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het eroaryl substituted pyrrol o[ 2, 3-b] pyri di nes and

het eroaryl substituted pyrrol o[ 2, 3-b] pyri m di nes that
nodul ate the activity of Janus kinases and are useful

in the treatnment of diseases related to activity of

Janus ki nases including, foy.exanple, inmmune-related

di seases, skin disorders, nmyeloid proliferative

di sorders, cancer, and other di seases. BACKGROUND OF
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processes including cell growth, survival and |
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neovascul ari zation,  tissue repair and regeneration,
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t hereby nodul ating the cellular activities of the -
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" PDEE"  subf am | incl udes the PDGF al pha and beta
undesira ng’esgﬁnéfi bc’kﬁ-\(élrgﬁﬁa %1 1. Another subfanily

of RTKs, referred to as_the FLK subfanj | ¥’D’ enconpasses
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receptor famly (FGFRI, FGFR2, FGFR3 and FG-R4) and
the Met subfamly (c-Met, Ron and Sea). For a detailed
di scussi on of protein kinases, see for exanple,
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Nat| Acad Sci US A 91(14): 6374-8). Not only do the
cytoki ne-stinulated i mmune and i nflamat ory responses
wae@oeownrisat e to normal host defense, they al so PCEYS2006/047400
roles in the pathogenesis of diseases: pathol ogies
such as severe conbi ned i nmunodeficiency (SCID) arise
from hypoactivity and suppression of the inmmune
system and a hyperactive or inappropriate imune /
i nfl ammat ory response contri2butes to the pathol ogy of
aut oi mune di seases such as rheumatoid and psoriatic
arthritis, asthma and system c | upus eryt hemat osus,
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the cytokine receptor JJL-4 stinmulates JAKI and JAK3

to activate STAT6, and signaling through JJL-1 2

stimul ates activation of JAK2 and TYK2, and subsequent

phosphoryl ati on of STAT4. STAT4 and STAT6 control

mul ti pl e aspects of CD4+ T hel per cell di fferenti ation

(Pernis, A B. and P. B. Rothman (2002). "JAK-STAT

SI gnal | ng |n asthma.” J Qi n Invest 109(10) 1279- 83).
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t herapi es targeting the tyrosine kinase JAK3 may al so

af fect the function of nyeloid cells (Saemann, M D.,
w@200Di0aises, et al. (2003). "Prevention of PCT/US2006/047400

CD40-triggered dendritic cell maturation and induction

of T-cell hyporeactivity by targeting of Janus ki nase

3." AmJ Transplant 3(11): 1341-9). In the nopuse nodel

system JAK3 was al so shown to be an inportant

nol ecul ar target for treatnognt of autoi mune

i nsulin-dependent (type 1) diabetes mellitus. The

rational ly desi gned JAK3 | nh| bi tor JANEX-1 exhi bited
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formof psoriasis, - it has been gener al | y accepted that
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and monocytes, as well as multiple epidermal layers
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typegéhéjgma@ggrygimsr esult in therapeutic benefits in-
patients suffering from psoriasis or other inmune

di sorders of the skin. It has been known that certain
t herapeutics can cause i nmune reactions such as skin
rash or diarrhea in sone patients. For instance,
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al kenyl ene, C2-8 al kynyl ene, cycl oal kyl ene, aryl ene,
het erocycl oal kyl ene, or heteroarylene, is !0
we@piao7onskt y substituted with 1, 2, or 3 substiPOEDER06/047400
i ndependently selected from-D -D 2-D3-D4; Z is H,
hal o, G - alkyl, C2- alkenyl, C2 4 alkynyl, G 4
hal oal kyl , hal osul fanyl, C 4 hydroxyal kyl, C, .4
cyanoal kyl, =GR, =NR, Cyl CN, NO2, OR SRa,
C(ORb, C(ONRcRd, C(OOR ,4QC(O R, OC(O NRcRd,
NRcRd, NRcC(O) Rb, NRcC(O) NRcRd, NR C(OOR, C(=NR)NR
cRd, NRcC(=NR i) NRcRd, S( O Rb, S(O NRcRd, S(O) 2Rb,
NRcS(O 2Rb, C(=NOH)Rb, :5 al kyl) Rb, and S(O) 2NRcRd,
[001\5]er ei Bléﬁdﬁoﬁv@oﬂhﬁﬂs Sf ZSWB'GrK%Iﬂmﬁng different
ﬁ is optional |y substituted wiith 1, 2, 3, 4, 5,
actuatles alows farttasering iof, @@m@hm prcs@d@ ctd@alrﬁd egiivitty @t adesired

temereiity (g BB o pepuly Bra P StV Sy iplibauee

undég}kedme ré&ttionSthat it ENtRRhelisk NRERhanb¢ b troducmg another
OC( O NRcRd, RRcRd. NReC({O) Rb, NRC O) NRcR

typeNch@(tﬂy@Raucm@s Nﬂpymﬁam ofRediteNRIINRRE, S(O) Rb,
S(ONRRd, S(O)2Rb, O NRcS(0)2Rp, C(=NOH)Rb, C(=NQ(C
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oal kyl, heteroaryl, or heterocycl oal kyl
templpta, akunw Grmals,t sviNa{form Z2SMz48 rcrxstgtﬂwrucal%m%and
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ydroxyal kyI Cl ‘cyanoal kyl , Cy2, CN, NO2, OR3'
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seedNRyStafd. 2Bicad) S ALy sBls syn@ééxzeﬂdxcaé?dlﬁFQo the invention

i ndependent |y sel ected fromaryl, heteroar

are a:ghcr @anﬂ;elsxzednwth@wtetmdgsmfaﬁensl|cryséa1§h 0p Mlﬁb%ﬂ\fiwfﬁ seed

crys i Birciette By ref ol ppuls hd P30 R pant ot Kenyaite

and ZBKER0, if 4y, 4rélp ké’sﬁ:h't in g@mohintatilaky hot Héﬂe@&ﬂﬂé dMXK-ray
O-4 hydroxyal kyI 4 cyanoal kyl, CN, NO2, ORa
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free %;ﬁ;@@% R SM-REC r@%@}sﬁ;ﬁ: %R&A)at slﬂ%g(%l%%%tqals are also

not &Rit&dBR by Xersy SfPhetibh Rthis nBa. ddRectaBe detesmBhtivrewas made
|ndependently selected fromH, halo, C-4 alkyl, C2-4

on aBnakey D4 Endaavaripstypmept, mpavfesiured bynBreken jand
aryl, cycloal kyl, heteroaryl, heterocycloal kyl, CN,
N2, OR7, SR7, C(O) R8, C(O NR9R10, C(O OrR7 OC(O) RS,
OC( O) NROR10, NRIOR10, NROC(O) R8, NROC(O) OR7, S(O RS,
S(O NROR10 , S(O 2R8, NRO9S(O) 2R8, and S(O 2NROR10 ; R5
is H halo, -4 alkyl, C2-4 al kenyl C2 4 al kynyl, C
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aryl, arylal kyl, heteroaryl, heteroarylal kyl,

cycl oal kyl and heterocycloalkyl; Rbis H Cyl, -(C 1-6
wa@bdogloyosey' , Cl-6 al kyl, C,.6 hal oal kyl, C2.6 mdRE83006/047400

C2 al kynyl, wherein said C - alkyl, G -6 hal oal kyl,

C2.6 al kenyl, or C2.6 al kynyl is optionally

substituted with 1, 2, or 3 substituents independently

selected fromOH, CN, am no, .halo, C -6 alkyl, Cl1 6

hal oal kyl, Cl1-6 hal oal kyl, hglosul fanyl, aryl,

aryl al kyl, heteroaryl, heteroarylal kyl, cycloal kyl and

heterocycloalkyl Ra >and Ra" are |ndependently

equgfm? n‘yﬁg e a@ﬁ&rkﬁrgﬁ-@%@ﬁﬂe ci5E ?tw%@p&marw using a

S ESgSSpEfagd Cs AR FY Ogsr. he
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0. lﬁebﬁ%g ép Rg,{i)()clggg ég%shet X Oa{%p@;pe;g 4%;4 0 seconds. The 2
thetaxéewah&yhgmarﬁe{ a3 RY A ARE OB G of TfiBhL BRI and

substitute stituents |n pen

“fresafacedit-fiko Rr@talsChy nwantlthat hied fibréis dibkytedle-like crystals,

i hal oal kyl , hal osul fanyl, aryl, arylal kyl, heteroar I
if anyp age B&ff%?papwmoueﬁﬂ@amno ewébﬁer'& JERRRINg Flectgn

VG ST BRRRIER g SN L,

crystals veidh klyﬂferehemlphbldgled] etldfeqeyolutianksehle @pyrhpisksown on
het eroaryl alﬁ cycl oa I al kyl and
PRetemicirgraphkin q@qese FWER said G- alkyl, G-6
haI oal kyl, C2-6 al kenyl, C2-6 al kynyl, aryl, '
[0019cl oamhﬁl X-ragtdiffoaction ph&trﬁr(bﬂ!dbb ofitkey Z.SM+48 alyktdls
het eroaryl al kyl,, c¢ycl oal kyl.al kyl _or
accmrétlt& tifie igxertjen mkghat P§hﬁ>¢ teddnaZSP48s é € tthe Lrspreings and

ey gligde SRR BRI SNIL NGRSl e o
to eftablish thd idehtitysfhigiver zeality] it canybab&ybed hetitsmguydh a

po ST bbbl BT Pk i B o
glve%zé%)ll&? (Ain ﬁxﬁb ltéﬁ'rnég{s'%)ié glli%eg@loﬁ?m m? l Irtg?%& t@ldigt%[éumh

betwmaiilfkyént Mdrghatbkiesyit,is aecés3aty & ksengat analytical tool with
optionally s bstltutled with 1, 2, or 3 substituents

greafsfaepRintion: | yn sspatle ot spehpdpal is.scanging glgetromicresqopy

(Seith SRR firotan SR e Pl bl wit
d]fférbﬁtﬁsioaplmi\ogcemhl ch they are attached forma 4- :
- or 7- nenbered heterocycl oal kyl group optlonally

bst i ' ' i REASSH
[0023’& ect {(le'lélg r (}an g‘f?ys_t%l&aﬁeé%gﬂ%&% § baﬂfé“@;ét%ﬁ?q am nofé dgent
havdmbmﬁcﬂlaﬁmhﬂydﬂ,og@aiﬁ dalcdat grhpofitioh dvalondingyto, tharpeneral
hal osul fanyl; Rc and Rd are independently sel ected
fo mH C .io alkyl, C .6 haloal kyl, C2-6 al kenyl,
C2-6 al kynyl, "aryl, heteroaryl, cycloal kyl,
heterocycloalkyl, aryléhkﬁ[buhbcaroarylalkyI;
cycl oal kyl al kyl' and heterocycl oal kyl al kyl , wherein
whef¥t & £bud 9110, GhefBrdiah o0 61100, Cofe Sdsenply 863095, In
ynyl, aryl eroary cyc
anothext emboslnhcmi, hyxls at dgapt A0kt at leaStes(hamdtdbkgtI&S In yet another
kyl yl .or heterocycl oal al kyl Ls tionally
embdigngtt, fited 1rios, 55 190 oest s Gelids. 1R sBHerben: )
selected fromOH, CN, anmino, halo, G -6 alkyl, G -
hal oal kyl, G - hal oal kyl, hal osul fanyl, - aryl,
aryl al kyl , heteroaryl, heteroarylal kyl, cycloalkyl and
het er ocycl oal kyl ; or Rc and Rd together with the N
atomto which they are attached forma 4-, 5-, 6- or

7- menbered heterocycl oal kyl group optionally
substltuted mnth 1, 2 or 3 substituents
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NRcC(=NRi ) NRcRd, S(O) Rb, S(O NRcRd, S(O) 2Rb,

NRcS( O 2Rb, and S(O 2NRcRd; Qis H halo, CN NC2,
w@Reodoaiskyl , C2-8 al kenyl, C2-8 al kynyl, Ci -8 PCT/US2006/047400

hal oal kyl, aryl, cycloal kyl, O heteroaryl, or

het erocycl oal kyl , wherein said C -8 al kyl, C2-

al kenyl, C2-8 al kynyl, G -8 hal oal kyl, aryl,

cycl oal kyl, heteroaryl, or heterocycloal kyl is

optionally substituted withg, 2, 3 or 4 substituents

i ndependently selected fromhalo,. G -4 al kyl, C2-4

al kenyl, C2 4 al kynyl, C]-4 hal oal kyl, G -4 hydroxy

emb@%gﬁgtsg 1@8% ﬁgg@ﬂg&d b% &IAI m&Pé)rEBfaceg %9 G4, B, Fe,

QCaRANRS' Rd >, NRc' Rd >, NRc' (O Rp' - NRc C(O)NRC Rd'
NRC C(O)ORa , S(QRb , S(ONRC!Rd >, 5 S(O)2R

100G . oo TR sl O o sy 48 SMSR Wpared from a

m1xﬁ)t‘é|m|irkg kilican Qldﬁﬁ’in@r B&3KCAY Béarh eth®ffilin QBIt BF&NING agent. In

substi tut ed by , 2, 3, 4 or 5 substituents
an emhrdigeasntheymelir gatie of struotunal dxrecmnmag:tm;smcm the mixture

is le%g}ag&/glskyf f'es ltﬁ%rp éf%ogr i‘iﬁg% lo% thher gpqgodlment

the ﬁb@or?ﬁgg o%é@o?ﬁ&aé{?ﬁgctmgﬁ%ﬂ%mca m@&wﬁe is at e&aaq .01, or

o
at leasiR. 018 oy ﬂbleaﬂ\me 1 GS(Iﬂ)stlﬂI%nbtherS{Iﬁ))aﬂimf;ntS(}@) m‘a&arﬁdho of

strustyRl) DiiEting a b TicA R the sputpredS om0 b s BUf29. o3 ierably

0.018!than922. GEaft cthbodivdent Qh@aisoﬂnlfﬂémz@d Yé(gx BY%%@' 4(8’ Erystals

het eroaryl, heterocycl oal ky

has @@djca&lu@(nj}) WRSIRM EaticOp Ly Q)R? 1<w( (Dl%,ll another embodiment, the as-

- synerRiAdTs Or SR DIy SigHic ey sRiy R0 ofgt least

70, d?\;atgéellqég 8(9;1 ?ﬁ?t 1&d¥ 85K Yh yegé%&thgié §ﬁﬂ§6d1 42? 8%%&6@2&

form o Z.OMAB cnsasxa@ R@s aﬁt(@)amﬁﬁﬁﬁ)mmﬁiﬁb DNIRQ(I(@)I% or 100 or

B AP e e AR o
ZSl\/ﬁhb%étalsc%hé’fnf&ﬂhpéé&ﬁbsnigﬁzml%%%%é sﬁ:iQ:Q %%ﬁi&%%%recﬁng

S(OR8, S(O
agenf. Rrshosildibe@bted thatythe acisythiealzesl foyin otZSM-I«anrlystals may

haveBplar aalitt SHERGT SRS St e il R ettappotants of the

|
react‘i—dxf} hﬁﬁf‘%‘ﬂﬁbh ¥b g?%%ﬁggﬁi )9/|§—3é9hﬂfé§l‘z%§d o, T% ﬂe?&llf'm?y occur

due t@rl;apomep}@ﬂeoacmporam of 6@0% Qf thest maotapd:ﬁ oﬁt}k?yi'edctmn mixture

het yl al k cIoaIkyIaIkyI or
into %t@%cf %ﬁiﬁ ;ﬁ‘ t ?a)re i ndependent |y
seI ected fromH C 10 al kyl, Cl 6. hal oal kyl, C2-6
[0022] kenyihe ZSM-48 zgalitejn elthm: & caldiged ar bmynmeS1zed form

il SR8 9B S AR i SR i

rangd6f 8 0. b@'t&abouﬁY%ﬁa'Ms@lel élgétals are desuable for they
het er ocycl oal kyl al kyl ; R9 and R10 together wth the

generglinlgad te sreatenactine(y. aSmaélell' mlsfmcan greater Surfaée axa

i Y e BT o e SR e o

cataly?dtkPrefdiﬂlBIQaﬂké’ZSI\@%@kmm eltﬁr & calckyety br a§syﬂﬂ1esxzed
hydroxyal kyl, CI-4 cyandal kyl, aryl, heteroaryl

form baye @amnwholeﬁﬁ containingory Sboeukgtystals, By fibrowsis Rednt

cryst%lg?%zgri}(a%e nggg é'LléP l?gi> fbﬁﬁ&lbe?g}[k %§ ;b (rs%éjlriqggnt the]length and

cycloalkyl heteroaryl heterocycloalkyl aryl al kyl ,
heteroarylalkyl,‘cycloalkylalkyl and .
het er ocycl oal kyl al kyl , wherein said Cl-6 al kyl, C -6
hal oal kyl, C2-6 al kenyl, C2-6 al kynyl, aryl, cyclo
aIkyI heteroaryl, het erocycl oal kyl , aryl al kyl,

o, o




In sone enbodi nents, at |east one of Al, A2, U, T, and
Vis N In sonme enbodi nents, the 5-nenbered ring

wo eoomeaosby Al, A2, U, T, and V is pyrrolyl, pyPemob3006/047400
i m dazol yl, oxazolyl, thiazolyl, or oxadiazolyl. In
some enbodi ments, the 5-nenbered ring fornmed by A1,
A2, U T, and V is selected fromwherein: a designates
the site of attachment of noiety -(Y) n-Z, b
designates the site of attaghment to the core noiety:
c and ¢ ' designate the two sites of attachnent of the
fused 4- to 20-nenbered aryl, cycloal kyl, heteroaryl,

o S S PR Tl it
calcgit%thg(gthe%dﬂlﬁtﬁ?h%@ E&Sim h?% ﬁgé%gﬁigirgﬁy lohars e di'n needle-hke

noi et esignates the sit
crysmﬂs aBlyasdededlikeds mmm«zrﬁtahlthawhaymﬂllb ratidedi<y iha/tle

preferpbhe e b 3 mOTS BIeGHFR Dentarar Ybaptl 5/3; The SEM shows

that Exe};s?z%g ?fg%ﬁ%h%k?%drlﬁg 1o Ikt)};i/b i&@ﬁ Lfﬂ?ﬁ'@lﬁrﬁan dn?;d'%?ectable crystals

hav:ﬁglaeﬁbﬂﬂlsfdrmﬁed\bﬂhlkelmomodi@y gThissmotpieology alede or coupled
attachnment of noi n-Z; h designat es the.s

withghe dpvsHewAumBa Fbios g‘?ftdsrfﬁi caslysts hating lgm%%tﬂgﬁa@%well as -
f h t of the fused 4- to |
desx%?%%}ﬁg h‘f&’%Z’Fa&feM ogFEyl ° hetgr ogfsl or °

heterogﬁcloalk ring.. ln senme enbodi nents, the
[0023} nenbdhe £IMnt8 pefrm&mgn i§ prepared jrom anaguepysgreaction

S

mlxélf% QBﬁﬁlsﬁﬁgglm%r%ﬁca(t%sgﬁ ?ﬁﬁgﬁgégl%gﬁlglg tg ﬁnate salt, base .
and direétiti@aemtnt To achiewethe demdattyystai rﬁor;&l(ﬂngp,dlhmeaaams in

the 5-nmenbered ring fqrmed by A, U T, and Vis
reactien ggixdererhaye ﬂlﬁkf@ﬂemng a&@ﬁ@rﬁék% the site of

attachnent of moiety -(Y) n-Z; b designates the site

of attachrrentSiOQ:Al}@ﬁOV&tMithy ,0 I'n sone

enbodi nents, _the 5-penhered rlngformed by A1, A2, U,

T, and V is F&QcP FAdRQherein: a desi ghates the

site of attac(?%fe 3(Y) n-Z; b designates

the site of a ei?ﬁln@nt IUtjtl)%{)he core noiety: In sone

enbodi ment s, QHI:sSiQ, (preferred) enDddl edtl8, n is 1. In

nbodi [ kyl .
2 kenyl one. ”Sg%séh% Iépéc—;?&%&b%% 0 (RR 8
12) PO Q) RO G B4 656 QReBrk R & g o3 o, (SR1

1IR1MpOC( O) ( I'n sal al kyl ene or CZ- 8
al kenyl ene, .is opt,onall ubstitute

[0024}, o, We@trovsrﬁaﬁes e eﬁﬂ%ﬁfﬁﬁ*ﬁﬁ@”@&?@* fe BaseSilica

i) 4 A0 ST g o Bl o
ratioy RGO bIRIRGREs tRatl2pult in tieRforntaticr) oHZEDISROmstats vdth some

quandiy 68 R ogife grion feeslE-Iike SordoBty (1R talfions where
Kenylézﬁ%éo%t?dybp Reed L1k nﬁ)rglaéfog" i8'Hot sired Wh%‘iﬁ%ferred ranges

nts, nis Ci- alkylene optional Iy
shoukilbehjsédgtzmjsvﬁzrttwi;lh&tramcd Beloay in tleHEx@Mplesvi no, C . 4
al kyl am no, or C2.8 dial kylam no. In some embodi nments,
I s it é‘dﬁfédéﬂdﬁdc all
[002?] fh@%ﬂﬁzx s'oﬁr@dﬁt_'ﬁyﬂr%,?@ramﬁﬁn %x‘é% i e?tea Hicd and & %ﬁ;&ﬁbrcl y
avaﬂﬁfB}errdrraDeghssa nOthdrrsiiemsowebn ihiclade powddred 3xlmadnv1udmg

precippind o e SRR aS Aecgil> apl Siifi Bl sufiFie R cplloidal silign such
as L%W C&g_ﬁlss&%eﬂ SAikEnthene %é%nge @f'gyt%@ee ﬂ@ese(&ﬁerlgiﬁca

0 cycl oal kyl ene
12)p-(arylene)-(CR 1'R 12 )qg, (CR 11R 12V(C 1 10 '
het erocycl oal kylene)- (CRn R 12)qg, (CR'R - :
12) p-(heteroarylene)-(CRu R12) g, (CR 11R 12 O (CR
1'R12)g, or (CR1 1R 1 pS(CR 1 1R 12) , wherein said
C J-8 alkylene C2 8 alkenylene C2 8 alkynylene

o, o o o




(CR1 1R12XS(O 2(CR1 1R12X, or (CRL1R12XS(O) 2NRXCR1
1R12X, wherein said Cl-8 al kyl ene, C2-8 al kenyl ene,
w@2008/0a15ky nyl ene, cycl oal kyl ene, aryl ene, PCT/US2006/047400
het erocycl oal kyl ene, or heteroarylene, is optionally
substituted with 1, 2, or 3 substituents independently
sel ected fromhalo, OH CN, am no, C - al kylam no, and
C2-8 dial kylam no. In some enbodinments, pis O In
sone enbodi nents, p is 1. |48 sone enbodi ments, p is 2.
In some enbodi ments, gq is O In sone enbodinents, q is
. I'n sonme enbodi nents, g is 2. ILn sone enbodi nents,
sou%é% éﬁgq( FoARSilfcdtss, COrRé aﬁﬂﬁuﬁtxﬂﬁfl b%mehé‘ @erﬁ dfsa sje’lu@le salt,
n sonme enbodi ment's, 'S hal o,
preﬁaléﬂy&hksmdium@ﬁlt@rﬂl ik ycn;ﬂmex@xamy hmmshlk)&qm US Alummate

Othgal o‘%&f any}m@}%%l S%@(h rox@gwr@%anoal ngsﬁh |
chl%%ﬁ%%%l%%%ﬁh@@ %%Mg?ao%%@ﬁumma,

pse®i6)ARmitdlBa8(colRiRlal abiraa) Rhe WeseNEed o (ﬁsmﬂkeyﬂ'l)eRhﬁtal
and SgO) 2NRcRd, V\,her ein sal d Cl- Eﬂ@l Kyl -8 al kenyl,
oxide cap bg anyialkghi metal hydro %R‘Haslsl

hydfgeiie. fnrfon @eﬁﬁ?ﬁ{ézﬁﬁ@ %ﬁenymwb%%éyﬁﬁﬂlﬁé% "Ofhe

dlréb@lhg&i Ylk 1s !ﬂh'eﬁsmleﬂ'ﬁmylhm dalt ﬂlchmrlmw&hbnnﬁl ddchloride or
cyanoa umﬁy@;qqmde (ﬁ]@)am@;q(p (}h%@(i@cég&l R Sther
anlaszﬁ%&%ﬁ%ﬁ%&%%éﬁ& olggEalide g Rg

He:2r3 BBniutiRBSKIGHRIR is NORENOR), R, N'-Gexbethylel 8- kyl ) ) Rb,
and S(O 2NRRd. I.n sone enbodinents, Z is aryl,

- hexanediemmpniumeliehlesidgl | or het erocycl oal kyl, each
optionally substituted with 1,.2, 3, 4, 5 or 6

[0026 St i th‘ﬁﬂh%%yﬁﬁi&(ﬁ @ﬁthErZSM%S Qrystalsg thd ivqalctaﬁtézlrmludmg
al , C2-4 al 4 hal oal kyl, hal, oAJIfaER/ %1
sthg 58 yalmkrymate@_alé b@%%@ﬁkfﬁptmwgeﬂme waped tggsthasryi

) e i R e i, G0 9336 °C. e

cryNBFs%g"%e)Md 18650 1Idactab{sYNRcRe, al RFAYIVR,, ZSM—48 seed crystals
NROS( O 2R', and S(O 2NROR'.1n sone em%mnt

mabpladdedpas Rsactionemianes yThe SSMISHS s Eris kgfay Be added

to €x h ' ong lo@egrf‘e Lﬂ%ﬂ%ﬁﬁiﬂ%ﬂm 528 r]C?Lt cithgﬁwsé -affect @f'ys@al
moﬂiﬁﬁw Y. The- rﬂ’ephﬂaﬁbnl is figk-of dthbnabh-yZSl\rDlSLtypes of seed crystals

sucg{agz%)ég\?é E{al@ mhg cy o4t oa@qgals arg mlﬂ?Nd %})%}e gﬁrggon and

Wa%g%%ﬁ%%ﬁ?ﬁf&%% NSE SS gl(R O)C( R % S( 0) NRRd,

[002Wbodi eramemporimgat, fhe, St Miiuloed SR TR symesispeording
to YT & Bppodiich ik PiroBl FROR SN ISE3 erystals and

ﬁ'e@bKZBM-yS(ﬂlP&beQQIthy ZSMa48) sqtsftailsym,ll ivela low quantity of
Ke&/%q%‘yal kyl , -Cl-4 cyanoalcle%% @%en 4&% 53??(’&]5@?@‘51' 2%
or 15@%&36}(? %ﬁ%%%mé% @%%@@Wr@ (O 2&%1;%%9&% cart be

fred\BBKehykite. and S(O) 2NRcRd. I n sone enbodi nents, Zis
aryl or heteroaryl, each optionally substitut ed wi-th

[00%?] 4 a% ?Lh %E%glrﬁfﬁggﬁ% hf)%z?aﬁg %b?‘nbgetﬁ&nfﬂle@&ﬁﬁie@us acs;.ordmg

to tha Im@édﬁdn h#ie 4 nmmbholqul that is f£ee ofdyhnovamgipholyay. Fibrous
CN, N2, OR', SRa, C(ORb, C(ONRRd, C(OOR', OC(OR'",
OC( O) NRRd, NRc Rd, NRC(O Rb, NRcC(O) NRcRd, NROC( OOR ,
C(= NRI)NRRd 15 NRC( NR i )NRcRd, S(O Rb, S(O) NRcRd,
S(O 2Rb, NRcS(O 2Rb, and S(O 2NR R'. In sone
enbodi nents, Z is phenyl or 5- or 6-nenbered

D=t




C(=NRi ) NRcRd, NRcC(=NRi ) NRcRd, S(O R', S(O NRcRd,

S(O2R', NR S(O2R', and S(O) 2NROR'. In sone
wentodresent s, Z is aryl, cycloal kyl, heteroar yPCT/082006/047400

het er ocycl oal kyl, each optionally substituted with |

2, 3, 4, 5, or 6 substituents independently sel ected

fromhalo, C-4 alkyl, C2-4 al kenyl, C2 4 al kynyl,

C -4 hal oal kyl, hal osul fanyl, G 4 hydroxyal kyl, G -

cyanoal kyl, Cyl, CN, NO2, OR9- SRa, C(O Rb, C(O NRcRd,

CCOOR, OC(OR', OC(ONRcRd, NRRd, NROC(O R",

NRcC( O) NRcRd, NROC(O OR , S(OR', S(ONRRd, S(O 2Rb, NR
m

oBHSER is TSN d0sPRE BRIty e i
dewmhg@mmmatﬂ %SMH4S8t |Ihumedlemehlﬂbddm?ent 3{;he4:ry§tal§6bt§med

stituents i ndependently selected from hal o, -

ﬁ'o;a} |SyDEResis apqQrring tocgncz;ngprp@mhavm mommmét contains a

oo el (AU TR o e

moniRAogNRr&eh) R th\RSMIMIRR 19 Rdls & 5€ PDUR3r 1686 DFRSY% or less, or
o )NR . S(O) 2RDb, NRCS(O)ZRb and S(O) 2NRcRd. I n sone
1 /°e<§F§ a3 altornaiivg pberiment.the #£5M-48 seystalstdaprbd frge of

nee@ll’e@ﬁké %Eﬁﬁﬁo‘% iﬁovszeamguné fg} %'i%i’lk§UbSt ' [sua?r%téasfzferred for

I ndepe el ecte rom
sonud kmwatlo@fs‘ a% mdedieyike cBystdishied dlikvéd tchﬁ&diﬁ:%'tﬁé %}éhvxty of

droxyal kyl , Cl-4 cyanoal kyl 1
zsigad Fof SR YRR rRtions. O BRbIADGE breid DOrTholER I bigh

el Ol e U ARG Ol hige i e

reactioreméxture aoeniding o embadimhents dﬁhe ﬁﬁﬁéﬂ/tion Qﬁ&hd be employed.
ona substituted with 1, 4, 5,
Ad E* 't‘lllhﬂé\?/"f‘t compesifen desn q>f/K§eym@ eadﬁqr&nmf @eedhz-ulﬂce
|1k 4 hal oal kyI 5 C
moxﬁ;'hglﬂ(%?' %e"sﬂl%d ﬁ{y ﬁref% f‘%l l&“léyyl% 7@2

O R O, NRRd, O ORa, OR @) NROR' NR Rd
[00 ) )A&C;(or%{m@(t@)fpﬁ(gﬁ{é SMe@%u@% 5?1923524@ NR EQ 1,

hete%%ﬁgﬂ{\lg&?ﬁ &ﬁng ﬁ%@a greip:slﬁ% MAS crystals having

a sﬂln@it aiunamylratle&edm ﬂhahlldloal | m@c&amgwa@ 8B, 949, the 3
bstituents jndependently sel ‘ect ed from

prep@g@tbon @f QPR‘E/ SMAY With silicasalpminaxatios deyyryto 5Qj1-ar less is
dep %5‘*5%2?&”*‘? BB o o ABENEY Kt Lo B ooy
F—Lc q%%&%ﬁ'%&o&%% %ﬁ% a'}!R%:(og‘llﬁ’E\IgRC & Ol& axgﬂemzes ZSM-

48 Wmﬁ@mglm@(ﬂmlﬂﬁﬁna Irati6s, Tme%hﬁdtlﬁﬁlﬂﬁheim frity -
ZS]@-{}@Q{ - or G6-nenbered heteroaryl, each optionally
qqom@dn@ﬁ pf a fagtor3Ratjos gf digecing ggent:silisatgseater than
I t -4 al
ool TR R POl R G S bl e

crystajlsjerfafdb)l'y th€iratio @falifeetikyla eﬁf 3ilidaNs deet 083D orfdas.

O NRcRd, O OR , O O NRcRd
Ratup\ﬁ:@%galre o )gyxgg@ e &N}b@g((m) prQCQ(lIO):R ‘product

con S Reilee Oﬁgfﬂ%ﬁ%%@%&ﬁ%ﬁ%ﬁ%ﬁgﬂ%@% agtjp Borm of

natural cRy. 3It dbes mot @khibifsistitet h&tlvweﬂﬁﬂ@ﬁﬂtﬁi" relatwely inert
] seI ected fromhal o, Cl-4 al C2-4 al kenyl,
in gpmpe ofyreactingn @gpdgypns mlggﬂy PEesent whenzg faedstock is

xpolf PN | s, WEHEMEbSbpe B X i e 25048 Tample

is tolxFabiRel in bibkere( tle@% NFOCE aﬁfé tends @b Reduce the
S( O NRcRd, S(O)ZR' RCS(O 2R', and S(O 2NRcRd. In
sone enbodl ment s, Z i s phenyl optionally substituted
wth 1, 2, 3, 4, 5, or 6 substituents independently
selected fromhalo, G -4 alkyl, C2-4 al kenyl, C2-4
al kynyl, C] -4 haloalkyl, C-4 .5 hydroxyal kyl, C, .4
cyanoal kyI Oy1, CN I\IOZ (Pa SRa C(O) R, C(O) NRcRd,

~I ~\ I~
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or heterocycl oal kyl, each substituted with at | east

one CN or Ci -4 cyanoal kyl and optionally substituted
wowa/01522, 3, 4, or 5 further substituents seP@rUSI06/047400

fromhalo, G.4 alkyl, C2-4 al kenyl, C2-4al kynyl, C 4

hal oal kyl , Cl-4 hydroxyal kyl, Cl-4 cyanoal kyl, Cyl,

CN, N2, OR SRa, C(ORb, C(ONRRI, C(OOR3, OC(ORDb

OC(O) NRcRd NRcRd, NRcC( O) Rb, NReC( O) NRcRd, NRcC( O) ORa,

S(O Rb, S(0)NR cRd, S(O 2Rb]1MRcS(O) 2Rb, and

S(O 2NRcRd. In some enbodi nments, wherein the -(Y) n-Z

noi ety is taken together with i) A2 to which said

i : Rl d
oveffl St e ITSRan | Rl B @Rt bpdahica
and Silda:Munsinatrhgiodagt dlso importantito the 1R6rplotbgy ed the yfystals
cycl oal kyl, heteroaryl, or heter ocycl oa%k. Ic ring.fused

formesd aswell scicpvily of WS%? fasmedl, RatiosoT siljcazpluriyina gre also
1mp\'\£t?8ﬁpa?§tsiygg éc r ocy c%ﬁﬂfﬁ r&%ﬁﬁ% lsl(:% ?%‘%ta%. %ﬁgﬁn;/g the

forniatien bf Wepalhty. 1I'he2use3of alhe)&fméth@nhﬁh dltmnmg agent is a factor
i ndependently selected from -

(W 1
for thetprodnetions oTwueduet nafcontaining f%‘%% mt%n%'a KBhie formation

T

diredfiRBlakenikiliel rafbd R5 or R6 of either T or Vis
attached to forma 4- to 8-nenbered aryl, cycloal kyl,

0038, 0% B DR8P bty aric

priot 3 Q!lsé or fertBenaoiteiad. Oyling oy b@hé’qdmphsilat bypihehtingat
is optiaonal |y subst

s 5 v RSk B e

may, 62 Fpetpiepl. oh iR RPRGHL TS pd Wpertoimba ollot Plitial

vacé‘&ﬁaa&ﬂﬁﬂtloﬁd th&eerfiperdfurel ngdyt belowenthad thase at atmospleeric
Cor N atomto which said RS or R6 of either Tor Vis

pressuteiched to forma 6-nmenmbered aryl, cycloal kyl,
het eroaryl, or heterocycloal kyl ring fused to the 5-

' [oosrqnber Chth n%/@& ix@rtyﬁtéany b‘blmdAﬂlthld, bindenos mb,mvdmamrml prior to
sai d ered aryl, cycloal k het er Qa

use. h&l@d@'@)ﬂé‘ﬁ sesigiant tq ‘ng@aWﬁ eﬁ the ys %%*ffﬁ/ #wd afﬁo?tﬂltmn

et S, 5 SASERAE. A B5E nd
zeoliRsQathey inorgaic m@wﬁalﬁ kloh as bmysramdrmletal auxldes such as
het er ocycl oal kyl wherein _said C .al kec?yl

alungina, ihgpna,qd siticaglyming) flays rgpyq e }‘b Zhemm
et e
oGO S EOSHFGTAe1S THLL R Y e v

othérdafeyralafifch auiﬁuem(éenomespbﬁmma&m matesials in addmon to

het er oaryl cl oal kyl, and he&ero clo lkyl each
slcopalanis includa pften bapsrymaterials suctas silicampenengosilica

thoréa lgilg§$ Qﬁ'ééllxi‘%l, E c%cﬂ&%lﬁ F tlﬁﬁlélaglwk‘ﬂ as fefndry materials

such ﬁ%&%bicaadl&uhga]\rlléag}gm zshlkgd—allﬂﬁnakthbnmni silicgreltimina-
zincoioc) N i ok Fefhe fORRIOTC epist. 1G ROL7 S48 may

rangeg%gﬁéo ’t%? bg) IWLY6 Z §ﬂ/&118 %(a%c&gg bzgrugﬂlrﬁéggg gﬁégﬁ? thd'balance

beirfebi@deed fromaryl, heteroaryl, cycloalkyl, and
het er ocycl oal kyl each optlonally substltuted by 1, 2,

[00%3a]| 4 or Sivlszfg %HSE%S '%%i)a;rggfg %ija?cgét %llsﬁﬂ)@ @Séd Wﬁh a metal

hydP@é@ﬁltibyil cor@bné\rlﬁ Méla‘l hydr@%ﬁ'at;on@(qglmnents may be from
C(O)NRc Rd" , C(OOR ", OC(O)Rb , OC(O NRc"Rd" -
,NRc"Rd" , NR'"C(ORb" , NRC"C(OORa" , S(O Rb" ,
S(O) NRc"Rd" , S(O2Rb" , and S(O 2NRc"Rd" . In sone
enbodi nents, Cyl and Cy2 are independently sel ected
from cycl oaI kyI and het er ocycl oaI kyI each optionally

1 . " R " o
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In sonme enbodi nents, the conpound has Formul a Vb: Vb.

I n sone enbodi nents, the conpound has Formul a Via:
woe@/0res2sone enbodi nents, the conpound has FoP@TIUS2006/047400

VIb:VIb. At various places in the present

speci fication, substituents of conpounds of the

invention are disclosed in groups or in ranges. It is

specifically intended that the invention include each

and every individual subconpjpation of the nenbers of

such groups and ranges. For exanple, the term"C -6

al kyl" is speC|f|caIIy intended to individually

Grofp6 b2 Sttt Peripdie Tt tased oihe A Vrtert BafinGitoups 1

-18 ‘;12?? 8%y (’froh?? 61 HEEE DO TEx b IER oFsfch hitftalk! iAEhId% Ni, Mo,
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het er ocycl oal kyl group contains O to 2 double or
triple bonds. A linking heterocycl oal kyl group is
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herei n, "hal o" or "hal ogen"” includes fluoro, chloro,
brono, and iodo. As used herein, "arylalkyl" refers to
al kyl substituted by aryl and "cycl oal kyl al kyl " refers
to al kyl substituted by cycloal kyl. An exanpl e
aryl al kyl group is benzyl. fs_used herein,
"heteroarylal kyl" refers to al kyl. substituted by
heteroaryl and "heterocycl oal kyl al kyl" refers to al kyl
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mani pul ation or in vivo, to the parent conpounds.

Prodrugs i nclude conpounds wherei n hydroxyl, am no,
wa@o7loydey | , or carboxyl groups are bonded to BEUSI00647400

that, when adm nistered to a mamal i an subj ect,

cleaves to forma free hydroxyl, am no, sulfhydryl, or

carboxyl group respectively. Exanples of prodrugs

include, but are not l[imted to, acetate, formate and

benzoat e derivatives of alcpghol and am ne functiona

groups in the conpounds of the invention.
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variable lengths of tine to provide ol efincontaining
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from substituted pyrazol e conpounds such as pyrazol e
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cry Sa M > (=) 4 ( & e -
desi%%@@?ﬁ%’nﬂ.gcé %3grfac?€rgst&egsﬁ'bﬁ [a8 h%qr PYiry beMSerPs eutadyitiopntaining

hael -'i ke"addi ti-on of an
hig pafiepZisaiel§/ havibgta $i0£A1L0y rativeof1BLBOD less Nersusnother type

unsat urated ester cqQnmpound 20-3., T deh i e
ofz;sivfswﬁyta&:estmaea»@raégew%‘lgd ot &?SE?O?‘?E%@(%P& B at
1 ggggeund 20-4 wth reagents such as diisobutyl -
®aSPUm~hi um hydride at | ow tenperatures such as about

-78 0Cin an appropriagte solvent. The a ‘ :
[004Fhpoura arpembedinent. fig ¥R PT MAIE AT §F ZRIAR crystals used in

G ondi oralasaleiRiaTeS iffereppgaitites based on
ZSI%&&%E?%C% %rg’gﬁbgﬁpggei n met han%lIOf.'l@Al ter rll‘at i vel l ?he
oneddrGRbee chaaptaistic? 0f harZFMbet otyppar éhlawhaéét:ﬂaylsiéy‘that leads to

duct i f the ester 20-4.wit { B
ks SR B D ez
48 ShoB B Rt A G LEIRE ShiIeR BeirRRBRGadig Bt

e prepa by using a variety of pethods in
moiglbiy of sheitsystalsc Fonsxainple,exystplsshaviag wofilbrayisimermphelogy

i'n Schene_ 21. The ol efin,coppou 21-1 r
arcibgliehed FoBaYS oBier BRI SODB0 ERcH P50 oL S LAl 1 Some
oLl ah el o SiR3 tdfitete-MkE hérphode@N taw hisdoimdicate a
em%’%@%’é&g?&es usidr%ﬁ{!!ae base such as sodi um hydride of.
diffeeérassintuotivityut $till daother shargnterigsia istthepspsaaige ofigpurities,
conducted at_tenperatuye. The .ol.efin d
suchms K epspaltse. Yetaboher Shimeteations thaSIgnpaity e He Wi orystal
Lor | SithUs§1ts,: RYD LoeiRAb d16W st 1HoRsve e higheraativity
PR F%gggﬁt‘g}tgﬁ§g&§¥?3 hydrogen in the presence of
thaR Ay adisuritha S0 LA O ratiosatiomerabosiidi Oas et hanol . The
acetyl eni ¢ conpound 21-3 nay be prepared. by nethods :
vi ou id?ﬁgf & HaYwesRdifferend typdseoBZ Shhvdecrystals
[0038-5 vvi?hggggt%ﬁ;gnn- efﬂr‘}a reagent (E. Qf%%a_da et al,
caan_Bé eRpRitedrin Adliﬁarﬁétgﬁﬁ)wlﬁﬁz SEr’]oﬁG&lI)ll ﬁhz:s lewstingfbg rﬁeﬁzﬁ%v
i terature. ternatively t a 0 -6 in
reagtipp AempeEratate Weﬂcg&%‘? Eé‘gS‘E ‘63 {?Fél‘igi”d’éﬂ‘%gﬂ‘%ﬁ% évligt h
N Thistdaa ditdtlytlledd@o cosPsavifiggras exposing
hy%%&)gg%%g%@c%aﬁgﬁgﬁns, Sf ol | owedygl? reaction with the
Best mann- Chira reagent, wherein this reaction sequence
may be carried out either as a one pot two-step
reacti on sequence, or in two separate reaction
steps. The conpounds 22-1 and 22-3 nay be prepared by
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di sease). Further exanples of JAK-associ ated di seases
i ncl ude aut oi mune di seases such as nultiple

wa@elenoses, rheumatoid arthritis, juvenil e artPCT/UBRN6/047400
type | diabetes, |upus, psoriasis, inflammatory bowel
di sease, ulcerative colitis, Crohn's disease,
nmyast heni a gravi s, inmunogl obulin nephropat hies,
aut oi nmune thyroid disorders, and the like. In sone
enbodi nents, the autoi nmunejglLsease i s an aut oi mmune
bul | ous skin disorder such as penphigus vulgaris (PV)
or bull ous penphigoid (BP). Further exanples of

- | at ' Jnclude gl | [ di gi .
2V ARIRAL R o WS BRRERribBarberdpssti it fushatd biedlBpgpe of
the ¢dtalybt (Sr othehtiieineéastiRSabud dt Age Hdtiees cdialpases

i nclude viral di seases such as Epstein Barr Vins {EBVY),

replagssagnts).s B, Hepatitis C, HW HTLV 1, Varicel | a-Zoster
Virus (VzZV) and Human Papilloma Virus (HPV). Further

[00491anD! Asotherlf¥tcABSINRIMR s HSAARBP tPfurcAREidctions of a blend
i ncl ude skin ‘disorders such as psoriasis (for exanple,
of Z§dbrii8acatalystsl tgamatch, a desipidclodetiontontd tempdrature asiisus yield

cur A 4 Pt L B 0 SRR SFirime,

somB %R proReisthy cOHASLARMAS rbfeirt 4 MthiRRIMR temperature in a
phar maceuti cal s whentopically applied can cagse skin

reactansherezahy dioprocessmgecatalystisuninasZSdb-dddisiemptoyadi Gior
exarfihle; Bt UbF PrAEPIE AT Bgk ARErsthes Homhie Bebren the

dewSRnE i rBlcion WAAtRE hyaRsfidiERi RAcRD Ibaaé@hgséfhtdre in the
treating such unwanted sensSitization or dermatitis. In

dewsxing reatiodisnton ow, dne/ekiftheheat bss bebvesretheedevpgxing reactor

o GRS it e, D S e
hydrdfikiAS AL FhAt6F vl SRADE dt 8 suRfiéRnt taApLHNG fof @Ffective

characterized by solid tunors (e.g., prostate cancer
hydroéimishingn EdendhepHZEM-48cntalyst grmbe aaed to paodare, a blended

cataf§RE dromaSEibG That SO RiRang 4o dhe, muntAghT AR hereBRE Heeded for the
reactéRPdHis 8116#sGREBrolAs ith gqgiﬁtﬁ?@ea%ﬁg stHRUaRAYEd htalyst

hemat ol ogi cal cancers (e.g., |ynphoma; | eukem a such
formadatinms, as lopppbebicabivinglte sikothesizeo sprdific mlatalyytctoonaich the

and skin cancer such as cutanedus T-cell |ynphona
reaclOETRAYIEME"But aneous B-cel | | ynphoma. Exanpl e
cut aneous T-cell |ynphomas include Sezary syndrone and

[0058) c osi In angihert exampleaklensis of | 8 M048icatalysiscarabe tised teematch

a delREAGRAR 035 dRORET feGperdite e BERESRE Melind RHARM,
reactiGr@thih ﬁ%ﬁxﬁ%lg @BFALOr.( @nﬁ-typibﬁl(ﬁyaﬂcyt@atinlg%@%@@ tdtstbject a

di seases ca

urther include nyeloproliferative
feedstpelo te) eﬂwd(rmx}ﬁgwﬁowtmlfyuwﬁéﬁb)a a\dewaxipg/step, followed

i.ad. thrombocyt 1 ‘ |.oj | asi
by a F5 S Shine BB rERRR ikl 1o BB iR IR Pl ogn o
in a dikdle)reacldr OTh GitiHEbASVHREY iﬂmtébwkﬁdﬁo@réﬁﬁh)g steps. are
hyper eosi nophi | i ¢ syndronme (HES), system c mast cel
cascageslé@géﬂ(esm:gq variatienein {emperphire hetweak the sassade@ gteps can

be aifi RIS Rndipigts 7S4S ARRRISEY o talale BN Yor use as 2
dewdxiig eATHN RN sHLE SRRgrated hyifoveedsing schérhes.! By using blends

uveltis, scleritis, conjunctivitis, or related . .
of ZSMs#8 setalystara desisachegmbinasigneal wield pad temyperaturs 9f operation

tr .. r js i ' t
can BeRibett i orgbbfo BB & ARIEREP otabbAed MHUEHIH igeen
| ower respiratory tract including bronchitis, chr.onic

obstructive pul nonary di sease, and the I|ike),

i nfl ammat ory nmyopat hy such as mnyocarditis, and other

i nfl anmmat ory di seases. The JAK inhi bitors descri bed
herein can further be used to treat ischema

Y o o o o

R T |



00/ 053595, andWD 01/014402. In sonme enbodi nents, one

or nore JAK inhibitors of the invention can be used in
W@ eoviomskt on with a chenot herapeutic in the trRel/mBI006/047400

of cancer, such as multiple nmyel oma, and may inprove

the treatnent response as conpared to the response to

t he chenot herapeutic agent al one, w thout exacerbation

of its toxic effects. Exanples of additiona

phar maceuti cal agents used ig-the treatnent of

mul tiple nyel oma, for exanple, can include, wthout

[imtation, nelphalan nmel phal an pl us predni sone [ MP],

b
tne 1850 pAREE e AP DAL Ry B VLR B T SRAAEIR bened
ZSMAAg ¢RhRstyel oma incl ude Ber-Abl, Flt-3, RAF and FAK
ki nase inhibitors. Additive or synerglstic effects are

o012 2B RRR S RS s AT il S

proviéd At Ses & Re I RIS Dlaid FTZEMI4SB Wh' @fmhﬁeﬂybé de:atalyst
agents such as dexanet hasone may be reversible

such asanothnt typetof zeisk ZSNIAR isra saleetive dewazing catalyst that

invention.., The.agents. can be h.

funegRS RIS, TR ang B8 P DoL e inp e B ifines
into ¥hE cRSIANUPhiS 38 irP oeA8t Ab ThAtye BthRer Tpdsadeuality catalysts, such as

sequentially as separate dosage forms. In sone

ZSMfy @fiMeht dJSY zwitte.carsd mogdenite; dhatepatatepramesty By gracking

or AR F AR SN A A s 8

favoR&Fhdlink %&Qldrﬁt ZRN4EEd Ve ase®RPBSE@HProcessing of a feedstock
continuéusly. |n some further enbodi nents,

(suchcastde:veaxma)swa‘ileaﬁéu@ngrmr@mmzmrﬁhsﬁ%@%ﬁtcﬁf fegdstock lost

i nvention er apeut i ¢ aggnt ~
due [ RRT P EPdY SoAIcty Hentcopnraienes B ufvifig Bidtls of ZsM-ds to
adju§f ey ca%al?@ﬂﬁr @s)"tot xliﬂfb‘lpé dbdir&d yidlé tuead, |use of catalysts that
transpl ant.” Pharmaceutical Fornul ati ons and Dosage

woukbingeadecthe ampowytarf wnlesirableatidareasiions (sueh é@)ﬁﬁ%ﬁlﬁh@ can be
the invention can be adnministered in the form of
‘“““gﬁgrnaceutlcal conposi ti ons. These conpositions can be
prepared in a manner well known in the pharmaceutica

[0052]t , ainianambysliment. LSMeA8erystals haying@Sieh: Addsgatio of less

e T A SR S Bl o P 250

crysﬁﬂﬂ" Fos Ef(é‘tfnb[é“ ZEM bg crphkals ddseeibedi Iabgvé Itl&?ertSldﬁnérml
der nal , ﬁﬁﬁt almc and to mucous nenbr

8101 AdiQﬁratg) ofhkesa thamal 10 oarg badilended wefbt %SN&&& %{W}s having a

Sl%m %}rér:%l%&%%an ria %\%ﬁhﬁgs %&Hl?h‘lﬁpa%ﬁoz ALO; -

ratid &f gRlatcxahgmll 50! of Bdatérahah)2000 fAlteﬁfatbmly‘,rESWS crystals
Parent eral administration includes intraven

withi n8iQzAl0; ratio efi bt oadessas dassripsdaPrve cas o blended with

OF
ZSME GUSETT Rt Bhughl fiGhZ8hOAs s Bed!ehyle O still anothr
embaditheh PSNILPS cryRedls RYiel alslegmn@tmﬁmm 1080r less ican be
the formof a singl e bolus dose, or

blenéﬁém}ﬂeZSM-‘bS ermstalsn thaiare partialloin fphaf ?fEEFéLH?Sé@PIC

%g'lsﬁl:}hetniﬁﬁﬁl %gf %E:l@%la? & latl %[aetleﬁs desirable

morﬁhélb@?r&a& mbﬁIdeCZSM-ElB %ayaalsghbs araﬂztd\[?gst partially in a fibrous
owder s.

oot Aucaiaba e ool SaelS LS st
ly b I
o P it et

i ke may al so be useful. This invention al so |ncludes
phar maceuti cal conpositions which contain, as the
active ingredient, one or nore of the conpounds of the
i nvention above in conbination with one or nore
pharnaceutlcally acceptable carrlers (ex0|p|ents) In

o o " o s Y " ' . o



The liquid fornms in which the conpounds and
conpositions of the present invention can be

wo p@anpseat ed for adm nistration orally or by Poj/@sti0em7400
i ncl ude aqueous sol utions, suitably flavored syrups,
aqueous or oil suspensions, and flavored enul sions
with edible oils such as cottonseed oil, sesane oil
coconut oil, or peanut oil, as well as elixirs and
sim | ar pharmaceutical vehighes. Conpositions for
i nhal ation or insufflation include solutions and
suspensions in pharnaceutically acceptable aqueous or

ike PR HcTE A G 1igh B TVIoHE SR GTHER B ALieEai o or at

leasP Q%,r@"%ﬁ%zﬁs‘%@‘%}’ %ﬁg@ﬁé@fﬂ% c‘f'%ﬁhﬁ' A Sectfic IR ThobSblogy. In

sone e I ment's e conpositions are
yet amhsﬂmt etrﬁmeldmlent tthe higlapurity ASMH4 & aypialsatvithya SiQ4:A1,0; ratio

for_ loc [ st em f itions.in can be
of lessyihan 2 a%}l@ééngﬁ ‘ﬁﬁ@é?ﬂe @egggﬁggtﬂq%al%? #eshs
t f Y, 0
e 8 O 02 O S i 1

or at Balst 296, ornitdeast 5%6,dr pidsadtiNd8b6pr essur e breat hi ng
machi ne. Sol ution, suspension, or powder compositions

[()O%ﬂn beéﬁ%ﬂ‘ é]hﬁ{)ﬁﬁﬁ%toﬂfg hi f%hg{]urﬁg%w4é rc?i@t@l%‘ﬂaﬁ@ﬁg a

ich dellver tnul a an appropriate
SiOp@1p©; ratitnof 10 witles caoprederablyohavoa$6htAle®; ratio of 100 or

lessuR01c8 6t A5 S0 Ihrst SHEmAthiD ik S AR0D fgtB ¥ the high
pur@?l TtS'MSz;é ?lhjs%ls caH BB ﬂ?ﬂpﬁ{b‘i@%@g@ ﬁr ﬁ{dpgeher apy, the

atirent, e manner o m ni stration,

d the_l

[oogl@nposﬁ{ll‘)gggmgé’n%%e adm- m s?dm e%x ‘E?);dég'lffl%%lt\a zg'lgrc stals can

be blethdey fop@tHdrdm a@xycbcﬁmﬁeﬂt mnﬂmearrmmtemnfﬁle,cﬂmrﬁsm48 ,
cure or at |east partially arrest thg [@ of t

crystpls dayinga $i0p A Papatie #f ildRLr Iess ardesrst ¥ 40 b

blengge%etg %} Q&(tﬂ 538@1%? ﬁﬁ({:gf %??}g #?e&ggtaltﬁ Eﬁb? th ?érri’i\ﬁfaltién of the

€ ju I'Cl an

" crysSiS1RSAM A gatabes. f/—’ﬁ@érﬁbﬁvsllyc bwesortrherestypes |otf)ZSi'£/I 4& e:rystals can
d| sease, the a ht and gener.al cond t| o] g
be fpemnlated separat ¥ intoeatalyts, andgoR Faapiat ys*f%?aew e

ent can be in the form of phar rraceutl cal
ons described above. These conpositions can
i zation

looé’sﬁcﬁtn%}'gigéﬁ of Zaj AR e ?ﬁaﬂl‘ea"f inciusie, 90 58 dagrs.types of ZSM-
43 . 95§38y PORIRORE oAyt lnd con oy
sultﬂgﬁmrm?lva?iﬁt an%lmu Eln a%nqa;rﬁbudlmam ther ampoiint of‘ hlgh purity
nini stration e 0 c re a| o
ZSNIYES Gretals hevinae SHReiklens SmaL 110 Ghrs Rk Peahgfiyt 10%, or
at leggpfg‘? of ta? l%&?ﬁa o,torpa[t‘?§§s,rt gaby & &r[bgstt%"/% of kit Wakt 95% of

ders ceftain of the fofegoing
the Z8d-@igetriystals 1 tHeeblendorAlsdrabtivelye tlse anidunt efigh pnnty ZSM-

bleridftog?

48 éggg{jgggpagéon 12{;,]8 ) rra%g;gtj f@ B$ @g San, 9 (gﬁf%é%rprcﬁ)S% or
lessv\g{ g?]@'cﬁlofeS? E%t ?r%r?t &?l rgg'ﬁd% ortlﬁgsnﬁg?{éozmzmué?sfa% in the

blemdinm ni strati on of the conpound, the health and
condition of the patient, and the judgnent of the
[00341°>¢ Rishe cgmé,fs éﬁnh i, 3RimhE, PaeRed Bbﬁé‘ of'ZSNAD4 8 B TR ETe Rt
a caofmpoun e inveniion In phar maceuti cal
typetscnmdsa tseahtocdewaanyfecdstockli ny rmqmnembndnnemmtacked beds of

stgf { can g'gﬁc' udi n ﬂfef’;f‘o‘inm&h igha s BRZRRHEIR St1 CS

adm n| stration. For exanple, the conpounds of the -
i nvention can be provided in an aqueous physi ol ogi cal
buffer solution containing about 0.1 to about 10% w v
of the conpound for parenteral adm ni stratl on. Sone

o o o N o g, A - a I A



pharmaceutically acceptable carriers, additional

containers, etc., as wll be readily apparent to those
wakowloeed2t n the art. Instructions, either as | PEEUBR0@047400

as | abels, indicating quantities of the conponents to

be adm ni stered, guidelines for admnistration, and/or

gui delines for m xing the conponents, can al so be

included in the kit.The invention will be described in
greater detail by way of spgrific exanples. The
foll owi ng exanples are offered for illustrative
purposes, and are not intended to [imt the invention
i n any manner. Those of skill in the art will readily

[0015"72C OgNjf £n ‘G difieHt, %ftadl&HQfédE T SNI4 2 BB Beuselifehmulti-
n be changed or nodified to yield essentially t he

stags dewarirgibf 8 feddatodowmpihueidwatod levals BX awkineand/av aitsegen. Due

o s et G L SRS R B AR 85 110 o

less 5?1[1 § 'Yf%]%ﬁ% al fifst E'aﬁl’is& %'ee I[ég ’c.gn{?ic@ﬂ[é felstbek! )CoktaByWaEA the

benzonitrile
first [bidd T Z SIVBH & v@ﬂbﬂ:cpwerdscmae Fuldiur aed nm@g@mmozmtm&lzs and
IH-pyer o[ 2, 3- b] pyri dine 0
NH:o with s lokiisovs harpott of i e casalyafodR Lambisy type of
L Al aldrEREA 91;3 4o 1l B8
ZSNpLB A0 L OBERESARNE) Sdfda( R ot o Bty
différencd berweenxthentgpenst Z8M-di8f beth btdaqccaﬂdrbl_e mﬂratqdcﬁt the¢ same
MCPBA was added. An additional ~10 nL of ethyl acetate
temperatiifided so that a solution resulted. The reaction
m xture was allowed to warmto roomtenﬁprature (rt)
[0058)d st Thisihventipniigfiartherilustrateddyoihedodiovdnggxamples. -
filtered and washed with ethyl acetate three tinmes to

Ezggl% B£Q.94 g wet solid. The wet solid (8.45 g) was
Suspended in water (35 nL), and to the suspension
s added.13 nli of sat e

1003835, it B dbbeegRoE Y £ 8 whier AL bEY

hexzﬁﬁﬁﬁ%ﬂml -chlb8dE( 5694 ﬁ)lﬁﬁén)t heB £opUtasil PM (21 prempltated
red and washed with water (x4) to give
g& apg 40 g

silicp @Iowclmrrfpbm ngmsaam:)cg ofigedigm @bnatnan@scj%mm

he desire uct 2. 47 VR
of 5§y ciwﬁ&%@w? iptke g AEEIByIe Al
High: 7-2 (I H, m 665(IH d). M5 (MrH) +: 136.
comg%)e ) 2. 4-Chloro-| H pyrrol o[ 2, 3:-Db]pyridine To a pink
solution of | H pyr b][_yrlg e 7-oxide (2.47 g,
0.0184 nol) in di ré%f’é%mm de B@F) (13.3 n, 0.172
nmol ) was added nethgogsubf ony+ chizorisie (4.0 ni, 0.052
nol) at 50 0C, and the pi nk col or changed to orange.
The reaction ni xt UPE(\B¥heat & al-¥3 0C for 2h, then
cooled to 40 OC € 5 nm)L wa ded, and the
resul ting suspensyig)eﬁﬁ1 /\r/\%g)gcool ed at% gﬂOC. NaOH was
added to adj ust thEepiplaie/Si0e =M xi0023 t o about 7. The
m'xture was filtered and vvashedvvith water (x3) to give
ﬁ-ﬁit&d &oche with
[0060%" v e?ﬁeéﬁwﬁﬁg’%’gé et pr (l(ég)agg\'iﬁsd adtoclave wi
stmmgealtdzso RENIYG: 480Quidiz ThGEleB);kﬂl it the .at wlm rebogmze that

IH d 7.41(1H, d 7.18 (I1H d
factqms s H)s-l;he )55'@ o@h(g@ufgoclg.ve and the( type 01) stlrrmg m(ecﬁlamsgn can

makg oﬁ Brtforg%ggsp%%hg %bd g%/ 884516 he R Wad fltéred, washed
w1th4de|ﬁ§3hﬁfeg % Wtéﬂ%@cl antsﬁta} algEEE i( nmic:)). OFhe KRID paresB of the
©no an r ono- e - razol e :
as-spntbosized metprighshowad dee Ypiaalpibe rbgss ﬁ’%w 48 topology. The
t

SEl\g ﬁ)@%ﬁ?.g yhéﬁgfz%d] ﬁ?@ﬁ*g?%héﬁggﬁfttwtg%ﬁﬁe%l gJHS% /((:)oml_ﬁosed of

on silica gel) to give 80 ng pale yeIIowsolld whi ch

was triturated with MeOH (1.5 nL) to yield the product

as a pale yellow solid (44 ng, 44%yield), 1H NVR (400
VHz, CD3(D) d832(IH s) 825(|H d) 7.6(|H,

— e — ~ N~



Exanpl e 3:

3-[3-Methyl -1 -(IHpyrrolo[2,3-b]pyridin-4-yl)-IH pyraz
wW@bkeodoyiskpr opanenitrile, trifluoroacetate sal tP@I/US2006/047400

m xture of

(2E)-3-[3-nmethyl -1 -(I Hpyrrolo[ 2, 3-b] pyridin-4-yl)-1H

pyrazol -4-yl]acrylonitrile, TFA salt, (0.0050 g,

0. 000020 nol, prepared according to Exanple 2) and

pal I adi um (5.8 ng, 0.000005%4 rol) in nmethanol ( 1 ni,

0.02 nol) and 1, 2-dichloroethane ( 1 nL, 0.01 nol) was

degassed and then was stirred under an at nosphere of

hyd f h...Th t h .
agelReTUPE ! SRR OV PR S ampoLbits therdl SR Re AR ictsgoasly
shapgg\&g%ﬁﬁg}?eqfhetrggulﬁﬁ Ao (-a8 c?ibt@fsfha\ﬂfﬁ Sﬁ) Ao, mUF&r ratio of

rial was purified prep- oglve
~ 10011 . OFigureti s pledtothiagaapliof ZSMASfcmstalst. r iThas at ed

with MIB ( 1rrL)to ive the ite solid
comparaiiyeseratmplo ) kemaite-INicawRip A0 1% S s pregeacs of some
5 (IH d); 7.72(1H, d); 7.6 (IH, s); 7.38
“eedZ‘er,keZ‘%’?’%l 6 (I1H d): 2.7-2.9 (4H m);-2.4 (3H s).
. M5 (MrH) +: 251. Exanple 13:
E enyl -1 Himdazol-1-yl)-IHpyrrol o[ 2,3-b] pyridin
e A-nelt of 4-chloro-IH pyrrolo[2, 3-b] pyridine (0.050
[006@] O OAGRDktore yvais prépgrbéd fydmivi-ater, dmxahethmmm ghloride (56%

16 nol ) was heated at 200 .0C ov, ght
solum@awl&q@swal’é\dpaﬁ»@m heaingts %@sﬂoet(ﬁé‘% it 5006 sagiom
R e was
hydr\tj\bgs e%l%ﬂ?ﬁabrl nep réﬁ'ﬁ&or gani c ai/gfe f\xﬂ/as thgnlﬁglraal?ed and
compusifionat ed to give 250 ng of an orange oil. The oil
was chromat ographed with 7% MeOH DCM 0. 7% NHACH,
sanpl e in sol vent GysiRMD,ColLect ggg74 ng of the
product as an orange ‘gl ass. The gl ass was triturated
with hot DCE (1.5 M0/ 8iDgi ve=5 12&d50f a brown solid
whi ch was dried at_60 0C for 4h fford the desired
product (50 ng, 529%' 2 1 NVRYZ00 Mz
di met hyl sul xoxi de Ngm: d 12. 50§1I7H s); 8.5 (IH,
s); 8.4 (IH, s); 8. I'H d); 7.8 (2H, m; 7.62 (IH,
d; 7.4 (3H m; 7Tﬁnp]aH;/S|i§)1=6. 80.Q18H, d). M5 (M+H) +:
260 Exanple 14: [3-Methyl-1-(l Hpyrrolo
[OOGPﬁan ot 'iﬁ&hﬁ'e‘]wé@ )eaL:{ELdoé‘tr PG 60PC) b BRutddlale Wil

stirriBght 259 RPM Ifex[ 238 bbursrﬁﬂh:ypmdhyt yves lﬁ’dbcy@drst/hwed Withyr r
deloweé%ﬁbv%%g g dchapsﬂ ?ZSbJ’_JF ?Yf(?"at eI'hef'r )ﬁ@b pa e %f%ﬁé gs-
synt esﬁ?ﬂpﬁﬁ e s‘FﬁM ﬂmlet’_t?ﬁibraﬂﬁﬁfe ghaﬁe) of ZSM-@BTtb?BIdggJ? sThe

et hoxy] - neth rrolo ] pyri di ne
SElvgofmeommhmlz;d maw -‘(hOJWSnﬂiat thomatenisl wasgomposed of

ecc e T S e ot B o o
aboqugg:ﬂﬁgrdﬂs §h Mt fdsulthi g YISMORS alystaae Hadal SIOMRLO; molar

The organic Bhase was washed with brine, and
ratiovafs~ 8¢4p Figured2 ioHa g o@rawrﬂgra@h ofithereswitingZ SM-crystals.

/solid.,The s r t

F‘g“g‘f 2§F‘°§V§ébﬁtagfﬁ%9?a?1€§eecﬁa§ ﬁﬁg—f%issgjnp e oﬁysal chgl% &p the

inve QOIgl ve 40 ng of a purified product as a white solid

7%y|eld) 1H NVR (400 MHz, CDA3) : d 8.5 (IH, d);

H d); 7.25 (IH, d); 7.02 (IH, s); 6.6 (IH d);

E H s): 3.6 (2H t); 248(3H s): 0.98 (3H t):
O 0 (9H, s). M5 (MrH)+: 372. Step 2. o
[0063] [ 3- Mbtrhiptture Wgb p@fpwrsﬁ -fFOWIVE%FPdeWthPP’BWBfQFOIPd? (56%

i) FRELTES DAL A SR 139 s

-[ 2- (trlrrethyIsHyI)ethoxy] nmet hyl -1 H pyrr ol 0[2 3 b] pyr
idin-4-yl)- | Hpyrazol e-4-carboxylic acid (0.040 g,
0.00011 nol) (1:1 of AcOH) and N, N-carbonyl diim dazole
(0 035 9, 0 00021 nol ) |n THF (1 m_ 0 01 rml) was

Y o



(MrH) +: 303. Exanpl e 25:
3-[3-Methyl -1 -(IHpyrrolo[2,3-b]pyridin-4-yl)-IH pyraz
wo@bkeodoyisp2 cycl ohexanol Step 1. PCT/US2006/047400
3-Ethoxy-I-[3-methyl-I-(lI-[2-(trimethylsilyl)ethoxy]nme
thyl -1 H pyrrol o[ 2, 3-b] pyridin-4-yl)-
| H pyrazol -4-yl ] cycl ohex-2-en-1-ol To a -75 OC sol ution
of . .
4- (4- brono- 3- et hyl - | H pyr _ay %3| -1-yl)-1-[2-(trinethyl si
|yl )ethoxy]- nethyl-1Hpyrrolo[2, 3-b]pyridine (0.11 g, '
0.00027 nol) in THF (1.5 nL, 0.018 nol) -was added 1.

hydrgﬂir;iqkjgéallglnfqgléﬁj rén &EAE&Q%& gqg’ft{%él cqsh;ﬁgg G g %&Y@I"& seed
crysTRignRRE IR IR fR fo'ﬁo%ﬁg dfl: S5nifobicpge added.

2-cycl ohexen-1| - one m., O o8 m)l) |n THF
(-0.3 nL) was addedi 2T4\12QBesu‘l=t| ndO%i xture was warmed
to -40 OC over -l enched wyyh NH C . Then ethyl
acet at e/ wat er vvash%[?fg}dg&yzrhe or gani 28 phase was washed
wi th brine, and copsEn$iy ed &0 gOvE7 145 ng of an
orange oil. The cr Udﬁeﬁr oduct was chr onat ogr aphed wi th
0-50% et hyl acet at¥aHeSi&he gr&di efel? sanple in DCM

Col | ected 35 ng of th r&d@ce_ as il (30%vyield).
1H NI\/R(4OOI\/Hz 28.49°( d); 8.38 (IH,

[00651;] Zﬂfg{}ﬁm@w ré’ac?éd’ht @&0°F7(1%0@ in @h; adaoaaoébuuh

H, s); 5 2H,
stirriflg atZZSIYRPNﬂ form8 Hougs. (Bid pxto)ckuct)vs(as gnreg,)wamr; wpqiq)
+. 422. St
de“’g‘"f@‘@‘t)ﬁ’\/’?e@ apd drisd at 250SF ) ROEY | The ARy Rastenp of the gs-
synﬁ%&?lﬁcﬁ Lr?atén?ﬂ %&Wé’d ey gkdal IRy pRESS of ZSNH48 topology. The
exano m xture
SEMN3 df?nllaszyhtHes{zled[rﬁa‘(mai showy thati the yeatagal s cryIRgsed of
2
agg%&%p&safﬂg&%&dgpfgﬁalwg)gr&stglﬁ (ngh%n Fgel&gg crystal size of <
00045 liﬁﬂl& £~
1 m,d,r i 017THng :r}sﬁﬂﬂﬁe@]ﬂ/laﬂs %Ws%ls %ﬂ@gl(ﬁﬂﬁlgl@m?a fsdh ti@, 0
95/ 1daygmeed]isa (jhmmmmro graptl Qﬁthe rres;llh;la Zspdncrvsiads phbise

over ni ght . dditjonal 48 Pd
oM B AT S SRRt ChRSSITURE TP fi-4
& freinblatt 8iNesrAio 6f @029.
Symm%‘%@ u\%a‘t%é‘ta#gﬁ%r obo?gatvg 553 9, 0. 001684 mol )

for 5h. The reaction was purified by prep-HPLC to give
the desired product. M5 (MtH) +: 426. Step 3.

3-[3-Methyl-|-(lHpyrrol o] 2,3-b] pyridin-4-yl)-1Hpyraz__.
[00@5][ 4-ylA nzl;mire %Enépamlp Ergmw%%ﬁhexme@/h%wﬁhlg%de 56%
sotuifopd, Wirait MAdifieds Sutins PR S1HRR (4379 3% 3qdivm
hydtille s6rution, hhidByha%plretative]ie vt gnwmmgm)mf ZSM-d&%eed
out according to the procedures of Exanple 14, Step 3
crysttaisgl'ﬂhetrtmtldeshadetbe;fgﬂﬁmng aeles GPEPEFItIon NVR (400
Mz, CDA 3) : d 9.72 (IH s); 8.35 (IH d); 7.95 (IH,
s); 7.41 (IH, d); El@{?’A(li(B& d)y= 7IDB(IH d); 3.78
(IH m; 2.6 (IH, EL (3H s) 7 2-2.4 (8H, m. M

(MrH) +: 296. Exanp 10,

4-11-(3- Met hoxy- | L~propyl)-I yrazol-4-yl]-1Hp
yrrol o[ 2, 3-b] pyrldﬁ_ﬁé g dﬁﬁ

4-[1-(3-Met hoxy-I - m*hgiq;;opyl%-ll—ﬂpyrazol 4-yl]-1-[2-
(trimethylsilyl)ethoxy]-nethyl-1Hpyrralof

2, 3-b] pyri dine To a‘emlﬂﬂeé%lduwon %\O g
3-[4-(1-[2-(trimethylsilyl)ethoxy]nethyl-IlH pyrrol of 2,
3-b] pyridin-4- yl)-1Hpyrazol-I-yl]butan-1-ol (the

al cohol was made by DI BAL reduction of the ester in
Exanpl e 58) (0.056 g, 0.00014 nol)) in DMF (1 ni,
0.01 nol), was added sodi um hydride (0.0107 g,

0. 000268 nol). After 5 min, nmethyl iodide (18 ni,

O 00029 rml) was added and the resultl ng mxture was

o o — - o "



equi pnment manufacturers. The ability of sol vent

refining alone to economcally neet these increased
walewsands2f or hi gher basestock quality is |im teRdI/UR061047400

with the use of additives, fornulated oils require

hi gher basestock quality to neet the demands of nodern

engi nes. Al so, the supply of crudes that are rich in

paraffins, is limted. [0003] Catal ytic dewaxi ng has

devel oped as an alternativeydo solvent based nethods

for producing high quality basestocks. Dewaxi ng

catal ysts function by two different nmechani sns: those

catal ysts which function, prj i by, Lsonerization.
[0068}4 ¢ h %nalameyw@%r%ﬁt%gtf ﬁ@ﬁ @ﬁ%@ Haﬁmaylffﬁaave with
. r I :
stire B AL PRI e 30 B e P A YR Bl with,
deiohﬁeabﬂd DI ﬂT(e_tter ahd dei)gdla(;SHSOﬁF C(itl %m?@)l o'fl_me KR]Dtharnl i g)lf _hﬂ%xe as-
ydrocracki ng can be done w rel ati w qual ity
syntheviged sukerial gy the Weg@lﬂnmghﬁﬁp?@ﬁ%@éagpfog% The
. i on: i . . :
SENDE ] B R Rl i FAT Ay Mo e AP 8 B ipged of
agglphRiraes afdniall irhgtularlo shapedigrystalp éwith an dvegage crystal size of
undesi rabl e _speci es forned by hydroErac [ b}OQ84kl o
aboutd B migren) o[ ha resultingnZdhds G¥SHis ?E?O Al0; molar
o [yhe i . | i. 3 .
ratic, GESEE R s VML O L0 ESuNR 7 SARENRAS. This
exarfipi NS MI-ABQrestaleacavrding toghe dnventiin sinvpthe alppenoe of
: is an exanpl e of such a dewaxi ng catalyst.

M 48 i I f h d [ I As

needletlike Grstal-t ed States Patent Nunber 5,075,269, ZSM 48
IS prepared using diquaternary anmoni um conpounds as

EXAMPGEisng agents. Both the directing agent and the
silica-alumina ratio can influence crystal norphol ogy,

t hou : ' i t AU md ThEH & (56% -
(006¥] . or X iypRfird W fcBared! SER1 Ay BimerRohliin BhkcHSE (s6%
soluﬁ_@ﬁ{]ltUl_til‘aQﬁ-M@riifiné,CﬁoeHl{ltplﬁiunﬁmﬁb abhat&rm(iﬁ%)hﬁ:@d.soﬂium

igh silicaralumina ratios, using a_di qyaterna
hydropdmselitigns aed 5@“5'6’%(??!31%‘4%02%?45380%&@&&%%{ %5048 seed
: | at ! 1A Ceodbystiga: ratio is
crySFa(%\gr/\l'/e?fgge %{g?%g?%gq%? efég?{gp%@dtlgﬁn’guesl described in
United States Paten&g% er 5LO75,§ 9 or United States .
Patent Nunber 6, 923t 2 ¢ ystal ﬂ ity beconmes an
i ncreasing proble eting cnysgalline forns
ot her than ZSN$48WE?§/§?gguced, or-the ZSM 48 cont ai ns
het erostructural z@®/ $iOseeds. [@OUB] It is known
that crystal norphal ogy. can affect tal yst behavi or,
especially with r ﬁrgg@? cat al ysto'gzt ivity and
stability. Also, Lf@?®kgggﬁcgléy @egig abl e to have a

smal | crystallite si as smaller crystals |ikew se
(00683 o Eh8 Fabeedis vl e ot 0 g () faeh 6 G0RTE it
stirritlf%"a’%t%c%ba{gl\% 261‘/ 48%\6%9&.@%5@&& R AR aShoB Watts

made w t purity and that woul d
deiohived (DIYwatet and dyiedie 250SE(120°@).cTha/XRD p#ti¢ra of the as-

exhi biting.ag favorahl e norpho . Y OF .
synthRREs mE T e ersRu haa-48 hd RaeS P Kbnyaite
xi ng a hydrocarbon feedstock is provided. The
met'hod i ncludes contacting the feedstock with a blend
of iigk 48 catal ysts under catal ytic dewaxi ng :
E t#+ons to produce a dewaxed feedstock, the blend
of ZSM 48 catal ysts conprising a) a first type of . o
[00623M 48Acmyctuse wasprepared. fom Wates) herampethonmmcilogdg(56%

.[ O t 10.and bei.ng firee qf - / S :
sotfip et Mgy A5 88 1pEEnge DEIEUIAITR sogiam
first type of ZSM 48 crystals and second type of .
ZSM 48 crystals being different. DESCRI PTION OF THE
DRAW NGS [0008] Figure 1 is a photom crograph of the
ZSM crystals prepared at a tenplate:silica ratio of

N NN o o - o o o

imp




tenpl ate; calcined crystals, such as Na-form ZSM 48
crystals; or calcined and ion-exchanged crystals, such
w@sooAof@em ZSM 48 crystals. [0018] By "free of PCT/US2006/047400
non- ZSM 48 seed crystals" is neant that the reaction
m xture used for formng the ZSM 48 crystal s does not

contain non-ZSM 48 seed crystals. Instead, ZSM 48
crystals synthesized according to the invention are
ei ther synthesized w t hout 2i4ghe use of seed cryst al s,
or with ZSM 48 seed crystals for seeding. By "free of
Kenyai te and ZSM 50" is neant that Kenyaite and

om0 T 5 GO LRI ) Bl s

MBldrRvaidsafort:s al so free
crysﬁrg o%éﬁﬁtﬁ%zgghf%éjg@&gggts to thg[ﬁdesgr ee that such

ot her crystals ar ot detec Ie by X-ray
diffraction. This g*??’g]é éct abl e &@?erm nati on was
made on a Bruker B4 Gndgeyor &nstyyment, manufactured
by Bruker AXS, andeqw pped with a Vantec-1 hi gh-speed
detector. The mst@HWeSnDzvvas Fun 080hg a silicon

powder standard ( st B) which,.is a materi al
wi t hout stress. f/o?Gém dt h"haIP%i)axi mum (fwhm for

the standard peak Bhm é é’ﬁlg gJeegoagt heta is 0.132.
The step size is 0.01 egrees andthetlrre/stepls

[007@0;13 Q(M’g;wg? %’%’Z’t%‘f gtffg)r g‘.s u@%gr 9?%\?@ &c}g‘t’? ree
stlm%ﬁﬁ{ A eeyf[ ifﬁ'ﬁ &Emhi% S[’he' o@ﬁ@f‘&vab Fateréd)owhsHydowith

e crystal. S any ar e resent |n .
deioalmd D) tweter and driet] aﬂ@ﬁ@&Fe{M@%}y e g:ageén, -

M SE hs f.
synthesiaed BrytHEM TRphesiged BOBs ARTrc it PLraR: B Wéq%}’og.
ratio (Exe 0. '29%910%&%%&@1%6%1\&3SSJ}Ri’\Keﬁ?aﬂ:él

om Ccrogr s 1 n the present figures [0819] The
X—ra diffraction pattern CXRD) of the ZSM 48 crystals
E&éﬂg’cﬁﬁﬂng to the invention is that exhibited by
ZSM 48, i.e., the D-spacings and relative inten o
[007qr r es pondxtuwe WB;ssweparqduﬁerZﬁMﬂShCW‘F ORfAIHN ‘b 3(56/"

used to es the.identit b)e
soluignado e Btk spgiem gt s tiortt4BuF 309 Sblihfip Hidroxide
solu'f_'%'h £X@A Grvd feldiRrRAoankiskecadlthrp é)ibEZSM-fMSHBdfGrysmls

ven zeolite Wil exhibit the sanme diffraction
Thepﬁb{tell‘enlsad the fmﬂmmgandlastcpngmsﬂhomet ween different

nor phol ogies, it is necessary to use an anal yti cal

tool with greater S@? lg@pn =An el e of such a

tool is scanning el ectron m croscopy (SEM.

Phot oni crogr aphs f Ha®Y Sk can~be u‘;‘é@l to identify

crystals with diff rphol ogl [ 0020] The

ZSM 48 crystals afﬁgﬁﬁeﬁgval “of t zsstructural

directing agent hayg*asigyticed ar grogphol ogy and a

nol ar conposition accord| to the eneral for mul a:

(n) Si O2: Al 208 V\herg'empl%tefgl@mﬁo t® HO, preferably 80

to 100, nore preferably 85 to 95. In another
[oo-gyeodi Pﬁ{étmxﬁuféw%ts re£@el af 820%F (B60IC)eint axB@utoulamwnh

ast 8b5. et another enmbodinment, nis 110,0 S,
stirrbig A0D50 iRBMsfzvr 4<8rh®gsoTh¢ preduqtyvag fijtered, washed wﬁg

deltg)tég'? C@'arégglt neél nt?%S(;ﬁ" (192@ @eg}w gﬁﬁeﬁ{ gf"ﬁ")é as-
syn <SKALASR AL théReMRS tASMUSrerplaiselof ZSMVpAS pep@ldgy.

roma mxture having silica, alumna, base and

hexanet honi um salt directing agent. In an enbodi nent,
the nolar ratio of structural directing agent:silica
in the mxture is less than 0.05, or less than 0.025,
.or less than 0.022. In another enbodi nent, the nolar
ratio of structural directing agent:silica in the

m xture is at least 0.01, or at l|least 0.015, or at
Ieast O 016. In stlll another enbodlnent the nol ar

o .. .



ratio and the structure directing agent:silica ratio.
The broader ranges for these ratios include m xtures

wo b@v/oressul t in the formati on of ZSM 48 cryst aPGT/MB1006/047400
sonme quantity of Kenyaite and/or needle-Iike
nor phol ogy. For situations where Kenyaite and/or
needl e-1i ke norphol ogy is not desired, the preferred
ranges should be used, as is further illustrated bel ow
in the Exanpl es. [0025] Theysilica source is
preferably precipitated silica and is comercially
avai | abl e from Degussa. O her silica sources include

owdered silica including precipitated silica such as

Ezggﬁggﬂi§and silica gels, silicic acid colloidal silica

such as Ludox(r) or dissolved silica. In the presence
[0073] abasemittues wastﬂrepamdlﬁ*masmﬂen,dsammethmnm chloride (56%

solubint, Ulsreild spdiis AGuam selbfontasye: Bafmade Soign ©
hyd%id 88bfioh! ogﬁgygﬂg(g?’ﬂ@al'{%@ﬁe fhB&in %&l%ﬁb&n@bk&@dﬁum

SoUTces rnel u n1nun1sa|t as the

chl oride, al um num ates or hydrated al um na
such as ganma alun$ﬁ%igg§£wdoﬁohe te and coll oi da

al um na. The base qﬁp @, di ssol vggtjhe netal oxide can
be any al kali neta g oki de, pre?erably sodi um or
ﬁogassi3n1hygr?ﬁid?}iﬁﬁﬂ¥ﬂluthydOdNZde d{qyaternary
ydr oxi de an e like e direc agent is a
hexamet honi um sal tN8ycHOes heXane ni um di chl ori de or

hexanet honi um hydr-p ani og @&t her than
chl oride) could be é?’g¥£@gﬁa dns such as hydrOX|de

[00 b aure TR WS ERActRs Rs FREAB0r S AP dintocave with
| .
sirefle B A0 RPpLOP AR hobl 11 SuBENS ferb Ao A it

deionlzed (I”qmll)twataf1 and ldaizd amgeur (&207@) ’Ebe?tRthmttbdm@df the as-
together with water in the i os set forth above
synthgm«anmt@xnalsqhqw%@eap@fpma%éw IaRelogh and A icn & £SM-50
ek 10310 éf{@edl -lik
implHl, s 186fHikd PHp RAEIAThRG e priEnE ?* on-odie-tike
morphotogye. The ZSM 48 seed crystals may be added to
enhance the rate of crystal formation but do not

Egggéﬂgﬁ@bse af fect” crystal norphol ogy. The preparation

of other non-ZSM 48 types of seed crystals

o e G i o
(Exﬂ-b#)%r#@e\g? Winrke d (40274 glaﬁs 3F psalRsioBBRtite ARMniRaYBhsES

e synthesis accordlng to the invention :
calchredes 38 WWhiia Sinpson aullérs Shffieicot water wahaddedsixproduce an

eSS oS B P Ly, 52 i
alunfifiRY d"'W&tter é&ﬁa@'ﬁﬂi%’ /Bﬁst@fwe'iﬁeé%btﬁhd&l &aDdAed 3atothe8Soven at

or 2% or |ess less. I'n an alternative
121 é@tm@m@ht Thé drﬁemmdatwwalcglmwd irenitrageng@ 538 °C to

K 0028], | I
decagapaner it AR e B o EROP alE: s Mo e it Sx Rudate et
hum,'i]cﬂg%d%m SRARLRMAi B3 ckendia Rl 1 N Sbndiun eHeey o
rousnmor phology Is not desired, as this crystal
remmnr sdditingspenhkE00spph N e tAeftgr AomhnikR Rigrade exehangeothe

iy TR T o A e

é[’%nﬁ&%nﬁ e?&mdg‘édaeﬂuejﬁap@%@raﬁmﬁa@m °C overnight

The anmount of needle-1ike
and nmnjmﬂ iacir pt 53& REC. |Arﬂttrhaer z@vinpgion, yhe gkudale wes stggsed for
or less, or 5%or less, or 1%or less. In an
alternative enbodinent, the ZSM 48 crystal s can be
free of needle-like norphol ogy. Low anounts of
needl e-li ke crystals are preferred for sone
appllcatlons as needle like crystals are belleved to

oy o L, o —e~h A AN o o, o




other materials such as silicates. O her porous matrix
materials in addition to silica-alum nas include other
whreanyseat eri al s such as silica-nmagnesi a, PCT/US2006/047400

silicathoria, silica-zirconia, silica-beryllia and
silica-titania as well as ternary materials such as
silica-al um na-magnesi a, silica-alum na-thoria and
silica-alum nazirconia. The matrix can be in the form

of a co-gel. The bound ZSM#@-my range from 10 to 100

W . % ZSM 48, based on bound ZSM 48 with the bal ance

bei ng binder. [0033] ZSM 48 crystals as part of a

3 ir{ G IO Sr. The R0 e S Vi ifp b Rled WHhASHRAIL AR

platﬁ]hmtpateqo% wi% &) vshf iﬁ%ipleﬂﬂ \Qeiﬁéaé %ﬂaﬁﬁﬁ biiakion, the
UPAC system having G oups 1 - 18, preferabl %O oups 6

extradnte SvaxOdriedk anptraghiost 23:1F and aa@:merd:inm a3 60 U6; tOCEPnVGYt
referably Pt or Pd.
the ‘\é\{TﬁFHPE? Waﬁélaﬁgb%%,{ ﬁ%‘%rs may. al so be used such

as Co/ Mo, Ni/Mo, Ni/Wand Pt/Pd, preferably Pt/Pd. The
EXANMRIE 16f hydrogenati on netal or netals may range from
0.1 to 5 w.% based on catal yst. Mthods of | oading
[007 tal ?%Qie%v%% gcsﬁﬂ%tm 148 {yall REMEd and n-C ude
r exanpl e, egnati on of SM 48 catalyst with
hydm&;cahexsadimomtest r@aﬂaigd;rt og'apaltattuns mpmaeml from )rﬁ%tq Ayl °C

MR T TR R TR T
to 959,45 HERMRGhRICkiAityl BSNEAS] Joggﬁﬂﬂn @Qly@ﬂéhd\yeig%éﬂ&am iso-Cio

crystals made acCording to the ove enbodi nents have
yields witharniviehal drwkmglascaaﬁmlcu:mmﬁm@hm eonvEBion| angereaction

silica ralum pa rati anthat esen i al
temperatyrgy &'18¥CH &5 2 Bﬁalg'bgl? e lﬁ?n ‘0 yﬁ eagsaeglrégﬁoéﬁ %{F}"%:“’
com%}g%ln%\‘% éalt'ﬁ Ei Qé'ccﬁ"ﬂfdg’ﬂotéh & odRhésit dftheindéntiGh lan@%

excellent yie They "al so have environnent al

catal;esmséltltasﬂramnaluhﬂnatramdpﬁlahou’fozo@xealth effects from
crystal formand the small crystal size is also

E—X#@f?‘ql 1@l to catalyst activity. [0035] In addition to

_ odlnents descri bed above, in still another '
[00 I\/E ilg thS]el Y g%lm]o e;[?rlgﬁéfai no%ﬁ—l%h Afﬁ’wﬂh seeding
with &%ﬁxparozSM AR cHPsthi. 1A nixiche Adpaeed ngfgl’\eﬁte@‘

ZSM 48 seed crystals and fibrous crystals.
hexdnethenaluiny phlohgiezgﬁf/d, gohnm,aﬂlgr%glgmgﬁgaéngm alyminate solution

s Bontoet sin sl BEoRlar SllGa' WGuR W el iihe stcs

cha%% sY MM ssbd Qbmd&ﬁhémﬁrd? avhegnixture had the
|ca -alumna nolar ratio of from70 to 110 and are

folldwingemolarmompesition! on nmi xture contai ning a
hexamet honi um di recting agent in a
hexanet honium silica SiIDQIAI @y o f=+om Ol0BL to 0. 05,
preferably fromO0.015 to O. 25 In this enbodi nent,
the as-synthesized ZSHA¥SiOyst al s= are ¥4.8e of
non- ZSM 48 seed crystals and fibrous crystals.
Preferably, the ZSM 40HTYSi€lxnl s also he&é 7a | ow
content of needle-like crystals or are free of
needl e-1i ke crystals. N?O‘ééﬂOZn stiTl a9dfther
enbodi ment, the as- synt hesi z SM 48 c als are
cal ci ned t her eby reno FH{P ?'Iﬁgsdﬁg&amst ho(irml[% structure
directing agent to formhigh purity Na-form ZSM 48.
This Na-form ZSM 48 can al so be ion exchanged to form
Hform ZSM48. In still another enbodi nent, the
as-synt hesi zed formof ZSM 48 crystals or the cal cined
ZSM 48 (Na-formor Hform is conbined with at |east
one of a binder and hydrogenation netal. [0037] In yet
anot her enbodi ment, the invention relates to a nethod
for nmeking ZSM 48 crystals which conprises: preparing
an aqueous m xture of SI li ca or SI li cate salt aI um na

. N R o, N R




be neasured by nethods specified by ASTM for

i ndi vidual netals including atom c absorption
w@p@cor@sszopy or inductively coupl ed pl asma- at POT/TS2006/047400

em ssion spectronetry. [0041] Hydrotreating conditions

i nclude tenperatures of up to 426 0C, preferably from

150 to 400 OC, nore preferably 200 to 350 0C, a

hydrogen partial pressure of from 1480 to 20786 kPa

(200 to 3000 psig), preferaply 2859 to 13891 kPa (400

to 2000 psig), a space velocity of from0.1 to 10 hr.'

1, preferably 0.1 to5 hr. 1, and a hydrogen to feed

ou7afes b Rt AR R Bt R b
s RN i BT 95 i

deloﬁfz@QQDIp Megetasd dekdfat A5070 (12@9(2)07&& KIRD (ph@erm of 88600

g), preferably 1480 to 17339 éZOO to 253%13
as- smthgs;lzed mﬂtﬁaahﬂmws/pgmléasm e%$ tRROlPEYm to

assy{‘ﬁ’é’é{ze&acﬁ SRICYE LByl ‘t”?‘“/gbéq#q}q’nﬁ Jo & 70068

exchuh Eﬁ%vxt}pﬁﬁh%rﬁbhynﬁ&té SoRHDnd/ro8m( EathdranBefdilowed by
sct/B). [0043] The dewaxed basest ock

b
drying dt 650 Chiand enleiastipa®t 1 §0RVH (540°)cfor G faours. The

S G SRR o2 o6

Hydrofinishing is a formof mld hydrotreating

EXAMPIF 48 to saturating any |ube range ol efins and
resi dual arorratl cs as well as to renoving any

[0079¢ TR NITAG Seinepleahoits thetprepdratiohadiZ&M- MWlﬂosteding using 5
déwaxi ng hydrofini shi nsg i.s usually alg“ ed out LD eedi
%ésﬁd@mew the siliea ghorer) pf Bota prystilpe rlpiefostpetural seeding

wsinf 4R ch Bl AR ebicites By GR G SlaBipafboy EREER BI040, A
mlxﬁﬁg“% préphdld REMSEO0EE o&'ﬁﬁatéiy,mscglotf}hekammﬁlﬂﬁﬁm chloride

86 kPa (about 400 to 3000 psi Li guid h
(56%|csahmmél, 820 gyof Yltrsgii BM (@pmcawgaieri sHiFap ey erlplyoduced from

: referabl y. 0.5 to,3 o t 8
Degfipsiy L aF Sein 2 ipiase e R IR ERATS 5 fEP07P U
hydx[o&@cfé%oltﬁﬁahof'n‘ﬁu Bhigsr Bevadleyd (SiGsA IhOose 366k} wasitiven added
Goup 6 netals (based on the IUPAC Periodic Tabl e
the thetties. Thy migtiedupsthierfolbotving nidlar compesiidr:10
metals, and mxtures thereof. Preferred metals include
at Ieast one nobl e negd, O a=st 1@hg hydr ogenat i on
function, especially pl atl num pal | adi um and m xtures
thereof. The mi xture HpO/8i@hs may a2@o be present as
bul k netal catalysts wherein the amount of netal is 30
W. %or greater base@HfSiQg al ys& &di’t abl e net al
oxi de supports include_ | ow acidic ox¢q§s such as
silica, alunina, silibatrabia nas or ani a,

preferably al um na. TE_ {ﬁ %l ni shi ng

Icat al ysts for iarﬁrmtl §“§’A 1b conpri se at
10080 nct ﬁﬂiaa”%@%w%&e”%aepcﬁeﬁ%% é@“@gﬂgp*%?*e"rg%ﬂ?ﬂa‘%@ with
stirrldf}Cac 5150 RN R 8 Hur&! YRE rbiNG Wiké fetcre, uashed Wwithh

|ca and si ca-al um na. The et al
dexo@(iﬁdcb@ﬁl)oﬁatbhend dirizklyat 2 508F (1 207Chs The gRRBxpaiiermofbe as-

synthetiard pRFRS IO RS ST ShE4B spPORES. A, Apfbeta
phasé ?a? Bﬁ%&%ﬁ S RTS Paﬁéﬁf‘éﬁﬂlecs%&%ééﬁied BroduBSDROaOUS

onging to the Mi1lS cl ass or fan1h%§%
synthasiaby sr;stamveerwmveandmmoﬂuedmd;pggm gorap SN Bt ous
material s having high silica cont ents whose
preparation is further described in J. Aner. Chem
Soc, 1992, 114, 10834. Exanples included MCM 41,
MCM 48 and MCM 50. Mesoporous refers to catal ysts
haV|ng pore S|zes from 15 to 100 Amgstrons A
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such as Kenyaite. Yet another characteristic is the

SS2 120ratio of the crystal types. Crystals with a
W®GR@2/0A1520 rati o bel ow about 110 have a hi gher PE/UB2006/¢47400

than crystals with a SiQ2. A 1203 rati o above about

110. [0048] The activity difference between different

types of ZSM 48 crystals can be exploited in a variety

of ways. For exanple, |owering the necessary reaction

tenperature to achieve a degred result prolongs the

l'ife of hydroprocessing catalysts. This can directly

| ead to cost savings, as exposi ngZSM 48 catal yst to a

I ' t ture W ll i ~
exchRPEE WA GPRHOEL SR o bR At et CETRREHEG Sellpped by
i ) ' | SAPT -hduf4
R B A T Ty e Lume Che

resultitig ZEM-48f crystalehad ofSiQSIAKOT malpyatip eb~Fdi2h a
desired | ocation on a tenperature versus yield curve.

Ezggg@gg | ower processing tenperatures can prol ong
l'ifetime, some existing processing.
configurations require.a mninumter ] 1 3

(90813 2ct of bR Lo NG SLERTHOR A A5 & b peliding with

10 v fllatiZe ERAOUHa FifadPGTBNIE scS@IIEThe bemP resaasisng
facilities lack 1 nterstage heating between the

forntl s, md pacednraasiExamphy 2 vedraiushd nexaeph thasdoupie apeunt
tenperature in the dewaxing r Ol S, t | o / or

of Beta ?Wétq*%&taslag@ FEtShE ﬁ‘gﬁ%ﬁngmﬁi r%agg%ro\%a ggg'he

syntgg%ggcg %@Hépﬁlc{@ﬁ{é&r@ﬂﬁeWSﬂw topdl8g§ e \@l¥&dy, no Beta

ntering t of ni shing reactor will not be
phas¥was ebfdrved emt XRrpettarnuofthe syntiesized reduct. The as-
hydr of i ni shi ng. Bl end

. f ZS 8 t al ¥st d
et ST B el 0 S A K B
exc}fag{g%? SO %r{%g i]tuFrg nm-eﬁf:1 Rt R0t tdnpaadad, fdllowéeby

or. alTows the process to be ‘optim zed ‘using
dryifigan 480k £2202@) and salcinationl At IOGAST (840 Ypp are@ihours. The

having to synthesiz . I fic catal yst t0_ h-the
resulting COMASTPEIBHES 3 TDDEO1208 THABE REO S araPi
bl ﬁagg of ZSM 48 catal yst can be used to match a
E 4ctivitytoadesiredten‘peraturefor :
processes involving cascaded reactions wthin a%gi ngl e

[0082]act oThe@redugisifeam Examplesddri 3 yveredesied using g hexane
hj ect t ock . ' -
adsrppb e PRI B P P lchltg o iporeetume of
any %@é’rp&tﬁi}%ﬁ! THe sAleihed datalgstshepmedrashitmveowere keated én a
nese reactions, such_ as in a single reactqr éB i The
thermdaravimeisicwnalzan (TG AD amigapUEpEREati 0y S fep 0 pin. The
. ded toget her .. | vari ati i £ .
drieféaiest Yt tnsanied K 90 MEekp0RA B ARFREEhHE Bartal

prestRid b £ 5 torf SNitBwe Rl ol ah Geshden Hiekanbuptalat weyes rsedsvred by
‘ use as a dewaxing catalyst in such inte

ted ey
mictyalopcoimtis A/ insrumenis AnAIpYaBIadIYasRIsaslptpgmined for

cat al ys esi r.e | ' ' NS
eacl; Ghpptiiar e B BuE PER ol eidl edyalydigfecticaspre of the
cata‘ifs‘iI WeRvRY rBltivEl toaht aslieitqiofaarefiérehiee eatatpstb dilvermsults are
steps proceeding or follow ng the hydroprocessing step
sumimarided mgTable bl ended ZSM 48 catal ysts. [0051] Using
bl ends of ZSM48 to tailor the activity of a catal yst
system provi des advant aggABYA 1usi ng a bl end of
ZSM 48 with another type of

type ofSapgpleite. ZSM mﬁ@@el ct i Fati i ng-| Alpha Value
catal yst that functiofs gmgi@)illyeby Fddicid | ong
chain nol ecul es to introduce br ({ﬁggbi?% the ain.

TS 1S in contrast to many other types of zeolite
catal ysts, such as ZSM5, ZSM 1 1, USY zeolite, and
nordenite, that operate primarily by cracking of |ong
chai n nol ecul es to produce shorter chains. Because
ZSM 48 does not favor cracking reactions, ZSM 48 can

S Y .



the ZSM 48 crystals in the blend. Aternatively, the
anount of high purity ZSM 48 crystals having a
wWGR@2/0A052103 rati o of 110 or | ess can be 99% orPCEES2000047400
95% or less, or 90% o or less, or 75%or |ess, or 50% or
| ess of the ZSM 48 crystals in the blend. [0056J In
still other enbodi nents, stacked beds of ZSM 48 of
di fferent types can be used to dewax a feedstock. In
many enbodi nents, stacked beds of ZSM 48 can deliver
simlar performance to bl emd-of ZSM 48.[0057] In an
enbodi nent, stacked beds of ZSM 48 can be used for
mul ti stage dewaxi ng of a feedstock with el evated

Exa glf’ ﬁﬁ_zgmwg and/l DT ngifﬁoge . Due W3] Th_e nhrpher 7q
rea %‘fé@eﬁ%d “glg_?iqumg)u ity ZSM 48 having a Si O2: pl 203
o of 1 or

ess ¢an be used in a first catglyst
cry ot with thg Lrot

I

Exapplelt?: ¥BMASMAABI copverd2-4one|sul fur-ad nitrpgen~ 125
reactipaciesded ovith SS&mMGONHE, whi ch wjl | i nprove the |-
silicacthavged) off Béml deedi ngj cat al yst heds. Anot her -type of

Exaaletd: FpALZSMg be pl acgeglsin g secondjoatal ysy bedigo
rea to the activity difference between the typeg. of

48, hat g ould be operated at the same
see errwét?1 qgef g éfﬁ% This inventjon is further
cha e i noles.  EXANPLE

‘Betﬁtse@@?ry/sta}sxxsgdénwas br epd?@d fjom 120809 of wajer, 6R9
Exagnples A@x&nkex honi um chlori de (56% sol ution), 228}g of

Utrasil PM(a precipitated silica powder from

[ooséggussshsedan ghedafoshidimn al Tableat ahe Added Beth 4884 crstals
40 g of 50% sodi um hydroxi de sol ution. The m xture had

werg Ret dissolygdig the caystalbizpben ta:;lé remgireg) in thegyathesizedpyoduct.
i 0 15 Sj 17 Nat/ S . i
The SofelySibr Bt Siprneed by e s thE e b lig Bl i-odne on

Exa & 132 Thd ¢drRilusibh 96 hRYSuppbhied by theificdasitiplalpha
RPM for 48 hours. Those of skil in the art wll

valueefde catalysises the weightqeseeniage pEbsiazia the orygials increases.

aut ocl ave, and.t he of (Stirri hani
The §héin fsPotiont fud it G LRGP Pk 180 R a8
crystd$with 4 BeRFog¥msdintedt Have al diffez@t re&ttvitptiain airdZ.SM-48
dried at 2500!5— (1200C). The XRD pattern of the
crystads wytht sbomagengaueseed. showed the typical pure phase -
of ZSM 48 topol ogy. The SEM of the as-synthesized

[oosa?t er i Bloté fiighé Adphh el iein apprexsmaciiaiestion of the
of aggl onerates of crystals with m xed norphol ogi es

catalyiscamekingrastivity of tegtalyshcompared tora dandiar catalyst and it

vl P S SR AL B e, P R Bt e o
catalX&hhdButit YizheY. 3t is Bised oarthamativite oftheplighigtactiviits
rsilica_ ratio_of 0,023 shows the presence of sg

aluriga gracking satalysiitaken apsmidpha of lodieie Gonstantded Vsec™.

f r . is (o i 9 .
The BIFRETSRs i< GEVARLERay [ RAOUT B8 1 LEiid 365 xitble, in U,
Pat. N %3 54018 S theddudhalofiT soilysis, sel.u,im 52 7T 65) eval. 6dp.
m xture had the fallow ng nolar conposition:
278 § Sep)nandnok olo@- AOS1880E = 20. 15 OFV Si R = 0. 17
Na+/ SiQ2 = 0.17 Tenplate/Si2 = 0.018 [0062] The
EXAMPLEB g§5was reacted at 3200F (1600C) in an autocl ave
with stirring at 250 RPM for 48 hours. The product was

1t ered: . Y ) : .
[oosgi 250 s(%%g’g@)g.é%xaﬁﬁgﬁqf‘g%gg%h%’g%%@% ﬁ"gg?%é to
the inw¢mioratelatiosves atZRM-4®iwidh a higlergiliceahimifig\ati®. A 600N -
t opol ogy., The SEM of the - Sy esi terial shows
slack Wax WRS.dupaed af 10AQ péwr@s‘%d%& i&éﬁﬁ%@é@ﬂ&n treat gas
small irregularly shaped crystals (with an average
crystal size of about 0.05 microns). The resulting

ZSM 48 crystals had a Siq 2/Al2g 3 nolar ratio of -
94/1. Figure 2 is a photomi crograph of the resulting

. s o ~ I " o - o o o




OH/ SiO2 0.17 Na+/ SiO2 0.17 Tenplate/SiO 2 =

0. 019[ 0066] The m xture was reacted at 320Q0F (160C) in
wa@pooanreset ave with stirring at 250 RPM for 24 POTIUS2006/047400

The product was filtered, washed with deionized (Dl)

wat er and dried at 2500F (1200C). The XRD pattern of

the assynthesized material showed the typical pure

phase of ZSM 48 topol ogy. The SEM of the

as-synt hesi zed material sh@g that the material was

conposed of agglonerates of small irregularly shaped

crystals (wth an average crystal size of about 0.05

ratc B 35005 A1 B eGP G St By edeed mperature
Vs. ré’@ﬂ}éaﬂe%g&haﬁ% t8imédiane 870 ¢+ pouf P! MatRigGre 4 ths
exanple of Z

SM 48 crystals according to the invention
diffestmosbetinecatibe mppenting (rapiresentilng Z5lyls4 & with Ehighere 5

sich 5o LTS, CRRLE AR g g rvention)
fepf‘%:%gmh%gr‘gtw &gyl umi nate sol ution (45%, 50% sodi um

r oxl ution, and 3.5 wt% (relative to the
silica charge) of ZSM 48 seed crystals. The m xture
had the follow ng nolar conposition: SiO2/A 203 103
H2Q Si2 14.6 OHV SiQ2 0.17 Na+/ SiQ2 0.17
Tenpl ate/ Si O 2 0.015 [0068] The mi xture was reacted at
3200F (1600C) in an autoclave with stirring at 250 RPM
for 48 hours. The product was filtered, washed wth
dei oni zed (D) water and dried at 2500F (1200C). The
XRD pattern of the assynthesized material showed the
m xture of ZSM 48 and trace of Kenyaite inpurity.
EXAMPLE 6 [0069] A mi xture was prepared from water,
hexanmet honi um chl ori de (56% solution), Utrasil
Modi fied, sodium alum nate solution (45%, 50%
sodi umhydr oxi de solution, and 3.5 wt% (relative to the
silica charge) of ZSM 48 seed crystals. The m xture
had the follow ng nolar conposition: SKVAI B 102.4
H2Q SiO2 14.8 OH/ Si2 0.20 Na+/ SiO2 0.20
Tenpl ate/ Si2 0.019 [0070] The m xture was reacted at
3200F (1600C) in an autoclave with stirring at 250 RPM
for 48 hours. The product was filtered, washed with
dei oni zed (DI) water and dried at 2500F (1200C). The
XRD pattern of the assynthesized material synthesized
froma reaction mxture having a base:silica ratio of
0. 20 showed the m xture of ZSM 48 and Kenyaite
impurity. EXAMPLE 7 [0071] A mixture was prepared from
wat er, hexamet honi um chl oride (56% sol ution), Utrasil
PM sodi um al um nate solution (45%, 50% sodi um
hydr oxi de solution, and 3.5 w% (relative to the
silica charge) of ZSM 48 seed crystals. The m xture
had the follow ng nolar conposition: Si Q2ZAl 2Q3 =
102.4 H2O S 14.8 O f/ SiA2 0.15 Na+/ Si2 0. 15
Tenplate/ Si2 = 0.019 [0072] The m xture was reacted
at 3200F (1600C) in an autoclave with stirring at 250
RPM for 48 hours. The product was filtered, washed
with deionized (D) water and dried at 2500F (1200C).
The XRD pattern of the assynthesized material showed
the typical pure phase of ZSM 48 topol ogy. EXAMPLE 8
[0073] A mixture was prepared from water,
hexamet honi um chl ori de (56% solution), Utrasil PM
sodi um al um nate solution (45%, and 50% sodi um
hydr oxi de sol ution. The m xture had the follow ng
nmol ar conposition: SiQ2/ A 23 90 HRO Si2 20.1 OHV
Si2 0.17 Nat+/ Si2 0.17 Tenplate/ Si2 0.025 [0074]
The m xture was reacted at 3200F (160C) in an
autoclave with stirring at 250 RPM for 48 hours. The
product was filtered, washed wth deionized (D) water
and dried at 2500F (1200C). The XRD pattern of the
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the tetramm ne nitrate salt to plati num oxi de. EXAVPLE
10 [0076] The dewaxi ng catal yst of Exanple 9 was
wo eawomen a n-C 0 hydroi soneri zation test. CCHUFENG6/047400
tenperatures were varied from 162 to 257 0OC under
flowng H (100 seem at 1 atmpressure to adjust n-C o
conversions fromO to 95%. The high activity ZSM 48
cont ai ni ng catal yst showed excellent iso-C o yields
with mniml cracking as asjunction of n-Co
conversion and reaction tenperature. Figure 5is a
graph show ng iso-Co yield as a function of n-C o
[ Lor.& catal yst according to an enbodi nent

WHM@‘I% 1 Bﬁ and a catalyst with a silica:alumna
ratio of about 200. EXAMPLE 11 [0077] This exanple
rel at eb. t & methegd &radewadng ethydxogmbondeaistack ahich g

wi.th requl ZSM 48 cyystal s, A m e
comfiety <hlastinezo iRt T ifhediiety P szt Eapsi gt
catalykic! @hdxiEMlconaitidt¥a! pratned 8 deRaked Toedst&dh), theblerDof
odi um hydroxi de sol ution. About, 5 wt% (relative to
ZSM-HU8 witdliysts aoimaprsingof ZSM 48 seed was then added the
m xture. The m xture had the follow ng nol ar
conposi ti gy aFifR typd SEBSILA shtrfitalhaving a@ilv&a :@liinihé molar
Na+/Si g 2 0.17 Tenplate/ SiCb = 0.019[007/8] The
rationofSdrome7 Qe 118 anddwing fiseadman-Z8DHAS8 seedpsydalssandye
with stirring at 250 RPM for 24 hours. The product was
filtered, pyashRdond tfpslef Z8MER driklaly\ahe firsttgperof AEM-48
at 250 OF (12000). %:ﬁ% XRD patte(r?sof t he
crystads ayhs¢auidyperafiZSMah8 cnestelsheieg giferenbt zSM 48
t opol ogy. The assynt hesi zed crystals were converted
into the hydrpedodiddaiy 11 Wherdin ths sbeaesps 1ZSM-48
ammonium nitrate solution at_roomtenperature,
crystaly comptisby Z8Mi4fgcrystats gompining mooy ZaNi48seed fay stals.
at 10000F (5400C) for 6 hours. The resulting ZSM 48
crystags IThd rethiod ofl hidhl 1 3whekéin thatsecomd typBoSZ3M-48
EXAMPLE 12 [0079] This exanpl e shows the preparation
crysiols cenprise G3V-4% evista)s yeiftha SOmA bOs ratiqof gscatsr thaw 110.
: silica charge) of Beta crystals. Heterostructural
seedi ng, ughegn&hod ofrdlsingll switersiaghe isbeshd typdnof Z8M-48
St ates Patent Nunber 6,923,949. A m xture was prepared
crystalpinclutrnZ § M4 8 erysials bavige ¢ fibkousreerdalo®y chi or i de
(56% sol ution), 190 g of Utrasil PM(a precipitated
si |'i cas.pownermethodwiadaint dnvbegeiaghy sedédtyple sHASMA48
alum nate solution (45%, and 33.3 g 0O 0% sodi
crystalaiinskidrea greaier percentage nb kemnsfaitsghan dbe r%téb'aeﬂ%%%
c Sﬂgﬁ{ 35/1) was then added the m xture. The m xture had
TYS¥e fol | ow ng nol ar conposition: Sig 2/Al2 q 3 = 106

H2g /Siq 2. = 20 OH7SI .q 2.= 0.17 Na+/ g = 0.17
Tonpl ot/ Shemetbod i piamdgulhcrsi the A5 aw st erelended
200 . L . CLrR
vy 8340k BR8P iy e,
formudstharthe deeoflditppe oELSNDIAS entstals ano stcond catalpgpapticles,
(120 0C)._ The XRD pattern of thfﬁ assynt hesi zed
and mixiag; the frRbARd srropdmalystparsigigsss t opol ogy. C early,
no Beta phase was observed on XRD pattern of the

synt heki z&te mettiod tof cThien dseetdinthe ZEMr48 cxysdalsere blended
converted into the

P AN RSN NG IO % g,

I [ (1200C) and cal ci nation at
”d{I‘g(#Sgéﬁ?E%eo@fz?‘ggd’?% urg.? The resul ti ng ZSM 48

crystals had a Siqg 2/Al2g 3 nolar ratio of- 87.2.
EXAMPLE 13 [0081] This exanple shows the preparation
of ZSM 48 using seeding wth 10 wt.% (relative to the
silica charge) of Beta seeds. The sane reactants,
formul ati on, and procedure as Exanple 2 were used,
except that double anmobunt of Beta crystals was added
as seeding agent. The XRD pattern of the assynthesized

. - o Y AR A AL 2 o ~




catalyst per unit tinme). It is based on the activity
of the highly active silicaalum na cracking catal yst
wo aken7@s2 an Al pha of 1 (Rate Constant =0. 016 SBCT/L$2006/047400
The Al pha Test is conventionally known, and is
descri bed, for exanple, in U S Pat. No. 3,354,078; in
the Journal of Catalysis, vol. 4, p. 527 (1965); vol.
6, p. 278 (1966); and vol. 61, p. 395 (1980). EXAMPLE
15 [0085] This exanple conpgpges the activity credit
for ZSM 48 according to the invention relative to a
ZSM 48 with a higher silicaralumna ratio. A 600N

O AR el SR GREr Rt Yo

' g\hﬁg? r tenperature VS.
are ﬁgg&i‘r@?&gtiﬂén@gg g:ﬁelﬁtag nee b 3700C+ pour point. In

F 6, diff b h
(r obr Qoniiimstie ot ffai 5 %Egith%tﬂ”ﬁ% 4248 crystals
are frét b?)masfigxsm%lﬁ WeleellledBké Céﬁ&@ﬂé@fycor ding to the

I nventi’on) repre entsthea ity Credit. WHAT IS

LA Ty e APkl S8 B AaDIRCEEARR g s

febbg +&SM 48 catal ysts under catalytic. dewam ng
are angl ti (ﬁ%’to produce a dewaxed feedstock, the bl end

o oot 12 R Pt FRMBLE ein B 4 bl P2 g govtats
are ﬁg@gf@%l\;{os@,lo and being free of non-ZSM 48 seed _
crystals; and.b) a second type of ZSM 48 crystals, the

o8P TR B Sl £ By, B SRA YR Ty R roteated
undé&! lﬁ%ﬁbﬁeaﬁﬁ rc%hﬂlﬁcﬁﬁ ?ﬁ&ol%dcén\fﬂ%l 1Y théBleAGed BN S catalyst.

ri ses M 48 crystal sfcolnt ai ning non-ZSM 48 seed ;
?;%Zt o 37 atiespeigo bRl g S BL IR iR

d Fed\imderhy dbiidiing c8alRionshan 110. 4. The net hod
by betﬁh [aim1, V\,h)(rerel n thegsecond type of ZSM 48 crystals

5. The Werhssriod af Reen it AR ARaRE;

conéﬁ%é%&hﬂék ?etdiﬁfdé‘iﬂ‘@oﬁ@ﬂi—@%ﬁ?f peessags dﬁfrom 791to
Kenyaite than the first type of ZSM48 crystals

20786 kpmeﬂ f0do 3000 psig), 1hqwdehcmrly spaseATAPGtics Of. §f<mi50 hite 10
e SSRGS AR5 ol LR B Tooag s

the second type of ZSM 48 crystals into second '
cat al y46. @qmﬂw ofilain; 13, whergin thetyrdrafrgating segditions
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"12. The nethod of claim 1, wherein the feedstock is

scf/By.dr ot r eat ed under hydrotreating conditions prior to
contacting the bl ended ZSM 48 catal yst. 13. The net hod
of claiml1, wherein the dewaxed feedstock is
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met hod of claim 11, wherein the catal ytic dewaxi ng
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liquid hourly space velocities of fromO0.1 to 10 hr ~\
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