
wei-ght n ohrage._ca | e n

101/ ﬂ{é e?o{)f gél?lgfpefﬁg gﬁﬁre?% oha? Eyalg Hnal% alag@éddﬁt 2
(4)coatpolsxeax$has&m\;apmodlesathambﬂ)e met al seI ect ed from
the group consisting of Pt, Rh, Ir, and a conbination
thereof, all percentages being based on the total 4

102uei THet cefalysheoﬁ))(tlaﬁai i Md osteadity stheagditicule carhegadditive.

gg?ct%%oAg F Li’s@l gi‘?ﬁ?&‘%‘f iigl i/vltltﬁ ?ﬁeerl\li()ill ?educti on |

corrp05| ti ons of the invention include a low NO, CO-

tion ter as disclose rlbedanS
l°3F>at tca to %Arlrag‘ﬂ 85‘3‘%"%?18 the ‘Oé‘gqlg’ovﬁ ugtien pmposition '
di Sd'éh?ﬁbﬁ’se(l)ckfn dcliRSReRP&HEM, $iiaRHE I3RS (ill) b MheaRRE VxR
by reference pi.cal |y, the | ow NOC conbustjon

pr dﬁlwéhanc%ﬁ%o%ndt (i r@tleﬁ)"rlrlﬁr pisleast pne gyidg Of @ tangsitiop anetal
SUQQEE&d flofd GbuR! 8akid Hﬁtéﬂ thaHdfi8dic afdof, 'nBS]ee;ﬁétﬁﬁ and
metal or mixtures thereof; (3) a transition netal
oximgisturesthergofoxygen storage capability; and (4)
pal | adium The acidi c oxi de support preferably
contains silica alumna. Ceria is the preferred oxygen
104st dibggeataystdef (haimf 67 awhgreint the NOR p£ANE4 ireduction’ zeolite
co I ( n i di. [
 SoRuEpbiE R SRR AR i PR B LTl B, o
(2) about 1-10 parts by weight, neasured as net al
oxi de, of at |east one alkali netal, alkaline earth
.metal or mxtures thereof; (3) at least 1 part by
wei ght O CeO ; and (4) about 0.01- 5.0 parts by wei ght
of Pd, all of said parts by weight of conponents (2) -
(4) being per 100 parts by weight of said acidic netal
oxi de support material. [0053] Yet another class of
non-zeolitic materials sgitable for use in combination
with the NOx reduction c ﬁpositions of the invention
i ncl ude NOx reduction conpositions as disclosed and
described in U S. Patent Nos. 6,379,536, 6,280,607
Bl , 6,143,167 and 6, 129,834, the entire disclosure of
these patents being herein incorporated by reference.
In general, the NOx reductlon conp03|t|ons conprlse

o s .



vanadi um and m xtures thereof. Preferably, the netal

contai ni ng spinel conprises nagnesium as said first
woredoaloompgl al umi num as sai d second netal, and P@EUS2005/012982

atom c"rato' ormagnesram to-ai um nunrin said spinel is

at |east about 0.17. The- third metal in the spine

preferably conprises a netal selected fromthe group

05 CORShBAPAH Ry HEnEH AR P LRy R, g i

metathlytio Bjpokiap tofi 6 hjzﬂreéaefoa biesdsmck Setatlower amleauiau melghh

caranroted i BrBH Ao A e oS AR N

meg Q:lracﬁﬂgwaﬁ t ad aemais@mberamreawmemumer moldeelar aRipht

of about 1 to about 10 melghtlgfrce calquatEd

ashyd @%@bﬂnavomwm@tﬁ apfe foamed, (Bt gpokie gita ¥ rEompgising the

Mt ShbRtRnbt el §sns6amy nation with the NOX reduction

add???vesng? the T'nvention.incl ude, but are not

limted to, zinc based catalysts such as disclosed and
06.de§'ﬁ£ h‘%ﬁl% o@ dija@ lﬂg%ﬁﬂér cmRnéné)lQ:%@\@ﬁﬂ% tmrédmiéycam}%?d '

NOX ' e ion additives such as descri bed and

di fromomilcantactingstepPandeineating the nsgBtalBsp in a regeneration zone

ovsg{t %ﬂgctm reducti on additives such as .

FPBet and diatlosed in U S. Patent Nos. 5,364,517

and 5, 565, 181; hydrot alcite catalyst and additive

107.cc 8 piethod it L1 305 AR Gy ApdFe: 1 ffdief purine
4 9&ﬁmﬁﬁgsm6h&&6uﬁﬂﬁl&&bkmn 898, 6,479,421 Bl and PCT
I nternational Publication No. WD 95/03876; and | ow NOx
pronoter additive conpositions such as described, for.
108. Sxm’flvhﬁethdsu ld,ffScmHﬁtmst “Meregm}ﬁ%bdaat&n bheN@neinissions is
i scl osyre of each patent r i,ncor por.at y .
O el bubas s Roh Sy SRt 1 1F o BB R AL Bk
| N¥&VetsRIh droyield @f trskdNQydfRaty6is azn:ompaipasm thecwaranﬁrbbine
invention in conbination wth ﬁ%% al %ﬁ@ |U
s fesRSieTho SRRy CRIRD Bo3ield 6 AT KFIPEIPSRRRA bt
Pu@hkﬁﬁ%bga youdyer WO 03/0461 12 Al and PCT .
International Publication No. WO 2004/033091 Al, the
entire disclosures of which are herein |ncorporated by

109" €TACHRRCKac Zc%tcbatg@i dopipRviak é&)oz{r@%klh% QBm@Sxﬂ'ﬁf shitable for |

conpri ses an aci di ¢ oxi de SUg} cerium
ox icetelyzipg te) crackingnefthydrasarbensi and (B} #dsast éﬁ”%@lt pareer ef

(i ¥)N6Qtr{3(ﬂl%ﬁl)ll) Yeolfit s !a? ded frgﬂethg)@rgﬁ) &fnsﬁtlﬁé 28 -11, Weta,
ected rom and of the Periddic
TabI@Y- 49omcnfd¢mileaM£Mf56, %poatteuhegethtﬁeRb@f erripuitps Phabapiéss
usﬁﬁnogi [“‘r‘ltea‘llﬁbfsd ﬂ“%gﬂf’f&' 25Qld1l @)ﬁ%&i? r&%ﬁk'l@”zsm-zs
fons are™u n’an anolnt su
pr @gvi£8,iZsM-22sESMMIK ZBRi6ic ZKeh Nd:i,elﬁu-ﬁar@l&ﬂe‘ész- 35,135~

usgﬁg‘gﬁzf'h #S%té ga},cénia Ig,lt I{dvﬁﬂmgegﬁﬁﬁaﬁ%eo@%@ oﬂ%.imonﬁfe

ar Eplsidite] NGaRIGATEUNGistondife, alCuntriGe, mﬂrqhiterpe;r cstilbiteyf
t he FCC catalyst L nven Pr ef er.ab
noﬁ ayligfte 1 FROSEBFRK Y N‘?@E‘%@’Eﬁ?& i H%*%ﬁ%%@nt upt o

about 30 wei ght percent, nost preferably up to about
10 wei ght percent of the FCC catal yst inventory. The
addi tional 'NOx reduction conposition may be bl ended
with the FCC catal yst inventory as a separate particle
additive. Alternatively, the. additional NOx reduction
conposition may be incorporated into the FCC catal yst
as an integral conponent of the catalyst. [0058] It is
al so contenpl ated within,fhe scope of the present |,

i nvention that catal yst/additive conpositions in
accordance with the present invention may be used in
conbi nation with other additives conventionally used
in the FCC process, e.g., SOx reduction additives,
gasol i ne-sul fur reduction additives, CO conbustion
pronoters, addltlves for t he productlon of Ilght



EXAMPLE 2 [0063] A conposition containing 40% beta and
40% cl ay bound with 20% silica sol (Additive B) was
wpe@payses as foll ows. An aqueous slurry cont ai PCHYSD9612982
beta (Si g 2/Al2 g 3 =28) was mlled in a Drais mll.
The mlled beta slurry (5670g) was conbined with 120Qg
110NatThe @hoking( chtalyshas Ciiimaldd vay saitl|catbyss cdmfrisagliategral
(10% s The silica sol was prepared from
sorﬂ’?ﬁ %S.qur %"a‘f"@taﬂh@ﬂbﬁ‘?@oﬂ:‘?}ﬁf"a cg{béat alyst slurry was
then spray dried in a Bowen spray drrer The resul ting
spray dried product was wash i ammoni um sul fat e

1115 o [Thiej rekingosatalyse @f G}alma%rwlreéelaﬁ?epan%@r SpatPriRgs P
Na?aﬁorﬁ d. f%eiboﬁ’tfmlvﬁsﬁ of ﬂB@@ra@klﬂfrr %tzﬁlstThe properties of
‘the catal yst are shown in Tab EXAMPLE 3 [0064] A
conposi tion containi ng 40% nor den| te and 40% cl ay

112b°"tfr119 c\Mctkﬁ}%ZQa{ U,zsr ok egﬁuﬁlgfrr 1(%%12 :cgﬁggefwh@%t ]

( Slalquﬁl'lAbﬁboptEOJW’tw()f thasramnllg @thlysh a Drais mll. The
mlled nordenite slurry (3850 g) was conbined wth
800g Natka clay (dry basis) and 4000g silica sol.
113bl rmie rcatald¥oof allaids 1 09 Tlrehesicbmpdsisplat bhastdare adakitional NOy
‘ red fromsodiumsilicate and aci.d alum The
catr ugtion eIRYsohns t hen spray dried in a Bowen spray
dr| er The resulting spray dried product vvas washed
ampni um. sul f so] ution wat ert.a
11441 e SogRehpy i [ herhe el SO rebetongtssiton
: vvt%a;[(;}ezmlg@e&{,p@,ﬁmg_f the catal yst are shown in Table
1. EXAMPLE 4 [0065] A conposition containing 40%
-~ Zeolite L and 40% clay bound with 20% silica sol
1150 AdEL ChidfrsDdf ORn PILRAERH tAS addidIMNO %Hu@ﬂéi?@&ﬁposrtlon
~Tslurry containing 25% Zeolite L (Siq 2/ Al 2 q L
wasomprises da) an acidip gletl piide contaiing quwerltz@mnptzeolﬂe (b)a
sl H‘re'i%f con %@9&1} (%r‘@a%ur@@gp'ﬂﬁqguc\@ kdlecteDfOmNad Fx%uﬁlcaﬂs_ll_sﬁgé y

basi s i ca sol binder (10% sofli ds

si bf exaaléceh misitad.charallgglie par@pmtelopnrlrrmrﬁtwdhqus (q) AR SXYEen
andy 2l th i Whide EhG &@h@ NPl $ A ¥ne'Fisbid BRI SRipBent.
driedn a wensray r eresutlng spray
dr| ed product was washed wi th ammoni um sul fate

gt i 8iye! 8 CRUET Y ndRly he bRUAAENG, GaNBLP bontichio
c abahyrsstes m)ems’hmlwmnetal obadsl spport; EXA VPRI BRI 6tkhlink earth
G RN R L TR TR

f obépnwlty,%krmda@memm&srﬁémmbtﬁl sedevteal ﬁmm g}@ipsa% AN 6 the

I ed Dr 1. Th
i Fg'é‘bﬁ wér}ﬁe@ngru#vwég) ewalsncgnbl ﬁleé vn\;th 12089

Natka cl ay (dry basi s) and 6000g silica soI bi nder

‘ 10% sol j ds). The SI| sol (?Flnde gpar ed from
117soa"h®ﬁ%t§ryr5ﬁ Qfa@lémhil 3dW %rF'a the o ltlemLNﬁtr ";99, n gqmposition

- vag 4 R NOYew ceﬁab@s@lmh rpr&naerraﬂn;ﬁﬁﬁi@rr vHiéteEomprides (a) an

resulting spray dried ]J[;ro uct was washed wi th ammoni um

s upgigiceoxads] mop@m (bX & pliselenets). aealialine sagh wetal o Mbeps ¢
I T S

of UEREGr S nufin Blaf Sak hVAlp Bygol fngf APy IRORE (07
Prpqdblrdtunes of Additives A through E. Additive A
Additive B Additive C Additive D Additive E TV @ 1750
OF : W.%5.68 3.72 4.76 5.11 5.09 SiQ2 : W.%75.9
75.1 76.3.70.5 75.4 A28 : W.%23.0 22.8 22.4 17.0
22.2 RE2A8 : W.%0.02 0.02 0.19 0.01 0.01 Na20 : W . %
<0. 023 <0.027 <0.020 <0.023 <0.022 Fe W.%O0.44 0.44 '
0.43 0.23 0.42 TiC2 W.% 0,96 0.95 1.10 0.52 0.02 K20
W.%1.681 SA nR/g 244 238 269 258 218 Zeolite : nR/g
182 174 224 196 124 Matrix : nR2/g 62 64 45 62
94EXAMPLE 6 [0067] The ability o f Additives A-E to
reduce NO em ssions fromthe FCC unit was eval uated

usr ng the Davr son Circul atr ng R| ser (DCR) The

o Y " ~oNrs T



Al2C8 W .% 45.5 RE2C3 W . % 0. 37 Na20 wt. % 0. 37 Fe w. %
0.6 TIO2 wt.%1.2 MpOwW.% 0.319 N ppm 681 V ppm 1160
WE2005099398.88 Zeolite n2/g 128 Matrix : nR/ g 60FehUS2085/012982
Properties of feed used in DCR tests APl Gavity @0 F

3. : I 9
lls’éas?léesﬁt?% of Wi Q3Q%?ér gf;glﬂe dP]llrtitg son éaéﬂkztn{ﬁ Q \Alils%}ltlon
: o O@Imlseqog ast Gnemetal@pma@urig smmélawhrgh intludes/a fishmétal and.

7 0. .74
& b B0y it Foi0lec Bichilody BBt B8 frtferd,
ex Cb& @R compdriest oEzgémdrmét@lr othanHaMaimﬁﬁshmd egefienahBer
t] t 13000F 5 . Aft th .
0P Sbtid ey o SO0t A2 Tl RS i gt csecond and
C ol thizd thly) Whe i hidthiddintRal lie %lec&defﬁin?ﬂle%%ﬂ\é@nmstmg of

‘lé &%100& Subsequent | 100 of catal yst
;["é ,iGrebp TR angeif Grone nrfgal%fhwmzeagh atetals,

cormemtah S@rRIhemehls Sankt '
(i meGRpmeklstnltnRARAAHERRY Ul AN RRATIAGAI is

{ 7awe) thej graw consissing defe dromy m@kel,\/tlta@iwrg th@mum,

‘ W%ér@ar%s@ pX:'oﬁJ]? gxﬁﬁH?uHQ tﬁzﬁn%ﬁol@ﬂgﬂﬂ {b Een#fm

cat al yst. ription o
publanadien andwmuxtums thgsofk, T. F. Petti, and J .
Rudesill, "Contam nant-Metal Deactivation and

Met al - Dehydr ogenation Effects During Cyclic Propyl ene
119St él“ém qatplyst off| Claith Ch8 a*hpranc ther metel wontGaing| spivieh ,cdmpnses
T n droca ban els SSing -
o e ich QLRI EsT B36 | O YR 2ER SO HQEE T Sty
| SBN O 8412-3411-6. [0069] After the unit stabilized

ted. . o
12030308 cabllfe B E15H' 13" Pkeit e i Rom R sionie dm oy pyeig!
Wi k:hnt@mﬁ@@maf isPteldoted eftbni e grou t@isisias o P4l BRénif Gﬂa% ]

e recorded. in Jable 4 bel ow
As seﬁ%mﬁe fage- ‘F%{l't stalf prd TRGETE horep RE, Additives A

through E are effective in reducing NO em ssions from

e r.at e additives are especially,
121, &B%F?tel SHoeh g’és‘ivl??gew%eémré &1t SOPANEBA j§ Present in an
Si gibhitdartd ¥ngf depbintn@0d1NG ébb&cme@ﬁt%kt‘éﬁts CMblﬁlltgé ads
shown beng in Tabl e 5. Tabl e 4 Reduction of

enfEeyALthid giftalhe regenerator of the Davi son
Circulating Ri ser (DCR) when using Zeolite based
additives. TOS is tinme on streamfromthe tinme of .-
122. ad &b iy eof CdwBubis; whergin sed et meteheomnonent Agiptiesant in
Lexehmd 8 8% EHQUARNG, d%q%%bm (gt Bhrck
(o3 ERguR LR 1ohel il Shom 0,001 10 shod N0t g Bhrgly) Rl gP”
1035451@%1t%§0l3@11E@NT 886 49 CP-3, CPS 0.25 1.3 884 148
Additive B 10 4 917 56 62 ECAT 864 27 CP-3, CPS 0.25
1.3 877 124 Additive C 10 4 912 8 1 35 ECAT 887 19
123. CPIIg: caG@t Of Lhairh. 1 38Whierei? e Aniditional N} eOuctiof 23difive B2
E 3, CPS 0.25 1.4 872 152 Additive E 10 4
gfgl%égc&ga?‘algpe 5 Activity of the cracking catal yst
inventory and product yields during testing of zeolite
124. balshe ca%?yst of &l%lm 1T3 WECFCIEIIX%EC additional NO, reduction addmve is an

antimony based NO, reduction additive.

46



Cat al yst Name ECAT ECAT w ECAT w ECAT w ECAT w
ECAT Average 0.25% Pt Prom 0.25% Pt Prom 0.25% Pt
WER@TH0IBIRL5% Pt Prom 0.25% Pt Pr of 6 runs 10P6€T/US2005/012982
Additive A 10% Additive B 10% Additive C 10% Addi ti ve
D 10% Additi Conversion wt% 71.07 69.53 70.92 71.09
71.20 70.38 C/0 RATIO 8.19 7.87 8.08 8.19 7.85 8.11 H2
125.Y1 ¢hd c‘ﬁfai(?kpopélaﬁ)n P53 Ah8ein0th0ad&iGhl NO)Fedudiioh £daitive i 40
1.61°1.70°1,79 1.79 1,73 1.63 Total C3 wt % 5.50 6.11
6. perogskiz-spingbNG, gduct®a additye, 74 5. 08 5.36 5.09 4.98°
5.01 Total C4 wt % 10.03 .9.92 10.56 10.47 10.35 10. 14
iC4 W% 3.55 3.65 4.02 3.78 3.80 3.61 Total C4= wt %
126.5. BRe 5at6YstofdUain 9B $h@ein3he 2dditinalNe: tedvstion additive §0a
1.78.1,67 1.77. GASOLI NE..wt % 50. 95 48.80 48.69 49.49
49‘.%%’0?8‘?‘%011‘66‘%%"?%5%%‘125. 12 23.94 23.64 23.70
.24.37 BOTTOVMS Wt % 5.09 5.35 5.14 . 5.27 5.10 5.25 Coke

w% 2.93.2.95 3. 34 Q07 3..16, 2. .98WHAT | Al VED | S;
127.1, The sskssass BHGIATA IR EHR CETBRICTT (A FopESes & Y-
r e%&i%%aﬁt'b QAd &voneitl (b3 présdhttin @ amoiiti suffitieAt ol providd a a
hydr ocarbon feedstock intaq |ower j Iefclul ag Wfllgh}% '
coiAsionei NOx redioiony zselitesto Yte; zep g of less thagnd AT theqigtal
hyds rbon feedstock during a fluid catalytic '
cracki'ng ((FCC) process wher.ein NOx em ssions are
rel eased froma regeneration zone of a fluid catalytic
128.C' ’?ﬁg 'cmkﬁﬁg' datalySCR1a9R S LW R ik RERPoreHi(1) G Bekér® iiF an
with a circulating i nven_torfy of an FCC cracking .
c aarabynitsuffivipnhtopuptife aratioco NG fedention zenlite to Y-type zeolite
ca gl b ition having a nean particle
. si(gzt:i%ﬁ]él?ggrl%%yo?ﬂ?ﬁaﬁ 4 5 mm and conprising (i) at
| east 10 wei ght percent of a NOx reduction zeolite

1m0 C onent. e . =N PR 1

129. 3 *PREPERKipB GG o CUURLLIT St BrpBAist B0 liher Bomérils
z eatl ledst olhsiabikizing wwetal.t e, . chabazite, clinoptilolite,
MCM 22, -MCM 35, MCM 61, Offretite, A, ZSM 12, ZSM23,

‘ ZSM 18, ZSM 22, ZSM 57, ZSM 61, ZK-5, NaJ, Nu-87,

130. G The Sfaékiap ca@hzt o4Blain®IZ9 4vherishe? 8abildsnghingtat ist & metal

NerLinojte, Lovdarite., .Levyne it :
IR BRI EHOHER 21 SPGB 2B, 6B 2B,
Bressual baetheStdntbahide,SeRasibf Thé Periodto Gskler g lknd eyixtures
Natroliite, omega or m xtures thereof , and (ii) from
abB&te% t o about 50 wei ght percent of an inorganic

, bi nder selected fromthe group consisting of alunina,
- silica, silica alumna,’ um na phosphate and, .

131. i Tag prsking sptglyst: Ofaqala%.l?b Phstres fs SAbd el freRlerid
eng-Sil Qﬁs%rf)@ﬂ 6@1%%%% lo®Gbliss BBISAENB! BANankOoMe Iainthahide
FCCU by at |'east 10% as conpared to the amount of
| Sraiesofthedlepindic Tableapddnixpirestbergtfsence of the
particul ate NOx reduction conposition. 2. The process

. of daim1l wherein the FCC cracking catal yst conprises

132. a The ypeking ohtalyss. of Llainh d3 b mdiereirs thefstabiiliging metahisrselepted

Ol lipn 2EREERe pE GG Athifint MR G By ARGRAE

criabitads theeboficar bons as conpared to the hydrocar bon
feedst ock conversion or "yield of cracked hydrocarbons
obt ai ned fromthe cracking catal yst al one.4. The
process of Claim1l wherein the anmount of the NOx
reducti on zeolite conponent present in the

catal yst/additive conpoSL;ion is at | east 30 weight
percent of" the conposition. 5. The process of Caim4
wherei n the anount of the NOx reduction zeolite
conmponent present in the catal yst/additive conposition
is at | east 40 wei ght percent of the conposition. 6.
The process of Caimb5 wherei.n the anount of the NOx
reduction zeolite conponent present in the

catal yst/additive conposition is at |east 50 wei ght
percent of the conposition. 7. The process of Caim1l

o a1 o, . S -



the group consisting of G oups 2A5 3B, 4B, 5B, 6B, 7B5
8B, 2B5 3A5 4A, 5A, the Lanthanide Series of The
w@ers00k8es Tabl e, Ag and mi xtures thereof. 13. H¢EUS2005/012982
process of Claim 12 wherein the stabilizing netal is
sel ected fromthe group consisting of Goups 3B5 2A, .
133. ZB?hg’Acrﬁ!kﬂmgt Retabanofaglade BBy iviwerali thbestRdliiinglimetal is
Tabl e, and ‘m xtures thereof. %ﬁ The process of Caim
13%@#’@‘14 intdhesposgsi GFicomARReRE®X i s sel ected fromthe
group consisting of |anthanum aluninun1'nagnesiun1and
zinc, and m xtures thereof. 15. The process of Cd ai
134. 11Tl eracking tatalyst abiQldimi hip miberein Fh§ qdﬁék?ﬂ?)‘oNQt‘ ésdqcmlb
the r of th 0
e PR gl Rreafthed S bR €RRk; 1F GAURCORM. 1D |
s e]aﬁt‘h‘aﬁide bridnotiee t}gmmapa,camds(né tup‘ngladiﬁ', @|1¢aSt: ene edidmeoina,
silica.alu ures he f 7 c
o e ARLARISF B AOrY GOy AR) oISt A aperibdR JRbRTRRe
1&meﬁhﬁmﬂmﬂmmﬁﬁtm&edﬂ aim 17 mhereln t he alun1na i's” an
acid or base peptized alum na. 19. The process of
Claim17 wherein the alunina is aluninun1chlorohydro

135. ZOThér Qﬁacﬁfhg CafedysP of @1aiiM1 39 Wik« thd NO, astuetibn akolite is |
[ nor gani c

i nder present in_the ul ate .
c afE@dW)Tﬁé@t from dihe igtauP CoRpgEg PhobE a}{’)@é{@d’ - BRE 5 M- 5(6
abous|itd1 O7BkedRto, REAGHRB] cabaziteclmopmolite] MOM-22,10fEkR,
process of .C ai m 20 wherein the anpunt. of i norganic -

bi Ad&BMpl2 Z8M-23, pmege aphmixturgs WEEotat al yst/ additi ve
conposi tion ranges fromabout 15. to about 2 5 weight
percent of the conposition.22. The process of Gaim1l
136. whEhe eracking cNe:lystr@c@lm 4P pderein te Astion zalite, hag #p
k§§ﬁ)than 500. 23. The process
@ %61;‘1 e?reerE]d &hlggﬁ reduction zeolite conponent
|s a zeollte selected fromthe group consisting of
be r
157. g e e i e SR B 109 bR Rt § Feckis AR thinthe
Of NiOg réduetjonszeo BSM 12 ZSM 23, onega and m xtur es
thereof. 24. The process of Claim1l wherein the
particul ate catal yst/additive conposition further-
138.COWRE bl&elsingﬁatalgididfi(bmai 1¥ewhértia the btber 2ehhite is prleckiddrom

reduction zeolit i erein
© he P oBgmess drrpie 2SR 28583 PlofbRhD detedt
con5|st|ng of ferrierite, ZSNPS ZSM 35 and mi xtures

t her eof
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f r gmagbesdund rﬁr%n%b%h 88omel gbt atpar geneiglht t)dfrecnt of the
conposition. The process of Cl aim 26 wherein the

adePEPBHION: zeolite is present in an anount ranglng
. fromabout 10 to about 70 wei ght percent of t he .
conposi tion. 28. The process of Claim1l 3 where

140.t h&he aragkipg catalysti ofi Glaint b3Hybereinothe other A “ec'é rPﬁ?SF%‘éE aa
Mg bt %E‘H il 51% £&h ?djatfoﬁlpm (vBBhPeRitRt SARSEigoRitioRf
al um na Tica lumna, titania, zirconia,
yttria, Ianthana, cerla, neodyn1a samaria, europia,
gadol i nia, praseodym a, and m xtures thereof. 29. The

- process of Claim28 wherein the matrix material is
present in an anount |ess than 70 wei ght percent. 30.
The process of daiml or 3 further conprising
recovering the cracking catalyst fromsaid contacting
step and treating the used catalyst in a regeneration

~zone to regenerate said caﬁ%lyst.Sl. The process of
Cl ai m 30 wherein the cracking catal yst and the
particul ate catal yst/additive conposition are
fluidized during contacting said hydrocarbon
feedstock. 32. The process of Claim1l or 3 further
conprising contacting the hydrocarbon feed with at
| east one additional NOx reduction conposition. 33.
The process of Cla|n132 mhereln the addltlonal NOx
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| east one conponent of a third netal other than said
first and second netals . and at | east one conponent

woRo0os/098ast h netal other than said first, secopCI/ESZH0S/012982

third metals, wherein said third netal is selected

141f 1 OThé RECRIMG WatahRD oF TR0 109 WHeRHP tHeBNdetr@du%uorﬁzedme kB
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metals, Goup VI'A netals, the rare- earth netal's, the
Pl at%changed ridug eptiom|sslcatRd) ffﬁ“?(tﬂEPr EPUp [rensiging @fnbb’dﬁ%ed,
f oushRoRRiAbikf Bl S5 ShibidBd fiegr 0P consi sting of
iron, nické tanium chromum manganese, cobalt,
germani um tin, b| smut h, nol ybdenum anti nony,

S 0 rocess
T ai'm %ﬂpa\f\lﬁd Cm e&“{g? lg?sc%% e%ll?enrleﬁ‘a’e PhEP S CB“ﬁ'ﬂg fluid
rrag:mﬁadytwrrcxask:ﬁ@ Ioﬁ afhydsctcamen a‘bedmdk ol roweiNmakciad dexght
second neta roc of C.aim 37 wherei

t hi FPROBENLE Séiﬁ’rm%}h%‘ﬂfo RIS o A SR tRg Ay rqeAgon &eﬁ%?ci

i S dueing o A0idf da@iftich@adkinguFC)NEb&kd Mlerein NOE'eﬂﬁésfbHé"hre
G ou tg@mthe rare-earth tals and m xtur

t hdFiEase FhEepIEEioes?r of dhenf: 53?3%9@?@1%8 tlﬁléert RCEd
rret@hdi@leﬁmns e FCC efaeﬁlﬁgkatms%nﬂ;@am of Olal @095 At
of about "0.001 to about 0 wei ercent, cal cul at
as Teflusingihe pmopgtof NQteapissions rekrah‘»ed B'P@db%@gdferauoauzmescrf
VmQﬁ@FCC@%}datfl@dé{ tdlpewsetr,aas SIMPARIAGH the aindih®o érﬂlsﬁah
anmount in the range of about '0.001 to

perelepsed m;ﬁlp@meaeeeqf thesNOk eaduetianl cofposition. met al . 42. The
process of Claim 32 wherein the additional NOx
reduction additive is a zinc based catal yst.43. The

143. pr ddesmethiod Gbfa CairB 214%h evheiain tstep ébddnstaomaphshem without a

" editddith gk’ %O e nttoflibdul MANBAS 2R SH4GHA

process O alrm erei

ad arackerh Ay drbddthons @@tameldodurmgdhd: FCE proceas as compared to the

d ddi.t
P o BRI Sk B 8 VIR o BNt SRt rained
r edwmt}nmrakinigtcatulgstsalcmehydr otalcite containing

conposition. 46. The process of Caim 32 wherein the
addi tional 1 NO x reduction conposition conprises (i)

144.an The inttitiodnafIGIAmOMR de 148 ivhpreirethé biffoent ofﬁﬁe),x rédukfion Rolite

145.

146.

| ant hani.de oxi oth r.than geria, an

opPTEREIT Ji° Céi‘cq‘f"ééé‘? YSheomRastion 8?‘“8“%@? a‘hl§?% Abont e v %
sebﬁﬂfe&@hckfngréh@ymu@ﬁqpbﬁuamd HB of the Periodic Tabl e,
nobl e nmetals and m xtures thereof. . 47. The process
of Claiml wherein the particulate N reduction

COITRO fettiddbf TASmA 40RANA P Fhbrefil tBe Shdht bf RO, bREfon2Aolite
about 2Q0 mn._ 48. The process of Claimi4 47 wherein the

paPesertiim the crasiring crtabyscqorpesisenrngrs rem abris Od taahout 60
Patk %bﬁh«%bé@kxﬁé%@s’%@%ﬁx&@ about 150 nm 49. The
process of Claim1 or 3 rein the particul ate NOx
reducti on conpositi on has a Davi son attri tion index

( s f. Cl

49Dlr &%\é?ééyﬁd Bfw dlﬁ S’{L ?eg)n t%?g?gr educ nr%glgcﬁ%%szg?lm%n
hapresenDlin the! anze:kuﬂg daei,)st tdrapositdn radges Txh»m ghoat £3s alafut 40
d wher.ei n articulate 3STOx reduction
coﬁkp?sﬁ?fgpeﬁaﬂﬂ%g%ﬁﬂtv%mﬂ%ﬂb@ |l ess than 15.52. . The
process of Claim2 wherein the amount of the

catal yst/additive conposition in the catal yst
inventory is that amount sufficient to provide a ratio
of NO reduction zeolite conmponent to Y-fype zeolite in
the total catalyst . inventggy of |less than 2. 53. The
process of Claimb52 wherein the ratio O NOx reduction
zeolite conponent to Y-type zeolite in the total
catalyst inventory is less than 1. 54. The process of
Caim?2 wherein step (b) is acconplished without a
substantial change in the hydrocarbon feedstock
conversion or yield of cracked hydrocarbons as
conpared to the hydrocarbon feedstock conversion or

y| eI d of cracked hydrocar bons obt a| ned fromthe
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in the total catalyst inventory in an anount
sufficient to provide a ratio of NOx reduction zeolite
weomsossst to Y-type zeolite of |ess than 2. SBCT/UBE05/012982
cat alyst of d ai m 55 wherein the anbunt of NOx
uction ,zeolite conmponent present

1474 S b6 e oar o Aol o) ShOFE S NonatiSgonaeds is
Peleg&hgdf wﬁfi‘ea EQ1TH %l&ie@ Ngrom She Ehﬁxpcﬁﬁﬁlsﬁ‘lﬁt onhy@ogélfn
58 wherein the amount of NOx reduction zeolite :
coRpoIRaim, ;?H‘éhmalmd eanebinations therephiddi ti ve conposition’
is at least 40 wei ght percent of the conposition. 60.
The catal yst of C aim59 wherein the anount of NOx :

148r edbe miaﬂwdzcefdtlhilm 14D op b4t whergmethe MNO,i redudtien zeolite further
cat al st/a g ve gglposmtl pn is at |least 50 weight
pert8 rtlsefjfl FHe° oﬁ‘.%’ M5BAY-61. The catalyst of Claim
55 V\,herel n the amount of 'NOx reductl on zeolite

one ent t/add| ve CO
S B 148 vingrei dhe e et e oo
C orﬂéﬁﬁm& g@nﬂ&%;sui{g 6f GRjupb YAl 3B)f4B<;iISBJ 6B 6/131 sm@m SA) 4Itxhe
~amunt o reduction zeol|te conpon ent ’
© hSAetbe Srybinide Sirics ob T ohigouicr 1Bl ARABLEEIORISBEG: | 30
to about 80 weight percent of the conp03|t| on. 63. The
catal yst of Caim 62 wherein the anount

NOX
1504 eab@meawdzt&mmel‘b%wb@rﬁ@n@le slebdiging mfﬁaltlﬁ éelected from'the
Al bBN3 A ARGeR f nBEh AR WeFit h 0
ab tux;gﬂﬁﬁgﬁ?%oﬁgg%éf ththconp03| tion. e.l ; &Q é
caPatigdic Taifle, andiminterss thiaesodi n t he NOx reduction zeol ite
conmponent is exchanged with a cation selected fromthe’

group consi sting of hydrogen, ammonium alkali netal .
151 an dhe ontiodatfiUaim 1 Hewbotingbe Sfﬁhélzmatrmtglsls sgjected] fpmtES

ro%*) Qcéllisshsg Elﬁ)f( lah *hgglﬁré ég’tih& éﬁ& ﬁl@fﬁ{&eﬁ%% qu_hl?)&{xres

cat}akepﬁt of Cl aim 65 wherein the st abilizing nmetal is
a netal selected-fromthe group consisting of G oups
2A, 3B, 4B5 5B, 6B, 7B, 8B, 2B, 3 ,-4A, 5A5 the

152 Lamhb aritdd Batlaias 148 whreinPée isedlilizingabétal, is Auponpmiated into
m xt ur es catal yst of C aim66 wherein
t h&*PPEB° %F’fﬁ\ﬁ%rﬁ%‘{"éf’“ﬁo sl ected fromthe group - :
consistl ng of Groups 3B, 2A, 2B, 3A and the Lant hani'de

153,55 Thested R YA 42 3 P v hengREPERRE eVt FaTHRe

mi‘Ezﬂ!ilyét 2né &Ez&ﬁn"g ekt #se@ Buth et ifaGbEne@iisH £ink Rgregénerate said
I ant hanum al um num magnesi um and zinc, and m xtures

t he#d¥st. 69. The catalyst of Claim 65 wherein the -
stabilizing netal is incorporated into the pores of
the NOx reduction zeolite conmponent. 70. The catal yst

154.0f Thy merhogsafm@irrew phéd3 meramihe asicknercafalyst frefluidized

paﬁﬁﬁr@%ﬂ&& Hc%‘i&@h%e}ﬂ?co&f”pos' tion is selected

rom tthe group |st|ng 0 ica, alumna, silica
alumna and m xtures thereof. 71. The catal yst of

d j :
155. 7y S g SFCRIA 1 FubiP Ff i RElng e BLAEEN, e
I Swith aalbawbmddﬂimhairrdxhynkdmdtnonﬁﬁdltl'mesom;msm'byst of Caim
"7 1 wherein the alumna is an acid or base peptized
~alum na. 74. The catalyst of C aim55 wherein the
anount of inorganic binder present in the particulate
catal yst/additive conposition ranges fromabout 10 to
‘about 30 wei ght percent of the conposition. 75. The
catal yst of Caim74 wherein the anount of inorganic
“binder present in the particulate catal yst/additive
conposition ranges from ghout 15 to about 25 wei ght
percent of the conposition. 76. The catalyst of Caim
55 wherein the NOx reduction zeolite conponent is
selected fromthe group consisting of beta, MCM 49,
nordenite, MCM 56, Zeolite-L, zeolite Rho, errionite,
chaba2|te cI [ nopt| I oI|te l\/CM22 O‘fretlte
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84. The catal yst of Claim55 further conprising at
| east one additional NOx reduction conposition. 85.
wab@sogusas yst of Cl aim 84 wherein the additi oneCT/NE2005/012982
reduction conposition is a non-ze litic conposition.
- 86. The catal yst of Claim 85 wherein the additional
ISMTheem;éhqdo Elsim o5t Whereinowp raddidienal Oarpdyetian additive
tially no zeolite; (b) a
gqmﬁ&itggﬁin%%ﬁgg% aigaltqhe oxi de, selected from
the group consisting of an alkali metal, an alkaline

ar al t the
157 ok B Gl 0SBl 0 o) S PHEER, oqtpe
‘nobécﬁnpmihah compRsR €At an &cldic Tinetal oaidalcgsthindfg wibstarmtiabl4 no
wher ej he addi ti onal tion, c 0
corfsP|iSal) aayetal sompengnt e 3&3‘?@@%&9@% ef*;é%q*ea%ﬁoup
al k@ﬂnkisﬁﬁ@ & an Alldahétiie a alkhiiherBaitidineRl andl Xixtir&Sthereof; (c)
t her eof’; Eﬁ’Eﬂ tranS| tion nmetal oxide having oxglgen
. st oHaefYeen Stemee sl xide cqmeponenty andr(d) af lgpst 1pBe Aoble metal
sel gmigededtr om G oups | B and HB of the Periodic Tabl e,
and mxtures thereof. 88. The catal yst of C aim 84
wherein the additional NOx reduction conposition is a
do
158, 0 et SROMIPLIOMAGE RSO, SARROP kR HabEion isa
met law, N@nC@Ql ckmbiistion @aomdtengomplosition yhigh ewesrlaehévf)@ofacrdlc

(C) 1 Hop'aVielc

2ol BEPSAL B A KO IS i e

CI athere@f (Qreatrapisition Inetah deide having oXy@Rn sterige tapwhility; and (d)
r@gs j;tion conprises at |east one netal-containing

spifef V\ﬂl ch includes a first netal and a second netal

haV|ng a val ence higher than the valence of said first

5 o RS SORRE oy SR PGk

com@mpeﬁtlomt:ompzﬁsw b Rastehalmedlveitainingrspinal dhich ifcides a
second and third taI wher ai. d .
S CaRTBE g sbohud ) BB g valefes Bianer it s FEhfrolsfi
G Ot tBtalyRit §ast, onel d@ﬂipo?&@n&\ offatthikd metah 6thethan eaidt first and
netals, the Plati num Group net alog ?éd m Xt

t heSF%QSIId mejal a8 o 19PEh AT HPOPRTS @h@é@%ﬁ%ﬁ#}aﬂéaw

Or Oftt, S6YdRA Shil ArdOfeialsO WherdirC kaid thntil héll ildrneleetlaﬂ @FOnt e
rranganese cobal t ger mani unb tin bi snmut h
1

o FRHPeFARTIStngh el Ginvp 1Byasials GruadiB mefaly Greur NIA dpgtals,
90.1nd. Fﬁe-%ﬁittﬁhﬁéﬁis ‘ﬂfe Eh@um @odﬂ‘ﬁé@ls%ﬁ&ﬁd@%@thereof and
contalnln% splne nprises magnesi um as said first
metsaid &vathameiel g rwlagteé dram dhe greppnaensisting pf irepe nickel,
Cattﬁth n¥cth Ot Cinfinl! 8RaNMARER! nctﬁm t RehnitRe, 8l i ORANRA
e nht cont’aining spinel I's Selected fromthe
gr ouglytsnemsantingnpf vanaddimend mixt@epipreabt al , t he
rare-earth netals and m xtures thereof. 92. The
catalyst of Caim89 wherein the third nmetal conponent
160i s Theasethdd iafi Glaina 69 ntherein tthe metatgentaihingbspirel GobPiisdso
about 20 wei alcul ated.as e tal third
e eyt 2 it T EERore AR 80 SRabL AL
fourth nmetal conponent is present in an anount in the
range of about. 0.001 to about 10 wei ght percent,
cal cul ated as elenmental fourth netal. 94. The catal yst
of Claim®84 wherein the additional NOx reduction
additive is a zinc based catalyst. 95. The catal yst of
Cl aim 84 wherein the additional NOx reduction additive
i's an antinmony based NOx reduction additive.96. The
catal yst of Caim84 wherein the additional NOx
reduction additive is a perovskite-spinel NOx
reduction additive. 97. The catal yst of Claim84
wherein the additional NOx reduction additive is a
hydrotal cite containing conposition. 98. The catal yst
of Claim55 wherein the particulate catal yst/additive
conp03|t| on has a nean part| cle SI ze from about 50 to
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hydr ocar bon conponents are fornmed, said cracking

catal yst conprising the conposition of Caimb55, 56 or
w®B 7005006898 The net hod of Cl aim 105 further conpPCHUAY05/012982

recovering the cracking catal yst from said contacting

step and treating the used catalyst in a regen n
1615 078 roethesyenEIein o SO G il s T POmRRETGE R

A abimihie & f1dcha fFJnil@ﬂ‘el RO BdRisisd of & Pldtibsli Grod

-duri ng con acting said hydrocarbon feedstock. 108. e

metnietal, the rapp-aanth mesls wadmaiteres therepeduct i on of NOx

em ssions i s acconplished wi thout a substantial change

in the hydrocarbon feedstock conversion or yield of
162cr dhk ad:tioddrfatiainb bi9swixseio olmmré ahetad cotponientis Peeseifdm an.

ob ARG Pomen s arac Pl Cudbed JERORGHiHE sRhaaass

f | Qieghettabthiddigetslat al yst conpri si ng (a) a cracking
conmponent suitable for catalyzing the cracking of
hydr ocar bons and (b) at |east 0.1 weight percent of a

163NOhE @bindd SCERPN 59 ﬁhé@in%@ideﬁurft}li fidtal BEmpPUrRLIPis present in
consi sting ZSM 11|, beta,

- S st in e ofahot P01 t9ope ToNGRMLAereem CHorlted

cl :\f@ﬁmehﬁifohﬁhnw 22,- MCM 35, MCM 61, Offretite, A
ZSM 12, ZSM 23, ZSM 1 8 ZSM 22, ZSM 57, ZSM 61, ZK— 5,
NaJ, Nu-87, Cit-1, SSZ-35, SSZ- 48, SSz-44, SSzZ-23;
164DaGIlB¥: %9‘1&?’0 N5 R ngﬂ Rﬁrerehp‘t’}féaﬁdcﬁt%naﬁwnﬁductlon addltlve
Launont pIStI| It lonite, G snondine, . '
Camompmmtm coBprses t (@) ian eamdlc %idebﬁttpéort,pgm #th gikali metal

on gﬁc%F§e6 %?'th I%'ﬁ?[e\l@{: l;n%lt k§ the?éwg(lgglgrtra ﬁi&ij bfefal oxide havmgA

reo cat Caim 109
whexegen sgaags czaaabilitysandc(dhp transigioni metelgelgrte fiom the Ssoups
whi.ch t onents (a) and (b).. 111. The -
crzl}glgpﬁgﬁc@tth pe?iog C?I%géal m 109 wherei n conponent (b)
conpri ses fron1about 0.1 to about 60 wt % of the

kin t S. 2. The cr f m

16501 THSHBRLID L SHBBhARR TSI e Spry st RS elbno adie
abeuinpédition is Yozhic based cambysiki ng catal yst. 113. The -
catal yst of Caim 109 further conprising at |east one
addi ti onal NOx reduction conposition. 114. The :

166C agr&hm&th@cf oflGlhif 138 wHessieitie hdttﬁtumdbl INO,oregictidixadditive
reductiQn conposition is non Lt.j.c conposition.
115OMPARALIQILS 3P ?’é‘fqu’éfeélirﬁ?’irfﬁ“ ‘é‘% hvel’ he additi onal
NOx reduction conposition conpri ses (a) an acidic
nmet al oxi de containing substantiall zeql |

16713 DD AEAIET LS8 VSt ARl O BB ity
th%oﬁbeéi@mﬁQQ%%%M-sﬁi‘nemoa}ehaéﬂonrmalﬁbe an al kal i-ne
earth metal and m xtures thereof (c) an oxygen
storage netal oxide conponent; and (d) at | east one
ghok n I Mol Rlduédoni smdkive
168 31 AERTL of STRENEDS Wil g (SUFRLAI MOL Reulch faid
C oRpmpesion la)a hadroaidnltd icontaiping|comppsidors upport; (b) an
al kali netal, alkaline earth netal or mxtures
thereof; (c) a transition netal oxide having oxygen
storage capability; and, (d) a transition netal
selected from G oups IB and HB of the Periodic Table,
and m xtures thereof. 117. The catal yst of Claim 113
wherein the additional NOx reduction conposition is a
| ow NOx CO conbustion prgyoter conposition which
conprises (a) an acidic ©Oxide support; (b) an al kali
nmetal, an alkaline earth netal or m xtures thereof;
(c) a transition nmetal oxide having oxygen storage
capability; and (d) palladium1 18. The catal yst of
G aim 113 wherein the additional NOx reduction
conposition conprises at | east one netal “contai ni ng
spinel which includes a first netal and a second net al
havi ng a val ence hi gher than the val ence of said first
rret aI at Ieast one conponent of a thlrd rret al ot her
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zinc based catalyst. 124. The catal yst of Caim 113
wherein the additional NOx reduction additive is an
wa@ndoseasys based NOx reduction additive. 125. ThBCT/US2005/012982
catal yst of Caim 113 wherein the additional NOx
reduction additive is a perovskite-spinel NOx
169 d ubtei methedidff Claine 1551 $Bereifitbe edditidngbNOp fed@btiimeohi®sition

wh LN . .addi t.i [, N d .00, addi.t i [ .
S A Mt U R0 gt g
cat altlystthanf cefibpdn (M) Dpibrdlls] Bt kasrponexite 0B} taTIoH BREl

a Ytype -zeolite and. _co e N sent in a
o rouHECte . ok 1B ﬁﬁgﬁﬁa@ it Phsipde BB RROME il apd
zeolmikfirdshefedfype zeolite of less than 2 in the total
catal yst. 128. The cracking catal yst of Caim 127
wherein conponent (b) is present in an anmpunt .
178YT el §iinoliOofT(IMdq42 WALLA ge@a&iﬁg%&iyspwoﬁﬁgkihw
. to Y-type zeolite of Iess than 1 in the tota o
cat &Pyprises prodditional zeokitelselseted froml thesgrows capbisiimg afferrierite,
V\,herzg[l.' R.5COERON . r conprises at |east one
st abi |zsi ng m%gpy{l%k{f.gu{ﬁ&%%cr acking catalyst of. Claim
129 wherein the stabilizing nmetal is a netal selected

romith [ ou onsi.sf i of A5 3B. 4B. 5B,
1705 b e 5E IR TR e iR 2R TS i et am
The aRPenntocinging dhine abd\g. Jard abdu t80resighthereaf of ikl craditing
cr acktir cat al.yst of ‘Claim 130 wherein the stabili zing
. et §flayg'°§’81p8§:‘\¥%rb fromthe group consisting of G oups
3B, 2A, 2B, 3A and the Lanthani de Series of the ‘

eriodi c_Tapl and m xtures_ thereof. 132. -The )
178, 0 BF GRS 81 SLEmolT IR b G FS0He 1S HapeTs i oy
et akholst BRAE Fivth AFAMID e BHRUD weight Sdréenf oPfthe cracking
| ant hanum al ym num nmagnesi um and zi nc, and m xtures. .
theF%tg]ﬁ’?'thB‘POW'cr acki ng catal yst of Caim 129
wherein the stabilizing nmetal i-s incorporated into the
' ores of . component (b). 134. The cracking catalyst of
178 aiths 18thoh effe Glpimn a4 duhersinnle  Neskinge gaalysopomposition
- CONB@spride®R YRR LESHRS af é&n;ﬁ)ﬂexﬁ_‘@ddn@ BRpSenPt) 48 prednt In
ceriumoxide, ", (iii) a lanthanide oxide other, than.
cer P amapef uifficjend se prorvide| ) ratigt of| s tredsigorp sgadide it Yype
t rapsjitd Iy r IB and I1B of -
t'hegeg(]elﬁ %g?sg%'laggl lé@ﬁ%?@%@?ﬁ?@ﬁ% ﬁ'rri xtures thereof.
135. The cracking catalyst of Caim 109 wherein the

110 [ [ fhOR r; .
17 SnThEMERT G 17T AP LR 6P pRGrIR UR amount
Zeobuffigeit, to peniidet eerati of NEk rednaiierezeoliteab ¥ztype zeolite of less
cli i.lolite, 22 fretite, A, ZSM 12, ZSM 23,
om@gl?gﬁ%&ﬁit%glf?g@%Wéﬂrpé)(%lfm'l%. The cracki ng catal yst
: of Claim 109 wherein the NOx reduction zeolite has a
iQto A2 | ar,.rati o of ss than 500. .137. The
178, b weed e T2 Riesstn eosOs Thebetn ot if 2 ryackine
Z eotaitdl st 0bMipdsitiondas 4 KificdNo@Kuntigsli6lat fifio 2ERk4 then 50638.
The cracking catal yst of C aim 137 wherein the other
zeolite is selected. fromthe group consisting of
176. €T THeShEth8d oZEMP 1 OfZﬁthxsco‘m]ﬂism% )éBME&anttlliEeﬁﬁﬂécarﬁbﬁ Yeed
The cracking catalyst of - Aaim I37 or I38 wherein the
ot heith gtdeast ene gdditipnal Nwredustiamaddithigreompesiédmg f rom
about 1 to about 80 wei ght percent of the composition.
140. The cracking catalyst of Caim 139 wherein the
other zeolite is present in an anobunt ranging from
about 10 to about 70 wei ght percent of the
conposi tion. 141. The cracking catal yst of C aim 109
wherein the NOx reduction zeolite is exchanged with a
cation selected fromthe group consisting of hydrogen,
amoni um al kali nmetal and conbi nati ons thereof. 142.
A nmet hod of reduci ng NOx em ssions fromthe
regeneration zone during fluid catalytic cracking of a
hydr ocar bon feedstock into | ower nol ecul ar wei ght
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wt % of the cracking catal yst conposition. 146. The
met hod of C aim 145 wherein the anount of NOx

WO e@ao9989$1 zeol ite present in the cracki ng cateCTEE2005/012982
conposition ranges fromabout 1 to about 40 wt % of
the cracking catal yst conposition.147. The met hod of
Claim 142 or 143 wherein the NOx reduction zeoliteis

177, SHnARgcH (:11191 198N RS B Qéd‘?tﬁjonfaf @J@ tr'%@uc@foﬁ Ud@ldltlve
‘consi'sting o rogen, ammoni um al kali netal and
cordompatsitions atﬂoeae@ﬁw@@ﬁDﬂﬂﬂne met hod of " C ai m 142 or
143 wherein the NOx reduction zeolite farther
conprises at least one stabilizing nmetal. 149. The

1780etTiedmethod i Olkihd 8 7 Mvereesim thichedditiabl NGk redustion addditive'a

netal sel.ected from.the grou 0 2A,
B comEoStigh CapPisTB(® g HsameBhoN I couAd R TRy Al
Serestiteb) 4 Aftal s&m,szﬂbﬂ rhakdhied aé\ﬂle @ﬁﬂeme}ebﬂdd @&oni the goup .
150. The nethod of O ai m 149 e e St ablc#l 2|fn
metcansistingeet|as afkell metaloan alipling F%ﬁbm Jpixpesgpereg gfk)
3B, anZdhy grl?’sto?a@e aeeh] toRRie Le3RbhRAL,; Cﬁ%d%@)’ 4t€18asPbné A6ble metal
Perl od| c Tabl €, and m xtureées thereof. 151. The net hod
- of compionemt.50 wherein the stabilizing metal is selected
fromthe group consisting of |anthanum al um num

magnesi um and zinc, and m xtures thereof. 152. Thé -
179met Frednashod G lnim U6 wheesimtha NOraedchon Mdztmqgompﬁlwﬁ 1§ a
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or pefiadiwker ei n the cr ack| ng catalyst is fluidized
during contacting said hydrocarbon feedstock. 155. The
met hod of Claim 142 further conprising contacting the
180hy driecaeihed dfe@ldinnilv6 veerdiealsd addigoratl NQ,i mdaxttlohd(}dditive
reductiqn additive conpositi
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The nethod of Caim onal

- e
NOdEEL b drasi e 1P PRORES b T bmeRb AP Lag SP&) Irg i
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zeolite; a netal conponent, sured, as, t he _oxi
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an tral (B 6ih s,
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0oX n st ora e net oxi de conponent and at Ieast

onéhm‘ﬂ@ﬁ@alﬁ‘emtalse epBiatinim Grayp, metals, arck ’ﬁ%lur&? thereof, And
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cortmmlwes clerpmium,acindiganesgi deobalippeermaniug), i, atbiguth,
nmet a r xtures thereof;
(c ) ‘gy Jrég{@i ?n?%lrgﬁk’e‘{ég?(ﬁ%ﬁ%gd Hﬁ’g@l&%g‘l’eg%gen storage -
capability; and (d) palladium 159. The nethod of
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metRdgneHivh ak Bdid Grss ﬂlemehnd\lﬂmmilnumm@ kaidescoad fretat net al
and a second netal having a val ence higher than-the
val ence of said first netal, at |east one conponent of
a third metal other than said first and second metals
and at | east one conponent of a fourth netal other
than said first, second and third netals, wherein said
third netal is selected fromthe group consisting of
Goup IB netals, Goup I'lB netals, Goup VIA netal s,
the rare-earth netals, the Platinum Goup netals, and
m xtures thereof, and said fourth netal is sel ect ed
fromthe group consisting of4iron, nickel, titanium
chrom um nmanganese, cobalt, germanium tin, bismuth,
nol ybdenum anti nony, vanadi um and m xtures thereof.
160. The nmet hod of CI a| m 159 vvher e| n the
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conposition is an antinony based NOx reduction
additive. 167. The nmethod of C aim 155 wherein the
w@adasnyseal NOx reduction additive conpositi onPCBHUS2005/012982
perovskite-spinel NOx reduction additive. 168. The
met hod of C aim 155 wherein the additional NOx
182r edbe miatirmdaefoClriny ¢3¢ vhprsii the dlird metal pRroRBERY] 18; tb‘é metal-
con o) fa
oS Bl drg AR Blekc8 frofthe g, (RLARE 11 Fhhih oy
c omtd]l Sthe ragpd-yarthimetads elidomixstres thogdfde, (ii) cerium
oxide, -(iii) a lanthani de oxide other than ceria, and
(iv) optionally,.at least one oxide of a tranS|t|on
183etrab nfefl A &aii mmv@eﬁdillpﬂueltlﬁrcamdtal-ﬁmqfonéﬂtés Presdnoiti an
Tabl e, noble netals and mi xt t her 7
meeMeHNioR thy mpgs alaboyHbIW; ﬂl& A TAl .R&fcs 3?‘9’;[% ed as
CORRARhil MGy i ses an additional zeolite selected
fromthe group consisting of ferrierite, ZSM5, ZSM 35
.~ and mxtures thereof. 171. The nethod of C aim 170
184, wWhed,e 'n%tlicl?leof@%ht | @Wer@lﬁ @IcuH tf@udlﬁn%?&ﬁfﬁ)néxﬂ 9 Presdne Ut

anglng froma bout -80 wei ght "percent of the
c r au kinogniciattis page Q;fmbpuisq @Qlotﬁ aquzm w@t RecARfdcalgulated
G a e he additional zeolite is present in

gﬁ%ﬁ%%awgﬁglﬁgmﬁron1about 10 to about 70 wei ght
percent of the cracking catal yst. conposition. 173. The
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0 S, in an anount sufficient to
Biﬂg q&é‘gqﬂﬁrleﬁﬁgﬁﬁ%ductl on zeolite to Y-type
zeollte of less than 1 in the total catalyst
conposition. 175. The t hod of m
186OLPp dBbed S BBt 1106 M PRt e IO HGNO A re pBpT S0aitve
Com?béﬁ&nsaaﬁc Basedl Latslgstt 0 al uni na mol ar ratio of
| ess than 500. 176. The nethod of C aim 105 further
conprising contacting the hydrocarbon feed with at
187! €agk rﬂ&ﬁo@gﬁ'dlélfﬁn?‘% whiEdéid BidusdditRRalamidl trb&’tﬁtlon additive
conposition.177. The method of Claim 176 'wherein the
ad¢pPmpexitign lmam@mzzbmﬁ NQydpdycyen %ﬂ@ffﬂés. tionis a
non-zeolitic conmposition. 178. The nethod of Claim177
wherein the additional NOx reduction additive
188c orfpesintharh of Eigimi ¥%s wheipinafheatddifiosalia redctigr additive
Con&%hg R6h i3 4 BEb AE Bhibet N@%a@%ﬁ heditifed) a metal,
e sure& a

t he “oxi sel ected fromthe
gr oup consisting of an alkali netal, an al kaline earth

he f; e r s
19T IR S BRSO el Bt
nEbaMp@@mﬁﬁ§EBymnﬁﬁﬁec&hﬁnmgbhnﬁmabnd aim 176. wherein
the NOx reduction additive conposition is a | ow NOx CO
conmbusti on pronoter conposition which conprises (a) an
aci di c oxide support; (b) an alkali netal and/or
al kaline earth nmetal or mxtures thereof; (c) a
transition netal oxide having oxygen storage
capability; and (d) pal Isdium 180. The net hod of
G aim 176 wherein the additional NOx reduction
addi tive conposition conprises at |east one
met al - cont ai ni ng spinel which includes a first nmeta
and a second netal having a val ence hi gher than the
val ence of said first netal, at |east one conponent of
a third netal other than said first and second netals
and at | east one conponent of a fourth netal other
than said first, second and third netals, wherein said
third netal is selected fromthe group consisting of
G?oup IB netals G?oup HB netals G?oup VlA netals
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186. The nethod of Claim 176 wherein the additiona
NOx reduction additive conposition is a zinc based

W@ a10al09wp8 187. The net hod of O aim 176 wher ei PCT/H82005/012982
addi tional NOx reduction additive conmposition is an

ant_i.nony, bas uction ddltl .. 188, The nethod
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her whanferiacrnidi (V0 wationatly: 3tdenst PlPeo??“%l e # frgasition metal
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adanixiugrsabereadx r eduction conposition conprises (i) an

acidic metal oxide, (ii) ceriumoxide, (iii) a

| ant hani de oxi de other than ceria, and (ivV)

optionally, at |east one oxide of a transition netal

selected from G oups IB and HB of the Periodic Table,

nobl e netal s and m xtures thereof.
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