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I NHI Bl TORS OF THE CHEMOKI NE RECEPTOR CxCR3 FI ELD OF
THE I NVENTION This invention is directed to a 3-(am do

w@eoosabjam do) - 4- (4- substi t ut ed- azi nyl ) benzamP@euUS2009/034364

conpound as defined herein. 3-(am do or

sul pham do) - (4- substi t ut ed- azi nyl ) benzam de conpound
is useful as a inhibitor of the chenokine receptor
CxCR3, and for preventing or treating a CxCR3

chenoki ne peceptorroedimat edntEseaSe @ FAeAdEt ron
rel ated thereto i n gpatirentvbRoteesthigf such.
BACKGROUND OF THE | NVENTI ON Chroni c i nfl amat ory

di sorders are a conmon nedi cal problem and their
T HedcéPPnéPBaRlesoMi t h agi ng. The best recogni zed

i nf | amuaieeYcdi sordel: iasseehated w th AgicRdsi $or producing
arthritis, a syndrom c concept that enbraces distinct
%ﬁ%ﬂﬂﬁd@r§Y§H§ﬁa%%OQﬁﬁﬁ£9@r?ﬁPPﬂ?s (MQiﬁ_%ﬂ?Cﬁﬁéckh%%s)the
andfthewmatoh de aridird ted (i€ ofdromd 18,4 1QIdM $rofetheror
fingers). Agart fromarthritis, there are other
Hisessdaot hat Predertion i Pessewbvisliersitghglofromatics
£ amm@tion. These include chronic obstructive

pul monary di sease (COPD), which is a syndromc

B A °o=n= alywwrpeinsed of enphysena, chronic

br onGhiclies 1 and 354 {WBhe A ALBAI dBto o J LIPS HOG 81 uicn
remtting neural dysfunction, multiple sclerosis (M),

By treaddssicfier B¢ snapsimdtagies of akee sepfarmaiiengcs ki nsuch a
ggan I 0 i nf 0 [ sorders ( uch
as Cf%ﬁnggeg?géagélang u %é% ??%%h%% Vt%g?ﬁgoéﬁggré'

G ddltlat i hgneemeiandredhaff ecoinagl ¢ Hevdneperband 4ower

i SN r ect. tive.cqlitis,. .
Aareaver o S B T BT T 6y h Gvalth ran pf 1 rien ir
zohortect abnpances, wwdheadi mgfeoaustes ofprogivgedathrough a

idi.t it ' i al . i ons
Fr A 58RO NG Fhide3TBAE LDAURLLE 5oRERHhEL ! Afucea
tlypiwal lay nkpbtwna byrd @y ngeepbect ®, berdmfrlcamraboayicn
na ure,b%et gatholoqgﬁps have. | ong. denonst r at ed
jal 4 ocarbONs Sing 4d solvent exF]ra N pProcess.
i anmat ory protesses in eac of ese. ?-Fynphocytes
are ilnpaent antopt ayemrsdtn gablviof tdelse ddingedsésr benzene

%}E Sott rer{agg mael‘tcicgs VAanrnl'oulsnEr%criQ%T Nlbadl' a%%oli’cﬁg[ggic 279)'
ny o her | SOr enonena,

| 1

ers 1nvolve i'n %nnatory p
aaxck drhgye rwi hbvaobedre woekiiewe do exdrausta v elkeyaber eto Tdwere lop
gro S Qall rks of inflanna%iog.q%ye been.knomg si nce
T ol Ty 2P AhBRC Rt pity 8P EF and? Cod 1 Ed e ' OUF"C
tandimgl xgilgnss, tde BThQUIrremse o s appareitagby, physheal

exa atign: _dolor, rubor, calor apd.tunmor, Dolar _.is
T L GG GRRBRGL 10w i 8EnOH Ty IRt ethgot this
PpadlientticRubetal By tdeht=ed appearance:«efl ithenmatéetireduch

art nd this hyperem a i s_caused by the vascul ar

|4 GROARRS | WortarSed=parf uShoh 47 At Fametit | duete-

dhigrdadehe bedydsogespanse rhotheotemnidsadfization of
netabolically stjinmulated tissues. The dynam cs_ of
TYHTS GRONGEBFT cEPTN & GRESstbcET U4 PéBBantht s2vored
atro grhe chibekdr ofc 1 14fd ammabi-epsand wuthek bldision of
dranaticall¥ increased relative to the basal state,
Yr 4v&al ithgthast €5 gni AERRTUEBSESY i Fi&Tér §y CaRts
A didiloprak reeguis emeirsp1Ehecaf faoteddeayed dSactivation
warmer to the touch than surrounding areas, and this .
e &G drretion of WHESHEeabs| Ferbirdeir e sshesthf uriich
BN Ad |%ceThi 801 fied easadsmetiabglic demand and its
consequent supply leads to the third sign, calor, or
heat, as the tissue is warmto the touch. Finally, the
fourth cardinal sign of inflanmation is tunor, or

swel ling. The net effect of the inflammatory process

is an increased anount of material in the affected

part. The tissue is swollen with fluid because of

i ncreased vascul ar perneability, and the bl ood supply
delivers a coordinated cast of cellular players such

e oy oy
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are called CxC chenoki nes. The systematic nanmes for
t hese hornones and their receptors are of the type

w@x@ki104Tr ough CxCL16 and the cognat e recept or BCHIS2009/034364

CxCR through CxCR16. While other inter-cysteinyl

spaci ngs are plausible, the next class of chenokine
known is CX3CLI, called fractalkine, and it binds to
the receptor CX3CRI. Finally, there is at |east one
menbetc r0hady Chagso &f rucheppkiaesi W tapanlcy topes cysi€i ne
of the amno termnal region involved in a_disulfide
HIP2EalfPedeXeEtn9 |SARFHEEAcPFRE ORI GS s'eFéérpt Brtes due

HCRokihaken abtogetdele thherer @518 J1Ra8PY 8L &I KHOWN an
for the 47 known chenoki nes. Inportantly, splice

VErIEN(S RAVEC ROW BEET TR YPEEBERT Zet)/ FigetHer of large coke

Sidi plod ﬁ91&8§1&@Qh9%%e0B%H?Kb@esz@ﬁ&h%%C§E596§cﬁhat
can exist. For CxCR3, there are two splice variants

%ﬁﬁWﬁeSCXGRSAP%%HHGXCR§Badéﬁéhﬁ%$n%ﬂﬁbé@ppépép%?%egﬂOrare
sarx2l anm Reqackds ééyﬁ&ceaegléi ofnd hemmuate G Prot et s
coupl ed receptors (GPCRs). Cﬁé are an inportant
%ﬂ%ﬁﬁsHﬁacﬁﬁéﬂe$%%d%§ﬂqy§tedTb?S%eﬁﬁﬁﬁB$Qﬂ$éraE@u@PEﬁoprlate
ﬁﬁ?@h%@b@%ggdfgékﬁ¥ﬁﬁ fQQE@CHLesf%%ﬂ¥imdgqﬁﬁecé§%§¥§t beds
| ong-felt need to nodul ate inflanmmation, and GPCRs are
Wik 1 e3on GRA ﬁ@eéﬁg%ﬁﬁﬂﬁdcﬁébpérth@b%ﬂ%*ﬂ@ﬁn@ﬁeFEﬁéUﬂi6he
Lt &rmenthonpe Thus, there he: Bueh hope fohokhesteps) is
sel ective nodul ation of |nflannatory processes by t h
s tofvedudlPag of st ofeasiie ok hel réxept-or §0r AxamEkGRIKE
IFeé:eqita% 5Ll 8 PELAO %%%]t '5yo§éP§?$S%l% ackLyabed shhls_
ynphocytes, bui it is also present on nat ur a
my@d épyeaehﬂsan$mﬂﬂqmﬂﬂyg@$lonxrétﬁﬁuﬂﬁﬂlmyometb@)W%ﬂhiGa

ygﬂﬁﬁ 0 b J il hree
cheno |n%gﬁaigéﬁggﬁﬁgﬁéégnégl%%ﬁégd%argrﬁ?%??eg%%él §%
Rtkes ddry)s,- cOr Ot G ng Iarituenhevonegpqm@u@lb’l e 10 kDa
pr ot , .ak - 10 d 1 t r Ci
el 7R b o TSNt CUakh TITALY. TFre Bbasrontion®
@évzﬂwgwoSbaErcakﬁémﬁnaxqmbtuheSEomrpﬂuﬁesmesnpwhsa@emhe

e S|b|I|ty of a dlffere L rece tor sub e,_and
Cg% PEBIT @ Varant Ts® |scové$ed SC%% e )
1&MgnaheagtusnneohdmuﬂbnbybafpeetbﬁmngsSDbgenteéns®t¢ak£ G

ses qu al ci.umions

G e ok 7 AN SrERBBET T bt o o mexbr bs2e n o7

snﬂnkﬁekhaloce@imxhnmtmﬂétate5can@MQstammCeehﬁpnisﬁbhuch

4P el SRBa D003 169 1539)-C rATerer Pati o,

¢ dree fHinisiy Ghea@kmfmsﬁailbea$§qu&wm&yhtImmﬁsn0wefme@ﬁ Iﬁhst
CxCR3A, .and thro h CxCR3B causes ri se of
RN SR Ba by Y, CF Ry o R A S 2T BhoPBgH Ver
$EMBM1thlEUBEéI©ﬁhéMSﬁ%a@@ﬁﬂ&@ﬂ anthecontroek se ent erhofl ower
ne system |Indeed, H V causes AlDs by the

St 18RO Lot (P ST BRI PO b oAt s T varpratics.
A sheaerkaabl e egtll Alor y pestblonfeddures BOF18UAPLIdSI NG
that of 18 chenokine receptors, 15 are expressed anong

tHie VAT GRS’ stbpopUTalraRsVor Aot yiftio T840 ( PRALE T 21

M iiraie sBE. bdtwedthal MReek i 02006ne b reSALhat Edelon
pathogens are known to subvert the chenpkine systemto

HlRrEnanS Ut Ve I ETEE LCB upPresE S iimiie Fealty i<
aduk awoind rabhm natdren.caEheppki ne acdiar bstundey m ned
by pathogens in at |least four different ways: First,
by production of chenokine m mcs that act as receptor
ant agoni sts. Second, by produci ng chenoki ne m m cs
that act as inappropriate agonists. Third, by
produci ng receptor mmnmcs and fourth, by producing
proteins that bind and neutralize chenokine activities
(Chensue, din. Mcrobiol. Rev. 2001, 14, 821). CxCR3
and its ligands are anong the factors that pathogens
usurp. Thus, Nature has found ways to exploit
chenoklnes to nDduIate functlons of the |nnune systen1

g, o a1 e L, . o o e
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Adin. Inmunol., 2001, 98, 39). They also are present
in concentrations consistent with a gradient, high to

wo ow9/1634em synovi al fluid to plasma, and 94% OPCT/US2009/034364

perivascular T cells expressCxCR3A on their surface
menbranes, and this frequency is enriched over the 40%
of T cells with the receptor on their plasnma nenbranes
in the blood stream These findings are consi stent

M drtp itehe vt Beopyt ddats, ©sGRBA) bl aslt b henekiungsobdd &rocess
directing the recruitnment of Thl type T cells to the
fo 146G T orat %OW@FhG?‘raff&lnFéAlX’tlFﬂeeﬁodtoeﬁtrioQPt%%? ue of

i nt erf%éeﬁhll@gmeﬁtgﬁé%%p%ﬂeal £80al Pstf @0GRAEHCOYin a
several authors (Houshmand & Zl otnik, Curr. Opinion
CHEIRS SBila 01 2003, 2 #e@é?V@bwoala%tbtperN&eupé Reb et
dmpngle. +8002ac2:onl QnaiAisHBI be RIEC Wi RBLBLL AL 0fn

the CxCR3A systemin arthritic nodels has been

Pepomeed, Taklr7es avfilendafedobnd ZALCERs A8 EkERBA from
{ihath selrecthvely expressed ghodddsL&ehlndcn Haghmend &ger
Zl ot ni ck) inhibit pathology of CIAin mce (Yang, et

@ ta et eFPoSPRIRGIS t20g2ac3pon qult&r@ﬁs(ﬁétw%@n al,
Pegerd8¥ka6n @k@étme?rpc%?’ %%ecggg’éall-@e 1@10 lr@.@@seé"duced
.%hrltls(ClA) nodel is a well-estab ed acute
HrEHrings srpdel ca e hiisde SwPPRUES c@lﬂ*@e_ @fc 26 dapertavitcghat
are dJsmugiszedomi th, Gald agenssand within 13.dpys,of, the
booster injection, nearly all ani mal s have svvol?en red
@ﬂiﬁﬂg@npﬁwhewcmw wThics epabdiculvesitctapenggh of the
b0fd anmt ign,i 5. ablathed By treating ChAMGe- 1 th ey oo
TAK- 779, a quarternary anmmoni um salt of "a su%stltut edEl
rb@ﬁme’ycl oheptene originally devel oped as a drug to

Dol AYhhert] oA TED ol 80, Blacked ! Beycapte ox

| eukocytic in fration of Jolnts as determ ned
mtytlmzogugctevadie&tastdmemattuhougehadwwnﬁ?@h% eregqemrtmal

evel| o eat_ Al
J?l%runad1 t% 2% géaga%%‘rb%l %rgl&w&t?hFg Cae ar ng enc’i eusndaesr
W@lﬂ:numen@rectett,l \ﬁespadyotn@awdramh@dhmgrogenolymS
STRAKig. 20 gl Ll ar adhost on. A33aYs, FURCOLNSY cron
enpKines expressed in the tel T-¥ype studi ed® by 'Gao
teigtwlr hadrnoaebdrect dnet heseupavanet er secthds, m'eﬁnkt ZDZQ

S |nhbtorfor bot h, CCR5 an
S et gty h o Rkl B pafh MRdress
’me |hyeirmgeeblp£1mc&stvatt|ycocannerfj(ﬂM:l Sﬁlbxeehc’aive metal
Res 2006, .66, nterestingly
eH dof e CABet F ot 1572 fp?é%gi%%e%tﬂ?phe% o}-’e% %Tlr“g in
WIECEPteFrS,, bavestigatoms nbehtbyeed hate thinserayd ptonot e
rowth or affect tropismof nptastatic disease.
S e RO bt CRLRLEP R N 766 PreneUIATY
ik ta10ec bheyafanoidrenaklyog athiloe ite-padbid a8 alumina.
responses and inpart _chenotactic acfivity to these
AR e i o B AR bR LS LOTHATORERASY it igTe
mpttse anodebrofi et astaté Co breagst cancelr, tAMEASYclopedia
reduced the nurrber of net ast ases b¥ 60% ,

e - the e ohpoiim EhadPHBT Hi e CYePPRE L OiRY &
o i freeaf i I@ébo}@ﬂﬁphﬁéwZJéhgsetyhaUSﬂEtZ@Gﬁt | €hbEOpPtstRIaNRE s
prollferatlon are di ssoci abl e phenonena. Flnall¥
ES&RL éeﬁ%“det?&uPltéip%ﬁtr?@ﬁt Bl iy Blseﬁ?c in

Mt diideys FOFm XGRS nl. NhikbiPretnier thecdtLatement odcond
arteriosclerosis (Veillard, et al, G rcul ation 2005,

R L sg ey, lfﬂﬁ@c@qta&’RFﬁg’t}FF‘e PRpbe 5%%% %%P?eﬂ%ﬁjﬁp
at herosclerotic lesions in the aorta when given a high
fat diet. Wien the gene for CxCR3 is knocked out in
these mce, the extent of |ipid deposits in the

t hor acoabdom nal aorta is reduced from7.9% of the
area to 4.5% Thus, there is good reason to believe
that nodul ators of CxCR3A will likely be useful for
the treatment of patients with diverse diseases.
Assorted patent appl i cat| ons and |ssued patents

o -, N N NN
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accept abl e anount of a conpound of fornula I, or a
phar maceutically acceptable salt, solvate, Noxide,

wa@eaptexusnry derivative or prodrug thereof, orP@mysS2009/034364

conbi nation thereof, and pharmaceutically acceptable
additive. The invention is also directed to a nethod
of preventing or treating a CxCR3 chenoki ne receptor
nmedi at ed di sease or condition related thereto in a
Patiant, | fhaesd, okcsushi Pl shog @dimissteni Mg-Hane
the patient a pharmaceutically effective anmount of the
Ab-of fornula I, or a pharmaceutically
acceptrabbepsakd .ars0b¥aAt e, cAV0Xisd8, SURIIRIRABY chloride-
derivative or prodrug thereof, or any conbination
EqﬂﬂQ§§ﬁ.a#W§“Fhvéﬁ?iUhd$%¥zﬂﬁ@éoﬁP?eﬁﬂéﬁxﬁg‘Pﬁ@ (ot
AR Ry DG E) CAPaURdsgObe ! @cMInub@s PrERAEBadreformers,
medi canent for treating or preventing a condition
V@ﬁﬁﬁ§t€Y€P8rEH§1éhFéFe?@WPQ§H§éPPén@I¢rpﬂﬁé@ézﬁﬁe?é%f.
A faresent o hdvetah 98+ | Sxlse cdi i g€s ed tRa3tkbt Qnditions
phar maceutical pack for treating of preventing a
?ﬂﬁ&ﬂ%@lé@g%%#riﬂﬁﬂ@iﬁF%ﬁt%ﬁngf-di§E%S%V%ﬁ%99ecﬁﬁa%NSt
patdient, (whessin theckit Qe RharMRGeULd LAl PRCK _
conprises a plurality of separate containers, wherein
%ﬁgqn§é§$l©ﬁet¥ﬁa2mﬁpésc€WWQﬁ%1éﬁ§@c®nf%ﬂ!ﬂ§Y@néno$?Yﬂﬂ@eh@d
£omounds, of uehaj m 1.(al gne o6 i B comidatigpvith a
pharmaceutical |y acceptable carrier), at |east another
icaaiiddcont Binergteont dbnuenensr nemriensthepove, typical
SOmOURS) Capablie, of bk GAldl 0L PERYEN I09allere are
physi ol ogi cal condition or a glsease st-at e. TAI LED
DESCRI PFFON GRucPHE2FAVENTY ONbilst ofuablor dwicat f oxisr A ly
éjcsi%qcaggg?it%nc% %D%Flgtho&g tot%ewg%g_cxﬁéﬂ 10 ngépealkane
I nvention, the 51 ow hg aﬁbreV|at|ons, unl ess
gtdrertaizseiomdi cat ed, shall be understood to have the
foll aw n anings;_ DIL.C= diisop | carbodi i m
FNOOS PEUag ohy | ST SRy oar bant Ve s 258" Afazocarbon
dNOFEtorirmet hy kot 1 drofrororieat ewbDl BA=chn Seppepy bethdy | amme

NaBH3CN= _sodi um cvanabor.ohydri de : :

R B eno T F AT RO Tl L O M s dioBhtyane
Drametthylatsuhf exi dkes DGMedDebhbor onetdiameomideh €an al so
be referred. to as t hyl ene chl or.ide NVMP=N-net h

Jbe;elrarto \/‘ie&gngh%b_&an%%asﬁolexposure time to reaggloX
HOAtIxE-onpdr oy dirazakerzrotagazadt@elyst particle residence

HATU=Di net hyl am.no- ([ triazol o[ 4, 5-.b] pyri di n- 3-yl

R et o1 EHE G BP R PSSR e HeYRThIr D BROS B o

HOAC=ac et.lc sacotkd A= cetiantesile AFATitizEbubE ®acetdtor

aci d HPLC=_Hi gh Perfornmance Liqujd Chr.omat ography

1% MBS afd &Y AT YA pett &Pwﬁn%@?iﬂhi%@v&ﬁlﬁo;}ﬁgo ‘F%pﬁi{ed bed

coupled , Wwahh H?SﬁhﬁﬂﬁﬁkkoﬂEté¥y£%f%ﬁM#ﬁs&§ﬁoEagﬁei@timized

spect roscopyDef ni tions . used above, and throu t

TP e SRV Pon et e A B et e AP on RgLT St s,

Y eERicelshetivwh s&s indtireatked, shall be understood to

have the foll ow ng neanings:- "Acid protecting group"”
YaRL s |l e group that is known in the

art tcppebesht amwagidion Bydvogen Hfprdcasbexyl pgs@upng

agai nst undesirabl e reaction during synthetic

Proteedir 8FIracyrooty BI6EK CBFPpt¥tect the acid

functignakbhyasbhide direneeacth 0nsadmplonirBgaot hefion

functional sites of the conpound are carried out, and

tD-Pe SelBEERVRI PG SHOVEBI 6°Sich Wi (pr6t eXer e

groups are well known to those skilled in the art,

havi ng been extensively used in the protection of

car boxyl groups, as described in U S. Pat. No.

3, 840,556 and 3, 719, 66, the disclosures of which are

hereby incorporated herein by reference. For suitable

acid protecting groups, see T.W Geen and PP.G M Wits

in "Protective Goups in Organic Chem stry" John WI ey

and sons, 1991. Acid protecting group also includes

.
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carbon atons in the chain. Branched neans that one or
nore | ower al kyl groups such as nethyl, ethyl or

w@e@psbs4ar e attached to a |inear al kenyl chai nPCT/L82009/034364

al kenyl " nmeans about 2 to about 4 carbon atons in the
chain that may be straight or branched. Exenplary
al kenyl groups include ethenyl, propenyl, "-butenyl,
z-butenyl, 3-nethyl but-2-enyl, "-pentenyl, heptenyl,
0odieylce €Yk O&TEXéﬂ(ﬁHzte%n)élthaﬂ@Crﬁ@]yéGul@dnt Iaael i:ek@ctlon
"Substituted al kenyl" means an al ken rou
HETG e eab6GaC WP A SdBEF! t it aef %4? éﬁefé?mn%r%
saddrhatioc 1%9@&@%&@5&@@? 1 (15 of eycabhys1t Qo3
whi ch may be the sane or different and are as defi ned
@mﬂﬁﬁn@blﬁx@hpbé@yuarkéﬁgla%ﬁlQﬂﬁﬁiU@ grau%P@ubgﬂkt@@ﬁaéyst
é&&lq%g_galo or cycl oal kyl groups. "Al kenyl oxy" neans
n - al kenyl - O group wherein the al kenyl group is as
her ei n de3¢v|b@dOmExenwlarywalk%dy¢owyg@ﬁ@up$athmmud®asis
al 'yl oxy, 3- bu{ﬁnxéqéﬁ_ g?L§K? AL kgxy means
an al kyl -O- group Wher éi i a group S as erein
descrlbed Exeppéﬂmgﬂﬁhk@xplgt@u@gliﬁmkude nethoxy,
et hoxy, Pt OpOXy r Qpox n-.but.oxy, he
t he I|ke gl oxj%%? ony& %%%nshﬁﬁldfk %ﬁcﬁg éﬁeater
wherein the ah&yhugﬁ@uamDSnaSOﬁewmnrphhihmnadbut not more

Exenpl ary alko ycar PS,.d nel
wethoxycarbony (ﬁqﬂgcg? # fh éﬁYngCg;%gﬁg?bly not
and the like. mé&&MﬂunﬂﬁaQS amta$fphaikﬁtbyQB®paﬁ®gn

group which rai ght or nched vi ng abaut 1
to about 20 ca¥3%§ %éb et % tRes éhﬁ % ﬁ? gpr%g %yl
groups have 1t@aﬁﬁpﬁﬂ;1BaeaebﬂneaMQﬂﬂ_|n t he chain,
nore preferred is |ower alkyl _as defined herein.
Branched reans’ érﬁﬁ oné o tnBf 2 G ECRY G bups
such as nethylpréﬁdndbﬂy'ap&@@yit@lexﬁhka&h@d to a

i near al kyl chain Lower al k ans asout

about 4 carbona%HTﬁﬁ9%H&lFﬁ§ech%f?ﬁ??ﬁﬂl%né bg %?r%l

or branched. "gSdbsiddnitedeakbkydd mﬁﬁn&h@ngabkylc@rﬁ@mlng
as defi ned above which is substltuted with one or

phenyl or hal o®SubStituént's!¢préftérabl y¥S¥ré7s)or Z1- 35,

i ncl udi ng perfﬁﬂ@fémn@d csubsttéatad @lkyl, f@ﬁmﬂre
defi ned herein. %%qulflnyl means an al k

group wher ei n PRREAIIQNY §rEtPIi 3 HLdBEiFielO %6W€“10 of
Preferred group§@@ng)uhQ%egmhgreéﬁathe al kyl group is

| ower aIkyI "Al kyl sul fonyl " neans an al kyl - SO 2-

group wherdi n el iy | PgPéapaPLY a¥e \déticed - aBovet 1ca
Preferred gr OURS, 16 thesg;: whet&i ntgeq%ogl kyl groups is

| ower al kyl. ™Al kyl sul fonyl carbanoyl” neans an

al kyl 30 ZORWEQXLQQ -thgr BUpIMRE? et 7P heé)aPR SgPdEp-ing and
A R8I describhed; - RLeiRIdedoakkysul fonyl car banpyl
groups are those wherein the alkyl group is | ower

al kyl (C)Al RPFL PR L yremeo van 1ap kYt tIsing radp rAepeey tare
al kyl gro c X8 y
aIkylfﬁ|ngFgﬁggﬁpﬂgkhg%lqg?hg%?ﬁg%jethgﬁ%ﬁFoto (2

z- pr Gyl £RE6tands ey meli 6omPALK§/ riyfle’ oreapseapeaction
ARl eyl AcAIdion, Gaupa eIl dig A 631 bens Lajpon
triple bond whi ch nmay be straight or branched

$raviiatg abowblszht@pratkﬁmn bgswean bore atadms vish phetthedan.and
?}‘Ieefeetrha%@ ébhyﬁﬂi&f S have 2. torr?eg%‘acjc%r‘?@é?%‘us)
atons I n the chain;” and nore preferably abou to
@irouterr(s¢ar bonzeatoie imavt ieathaé m Bradckhedahganstehat
one or nore |l ower alkyl groups such as nethyl, ethyl

or propyl are attached to a linear al kynyl chain.

"“Lower al kynyl "™ neans about 2 to about 4 carbon atons
in the chain that may be straight or branched. The

al kynyl group may be substituted by one or nore halo.
Exenpl ary al kynyl groups include ethynyl, propynyl,
"-butynyl, 2-butynyl, 3- nethylbutynyl, "-pentynyl,

hept ynyl , octynyl decynyl, and the |ike. "Substituted
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"Aryl di azo" means an aryl -di azo-group wherein the aryl
and di azo groups are as defined herein. "Aryl oxy"

wore@ps0aM7 aryl - O group wherein the aryl groupPCEUS09/034364

defined herein. Exenplary aryloxy groups include

phenoxy and 2-naphtyl oxy. "Aryl oxycarbonyl" neans an

aryl -O-CO group wherein the aryl group is as defined
herei n. Exenpl ary aryl oxycarbonyl groups include
phenoxycanbpayh1 add rapht hexycat bpavingAeytsuldondd, or
means an aréI-SO 2- group wherein the aryl group is

UK THEd “Rer B "t i SUFFEAFEaPBRfbyIon tmedns | a1 zed-bed

A 03B sNEs €6 =O) Trgt Qi ceher ek Nopdignidfad +ar RURihSze the
herei n descri bed. An exenplary arylsulfonﬁlcarbanoyl

YOS S$pRERYE sk FiomHcc aRPBaRDYFS IRy EGH-£i Ryt gdny
M@Jﬁﬂm@% a%oé@m)/@@l%lnn rbhe. aryle grRUR gS a8, dedd ned
her ei n nmeans an aryl-S- group wherein the
R AL %%@oﬁﬁsﬂge%@@rﬁﬂmﬁ A SdESer FBRRIPeEPpRar 9 af ¢ Hitgt 2
S OURS; ¢l B‘élr\z'ggl@hﬁsnyllnt hine and; papht I thi 0one BRSIHE ethane
nitrogen atonf nmeans a sp or sp hybridized nitrogen
R ommavieAgrarabrbonded pair of el ectrons which is
CapaQb%a@P sbsi g @&9%9%%%%@ i Pl & Y- Baske-DhE rogen
atonms include optionally substituted imno, optionally
kqitssits todit @haﬁifm)efaftfﬁ}o@pt“ﬁ@ﬁél (pretisstaliufed ahii no
QYRS 4 Q%QQM ATRANS AN Bk O G odLarbexyhi ¢oaCk e
group. " Coupl |ng agent” means a conpound that reacts
v e nhy dpoxy tavbicstty Vot var e by opoilety eherely of a
£ee , %thhu?f‘f&f%ét%'le thQU&é&O dl 't% @E&?‘ekmltla
Exenpl’ary coupling agents I ncl ude DCC, an
¢¢ﬁ§Hunweact€yctnaMMémwﬁ Sﬁeanélenxmpﬂmp@abtyll activity
SHDLIL UL d oD, ALOMANIE IBN0: o AT eI GUGLE G T} 00k e
system o to about carbon atoms, preterably
EMOQHnmypnsraoeabeﬂtbdhzeaeb@nda@thﬂx aromatics.
ontains at |east one
S oT- o€ Trch can be optionally
fusedhbypaasanOnaqunqyunupsas deddared flver eirndul Fused
cl.oal kenyl " neans fus Icycloalken
e RE b S HRR el kany 1 48 Hatiotad” Fef B2 oon
bented ckhcoughit ey atclleakkeny| pemietty dvheréoht of ethane
Pr ef erre zes or.the ri S, of the ri g systemare
dboﬁieg‘g %1(§CF@§bPPﬁ 1n€§ suE preferred ring
dehyﬁraamematsoatfﬂmﬂdamilwetasompmwmﬂlqn sSubsbleuf@ﬂ

alken ns an c oal kenyl_ group def i ned
m%%JmH18ﬁ %a% T Ut gkan?h onerorOC re dr??ﬁr Sons

:gr@uraSS%ea&bh@em S ddreberabl yodtosB)onhizehe nBy he
the sanme or different and are defi ned herein.

BeEinrar pInBnbtye? ilc & yEPoal Kepyprityudesired products of
@M§Hﬁﬁ%@%§nxk t§¥§|9ﬂﬁ%ﬁﬂﬁh a§¥c$@mﬁﬂkﬁn¥bluéﬂg dhe
An exenpl ary mul tlcycllc cycloal kenyl is
¥Kﬁ%ﬁ%nylenyl "Cycl oal kyl" neans a non-aromati c nono-
or maht welrbeafwgs syst-em of. abaut, 340,abaut .10,
carbon atons, preferably of about 3 to about 6 carbon
%ﬁhﬁﬁ?nﬁl@memleyerQﬁﬂﬂbﬂrﬁofandemeﬁﬁhﬁﬂw fyaeopei onaly i
a p def her:
o ot e e el oAl Ky “Pense P uted aryl eyaroaP iyl and
fhs e histerbaryy dyc | waikybedso dedtimeciver eirafbomded 5 to
it oal ubsti
ooy P S GToar kT F o bn AL “abr T hed abovd
whi 4h vieg gbtbse T tentted wicttheoneron ¢hﬂu@ hyidmg cgrlowps
substituents" (preferably 1to 3) which may be the sane
or different and are as defined herein. Exenplary
nonocyclic cycl oal kyl include cyclopentyl, cycl ohexyl,
cycl oheptyl, and the Iike. Egenplary nulticyclic
cycl oal kyl include 1-decalin, norbornyl, adamant-(I-
or 2-)yl, and the like. "Cyclic" or "Cyclyl" neans
cycl oal kyl, cycl oal kenyl, heterocyclyl or
heterocyclenyl as deflned hereln The tern1 Iomer as

. T . - "
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| H 2- oxoqui nol yl, 2H- 1| - oxoi soqui nol yI
1, 2-di - hydroqui nol i nyl, 3, 4-di hydroqui nolinyl, 1, 2-

walrdvgdesassoqui nol i nyl, 3, 4-di hydr oi soqui nol i nyPCT/E82909/034364

the |like. "Fused aryl heterocyclyl” neans a fused aryl
and heterocyclyl as defined herein. Preferred fused
aryl heterocyclyls are those wherein the aryl thereof
is phenyl and the heterocyclyl consists of about 5 to

@holti i nbi BetatOME3 Ad BsedrBey| el ogy ebykadsaits .
vari abl e may be bonded through any atom of the ring

§v§Féﬁ¥tﬁéﬁ@ﬁ%e%dﬁéﬁﬂ§ho?d§a hOHQ'éxH§§F§ﬁ§FPoﬁr%fp%QR§ne'
by 1R, Oh-bhi&nds adehh¥, befwrehet ehacysbyhtene. The
portion of the fused arylheterocyclyl define that at
m¥%ﬁﬁcé§bﬁpt?6@%%U“6%§§éﬁeéﬁbéﬁl?Qﬁt%ﬁQﬁnatslﬁﬁé§e§ﬁ percent
BESRECHVEEY ¢, a8, obbRboat OMoreSyhstrbt Hhed é@Sﬁth 70
arylheterocycf "means a fused ar | het erocycl ¥ group
REY GfeTh hedvabevle- whiléeh tegcsiipat feed éd wifthnoreloFremrie

ndidigh G0MPhsHESEL L UentShibREET Brably Lt Qedht Whd Cih dBe
be the sane or different and are as defi ned herein.

arHe_qﬁ th6geRnat o B Pasetia b i het erdeyery| taayobes af
9@%19n%b%%9!§? &l s ithe pibLrogen o ulfuk.at om of

t he heterocyclyl %gortlon of the fused aryl heterocyclyl

may di'sé B éeéﬁﬁf #nbpdaRedtzedhe oreate G0 CPEB PO iy zone,
\%s%)%llde'or cgéﬂn}ggr %or%a%nqlngxbggaly@(te@r% Xlggsggrough

aryl heterocycl yl” ring systensi nclude i ndol i nyl,
Whixg thet éthah?d@@?tsﬁd@l}lnﬁoﬁﬁﬁ@ fhows 3yl the reaction takes
%ﬁgaeahy@f uboo #ﬁ Npsclell 18y Ss o8 1V0i89kRd0ks v i) o
dlhy enz i soin P 3. T
fknudﬂn¢@r959ﬂkfgqlwgbquﬂhelrﬁa@¢y¢n pmmﬁuphe thge. flow out
%:ucsneed b%%t Sﬁgag}_% C oCl %%ltlé%nyl Thge ct ofnu??gducts are then
%eteroaryl and enyl as
$Rmﬁmmxehaﬁds@drhe@@ab@gyh¢y©h@abkeﬂy$seaﬁEKWH@sé
i er e d
%k o% rj[lé/ tglté%gelrs h%ylgl 8%8{7 %?et\ rré {%g a%g optlonally
EH@WE‘5AyﬁmsedKMEMEﬁu&rybcgyté@ahk&mﬁp as)a varlable
onde throu h._an aton1of the r|n S

thereoFbcaga%?e G?asuch %Tﬁe d%%?%%a i on %P ¥ﬁe CatalYSt
0@ 0TS Ehaalasaaypmeﬁﬂxebehoterhakbnﬁ&rybtpaystomaxﬁlcles
th f used geteroalegxploalken¥i defln 1ca El

A i roggn oxygen ‘or <ufPflra

tles pecidteeky, aas prdduqysapenslmﬁuﬁsﬂntwiedefusaxhonary

het er caryl cycl oal ken
Tl or i 9 £ Erd ot RE R 5 Bup Bt i PABG 6L B e (g1
fnﬂpﬂadeubed mmtﬁbtﬂmbuy'wﬁﬁhereﬂpénl:qmowpfﬁ&bstféféﬁﬁﬁhe
ef er 1lto e sane or differ
SR o 1367 Gt hatE haratiOETREY Ve royerARBt br SHaTE bed,
iUﬁﬁﬁnhﬁbeéOaﬁyf@MﬁkQHMKeﬁyheﬁﬁyeiﬁhdhd@a$ﬂﬁlaIbegen
The nétrqg($ atom.of the eteroar portion of
sEd"Het &rod W%&cl%ﬁ?ﬁ%ﬁ% Ty < 8“88' among
@tpte;mal Iy xeXi Bk etk 4@ drlRe ager s espondidige X1 8e.packed
npl ary fused heteroarylc%cloalkenyls i ncl ude 5, 6-
%%W&&GFﬁol yi 128 Qi AvarbPEogui HoIA cxseglent das
&byl e@uicnexahdy Nyltned, f@x@HhMQdﬂ OfH dt@ZO0lcoRY k guda®ron may

di hydro-1 H_-benzi m dazol yl , 5-di -
%%ﬁfo%ﬁ%%?y WO atrﬁgq H(%ed fSedn different zones

heteraanyl wgb@a&!@/lbem&nsb@ ftisedt het epeabytodnehder
cycl oal kyl as defined herein. Preferred fused

het er oaryl cycl oal kyl s are those wherein the heteroaryl
t hereof consists of about 5 to about 6 ring atons and
t he cycl oal kyl consists of about 5 to about.6 ring
atons. A fused heteroaryl cycl oal kyl as a variable may
be bonded through any atom off the ring systemthereof
capabl e of such. The designation of the aza, oxa or
ilia as a prefix before heteroaryl portion of the
fused heteroaryl cycl oal kyl define that at |east a
n|trogen ~oxygen or sulfur aton1|s present,

. . L Y 1 I 1

r, with
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di hydro-1H pyrrol o[ 3,4-b ]indol-2-yl,
| H2,3,4,5-tetrahydroazepi no[ 3,4-b ]indol -2-yl,

WO RH02/1@5447 5- tetra- hydroazepi no[ 4, 3-b]i ndol - BEl1US2009/034364

| H 2, 3, 4, 5-t et rahydroazepi no[ 4,5-b]indol-2 yl, 5,6,7
,8-tetrahydro[ |, 7]naphthyridyl, |,2,3,4-tetrhydro]2,
7] napht hyridyl, 2,3-dihydro[ 1,4 ]dioxino[2, 3-b
] pyridyl, 2,3-dihydro-[1I, 4]dioxino[2,3-b]pyridyl,
Sedetdichy dbaa2tk bnoxalid.HO)deazapaphdhalenykned, Be (s is
t et rahydro-3H i m dazo[ 4, 5-c] pyri dyl,
Q?%ﬁqu%@&P8F€t%leazanaphthalenyl
» 2, It ebhah dﬁéﬂ'oa@alﬁ@ﬁzbt Pé’eﬁc‘:@dﬁ"qualmgy?’causes the
4 tetrahydro [ 1, 6] napht rldlnyl 1,2,3 ,4-tetrahydro
q_taﬂ]yregpﬁfﬁmﬁri: e%yqo 11027 g hale maintaining their relative
&lirabydr ebl o84 naphtyr i dirA¥l bed moves with respect to the
2,3,4-tetra-hydro[ 2, 6] napht hyridinyl, and the |ike.
walg) @t FE&NECF Febrig! Wﬂﬂcérét b?o@&ﬁt%ﬁnﬁdodoThPr%@%ﬁ?%ﬂfs

e rfd Mok 8y oGhh OTETQJ_SorbeQir QA®h é‘@@uf&!&rﬁc prelgrtedudf&nt or
fl'uoro or chloro. "Heteroaroyl" means an

Hereridary| - 8O gf bip Whéhei Arehrr vt érsary| THe otpring bed
gsrder e QS§§££PQ§:vﬁ%%ﬁE%@rMa@&iﬁ&?%ﬁ&%théQUpS
I ncl ude thi ophenoyl, nicotinoyl, pyrrol-2-ylcarbonyl,
gantg@idioRsAEpAT hoyte ripgyrticaitAgy £ 9 @Ry (96 Peksegenerated
el R108hYl L IBANS AN 3LONRLLG, IDPOGHS it6eOki reuit later
multicyclic ring systemof about 5 to about 14 carbon
@t onsLhusn etéea@l is @odventagabutusic gr BeMiag dped When
Wi ch, QR SOr 1 JDT £ sqiortth%ce%% ;J : AL QIR 1At e E%I@an ously
systemis are etero el enent ot her than car
exaaTpire tadt r ojemovioxy ded orastdf uray Roefsésabby aiheleast
| udes, h Pref

g o ae o e TR 71 B sy sy am ol e Apott B
IMakaboameGsnppgrtumgnmeaﬁﬁcmﬁpaeeembﬂmedmeEetoagy$ &k
rggﬁ%eﬁ%ﬁﬁr98r¥£§% :ﬁ@'%%té Ee%Psed
Tieter oar yl cycl use et eroaryl het erocycl enyl
and ﬂui&dlheZeddaﬂyhheK3p®cyelyltiﬁe(hﬂﬂreedtherthat may be

bonded. thr ouaghvgrhethet %r oa{‘é/ I’Elmeetc et anf réactions.
“%% s Gt éd %e%eroarﬁ@ YnBans" a eteroaryl group as
Eeﬁﬂnedtapevefmmrxﬂaqt©rsubsga$ui$xbamsdd oheooghnDMQ
%art?%éjqréaglljlrg or t%% gr er}hlgh( rrlglfjeha\pelldaecf]:'tht(:)Le %rseus enoy the
&hexdeﬁwgnahsenlmftdrhehama aexah@mythnawageaapfemld The
bef ethete %I q§f neSthat ﬁ q l.east a nltro €
d%ﬁb oF* suﬁ?u dt%m5cs SPPBSETS Q%spé%¥‘95I§ %% a’

gamgmﬂt®erfémneﬁr@gmnmﬂimheoﬁoﬁ@uﬁqﬂeﬁmamplthayu@@ta@

basi ¢ nitrogen atom and nma 0 be optiona L
S 2B r o ne oAb Aarn g Rk ednas g renain in
@B&ﬁgQ@ryhea@Qs&ﬁhﬁkkidh&dubﬁtﬁh@aﬂwkkgﬁﬂUﬁﬁelﬂ@ié&&bl.

razin i enyl,. isothiazolyl, oxazolyl razol yl ,
N R R e e T dv
SitHgroxaleirBy khe phéhad az myk, rividazo[dhe2sallpyki d n€hough to
i m dazo[ 2,1 -b]thiazol benzofurazanyl azalndolgl,
ori o da20 T bare i SYES. {RT Sty FDs e L
+di @NaRY ihai Qdﬂlterﬂysf I @pyr kdyttod MdnzeRpY dyl expand and

benzoazai ndol yl , 2,4-triazinyl, benzthiazoly
?V[Fr%ln)?’iroupﬁr B3zl lyjfke |aﬂd89§rFat?‘?1thﬂrr]%|CﬁyPOlrLéBSiaQ%§‘ Nab

wsaaui nal iemyk a1 i sothiazebykor oxadhazles pyragidyln the
Eﬁpf%gslr%aﬁ;:l?lyflaaFg%r;%efo%ﬂHse %r %g%yljlfh%ps}/rulan%lrlr’r]lylpartlcle

1, 3, 4-t hi adi azol yl , thlazolyl thienyl, triazolyl, and
the like. A preferred heteroaryl group is pyrazinyl.
"Het eroaryl di azo" neans a heteroaryl -azo-group”

wherein the heteroaryl and ago groups are as defined
herein. "Heteroaryl sul fonyl carbanoyl " neans a

het er oaryl - SO 2- NH C( =0 - group wherein the heteroaryl
group is as herein described. "Heterocyclenyl"” neans a
non- aronatlc nDnocycllc or nultlcycllc hydrocarbon

o g, ”~ o g, A~ o .

e
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|i ke, commensurate with a reasonabl e benefit/risk
rati o, and effective for their intended use of the

w@oeopoesads of the invention. The term "prodrugPCT/E8Mn%034364

to conmpounds that are rapidly transformed in vivo to
yield the parent conpound of the above fornula, for
exanpl e by hydrolysis in blood. Functional groups that
may be rapidly transfornmed, by netabolic cleavage, in
VA MO o, O 8o € a0 r BHRUPS rEQa&H i Y &l tthet BB CaF Paxy!
group of the conmpounds of this invention. They

PRI Adde FPBUECAF O ot 13 ﬁPPéanF%U%u%ﬁﬂﬁ%ou5§ea§atalYSt

Bd KAanoyhe( sHED: 8Sn acslay b tBr eRANAYA ot iR 3Reyhet anshd hg
like), unsubstituted and substituted aroyl (such as

%@?ﬁzﬁﬂedaﬁae%@é?m thdt @&dﬁén*i@ym r Y RERFEEFbBAYPT § RFSHI

9&: hexyearRONYd Aot ildd abkyl silyl (such as trinethyl -
triethysilyl), nonoesters formed with dicarboxylic

aC|d§h€s@é B8 SericATlyIbimeaRdy t N9 KeomBéeausecdtd tire 1

RAasg M t howhi ehnihe nmiabel Leall ys Cﬂ}f‘ea\é%EQgQVMt@fof
t he conpounds of this invention are cleaved in vivo,

tHee dopoaREsTBEUT IRy cSushegrbipre diedad spib- BRagesaction
e compeupdsebeard nghe preLabol icald BisC|f§@MaP| € 5
groups have the advantage that they may exhib

sepTsired BPoavai ¢EBING ©Opnasch Fusrd tarst leﬁﬁaﬁeeerable

SOl Hhid by apd)ore g ahe of rabsorption.conk %H@QSU@%& lead
t he parent conpound by virtue of the ‘presence of the

metldsel-ideal ko & ekaxmmdelcgrsoepchpaq hesrtdggle dndcusdien
f 0 gaard, ed.
E%lsevth\e]]rlqgl%% ggﬁsd/llg% gﬁggﬁoﬁ‘%&fﬁ%g W dder et
al , Bthe, cAtadlent cccmmce§eS42rOIBO@ BY6 t(01@85) swip platinum,
t ug el o :
TpLbask g0 Biolan S0 S OBy e 4y rorms of
dé[mﬁuygcnnandhé\p@MMQaamaoﬁtho@m ugsdct];m- &9@ (ﬂggsl)best

£ a0sBnp TeL by oty Revbeestt ISR Senad ol v

Butduse NthNakeya twto afuch3R2etB92e (1984 )be Bmoddce@s dSlone
DeI|v Ly £ T, H and V Ste

%%bf%%me§yﬁpo§|un1 er?%%o ggd %E Sversibré r? %ﬁéﬁﬁOSt

ef@@@sllygnfrﬁnm Roathe 0 .€4d. pwmlmlﬁh&r nracemcﬂcalngh

Associ ati on.and Per amn Pres

nc&FngaFea hg?eln y e eﬁ%eréE%§1 errgceu |caﬁTntS of
@ﬂﬁﬂgt&hleheataealyfﬂers to t he relatlvely non tOXIC
|nor99n ¢ and 0 c i.d agdlt or %_ S, .an n
addi t10R “SaI't'e! lo coﬁbouﬁdg of STHE Pres npo %v%ﬁflo ©
aimﬁmystsaﬁtShea@méneqﬁ'emaeedlon SiThe @wmemgathEQfmeuﬁl

| ati on_and fication of ounds. In

B Par L s o it P LEAFY < bt A e s &4 iy Teduce
e}eepq]"raidelcylbea@f | ngs R 1pebil i et icormpaypdodnctt s THeee
base formw th sui t abl e organjc or .inorganic acid
e A1 PG T he BT ERGSCH or et BB Par o, d-or the
@Jﬂ@dﬂtOQn&éhtﬁoﬂlnCﬂH&%nioﬂﬁthyﬂf@m Hitd@uating metal may be

drochloride, sulfate, bisulfate, :phos phate, nitrate,
%1 i lat @, CoxAFaTECT VIR 48, 2BP AL & &&1%%% preferably
sdteafAtee thhauo ag eswihorat-e, phenzeat ey doaCkhate, than 0.10% wt
phosphate, tosylate, citrate, maleate, fumarate,
%%dﬁFhéFéenP%F%?%ﬂeﬂxﬂaﬁﬁtH§Fé%%§dnﬁéﬁmﬁtéatalYSt because

B 1C ahhept enat eqah actisebirenabeersul fymtes i onBEONBt®&tics
sal i cyl at es, groplonates nmet hyl ene

LhiReRmRy 4PExyHApHTh CATBS I Ceht F¥at es, i set hi onat es,

di p- toluoyltartrates, nethanesulfonates,

et hanesul f onat es, benzenesul f onat es,

p-t ol uenesul f onat es, cycl ohexyl sul f anat es and

| auryl sul fonate salts, and the |ike. See, for exanple
S.M Berge, et al., "Pharmaceutical Salts,” J . Pharm
Sci., 66, 1-19 (1977) which is incorporated herein by
reference. Base addition salts can al so be prepared by
separately reactlng the purlfled conpound |n |ts aC|d
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het eroaryl sul fonyl, al kyl sul finyl, cyclylsulfinyl,
arylsul finyl, heteroarylsulfinyl, thiol, Y 1Y 2 N, Y

wWaA0091048410) -, Y 1Y 2 NC(O) O, Y 1Y 2 NC(O NY 3PCT/US20¥9/034364

1Y 2 NSO 2 . "Sol vate" nmeans a physical association of

a conmpound of this invention with one or nore sol vent

nol ecul es. Thi s physical association includes hydrogen
bonding. In certain instances the solvate will b e
capabire ekthsptatdin doabrexasptoihien tangoon BPE &f one
sol vent nol ecul es are incorporated in the crystal

PattqCe 2PN RS £ MR8 T4l F d. PrEangRte from 30 to 99.9

BRCOMRAsseshbot hysaldatihgrapbase. anghd saohabhessol vates.
Exenpl ary sol vates i nclude hydrates, ethanol ates,

Pret 1RSI At BEVE afi P it HE o Ké 0% ENBTDI WENTS Wi A= 8F eRehice

tat0d @%eﬁEbﬁn§od@§QﬂjbGQhBeéﬁbﬂln$§aﬂﬁMa%%% ﬁé&dtﬁé%éyably
enbodi ments related thereto. A particular enb ment

Rt Ferdiig st hevibe v altl en MEL Wt éitFURtprg and may be

2RI 0nalshy gsubsiii 1 ut edvphenyl (&iw- 35 al kyk) z861ite or
optlonally subst it ut ed phenyl cycl opr opy

ENAGGt TREEBEP bbdﬁ#ﬁ%ﬂapééuaPP%@#?@%ﬁﬁbdd|ﬁ@ﬁ%tO provide
aceording ECQdiﬁ‘? ﬂdﬂ'\h%rltp' Qgtbl Mee'd%h drofromatization
optional |y substituted phen
PRHGeNt-hhEBE %ﬁhdﬁ?ﬁﬁ%@@@iﬁﬁh%&ﬂ%’éﬁ#ﬁé@ﬂﬁ§n¥he ammonium

ro‘%' %ﬂe onIb@e'th%rltr' QR !a Be a%urie Olf 8t least
optlonally substituted phenyl (C 2-3 al kyl).
#Arfaoot t hheerr ppaarrttiiccuul | aar enbodlnent
according.t .o the ntion i s _wherei
oot L ORs! y GOb ST A SRORGE  BePy I ERNst Ry Holding
xnuﬂdﬂmmbarzeabfxbrﬂﬂusuwlcpédtnglé@ ﬁd@éﬂh@veﬂblﬁmhmﬁhln an

wherein R i henyl et hyl . Amother arti.cul
SRt LERb TG TF hECT RIS S Te NG aFs 07 s

optidnald-yeaubsétdtited jphesybeyedopraopylssiAaophessure drop
&ﬂrtlcular enbodi nent according to the invention is

dreich Che™8pt Tonad YPEUBSE PE ut et premyF i HAR1PG sSetected
sits tiHeUyedupyc higd 105+ i blEe R 1 Paltd cwlarlcanb@ﬂnn@malumlna,
according to the invention is wherein the optional
oSty Gtéd %ﬁ%@%&a%ﬁwsﬁfhl§SSE%%%%QmHQ§dm6§t6ﬁ?%rip?ﬁ60f

4 QI Qp 1ANOLREFpRa  [iGldrat neRhet dento raceafdi Aguhthd,he
invention_is wherein the optionally substituted phenyl

?%ﬂ%?q'sSé&%§?(fﬁﬁ%ﬂ“beCﬁl8F6t6¥efqﬁﬁﬁ%9f Rast herincluded.
et iggdlrak-agnpodi mentnaceardingi 1 04 hed n¥eat LONcHsS binder
wherein the optionally substituted phenyl in Ris nono
Bfistidtut ed by chloro or fluoro. Another particul ar
embodi meRk ; 46608 S g id gt la%ygayﬁmﬂ@rallu%me@&@i@awe such
optionally substituted phen in Ris ortho nono
%%Hgﬂ?ﬁut@éyb?ec$NQﬁh?S%Aﬁétgérpfﬁﬁﬁﬁ%ﬂﬂ &heenbbipehilicate
@GO idiing EHetqumfﬁﬁﬂﬂén%nsh§ldﬁﬁrfﬂ'%h%h%rQH&%QP@||y
substituted phenyl in Ris para nono substituted b .
@ﬂﬂQﬁﬁilnAn@ﬂﬁE¥n¥QNQW dllicar LERDORR 1ema tec eofdE hgh t ? e ing
HYenthQnoks1 Wherei n dhe a@@%h@é‘@irﬁ% bt hﬂayt Qgscprk%‘ya]dded
In Ris meta nono substituted by chl oro. Anot her
particseae enpodivent cdcberdPhgct o-vheirmieanponsis with,
d@eifetfer} tth@ %Qdi@ﬂf‘ﬂ Ci% %@L?%Eh&ﬂ‘ﬂ: edT@%@E'al'snm ec‘ added
para nono substitute l'uoro. Another particula
erodi weRmnoad e okelh iy Htecthpﬁefpnv@@djirtm rieg anher ei ﬁu@he

' Ly - t. [ j !

B R T, Rt Rey bart 8l & “enpod rent et
%Kﬁmﬂwmrﬁgdvgiﬁﬁecryﬂﬁaﬂ|santhssmherqﬂr$uﬂ@eqcpntoh@mly
substituted phenyl in Ris ortho,para di substituted
by chl oro. Another particul ar enbodi nent according to
the invention is wherein the optionally substituted
phenyl in R is ortho, para diiesubstituted by fluoro.

Anot her particul ar enbodi nent according to the
invention is wherein Ris Hor nethyl. Another
particul ar enmbodi ment according to the invention is
whereln R S H Another partlcular enbodlnent

o N a - g
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phenyl in Ris nmethyl substituted thiazolyl. Another
particul ar enbodi nent according to the invention is

wob@pad4R i s H Anot her particul ar enbodi nent PCT/US2009/034364

according to the invention is wherein Ris JG&.

Anot her particul ar enbodi ment according to the
invention is wherein Z is a bond. Another particular
enbodi ment according to the invention is wherein Z is
@kc@gng%n@hh@ra@aﬂﬂecatdyarsy@ﬁb@gimtc@%&@ndmgm&@ome or
invention is wherein Gis |ower alk Anot her
Yﬁ&%|%§upérvéﬁ%%ﬂ?r&ﬂﬁr%%ﬁééﬂaPn@e¥QP%%u¥WOW9eHPiB%O$%

whereid i6 ke Girsd, | ower pabkyhuAnotder: panbikeHbatetal may
enbodi nent according to the invention is wherein Gis

T2 agldegwiry APRyPamardt Kef fpaeR T cift diodnmbodi nent
aCCOﬁ%‘ﬁng@fébﬁbd'Bﬁﬂydlﬁgntsoﬁw%Héif}e%eh% RnReMNidh an
Anot her particul ar enbodi nent according to the

¢rveerR iferIPErolrerel nRAAdCRIatetH 6re Idehefrapkgratization

AnQther, p@ﬁ%'§@é@§t§ﬂQPQh€EnEoﬁ&§Qﬁﬁkﬁ%oﬁ%a&@ew1th the
invention is wherein R7 and RS are | ower al

ky
PFHorlvet partietdarf enéei ﬁéﬁﬁcékQﬁﬁcHQﬁjoﬁothélme The
féﬁ@%ﬂdnoBrbéu%@@rf%ébéq%h%nQeﬁ@%é%G%AE.a%e|Q%§5s§é§%@d ihto
Anot her particul ar enbodi ment according t he
& MASRLCGR T S %h%r%ﬁﬁﬁﬂ@t@ﬁdrﬁng%ﬁCﬁhq(ﬁM@maaﬂRyprOdUCtS and
Apother, part i Ul alq.enhodiaent , acoor ding Lent hﬁhlch
Inventionis erein one of R/ and RS is H and
Pt Hearapfl YRPa dnde R8daydrewer anf kgl so AoNes ﬁaustbmmcaﬂructs
c t:o.t ! [

RO R e L net ar partr cal ar enbod mene Secer ding ™
dh tdreairprent rahids laeiteirn RO and R10 are | ower
al kyl . Anot her particul ar enbodi nent according to the
invention is wherein RO and R10 are nethyl. Another
particul ar enbodi mrent accexdMpgeto the invention is
wherein J is optionally (1 owner aIkyI or halo)
substltute? 3-7 menber d heteL c her
par t i"¢§ &P ERBOY rﬁs??ﬁmp ccordr E He'S ﬁ\? Kt 7ofh % not
wheneida doi siept ianaldappel evetrnal i(ry\}erﬂ:rlohm 0)
substituted 3-7 nmenbered azaheterocyclyl. Another

r enbodi ment according to the invention is
wher ejat ad yvass @ptﬂkﬂ@@bhyD(drélwe@)r@beéd an hs@ﬂm@)Les of ZSM-5
substituted 3-7 ered het erocycl yl

Pidlerdi Roudyr CBV &Héﬁﬁeﬁ%éfﬂ%él"a?%?n’ééé%nﬁﬁ?lo

Ml@ra%ll@gfi&n tﬂt%lly@‘ﬁeﬁﬁt@fhdtﬁo%@r ei ThR gowdBrRe M@ 1es were
| ower al kyl . Anotherﬁgagtlcular enbodi ment accor di ng

T tired h\?efﬁﬁd%? ‘e GRRIeith EFTRVCaIBOAYRL IotthEr Prior

@@nkkgghagaggpﬁgl@@@Faggggﬁglng to the invention is
wherein Qis carbon and J is RR N or optionally

(1 onéletalRyves qﬁﬂoé)lt%b%ft i4A7°8d9327 SAsfdeFegf the above
aziaheleer 26y Ct WowaARothiss+ Pald bGUEars©MeeiiABAY appropriate
accordlng to the invention is wherein Y is CO ot her

PeruiteuPar s edodionEht oag cof dietgappnite HlaréRtionl fte and

MIauR Yetsi S%a1AR01 her1pani ext ary£Medi BRL geionized
according to the invention is wherein A and R5 taken

W%Rﬁﬁ:ﬁ@rafﬁﬁ¥ﬁmf 4rstnewber@drnspipof bzatdérePeegel i toe
Yhedakboving formyhan aadR auestadepsndenthys Gotsion
or 5 solong as"n and p >2 but <5. Another
%rrtqoglultamp@ﬁmdfenémi aleepTrdiend Ct @retfh@ﬁenveﬁmpmgriasted
¥!Mﬂf@snwéréqgﬁ55a%agggthQﬁEH%EuE? &% %ﬁ%‘gbﬂ§s and then
pyrrolidine or eridine, "'each o Ich is optionally
¢¥%Mb§WEtut@®thiﬂ@@E? al kyl . Anot her preferred
enbodi ment of the invention is a conmpound sel ected
fromthe group of the foll ow ng fornul ae: PROCESS FOR
THE CONVERSI ON OF ETHANE TO AROVATI C HYDROCARBONS
Field of the Invention The present invention relates
to a process for producing aronmatic hydrocarbons from
et hane. More specifically, the invention relates to a
dehydroaronatlzatlon process for |ncrea3|ng the

o - o o b oa o oy o r
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precursor nolecul es on the surface. Another approach
i nvol ves incorporation of additives such as phosphate

wo@eroopasE4rart hs to noderate surface acidity anePCT/Es200%034364

coking rates under reaction conditions. These
approaches are appropriate for processes featuring
fixed or slow y-noving catal yst beds wherein the
average catal yst particle residence tine in the
reaCtT%rrgé@nﬁl@ﬂd@ﬁﬁﬂefr@@@”ﬂ@bb@@&yé@@@ lyr aebfc were a1l
stgp is relatively long (at |east several days) .

gt ekanplee 'se@et, Blabh@%t%‘f&lsé@)r 57-33d t5P 09%° 937,
mmtdeS@gf@eec ZSMn5ictype dpwertal kane rar emat| zald Mwere
catal ysts pronoted with Ga and addltlonally contalnln%

@i thér-alrafe Bar Ohlretal BSPEChhBRpor usCoRt aF Hiy an

fﬁdﬂ“d%%teﬁ@§ﬂ%@kb%%h% t%@Rmﬁﬂ@b@@émﬁﬁﬂ&?%@hf&Qst calcining
circunvent this emis to devi se a | ower al kane

%ﬁ%ﬂﬁﬂﬁzaf|6%9¢¥6@é§§t #t whilch thelrdaraPyst rapeidsd a
h&l atireebyqa shaldet LMol ess sihan: an dayr) U@)@%Eeﬁ% ion
condi ti ons before being subjected to coke bur nof f
HHarorasehef Wrieseent %%SUQﬁ redaaysh dst rrngched or LOI
sone Rbqthe, origijnakgat &l icgoacki vddae: %Hc?éﬁ%ﬂé‘%d%ﬁ
such a process is one featuring two or nore parall
Perdttdprs eomebiiniongifrked widrochl Pbhar ;ﬂr@abaﬂygflw,
Wi tdy at oheasty.aner gact o100 ipe. f e 6atah¥st with
regeneration at any given time, while the ot her
JeiArtiGrd( 83tes/ dhenproekesichdorhel foiem ahkanect dud
r 0 QNS ar
Hotior Suars 6 o Leoh b praeded Teatur c ar bl ar'dh £ad
@atlalopse bedlydigas whtehockﬁQﬂaﬂﬁtOphﬁ@r@ﬁeéoaypl@tlnum
(AR Ax 908, cantidously Bel Weens Bt eactlon.zone, Meh
aromat’i zation ta ace and ‘a regeneration zone
WhEHQQEheahweuhuﬁétédtbokéﬂkgebMEﬂeUt®ﬁﬁfihepca$aky§@
xsoi rh%s 8!‘:8e Bas db F‘Qﬂgxm?en%lh? oy é‘le %%toe@tc %09%%61570
escribes a fluld-bed proces or converting T owe
@ﬂﬁﬂh@tnsamylmres to aromatics . ReqU|renents for
opti Iyst er f cess in oI
relaggge ys %oﬁfkggpigénq%ﬁgatapég r%&posure¥ 'tm%ﬁded
freactdlenttonchidd emsl betsweeh agach, PeQermeratfioon2 min using
n such as f|UIdI ed- bed NCESs, ; can, dlffer
??dﬁ*?ﬁgé%c ah ﬁ% g Iped %%ocessgg Whi ??hed and
$EQMKYGO|OhgaﬂldﬁﬁaBy§UWEK&ﬂ$UbéeBI$Mﬂﬁableeﬁotltﬁstlng
ondi tions etmeen regenerqﬁlon tr eat ment s
Egop SFichF T Orr[fancﬁr 5cR556s Vol Ving sior C2Eat AT i8S
Bxpleubietdi aegarittz tsbenpbpmnmﬁlthal tdnﬂ @abatyﬁﬂeduﬂh a
xhi bit excessive initial crackin dr oge Si s
SSPPY Skl S Fo FPE" ORI £80° ore Plalidden-
to undas&rablgerﬂdxmanualtéﬁﬂﬁﬁgbypnodauﬁaﬂy%ucbh@ﬁges were
methane . Certain nmetals such as Pt which are very
SR et 5 Tatry s T e r Sy oLt § ons
that @ne essentdw@lorf afitAanaat kangodehydroaycomabiuzati o),
process can al so, under certain circunstances, dlsglay
undeS|rabﬁ@rh9%r%ﬁﬁ9PoF9§|E?%ﬁﬁﬂIVW?§ltFﬁﬂpq§§§H§etWP
excessi ve iproegiedd anroaf 2pethang tromi gher held at 510°C
hydr ocarbons. The inclusion of a second, inert or
| ess-acti v8 metaINgsn 4DeRt B 5/eTcoRpBSTI1GDH 708 Aed -
suppr ess the dyidr agenpl yisdrs nacki ¥t tezmb f@ﬁ jo hShy
more-active nmetal is used in commercial sca
cat al Wi chaphIHA F9&F6r At ntf il Rihi ERVE5fer %O P& i ns
and napht henes are converted to aromati c conpounds
with catal ysts which are predom nantly binetallic and
are supported on chloride-pronoted al um na. As
indicated in a catal ytic napitha reform ng review
article by C. A. Qerini in volune 6 , pages 1-56 of
t he Encycl opedia of Catalysis (I. T . Horvath, ed.;
publ i shed by John Wley & Sons, Inc., Hoboken, New
Jersey, USA 2003) these catal ysts typically contain

.
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dehydr oaromati zati on process which can be perforned
under conditions thernodynami cally favorable for |ight

wa@bkdoanes4ar onati zati on as descri bed above, whi chCT/US2009/034364

provides for relatively short catal yst exposure tine
to reaction conditions, wherein the average catal yst
particle residence tine in the reaction zone between
regeneration treatnents may be fromO0.1 second to 30
m nutes i Reauétibdized bedrspacter cand/d+,0mza  ewr 30
hours up to a week in noving bed and fixed bed
reactors, Mafid in which the catal yst conposition is

opt i iz %@let Ond ecphl%%eegsg&%av@nelnrﬁl tiabe produet FeRg q,tas
| ess-desirable products such as nethane. Summary

%rﬁéqdhl\?éﬁt%nl%ﬁéhﬁr 65Bh GV EREFOR PRAGA desoal pr &:L@yg
dQfo pheduei ng-arQmat i ¢i hydrecachens: Wiah teppPFiSes
(a) contactin ethane with a dehydroaromatization
et Ee dnhiereihCe heTht Hehe LcoP@Ectr et t Hleream was
AUgGERLs| dence dd B8 9f éhﬂ%d%e@a§t&K%H%d@%b%gyﬁ§ dfkten
the reaction zone under reaction conditions)
Preferdbry ¥ @tfa§@06ﬁﬁ%<%i§lilﬁ$runﬁﬁse§r@ﬂe@%ﬁﬂ%ﬁ%Flon
&a@ca5 BHeEQRES . £ MRSt rRr §£§r@r@o)ﬁa%g§§9nltc0 a?a%@ 9§s anﬁutlal

. to 1.0 MPa, said catal yst conprisin
Q?hqyelc®ﬁﬁe{@%Qﬂ/aN§|@hﬁyo%ﬂﬁhﬂnnaﬁ?d%%kl%ﬁ @ﬁélﬁ%¥%ﬂs Were
B uecre@ngc&@l%gt 0006 A 1RSt rpr&ferably 0.01 to

an anount of iron which is equal to or

gr eateéﬁlapﬁaﬁomwéfsa@@un% of l¢the glafi numwutethene nor eutlet
.ﬂgﬁ Q he ¢ | yst, preferably not nore
: an 8/3 Wﬂ@gtéﬁn he cg%gﬁyst nost preferably not
nor e scantOvi0y %u hoflrobherleat @Irysltict basiaheethet adthane)
431)%019 bR 99 %2, 0F, an, al .y poskl i cate.. preferably a
zeolite, %a3|s the a un1n03|llcate pré%erably 30 to
SN g amd) /pm@hﬁwaﬁ1yasb¢@cne@mbpoh1@heﬂgmoapreacted)

on 0 1 M 23, _or
BAVRIEEo0a P S B fothly B bR ofy Rbratics vere
prefmedabbyhdrayiang ageShge 2iAlecddr mbbarulrraifoCofs f r om
%Qi%m%a 80; } and (4) a binder, preferably selected

om ﬁlca al um na and n1xtures t hereof; (Db)
coIIénmﬂngeﬁhehﬂn@@mcasdftnmﬂ@aﬁlandn$epaﬁaaﬂng and
arreocmo ngrr]‘rEthr qupng% Ch@a}/?g% : n%l’%d:) 22 tloﬁpﬁia;%aryed and
teﬁnad aegdéﬁbﬁiﬂgﬁdaboaeban&s@@eeamuathETmeaetbr The data
S ris e or

Bhabars L b o Ges Pl BRgdd R paE T Fogra
o tidad @hes@mtaﬂmehetmeenukhetmahabygi—@ﬁf&tclEs Iﬂubl

uhe ehancccam sl [eal seaurs, Toet sactor 1ol .o

caitalry shibed( isuprevsidn par alet@bnbestS)dudion and higher
sl ow y-novi ng catal yst bed, or a flujdized bed, In a
P V&HY el ireR 2 ft'r%ag 2607DEL T dREESr S HE s ed.
éﬂt&nﬁﬁ@@@ﬁ@n | SorRptli BhZ eehdro Jaital fkze A hecaver agevhich the
{? ﬁ;t Eartlcle residence tine while maintaining
Sefscttvrty Shd Sonversi 'oif raress The fé\?‘e?&&ée%tﬁi‘iﬁé“ttlo“
particle residence tine is the average anount of tine
that a catalyst particle is in the active reaction

zone with ethane between regenerations. Catal ysts of

the present invention - featuring | ower |evels of
dehydrogenation netal (preferably Pt) with potentia
cracki ng function, plus proper noderation of the
dehydrogenation netal activity with appropriate

anounts of a second, attenuating netal - are designed
tolimt initial cracking activity w thout sacrificing
the overall activity and aromatics selectivity

requi red for commercially-viable production rates of
benzene and ot her aromatics. Detail ed Description of

the Invention The present invention is a process for
produ0|ng aronatlc hydrocarbons mhlch conprlses

o I e oy



the feedstock is ethane and fromO to 20 wei ght
percent of the feedstock may be conprised of ethylene,
w@e@baoaliy 5 to 10 wei ght percent. The feedstPCRUREYI/N034364
contain in addition up to 40 wei ght percent of other
open chai n hydrocar bonscont ai ni ng between 3 and 8
carbon atons as coreactants . Specific exanples of
such additional coreactants are propane, propylene,
n- but ane, i sobutane, n-butenes and isobutene. The
hydr ocar bon feedstock preferably contains at |east 60
percent by wei ght of C2 hydrocarbons, nore preferably
at |least 70 percent Py weight. The reaction feed is
of ten,refert edt o henek o ds “ethane 3.6k conveni ence but
it is neahist og’ ncl uQeAa; Il of tge:cm'hgr{g hydr ocar bon
materials referred to above if It is necessary or
desired for themto be present. In a preferred
enbodi nenf ., the reactqr gonprises a, zone, vessel, or
chanhgr cort ai fi ng cdtalyst cper i cliesvthrough which
t he et hane<confrai ni N f eed’ H ows and ¢ reaction
t akes place. The reactor system may involve a fixed,
novi ng, <f | uiadi zed~ cateal Shed> F eacti on
products%%ﬁ}n i}oMquU\@f§§§L b%d?angféie col | ect ed.
The reeaction products are t hien oepar ated and Co6+
aromati ¢ hydrocarbons are recovered. Optionally,
met hane and hydrogen are recovered and optionally the
C2-5 hydrdcarbghs ar@ R écycled tonstepsfa) . A fixed
bed reactdr is-a reagtdHre ihwhi Shotdie catal yst renmins
stati®nary in tthe redactor and the~catalyst particles
are arranged in a vessel, generally a vertica
cylinder, wth the reactants and products passing
through the stationary bed. In a fixed bed reactor the
ept al yst particles are held in place and do not nove
with respect to a fixed reference frane. The fixed bed
actor may be an adi abatic single bed, a nulti-tube
rrounded with heat exchange fluid or an adiabatic
multi-bed with internal heat exchange, anobng ot hers.
Fi xed bed reactors are also@ & erred td¢jas packed bed
reactors . Fixed bed reactorg rovideaexcel | ent gas
solids contacting. The fixe@ Bed reac configuration
may include at | east twopsepamate fOx beds in
different zones so tha# Gte lSedsw ong Hedl can be in
active operation undgrd A iHB, §ohdftE aps while the
cat al yst the other2bBdd'sy & & Beling Fegdherated. In a
movi ng bed catal yt Bc@rieat b Hofafi B\ ¢quses the
catal yst particlesQto flow while maintaining their
rel ative positionsgto one another. The bed noves wth
respect to the wal B of the vessel in which it is
cont ai nedh 4Thesr eait ants may move through this bed
with coc@ gent,. colintercurrent or crossflow. Plug flow
is the preferr@&d npde. The noving bed offers the
ability tpJvtifdraw catal yst particles continuously or
intermtteilyiso phey can be regenerated outside the
reactor ahel reizntrgduced into the circuit later on.
Thus, thsfgiisoan-gdvantage to using a noving bed when

the cataly has adshort active life and can be
conthﬁuodgﬁy r@genﬁrated. A novi ng bed reactor may

consi8t df St 1Beasf one tray as well as supporting
meansSforS ¢he @r nfire catal yst beds . The supporting
means nmay be perneable to gas and inperneable to
catal yst particles. A fluidized bed reactor is a type
of reactor that nay be used to carry out a variety of
mul ti phase chem cal reactions . In this type of a
reactor, a gas is passed th#ough the particul ate
catal yst at hi gh enough velocities to suspend the
solid and cause it to behave as though it were a
fluid. The catal yst particles nmay be supported by a

s I — o . I T T T o



10

15

20

25

30

because they tend to allow for secondary reactions
that lead to | ess-desirable byproducts such as net hane

wanpwInedure selectivity to benzene and/ or t ot aPCT/US2009/034364

aromatics. The catal yst conprises fromO0.005 to 0.1
%w platinum basis the netal. The platinumis highly
active in terns of catalyzing the dehydroaromatizati on
reaction and it is best if its concentration in the
catal yst not be nore thaniOali%wsbecause ot herw se
too nuch nethane will be produced. In one enbodi nent,
from0.01 to 0.06 % platinumis used and nost

pref er ahbyestr oo G Bldcang. 50004 1 OfhRlratiapgehk syisad.
Hi gh performance is thus obtained with relatively | ow
HEBUMtSSof netals in the catal yst. An attenuating

met al (Jys apnessemd aleerPenent s et e eababystaofod he
present invention. The attenuating netal noderates the
CHtRWAL dnagt FeREyPfEoE At Lnepfe i asa ¢ réauEe, tHeld
PLoducti epnet i & ess- val uabl e met hane byproduct. The
attenuating netal of the present invention is iron.

For the priésen?-¥hvert iCon, “t'RhePamuit ofapRE the metal,
attenuatlqgfneggJaﬂﬁMmb%fegy@h 0L & 19F eal.ef EBaﬁi&%ﬁater
amount of platinum preferably not nore than 0.2 %,
nore pref er abl yharotthfoPECrRaNC 0. WO%RAE tef uithebasis the
attenuating metal.j s ditd hiszedoLa tihe, catal vt because
nore than that can cause the overall conversion to
aromatics to betone/ttdo | ow for commercial use.The
catalyst 3hso £OMIIges LLoM, 10,4 0, Q33 Uth ;0 ONE,

nore alumnosilicate materials, preferably from30 to
99.9 %, (Basis hbhedegl/uminosilicate (s) . The

al um ngsi Lj , r apl e FANe di. oxi ,
i b EES i e ar b Y o T o 207 o B Sy an
edammarosil Ceavesnanyc prefwrcablopnbe zeol ites having the

MFl or., VE ruct ur n e Z s

Z5M 11°) CERHSR P Rk -30g [RGAR A ByafOiE: ana
m xt ue i sppiefielrablnecyoivent eds tioydde dagbommtotpr 6w de
sufficient acidity to help catal yze the

dehydr oaromati zati on reaction. This can be

accomplel phedeby cllcliaimng wheramoriicumekotnrofotei ses a
zoolide itglaisjé gl & Lenperat khE Sfy at. 1:5ast 4@9019% “the
Fhe Bi nG&FFaE €75 a1 Servesct hé pur pose of "Rof |ndg
wawi di vual zeolite crystal particles together to

mai ntain an overall catalyst particle size in the
optimal range for fluidized-bed operation or to

Prevente excesssver priessurewdeopin ntHd xedcabrndyi sl daeckd

OBRLISrBRGo0f o o ot PO, L 14 o RSCUa bus

clay materials such as kaolin, or m xtures thereof.

ref erabl y, anorphous .i norganic. oxides of gamm

| o, EpPEED, St i AAFFeLor E BeHPorE nap e ted
wEh ol rekudest Mistrrienefierabbysea@ldss.na and/ or

silica are used as the binder material . A platinum
containing crystalline alumnosilicate, such as ZSM 5,
way beesynbbest zed dyipr epantngit henalricneshl igaterried
containing the alum num and silicon in the framework,
depodi thirpg phat Fnumbe ane Buhihesi EPcht @ Mirk t hen
calcining the alum nosilicate. The attenuating netal

may al so be added by the sane procedure, either prior
to, sinmultaneously with, or after the addition of

pl ati num The netals nay be added by any commonly

known nmethod for adding netals to such structures

i ncluding incorporation into the alumnosilicate
framewor k during crystal syntshesis, or subsequent

i onexchange into an al ready-synt hesi zed crystal
framework, or well as by various inpregnation nethods
known to those skilled in the art. The plati num and
attenuating netal nay be added by the sane or

11" rr g T T 1 N 1 Y T 1 . o "



to use in catal yst preparation. Metals were deposited
on 25-50 gram sanpl es of the above cal ci ned ZSM 5
w@ondaessgubstrate by first conbini ng appropri aP@&r/UsS2009/034364
amounts of stock solutions of tetraanm ne platinum
nitrate and ammonium ferric oxalate, diluting this
m xture with deionized water to a vol une j ust
sufficient to fill the pores of the substrate, and
é Npr egrabirbget heo substimati e wibt bid Mirse S@louhik0oBf ab1 £100Mn is
tenperature and at nospheric pressure. |npregnated
Setpl%ed lnePel aged® dt- room tenperature for 2-3 hours
and then dried overnight at 1000C . Target platinum
| evel s for catalysts A and C were all 0.04%m
The ﬂ%ﬁgéFOBPatlﬁﬁdﬂﬁe@eﬂ wb?reatdﬂytﬁﬂea&é§tocqeaaﬁses
& GRird £@8n! eVED S folcreabal Yt sndhtoi me€ai.and D
were 0 , 0.04, 0.08, and 0.15%M, respectively. The
plati numand iron contents of catalyst D were
gdet ermicned bysisstcGahCiiniAgr&i s enehinthercatal yst
at 5500C to drive off residual noisture and render a
3 B8 TeR LiLgRRrER ohS (O 3feifeef? ayesA known mass of
untreated, ground catalyst D, corrected by LO
gercentage was di gest ed u3|ng cl osed vessel m crowave
C|dT@ﬁg@§??©ﬁs|%®dﬂ#ﬂﬁglnwb¢¥%lnth%@@ﬁW@ﬁPéllaW@Fe has a
IS WablGaaCh dinanukhe r3alubl o 1S Ailill 68 #0o 20 <o
known vol ume w th deionized water, then analyzed fo
$latinumand iron by directly coupled pl asma entsS|on
anal ysis. The results of duplicate anal yses were 0. 160
and 0.165 % for platinum (average val ue 0.1625 %)
Hhd 0%37@rand89 470 1% flowherem (dverdgeivabbeiGrily2s a
) e TRESELLESI L e BXPLESSED 8 cypf,ght per cent
e wel C—caIC|ned cat al yst
sanple Catalysts nade on the ZSM5 substrate were
trStTfheO%gSQeéMf pl,ast ‘iob%g S‘ﬂg fHe e%%%?t aL 20. $ Seyed
ng an i sos press he resul tin
frqmﬂchemasouhe@omslﬁﬁuag adeSMeﬁedﬁﬂcﬂdbtaSM 225- %EM}23
m |l es suitable for testing. For each
erfornance test, a 15-cc charge of catalyst was
Ioaded into a quartz tube (1.40 cmi.d.) and
é)Sltlongdl n.a &Qr%%lzone furnace connected to an
Ut onat 60°gas T d?systght Prior to perfornmance
testiag, albocatahygtfmhapgeslmemelpﬁemreaeedetaﬂsitu
at at spherlc pressure calcinatio
with gﬁr at' 80°1H é%%”bétlﬁou (??%:5%%)8ur9n8a3% jran
t he reactchemamcum@nneﬁabupEaMBSumncﬂﬁﬁsedhérm@téﬁ thnt
5100C in 12 hrs, t 5100C for 4-8 hrs, then
Further i AGF oBeEd TS50 F0 B300% IHFERET thon hel d
at 63Q0C flor t309m N;2u(th b fnihr oyem iyige catefO0ahd hr ,
6300C for 20. m n;(c) reduction with hydrogen at 60
L/ hr,'%306C°HBP°80 min . At the end of the
pretreatnent 100% et hane feed was introduced at 15
L/ hr (1000 as hour | space vel ocj ty- GHS
bt nos) eFiaE pY &S sur 1A 2t HRSF et \%}PP“t of platinum
iemenatune ﬂ@l@t@grgmi,at 6300C . The total reactor
outl et stream was sanpl ed and anal yzed by an online
gas chromat ography systemtwo m nutes after ethane

feed mddicbianysBased- 18N nCoNPRSEEL 0N Wat 2208t akPegbddabes
the gas chromatographic analysis, initial ethane

RONVES GR2ANY- HY dritic &b bRepr bERRY2 Se1% BETdi t i es wer e
conputed according to the follow ng fornul as: ethane
conversion, %= 100 x (100 - % w ethane in outl et
stream / (%v ethane in feed) selectivity to

hydr ocar bon product Y (otherig han ethane) = 100 x
(nol es of carbon in anmobunt of product Y generated) /
(rmol es of carbon in anmount of ethane reacted) For

pur poses of the selectivity calculation, CO9+ aromatics
wer e assuned to have an average nDIecuIar formul a of
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Ethylene 6 . 52 7 . 17 . 95 3 . 58 Propylene 0 . 7 0
.91 . 130. 61 Propane 0. 70. 86 1. 30. 45
w@Zoobgoserarbons 0 . 14 0. 1 6 0. 2 1 0 . 14rpCBUS2009/034364
Hydrocarbons 0 0 O . 01 O Benzene 33 . 3 3 6 . 02 3 6
. 5130. 49 Toluene 16 . 3216 . 7918 . 814 . 0
5C8 Aroma tics 2. 752 . 6 3. 63 2 . 44 Co+
Aromatics 1 . 493 . 456 . 22 6 . 99 Total Aromatics
53 . 8558 . 8565. 1653. 97CLAI_MS _ 1. A
rocess for producing aromatic hydrocarbons which
ﬁpﬁm§e§a?agé§tdaﬁﬁgéﬁﬁhé2eWF%ﬁﬁ9%M§h? gmount of the
sgehydieanomatizad i onrcabakystol o @ eaeteerbOlyOadving a
seconds to 1 mnute, said catal yst conprising: (1)
Dot 6110 1deak L dtdh il 0Bas? she e ettar, O?2$r% 20 to
@OUHG @bskr gRe Wi L4 J $e8ayal toopofcgreater than the
anmount of the platinum basis the netal, but not nore
than 0.50 % of the catalyst; (3) 10 to 99.9 % of
an alumnosilicate, and (4) a binder; (b) collecting
the products from (a) and separating and recovering
C6+ aromati c hydrocarbons, (c) optionally recovering
met hane and hydrogen; and (d) optionally recycling
C2-5 hydrocarbons to (a) . 2 . The process of claim1
wherein the reactor conprises a bed of catal yst
particles and the ethane flows through the bed. 3 .
The process of claim2 wherein the reactor is selected
fromfixed bed, noving bed, and fluidized bed
reactors. 4 . The process of claim1 wherein the
ethane is contacted with the catalyst for froml to 5
seconds. 5 . The process of claim1l wherein the
reaction is carried out at from550 to 7300C and from
0.01 to 1.0 MPa.6 . The process of claim1l wherein the
amount of platinumis from0.01 to 0.0 5 % . 7 . The
process of claim 1l wherein the catal yst conprises not
nore than 0.10 %w of the attenuating netal. 8 . The
process of claim1 wherein the anount of the
alumnosilicate is from30 to 99.9 % . 9 . The
process of claim1l wherein the alumnosilicate has a
silicon dioxide :alumnumtrioxide nolar ratio of from
20 to 80. 10. The process of claim1l wherein the
alum nosilicate is a zeolite, preferably converted to
the H+ form 11. The process of claim 10 wherein the
zeolite is selected fromthe group consisting of
ZSM5, ZSM 1|, ZSM 12, ZSM 23, and ZSM 35. 12. A
catal yst conprising: (a) 0.005 to 0.1 %v platinum
basis the netal, (b) an anount iron which is equal to
or greater than the amount of the platinum basis the
nmetal, but not nore than 0.5 % of the catal yst; (c)
10 to 99.9 % of an alum nosilicate, and (d a bi nder.
13. The catalyst of claim 12 wherein the anount of
platinumis from0.01 to 0.05 % . 14. The catal yst
of claim 12 wherein the catal yst conprises not nore
than 0.10 % of the attenuating netal.15. The
catal yst of claim 12 wherein the anount of the
alum nosilicate is from30 to 99.9 %w, preferably
having a silicon dioxide :alumnumtrioxide nolar
ratio of from20 to 80, and nost preferably being a
zeolite.
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