CARBAZOLE COMPOUNDS AND THERAPEUTI C USES OF THE COVPOUNDS CROSS- REFERENCE
TO RELATED APPLI CATI ON [ 0001] This application clainms the benefit of U S
provi si o 2paveents7appl i cation No. 61/102,913, filed Cctrabars2@9/02408,

i ncorporated by reference herein in its entirety. FIELD OF THE | NVENTI ON
[0002J This invention relates to carbazol e conpounds, to nethods of
preparing the conpounds, to pharmaceutical conpositions containing the
conpounds, and to their use as therapeutic agents. In particular, the
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The present ention Is |recte 0 conpounds and conpositions that induce
cel | deatparticufrlyt osefie fop eleaniog upes dfotquﬁestcéﬂhpommﬂset‘ﬁh Guhdua r &ERERt of a
cancer a”ndqlc?ée?e%{roxﬁQthchr%ns in individuals in need of such treatnent. The
present invention also 1s directed to nethods of preparing the therapeutic
conmpounds. [0005] More par BACHIGROYND(TETISE 8§€RNTIONention is directed to
conpounds S r seases an ndi cers,
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aryl, het &ndy Whese CB@rmnNﬁq@ﬂ?oona&@xﬁgemte?dohﬁ‘écﬂ keh mavelﬁﬁﬁrshaamafbd le or
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seven- rreniheraeﬁwaﬁluo@harehxﬁmmmegt and phusopraducy 1arrgenmawm|tsn@f c@pp@xgzg’é’moas amheRd i s
selected fromthe (g Lf_lp consi stin t? of hydrogen, C al kyl, cycl oal kyl,

het er ocy ciabaRyAFcordipg fhe fpllopdneequaiion. and” o(=O)Re, or R and R7 together with
the atons to which they ar eu@m)gehggr Lor(mszzinezHEosi x-menbered aliphatic

ring; Re, I ndependently is selected fromthe group Si sti of hydrogen,
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NReC( =O) N¢dRedi@y. CN, NO2, CF3, OCF3, SkRe, SCRe, SC2R SOZN(R 2 and
OS2CF3; R7 is selected fromthe group consisting of hydrogen, C - alkyl,
cycl oal kyl, heterocycl oal kyl, aryl, and heteroaryl; and nis O 1, 2, 3, 4,
or 5,or a pharnmaceutically acceptable salt or hydrate thereof. [0007] The
present invention also is directed to carbazol e conpounds having a
structural fornmula (I1): wherein R f i s selected fromthe group

consi sting of hydrogen, G - alkyl, cycloal kyl, heterocycloal kyl, aryl,
heteroaryl, and C(=O Rh, or R and R8 are taken together to forma five,

si x, or seven-nenbered aliphatic ring optionally containing an oxygen atom
Rg is selected fromthe group consisting of hydrogen, Cl- alkyl,

cycl oal kyl, heterocycl oal kyl, aryl, heteroaryl, and C(=O Rh, or Rg and R8
together with the atons to which they are attached forma five or

5| X- rrenber ed aI | phat| c ri i ng; Rh, independently, is seI ect ed from t he group

1 o o o o T .



NRhC(=0O) N(Rh) 2, CN, NO2, CF3, OCF3, SRh, SORh, SO2Rh, SO2N(Rh)2, and
CS2CF3; pis O 1, 2, 3, 4, or 5 wth the proviso that when p is 2, one
of Rf andwB&oiom4eisif erent from ethyl, or a pharnaceuti caCryusaamonptcabl e salt
or hydrate thereof. [0008] A disease or condition that can be treated in
accordance wth present invention includes, for exanple, a cancer,

i nfl ammati on, autoi nmune di sease, d’T‘blCl’f)éDl a(I: i nfection, protozoan infection,
viral infection, graft versus host "di's€ase; a condition associated with
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and R1 together with the carbon atonms to which they are attachegﬁforma
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to which they are attached forma five-nenbered aliphatic carbocyclie ring
or a fivestdhembetrpdinglprqshesed.c ri ng contai ning one nitrogen atom Rc is

net hyl, ethyl, n-propyl, isogg v Ot YENTRIN 2- hydroxyethyl; Rd is
hydrogen nmet hyI ethyl, or cyﬁﬁ%but Iii)E)ﬂ{ll?d and R7 toget her vmth t he
atons to [@hoahin tab@ydaac@ watht thishievention mhwtc is providedrbdrighly aflvephmpgidic rolagging
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di fferent fromethyl, or a pharmaceutically acceptable salt or hydrate
thereof. [0012] In still other embodi ments, the conpound has a structural
formula (lib): (lib), wherein Ris nethyl or ethyl; Rg is hydrogen or

met hyl or Rg and R8 together with the atons to which they are attached form
a five-nenbered aliphatic ring containing one nitrogen atom

R10



R8 is hydrogen; andp is 1 or 2, or a pharmaceutically acceptable salt or
hydrate thereof. [0013] One aspect of the present invention is to provide a
nmet hod ofwoOnestd4ag7a conditi on or di sease by admi ni st er PAE/U$2009/059603

t herapeutically effective anount of one or nore conpound of structural
formula (1), (la), (Ib), (I1), (Ha) or (lib), or a conposition conprising
one or nore f f ucdur ( (

(Ha), or p'(0 P p%‘f for‘tsgg)gﬁ ng?t\?l | |d%i&ﬁfa%%e(1ﬁT 1?[?%‘8%?&4 ‘)Tfiltgfc %:l%énpg]sa{ %al}%ehr a(g:l!af%t
further adnips insentian deat il prcﬁfcdema dlrghb,catqumt @mdtoblemxﬂ'g\ﬁnmt@muby fpobgpseptiide.

The activa a TNF ti.de S _.one

CD137L/ 4-% Em"‘f%#%al Curdp g&%ﬁ m‘%ﬂ‘ﬂ%f’?ﬂﬁf@““ﬁ%& E‘?‘&E%%’e%b%%@%%ﬁﬁ/ LT-

a, LT-b, vaekil RA dgmpbaﬁarﬁlotAﬂkytpt»e%ntasmettami&nt slenipstes@ipperiredepodi G @roni the to

provi de pharmaceuti cal ¢onpositions co rj Sl'ﬂg ne, or E)‘H aﬁ oun
S

struct ur SHu-fest famascene) migroglgefrpnic a%ﬁfactﬂge Wingt e LEHPE P lgven s Of

t her apeutgGsidniigdy SRMhate etchirth STRRSRetI capfialdr @fuch hOY @5WP\iﬁétaI&iapﬁlh§]’aya}s pect
of the present invention is to provide a method of treatlﬂl an 1 ndj vi.dual

under goi riyriag diserksningragseti Veenowich siab CHBIGIREES ¥ PFEER TR AT TPHFO° U cal
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car bazol e coripounds; Figure 5 is a schematjic show ng the three di ITEI’]iI onal

anal ysi s laer dilwgdoitheadduiond et fergnpeiuncbe frmylied % alrgadé( IS EFSRRPPRIWh O ng
the thre t lih 66 &aﬂm&ahﬁmﬁrma Agbs, donSlst
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vol une ( \ reat ment . W ehi C h
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(M) vs. etratdiVe4638] dndifediioigd adeft, phdfératilg @fottan 6l t€ phdtect tirameishapping that
a present carbazol e conpound is an effective agent agai nst nunerous types
of canceH@WFlgure 12 contains bar graphs showi ng the antiparasitic activity

of vari Ouﬁoﬁﬁgrﬁ@%%ﬁng @Bm&éﬂﬂfﬁ WAl e rb&%os@ch asoogtbuint ali6 chaicd Mithsthe pésn elch O) ;
and Figure 13 contains plots show n he antibacterial activity of various

car bazol eCe-dws) odanepsceng anisetelectronis rﬁé@atltev éor( g suitebly) gKd aey Hin PEsiuiptie
bacteria 3 P MeENS
o01s] w ERPR e < s B e ot ey POt B el s
her ei n, tdpptretairadsbogjonusedringof de stbpgarpur pose of descri bing parti cul ar
enbodinents and is not intended to be limting. As used in the
specification and the appended cl ains, the singular forns "a," "an" and
"the" include plural referents unless the context clearly dictates

ot herwi se. [0019] The present invention is directed to conpounds having a
general structural formula (1) and (11). The carbazol e conpounds di scl osed
herein are useful in the treatnment of diseases and conditions, such as
cancers, inflanmatory di sease, mcrobial infections, viral

i nfections, protozoan infections, or an autoi nmune di sease. ) wherein Ra is
sel ected fromthe group consisting of hydrogen, G - alkyl, G - hal oal kyi,
cycl oal kyl, heterocycl oal kyl, aryl, heteroaryl, ORe, N(R) , and SRe, or
either Ra and RL or NRe and Rl together with the carbon atons to which they
are attached fornta flve or S|xnenbered allphatlc carbocycllc or
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al i phatic carbocyclic ring or a five or six-nmenbered aliphatic carbocyclic
or heterocyclic ring; Rc is selected fromthe group consisting of hydrogen,
C - hydr oxgabioi4245¢cycl oal kyl , heterocycl oal kyl, aryl, heCgrusasglosssand

C(=O Re, or RO and R are taken together to forma five, six, or
seven-nmenbered aliphatic ring, optionally containing an oxygen atom Rd is

selected fromth Ti&xcl oal kyl,
het er ocycl oal kyl SEg’r’@r%pA‘ﬁQ oary%DOéMgbg %; g &iTﬁnggﬁg R together with
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al i phatic carbocycllc rin JX menber ed_al. :
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cont ai ni ng an oxygen atom Re, independently, is gr o%gn or -3 al k1¥
?Il
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R4, indep c%%%@és'ayfman%gﬁm{n g@ﬁaﬂocrf me a%oad ﬁth 3 tRabdus pmsds QOE0 o FEHITBSY |
Ci - 3al kox dr ogen, - kyl , G -3al koxy, or halo;, R7 is
hydr ogen @mpﬁsmg, @hiisting eagedtiallyiof, @, comsmt@g o§ thegfollgyying cor@porgnﬁhygtﬁah@telgﬁt cally
accept abl e _sa dr at f ] aden e r e S,
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ethyl, n- qermmwla,mmmmﬂmmel, HF NHe@Hing, agent, mlepi;lorxaﬂy,mat prafraRly, atdegst qiedn-wi t h
t he carbon ato

are ttached ) phatic
car bocycl 1|0)a1c Isp Ianﬁgl\,\q]cgnw ﬁ&%lenee?ﬂ Chalﬁls OT et%{n@oglde eﬁlgfegg g&&ﬁ %ga(‘%-@ or
OoCH3, or [BblﬁnﬂleRﬁeahﬁge&dﬂq:rosMbﬁ hof tthie msaanbmn will deree the folibwingt dveguntsr &f the

attached forma five-nenber tic ca ycll 9 ered
al i phat i c'A¥iFRd CBRPEIH lﬁdh%%émaiaf@b ﬁn 3‘806‘@?9{% %tsﬁsgﬂs/r bfvje}g%?‘ﬁ-% {’TB pyl ,

I sopr opy| grof ¥6hRBUEY to abBht B4 lay Weig‘ﬁyﬂkhwnamxﬁdoﬂ mﬂmemg,eﬁmm mmyml toabtblyl or
cyclobutyl, or Rd and R7 together ar e attached

forma fivé bﬁé’i’ﬁéﬁﬂ@éﬂ%l@%ﬁ% |f"é’mr 'ﬁ‘bﬁﬁt %BM&? ﬁli’% lér{‘ég%i‘”ﬂggbréﬂaag%/y&ﬁmw Be and

Rd are tahl?d?ldts 0864 B8t 100 ofeR hMBbulBY POk EiRe HIDiagd, YWheﬁ ﬁr@bzﬁt&h)ﬂw @ﬁ'ﬂ.ﬁoyihon _

noi ety, pi peridinyl noiety, or a noiet a noie o Hy S
hydr ogen, frhpctr@i@ytha@rwn@tmwﬁ"/ﬁmﬁ@aﬂy aut iy &g@?ﬂth%/fiéy ‘@Pb"g‘éﬁ"tmt

hydr oxy, gn%gcpgﬁ(gie t91£11 Milgﬂroq hB@nh&latk%pr Q&ﬁ{bmaﬂ?EH&YJleanﬁgth%b’sm&{ mhy HEEO; R7
i s hydrogeén; i or a pharmaceutitcally accCeptable salt or

hydr at e tfiemeubﬁut[(Dﬂzzq 20% cdmblchgrone msiodingragant, herd oy be dotrl weighiof itesrothirso i s
directed to carbazol e conpounds having a structural formula (11): wherein R
is selected fromthe group consisting of hydrogen, C al kyl, cycloal kyl,

het er ocycl oal kyl, aryl, heteroaryl, and C(=O Rh, or Rf and Rg are taken
together to forma five, six, or seven-nmenbered aliphatic ring optionally
contai ning an oxygen atom Rg is selected fromthe group consisting of

hydr ogen, Cl- al kyl, cycl oal kyl, heterocycl oal kyl, aryl, heteroaryl, and
C(=O R, or Rg and Rh together with the atonms to which they are attached
forma five, six, or seven-nenbered aliphatic ring; Rh, independently, is
sel ected fromthe group consisting of hydrogen, ClL 6 al kyl, cycloal kyl,
het er ocycl oal kyl, aryl, and heteroaryl, or two Rh groups taken together

and



with a nitrogen to which they are attached to forma five or six-nenbered
aliphatic ring; RR 10, R I|"l, R112 ,R 13 , and R 114, independently,
are sel ecweadofwmamsrhe group consi sting of hydrogen, C alPkyluS2aworwas kyl |
het er ocycl oal kyl, aryl, heteroaryl, halo, ORh, C(=0O Rh, C(=0 ORh, OC(=0 Rnh,
C(=O N(Rh) 2, C(=0) NRhS2Rh, N(Rh)2, NRhC(=0) Rh, NRhC(=0O) N(Rh)2, CN, NCJZ
CF3, OCF3, Rh ik | 8o 3618

t he grour?mcr,‘Bﬂ%einEstlnggé Squﬁl;g?‘bge eﬁ E%EWI%Fge"cyc I?(a>§l8 ?ij fr?llgterogait/ 1({1 kyI
aryl, angedieingraantik pre@cﬂﬁ 1rptheScoQ,p0§Lt101121n i reddy mruSS (nowi cohcenhiater foxm.s Gl hat
V\/nenprsz one of and, Rg i.s different frometh

phar mac e PEFCERpESy ’%@B@Wdﬁl@s BRcation §76 FreIghE PPREY 38?3&[‘{5‘0@%]&71 " aRh St the

enbodi ”E%ﬁnulétfbﬁ om@r@eumg baSpositife BEER inddatedainerwike. or nula (Ha): (Ha)
wherein Ri kyl; Rg is hydrogen or G alk or

t oget her [O\WHI Tﬂlﬁeatalcéﬁﬁsor{eoamo&mlf‘hé’i HPBORACHY ¢ FUEP Bri’tnF’ﬁyf é‘%rs‘%“b}e

Si X- ”enbea'il?dgol%lnhn@ hﬁtah‘ﬁncfphé}ﬂ)l caht @leﬁdTaﬁm‘H@@s éHnEtraﬂﬁ ehedddofidm R%kahslaiiinegs 6gen or
C al kyl ; I's hydrogén, hydroxy, G - al koxy; Rl' and

i ndependefrmm 9 0 @hoet Wy atrhog@toniss px@fer@lmlrawrg 2 tRﬁ@arben AP O Pf%%‘i*%ﬁk@“ﬂg

G _3al ko r d Foofdl atstd. KM théh e
hydrogenxfgr % g)h ITORLﬂm? ‘J&M &%&%}cfegbﬁﬁalvﬁg' 3'())rCQSQ vsrttt h the rf)rovr so that
when p i sall&noi@mele@ff rrlafe &mdmﬁ&mlsomﬁliq‘leme)nbe ¢mmimeétaﬁwll app cgmbination of one

phar maceut i cal | cept al fenel ke 10t her
embodi ment §1°% ﬁgal?gamlgeun%l bﬁaeg%va{%hsot?lr uc%ﬁg% atﬂﬁ?(%lﬂa{o(ﬁo T(We iM 8?2146](1 %lﬁﬁv\here ein R
is net hyIm@foeﬁhﬁtydmm&gThesathdp}mgelns prefargtihyamirmphdRgl. éihhﬁnRecmmigl@m’e ef e t h

the atons_ to which e are attached for

cont ai ni rig<aBAEmHeErd 4L QPB}?WIOIQS F‘gplﬁyy/%lr%]g8°r‘rrnbma%8g?sn&§{e%gg%%maﬂoqan%pg
phar rracetwlupﬁ-bﬂnmopmeptralb |aﬁloﬁr&|oif tieralilayslamine ot hremepifenol[cO/PEFenfwillgaeratier ei n,
the term"al kyl" neans s &Jchar neg and br nched h ril car n{cggplé

cont ai ni i 6 2o DO%: BRHRHRARY S RILADUR SPBRIOT Pisfesdiy JORubR Ry
and straight: £hab) vai: Dhaede drdi:any Ifroanabdatid Bbyegn cips. 493 e vtreeglm In the

"cycloal kyl" is defined as a cyclic drocarbon roug gr arnrrg
i ndi cat ecFopepsiated (fanE’éf’rUl%rfh%ltaHﬁ%"la‘Emﬁy aminoppangh CoRpANeNte Wil| SERARNY, Compﬂse

cycl ohexyy,@ad (Cabphions, fbtra/férabl&QQc?&]thB%b&@ um, allftﬁlhere@@ef@rhmb&ult 3 51Te At

nmonocyclic, bicyclic, and, tric i c cycl oal g)é groups contaj ni n? one or
more het ebatihrevese mert e@fﬁffabi}‘na Wé HBVapbi Hisiens t andginothe odiiiRdn TeaRY 19 di§en,
and St f Yok ddient L a8l TG e hERGRARY ChAble! S008I, G
contain an 0x0 tt ac &d 1o thé rin nlimtin exarrEIens of

het er ocydd. Bj’altkylboug ﬂ(&&fqosrrerf@mlﬂ]ad@ut BV tarabowidk4 %, anil tese prsferablgabnb 3% e,

2- pyrazol yrazolidine , erazine, a pyrroline, 2H pyran,
4H pyr an, d%rﬂ‘ﬁ Iv?nnlemretpherr%eor% lg lrmrlrlgbh%’%gwe hge 1,4-dithiane, and 1, 4-

di oxane. [0 AVhikhanytseitablé hetad thebator” dmipognxhi’nayrbaﬁslpfovﬂbaa the mdiwl shelater

chl orine, and i odi 0028 T term "hal o p
subst i t ut WERRAEH, © tﬁ'@ CBL’p?r%tr‘ g inventiqn, a? toong u eg{lr%P %gtﬁ?l:&xer tgrhtqy
fluoro, chhekny heloed 1RG0, ICB’-C)QM@)taIﬂ&hamllﬂS tthtearaeafc Siidri [(@yDFA), N-

"hal ocycl oal kyl" is defi a_cycl oal kyl gro V] one hal o
subst i tueﬂi@memwg]’l)?’f?@yﬁ‘g?tﬁﬁe RS 31 one or ﬂr%’ %@%F%&ﬁ@ﬁ’%ﬁﬁ%é@ a
gonoclycl I@m@droc?mly&y4:rqu]yarosaymt1oq@hgrampohn@r aé@r@blnys aupioae,y ¢J6idimethyl-

icyclic aroma

rou nyl aor th Unl ess pt her
i ndi cat edl! 4@{1“*%@9@@‘6‘?%@&5‘3‘@&% E@ GHytgg: |°Ell¥{e§6‘¥fi‘ﬂm§lf5§§a??tlﬁ &g, Yﬁ‘%&)
exanpl e, egte{cnoronghérr 1rrrafrem1&9gnraeetaar4cr@u spANC $igetlyNreBrinGahgN 20y | |
hydr oxyal al OX))( koxyal kyl, hal oal 'f am no, al kyl am no,
acyl am noethy-rrnegiiamme@tra@mekwl@@rplrorsmmc) aprid aelﬂaml\ém f @ﬁt}arlen%eww.?ﬁ?a%&jl

gr oups |ncI y n i
3- chl or opH an 3ﬁquﬁ2 ¥Ig¥?ﬁgﬂw&et?f>lﬁé{oﬁm g{'Q ﬂﬁh?o&%thyl%ﬂﬁﬁh&ﬁ&?ﬂ&ﬁ%et ¢
3-trifl uoaoﬁﬂrH{Ein@hemyxbmnﬂmmlmtepmpMEmy Iac;ld,amld Ithyeraxy lethylifl e 3Ql-Diphespheien
"heteroaryl" means a nonocyclic or bicyclic ring system containing one or
two aromatic rings and containing at | east one nitrogen, oxygen, or sulfur
atomin an aromaticring, and which can be unsubstituted or substituted, for
exanple, with one or nore, and in particular one to three, substituents,
| i ke hal o, al kyl, hydroxy, hydroxyal kyl, al koxy, al koxyal kyl, hal oal kyl,
nitro, am no, alkylam no, acylam no, alkylthio, alkylsulfinyl, and
al kyl sul fonyl . Exanpl es of heteroaryl groups include, but are not limted
to, thienyl, furyl, pyridyl, oxazolyl, quinolyl, isoquinolyl, indolyl,
triazolyl, isothiazolyl, isoxazolyl, imdizolyl, benzothiazolyl, pyrazinyl,
pyrimdinyl, thiazonyl, and thiadiazolyl. |0031] The term "al kyl ene" neans
an al kyl group having a substituent. For exanple, the term
CrAaIkernearyI refers to an aIkyI ~group contarnrng one to three carbon

oy N T o o F AT —— M. o o



[ 0035] The term "acyl am no" nmeans R(=O N-, wherein Ris alkyl or aryl.
[0036] The term "al kylthio" neans -SR, wherein Ris alkyl. ]0037] The term
"nitro" meEane10d2457[ 0038] The term "trifluoronet hyl" nmeao3/USE@9/0F®0B9] The
term"trifluoronethoxy" nmeans -OCF 3. [0040] The term "cyano" means -CN.
[0041] The term "al koxyal kyl" means an al kyl group wherein a hydr ogen has
been replac oun, 004 | ' ns an
al kyl %@%@?nl’% eﬁrf r%%bggétlﬁlg eérltsr %p%l&gﬁggﬂl mgérl%{?g%rﬁgﬁ% G %3%3] The
term" aI kaym atnifophysblonieanids fRelS@ EDTMRN endmnst Rréferablly KGyDTA. 0043t 1d@seorteer m

oL S B S LSBT B R T AR
[0047] Th@e &&ﬁlmsnﬂah neefeblyonabat 9.1 5YE@NSout 2ftand madrt premmy fromt abduiwl t h an

-O—I or - group 0048] The terns_ "effecti
"t her apeLﬂWc’altP;ﬂb%‘\‘tf ]e%%’ g ensentrateinfomyjatag 1f r?eé%ﬁ@ﬁtg& c?‘Bpoé‘e%to lound or

conposi ti %%Heralw%%r@e %ﬁif 1% kEitoutavR) l{ﬁ‘éfer@f)ly'fa&ﬁ]t q@mwamta%,mpsfemb@n to
provi de t desiréd result. The exact anount desired or requi red‘aﬁq vary

dependi ngbewt 1-Fé tpabeut clul%r andomps wrricrably @Bbows dsi 6 Bh Wriskh, nf 18 thep

adm ni St r dg%‘ s dilGon thé & leI hYSe mktal bl%la@&tco ?&‘@eﬁﬁwﬂpm&is@ flof gpeci fy an
exact t1ve anmount or "ther apeutl cal ective ampunt” However, an

appr opr i e(Lk%e:f oot 0.2%, prafstatty &balﬁ Oblé‘yd@taéwﬁor‘?e@ sy preeTdty Bemiehat 014¥a 11 i n
the art |nf I ng only routine

exper i men? ?ugﬁqg?%iﬁélg]%s%% ag‘*@ﬁﬁ??ﬁ”%%"éans an entity, e.g.

noi ety, s{ﬂ(bslt] IAmNewta,bledenaaﬁaytmmrlmh;um ﬂmndnegrlambprplapiomden\bhemmpheﬂ%ﬁﬁévmds or
conposi ti.ons..as for.th i or the
ctared punhBue oy B Rl QFlaRy ish B Gk F R PR BRI et B0, L0
onl y r outdafleR exipaependntlat sﬁh@utu{e@@ﬁ&isuﬂ'dnmtetdeaikyﬂ gmdpmmfemﬁy alkyMdfdrerub éd t o

descri be the dosage.of conpound or co SItIO e or
mul ti pl e ‘Fo¥WnYe {e#@beyahﬁdﬂgﬁné’?or%%rﬁ%l?gﬂ i Bt aerB(g‘E]méfa%lyvji é\}nggﬁegﬁé
within a s'ubﬁt/) Iameu%giat ﬁfmno@.ﬁuﬂ/\/lﬂhdiﬁda @dﬂ:aaﬁyl:milhomﬂim hiluroeitie, ﬂemaprrdpymgmnnmt
agents can be used t erapeutlc in ect to.treat a conditi or
di sease, Borige ddiprdHvieRE@EM ﬁquge éﬂ@nﬁrﬁgﬁkgdmf?gﬁmé’[ﬁmﬁf?@% uogide. i
prophyl ack iiGst e @Jtl%é(a?ﬂf{a 1@ FUbARSRipOient SCHE E&lﬂjjﬁ)@m@ﬁ ofthil inemsien will _
condi tions or s%/rrpt ons associated therewith. [0Q0 Ex vivo" agg out si de
a |iving gentplbcbe p@s@mpnébe EPMROEILPN \ip a@ewwﬁbsﬁlf@m st Q0P daebPH VPtro cel |
cultures and 913%99&13% Bousivg Bqdaxﬁoxfelpwf&am%ﬁbm%&ﬁ %3Pk @Bouft @M humans
or ani rral § h sa es can e obtal ned b thods well known in the art.
Exenpl ar ybybmgmg inctae ccfnlcennmeg Sorplulsgon the Iauld@t pegetralkyBmapnighrarone Hill,
urine, sali t u b 3 RboRsi &%
t her eof . gene ?l}?[ c%n% ex'?ut d%%o gbrozlggﬁt/e réf&%lﬁggo%g?a} 2" ?ﬁ&hunﬂgr ous e
appl i cat i pefablyabdut Dises apeut B, aﬂdnce«pe&rabhmoalllt TT0bp8gighthandtin thmdiluted

"radi osensitizer' ound | st ni nal
in a therSEP iR ‘ﬁ%‘oflgl&et?q SS afm‘ | nglglglgsﬁeug{lﬁee %gﬁn? Fv\llllpégﬁg{apﬁcel |'s
to el ect r@impgRetbs a’b@dtl G.Uﬁ%r’toaibdltd]’lfi"/a 1éfenably efrdnin @bdut @mmrﬁl%fandhmases

treatable el ec net i i 0054 magneti c
radi at i onpr\é\géﬁgyfﬁogbq Clale s E‘E’Fts% %{’%éhlrluh}orﬁ Rf\lfﬁeff@a %06'1 ! H?%d g%ﬁ PhaV| ng
t he wavel o] rrethyd@gent Miodi@Ocdifioténs of (HQRbMpositine o&"&ﬁmnvaﬁbh uﬁiIEQﬁnlaf’allyrbans a

process ereln cell functioning, proliferation, ol |s opped.
[0056] ThiEesRlimtiecarpaTitioniap ABent ofEerm aboy - l(wt@éls 5% PR B St
the art igeduslhn@ 28U4hol Qfefdrly fr@rﬂ absht 1916 ABGub €5oHDyY vdiht.” Ridth@édnedhubioer apy .
[0057] The term "conbination wth when used tQ descri bed adm nistration
of a presbnuletiontsd thsicempesitiso tiredHBerInensnt algerghnbe RIFSHHTAEM fMOWREHEOR hat

t he carba 0 @Bmuslauouwth

or af ter TRAL A RRHrS Rty AN Mot CloRB BRAe el i 100561 "4 use
her ei n, th&%tapdmsost prefeably abour ba%u ygweightt naiainrtenteady tnesetfraulative ey ¢ o
elimnating, reducing, or aneliorating a disease or condition and/or
synptons associated therewith. Al though not precluded, treating a disease
or condition does not require that the disease, condition, or synptons
associated therewith be conpletely elimnated. As used herein, the terns
"treat," "treating," "treatnent," and the |like may include "prophylactic
treatment,” which refers to reducing the probability of redevel oping a

di sease or condition, or of a recurrence of a previously-controlled disease
or condition, in a subject who does not have, but is at risk of or is
susceptible to, redevel oping a disease or condition or a recurrence of the
di sease or condition. The term"treat" and synonyns contenpl ate

adm ni stering a conmpound of the invention to an individual in need of such
treatnent [0059] VVthln the neanlng of the |nvent|on treatnent also

o " oy o,



pi gs, goats, and sheep), and research animals (e.g., rats, mce, goats, and
gui nea pigs). [0061J The present invention is directed, in part, to the

di scover ywohato/@@b&rmaceut i cal conpositions conprising aPCanisamolosdsodnmpound
of general structural fornmulas (I) and (I11) can be used to nodul ate NF-kB
activity, such as NF kB- medi at ed i nmune responses and conditions descri bed
in International tent c / £gisenatdaeh i AgmUni t ed
States, tHEPES rrﬁw“ ° B %%%}rﬁeu%?%ggkpg?%ﬁ 0(2115}32? gbogl 4 %eren)]é:e m[ 0062]
In pr ef erbad Oe]ﬁ?bo:dabmm 3%0fnose refeiably dioe: donpdiltido @f)O‘LEtOrllﬁ&’t ozt piefsrablyl a (1),
Ra is net 1 (CH ), OCH3, or forms a five-nmenbered aliphatic ring
with RL. a%“ Qtlﬁé"%ﬁ’iﬁéﬂh rred enbodi nents, Ris nmethyl, ethyl, NH(CH ), OCH3,
forms a flov&) mapbariekle ahdnpbati Qurfating mrrtshmﬁ@ etlgrlen{e ooxige ahfiny esrnethiderced,

ni trogen contalnln liphatic rin anpt her refer re

o moreRIy B D ST TRy R PhoTRIOBH o Bt Rt o, BiriRb affigan

al i phat i GofbRi@ni¥h ik d¥anink Q&ﬁ§~151tioﬂs SRk afveaidn e M€ prarribsy, thédt 1t crn,admgen or
forms a five-nenbered all@tg icrin n ot her. pref

enbodi rren@rgc spfagtagt H§/cﬁﬂo Hensr Oﬁgea rsglggymtqdnalgjmo; |cogqpﬂ1grd prsé"ft%’r‘? élan-romc
embodi meny, g, .+ Iﬁlélurﬁby @[IP% rhot hﬁ‘ntédJ td Bﬁf’eﬂ@'le%éﬁdbﬁ%ﬁﬁm&ﬁl dIRRL, Setrabiflylese

hydrogen n yet further preferred enbodi men R5 is hydrogen or hydroxy.
In sone ghebland ethylendoddemshitigitedrionals RyREaR Hom bR t%rafrorl L G3EheB aloR,

al i phatic m 1QF FeRb, SORSA RithRg

al i phati cpr%t%pngyxo%h%égztﬁlsfare er?’ rXﬁ od| rrgélltﬁg togR!%&qug%b rggen or forns a
fi ve- mentiryed ahamg A dspecidly prerﬁergpdtacfftﬂﬁmhe@n joniefsufacgt is tentes ofghg s 2 or
3. [0064]f,}|n noq;:ferred enbodi ments of a carbazol e conmpound of structural
formula (PT9% frethyl or ethyl, Ry is hydrogen, nethyl, ethyl, or forms
a five-nmenbered, nitrogedHgont ai ni ngj}gl i phatic ring Irlh RF and R8 or R8

i s hydrogen, R9, R10, R1| R12 , R13 |, and R14|§"re hydrogen In yet further
enbodi nents, p is CHp+—3CH666%], Twr-adgttional ey, bazpl eponpounds usef ul
in the treatnent of a variety of - Il Icondltlﬁdgns and di seases are Exanpl e
26 and Conpound 17b [0066] The pre éh Anvenfion\includes all possible
stereoi soners and geonetric isoner ?Hz tthe dogpounds of structural formula
(I') and (11). The present invention |i ncllude t h) racem ¢ conpounds and
optically active isoners. Wien a coyfffbupd of fuyetural formula (1) or (1)
is desired as a single enantioner, iit can be o¢btained either by resolution
of the final product or by stereospétific synOliiesis fromeither

isonerically pure starting nmaterial or use of a chiral auxiliary .reagent,
for exanplhe, atsleest zne pgniqniq surfactgl FoRRIEEHOL ﬁ%ﬁ%’@??‘&}on 2{%’} presef el 983- 888

(1997). ﬁ%l)&‘lﬁbt@rbfq{us tlﬁ\%mfldnn@ill éUn@rqH%Be p?e@eﬂt i ﬁfer@ﬂip@&ﬁon B arParbdiaE bi NQ
mat eri al be achi eved y any Sul t | e"met hod known in the art

Addi t i onafdny greamr din At @wsu Wi rae fembiy §ivey 2bowf0.- 1% do B9 bR Pre&rsiitt ur al
formula ( I i VBB 0D icS abdti andeshf o

i ncl ude a %m%m{(or{%ar(ﬁ{:b% g?%é ag(lfl @ul}]e coﬁr{)%ﬁaﬁgéfrb 0067t rodraugs of co)trrpounds
of structweigit. ﬁmt’mmbm:er@tra)eddmﬂm(laulo)l oéthsoommﬂoe ﬂ@s@dﬁaﬁspnﬁ Ren-BvEelRef n a
nmet hod of the i &N g

appr oach, CO\R‘}?B?‘%'IE P“r’slggeélc%p% eg&lt dleérnl vat ze %ﬁr%@ag 5? orﬁ%béﬁ?l{séﬁlpgg ﬁ?%?)u
formul ati @olnarhdltO]rO"/adzmlﬂ%sﬁﬂo@é Ipfa:lfh,rabﬂ)hﬁnmr dloend¥d tasabautdriye ind svewanorhas

been succes yed t. ent gye I t he

physi cochfér [vi?%gg?t/‘i PrAH t’taﬁ Hb%’ﬁﬁ%‘&%ﬁ’ "tsesgoednug 1Orl?,una{ %%S? I)erfg b Desi gn

8‘1 Pr odr ug@f?ctarﬁlcswe&m wﬂlTB% preskmin bl ABOrit ch fBm @rehwemmm% toT ieuOt g%m c
emstry of Dr n and Drug Action Pre

chapt er SPTB%@Q§?%OUtI@ tq-phpquly L @ningte %errabl %@é‘t ?(i{%et{? qué%%;?al f%§¢5) ).

[ 0068] B SR abbikel 3% R5@0kt 119920 EwA rrfb@dbr@i@@bl@zlaﬁolﬁ MOYEBy W,

functional groups. The functi onal groups if desired or necessary, can be

nodi fied to provide a prodrug. Suitable prodrugs include, for exanple, acid

derivatives, such as am des and esters. It also isappreciated by those

skilled in the art that N-oxides can be used as a prodrug. [0069J Conpounds

of the invention can exist as salts. Pharmaceutically acceptable salts of

t he conpounds of the invention generally are preferred in the nethods of

the invention. As used herein, the term "pharmaceutically acceptable salts”

refers to salts or zwitterionic forns of the conpounds of structural

formula (1) and (I1). Salts of conmpounds of formula (1) and (I1) can be

prepared during the final isolation and purification of the conpounds or

separately by reacting the conpound with an acid having a suitable cation.

The pharnmaceutically acceptable salts of conpounds of structural formula

(I') and (I1l1) are acid addition salts forned with pharnaceutically

accept abl e acids Exanples of acrds mhlch can be enployed to form
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quaterni zed with nmethyl, ethyl, propyl, and butyl chlorides, brom des, and
i odi des; dinethyl, diethyl, dibutyl, and dianyl sulfates; decyl, lauryl,
nyri styl ,wendiguessyl chl ori des, brom des, and iodi des; &au/useseypsisand
phenet hyl brom des. In light of the foregoing, any reference to conpounds
of the present invention appearing herein is intended to include conpounds

of struct or mul 1) and/or (11).a |]. ] I
accept abl @6@% o %Vg?ci?g)e%g,emolrs G g)o ?ualsﬁjf\kll%raﬂé%ﬁ iorﬁ%og[}‘%?qﬁ'ﬁédtégg% bunds of
st ruct ur ajapfifg Mjed plebent amdhe( hfigroddcaonic ammudiere cop| sui@iee dedoring iapdoé dnayobe

auxiliary ieties that pronote a. beneficia roperty.of the nound in a
net hod ofent%ﬁé[pgaw ¢ %fg“’.mt%ecﬁd'é%l?ﬁ gk ’ﬁ%lu%’aﬁute %g?ltclgmgﬂg I tlo\/%s%)c%&g% ElltH he
conpoundsidPh@ol) gidspiorlsatia TahRickyk, f5iniieadd, hy@aiins) aof momserieside fdudng a
tunmor), enabl e sustained therapeutic concentratiqns of the corrpfhunl s in
target celgp, sugh 138 frystpas. ngleeoRs Hhesraldehyeesy %c"ﬁ%&’?ﬁiﬁi paliegoait PESSt t he

conpoundsy ¢ g/ Qiq hPEYGe tahe pleRBLAP S b fed | A8 @Xor® brefeddbdy Yscpib@f adie The t he
conpounds. Suitable auxiliary noieties include, for exanple, amn ci ds,

ol i gopeptdnwst ofdhe qpbabredudingeagentemgloyedsia theryeady dxusg GRRPOEIORIAD BF5HR4Y e

ant i bodi gg, a0 OHRE! 1SRGk HBE \%dwﬁ?ﬁt', Deflts naRdosRlYl & it Sovpidhaidven

| igands to receptors in target” cells or ti'ssues. Ot her suitable auxiliaries
i ncl ude fravieprefeily Groml abpitd %ntsi abvitedo basad omhe it evaighy af i OFSUEIERINERY/ or
upt ake ofi tﬂpe co Pog‘nd by target cells (see, e.g., Bradley et al., din.
Cancer Re$. e(fﬁ%% 3229). [0071] Conpounds of the present invention are
pot ent i NiODIE]tThe svatef wilFbekiBeserflnthe coopstion dfthsfinventiamin an gmyund agirqm phougr e of

interest for, use i r.ap peci fii.c r & riety of
condi ti on '%E’r O?t%ﬁitgg(?"tqyg%i%?’p =" tgy?ésg%éi%oa%@éd%gﬁgﬁ %Flg%o%&ﬁ%td
i nhi bi ti ofoitHPaky weihtall e adriceantad femtuatige b&thi éoauss thewhter whi genetaliy

provi des effects such a opt.osi nti m cropi al 4. pr.o

ant i vi r al COm¥KEe FAM ai’P?ﬁq%a“WMf §9a? o B"Ff%gycﬁmﬁtago"ﬁgﬁé’f tioca:i)%%&?%’tnhoée

t r eat ment ,,of.ra$ 8/ frdtiSboili FERERIALRSeved HRregepably dBow 78Fdymelight, (@hd insthe (11),
therefore, have utility in the treatment of _a nunber of di ggﬁig};rs ;

di seases, readido sshprmplaien offthjs mypntiprdhs, Wetehei! CBFIPHS“pfrF‘EE abrut 25:AR A3 P
conpound oLt RLiELRG FroBYatidRASIM, Attt SEA% ] &Nre?f’eférbllﬂy @I ONBEELtt abauhi bi t
NF-kB activity or to activate p53. Activation of p53 typically is neasured

usi ng a d¥%se% enryes mopselyraply appnt RVedyesiglitt i ve assay systemis contacted
with a co e k2 R8ERh ARRERRIEAeidbed Withakigidbng
concentra@iegﬂgﬂg?&&sﬁﬁ%ﬁéoﬁ%hgggﬁnnﬁrﬁﬁl ef f ect isr% ob_sgrved, t hrough hi gher
concent r awatenis aagtiodfiadditipaut it togbfiesotratpd foopulatianed fomoabent i} trabayf 12:1
concentratipn , i LMRX I erved. Theoretically, such
assays of P éa%ggﬁsle&?aggﬁ&&ﬁslgg% lgg%]@?%%rﬁg&?¢@é?%?' conpounds can be descri bed
as a si gnoioze] A prefered exqmmgs sf ngpracrdegd demolatian of thistingmtiers wil kaya@bqubrs of

concentration. The curye also thearetically p ' whi ch
t he concePﬁr'iSaY‘faite&rf‘%P'ét%s%fﬁa?[& F%ﬁ?(ﬂ?n&m?’, ;r"ltglrngﬁhs%()la@%%ﬁ? @B%r%qga?lgc\ygﬁﬂo?tﬁ%tﬁ&i s 50%
that of tHe7gufif eEeNreahabreanfridasdbine? pads HRendebbwal4. B ptrisvianyionia t he

assay. This_concentration is defined as the Effective Concen i (50%
or EC50 vaHrfaetantrghessinty-narty ﬁred?aﬂéﬁy I‘:‘@é’%‘t'vgﬁlﬁea ?rgféﬁﬁ%gonﬁgl? r?ge %’éﬁ’%/%%pll 1(g)nal

bi ochem cauiéAGah! 1ol ?eﬁ‘ﬂs s aaiht eGingUesteOlo ¢eakt- Basehass she toncémiagdes.
[0073] Conparisons of the efficacy of activators ,often %&g) ]Qrovi deg wth

r ef er enceforpulsbempierripyides medy ta, wiedilvted fprpulation hayipg akqut EELATs HAFFL APYY ¢ hat

the test gaEMOUAGLSokisiR/REEGRoL2RuR O IOWBLrsELRQ! ichelhGAt sut DAY pane
conmpound IS re potent, than a referenceconpound, Conpounds of the Eresent
a

i nvent i ontegxdlkiarameniuxghiotidel1apowdbld prats SRt gnd about 1.3¢ Baytspanriguie ispytactan

| uci f erase r I i f il L Ofbnedabhiect ed
to a cel BaERdi Bl s et by BRAE e AT RNIHR0R A SR D s

acti vat i oformfilatiessoft hbin atvenstonl v88 Mivte |abower7Baipartse e r’r@-‘rwk,3-§§mﬁ?6‘ﬁnds of
the invention exhibited an EC50 val ue of |ess than about 1.0 nM In other
enbodi ments, the inventive conpounds exhibited | C50 val ues of |ess than
about 0.75 nmM about 0.50 mM about 0.30 mM |ess than about 0.20 mM or

| ess than 0.05 nmM [0074] An especially inportant use of the present
carbazol e conpounds is the treatnent of a cancer, an inflammuation, an

aut oi nmune di sease, a mcrobial, protozoan, or viral infection, a graft vs.
host di sease, a condition associated with H 'V infection, or pre-cancerous
cell s which have acqui red dependence on constitutively active NF-KB.
Various cancers that can be treated in accordance with the present

i nvention include, but are not limted to, renal cell carcinom, sarcons,
prostate cancer, breast cancer, pancreatic cancer, nyelom, nyeloid and

| ynphobl astic | eukem a, neurobl astoma, glioblastoma, and a cancer caused by
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carriers and, optionally, other therapeutic and/or prophylactic
ingredients. The carriers are"acceptable” in the sense of being conpatible
wi t h t he wohero/i4pgredi ents of the fornulati on and not deCetuseéewsshd t he
reci pient thereof. [0078] Fornul ations of the present invention can be

adm nistered in a standard manner for the treatnent of the indicated

di seases,_such_ as oral r Y, r@ﬁz!_m{ . jjagual |y
or via bl?&oélgthgﬁ’ ﬁ?%ta{r% |1(%2)p§1%t g%?t%’l aib]g]?t tr nsgge?%}u?}e??@?g’@%“&? fIlll;!y,ridtg)’r Vi a

i nhal at i @Bowtd. Dparts BEFSRU about de.8 pattubigfinolAKEaS nenlpnic Parfatins vdiereduhe RIS r at i on

i ncludes, but is not limtfed t.o intravenou ynt.raarter|

i ntraperi¥oR ,%Y SRRt aNdgH, 40is icﬁP?eﬁﬁﬂgéﬂldzleedi%lghr gp nggtgﬁ?at%n%e ¢ part of

i ntraart icehdedirate PRrcBitted raldy Goisk Mhratulatibn Grprévtided heeing beouad parpl wasdreabousi ng a
hi gh pressure technique, ||ke PQ/\QERJE t Po | ect, Phar eutjcals,
Plc, Of&I BAG ampnocthanalamiifn od P'i“ongllgsgIza gn %m lfoélPerEé@ i ﬁgujttsne form
of an i MLl@RtethyMdiEdhidh FAY¥EdRasdu0W 11 h@AHP a6d abdie 1 6 ganpoSutymolVassweh! as a
slow controlled i.v. infusion. [0079]  For %E)ai} dm.nistrati cl udi ng

. n, |

buccal adpiinisetactnt, GHieroih e PBFH8EI RAFD Y Cere etalffgefrﬁf'?ﬁrﬁg r%aélﬁlq%t”%e or

| ozenges f{)gﬁﬂmoﬁttﬁéiie iy SROYERERNHou BEREL) pdrQ hedR¥ialPadt, prelbrhily Sscafbib
capsules tor oral admnistration can contain conventional excipients such
as bi ndi mgidagéln@r@ucin@ageewampﬂ»eeqddgq/qolm?adma@se&}lu@éféé@lph?lors%ﬁcsiﬂtw?talﬂed
tragacantd, ,m inlg%gg oBlcefit AL &P the%ad29+ Wob O IMOh HithARE Bkiucihd hdeBl Say bOT
exanpl e, factose. sugar, mcrocrystalline cellulose, maizestarch, calcium
phosphat efprmed goediiyt o ombinimgi thantosnppfionts @f gheplready nagwies formstien inttee
stearic acid, talc ol yet hyl ene ql . silica), disintegrants (for
exanpl e, %B?egfratlogfgerqgﬁe&/o?ytg%ﬁfi%ngosfiﬁgjﬁmg ‘Veol ate), or wetti n%@agents (for
exanpl e, (90| amme ey yd uss ddrfrataeipn caiHte angidyed o dean dopper oteh eesidue EOMH PRSE t O

thods wel | k in the art. [0080] Alt i vel
ot coont | TVEREFOA AU Gkapcrarett MaoarspiFites G TPRNT Titeae ™8 oy

aqueous Qfonfpkikes HrSRAIRS h ORBroekOlratic GilRon etidtateonaler Syvinpsat bastednexpass, for
exanpl e. Moreover, formul ations containin hese .conpounds can_ be. sent ed
as a dry Dobucest af‘lbrpoébﬁt§18iqllﬂ‘labﬁlaWStCWE'wgg’é%“r%?‘avd?%grw%Lﬁ %%rleeelﬁlcgrhclgg e

bef ore usgnnsughyviki 4" AiflsRAGEALA BNe GRS Bits@dtd wherinaht butsakte agidikily es,

for exanpl e suspendi ng agents, such _as sorbitol sgr up,. ”ﬁqthﬁ” %eltl ul ose,

gl ucose/ shigarmesyiragpping dayen prsleraily F8¥Fe #pY FHOFIpg PHEYacng the post pholoresis

hydr Oxyprﬁﬁ%go@%avé&_aﬁdi Wk RsRencGREREIYIGREhyheRtd tiRsSteanil WEinpesi Gl Faliiat e
gel, and hydrogenated edible fats; enulsifying agents, such as | ecithin,

sor bi t an imomtioh &ateesleaningaafiaeliva; limornd deraprisipaiclerts e (ARFH RERIERHT PiiePefte
edible oil, Cu—ﬁﬁaﬁ Rafs c%c%?ge@&&%ﬁgsrtﬁ%fegnat ed coconut oil, oily esters,
propyl ene gl ycol', and ethyl alcohol; and preservatives, such as nethyl or
propyl p-jop2]oRybénringtpeocassctas e lsbuduatsil dit pOOBIpbiSEeAnipe eBeatize tErsrafi€o can

be fornul ated as_ suppositories, e g... Wl j SURPASkt ory
bases, su¥f tﬁ%e‘c%%%ﬂﬁﬁletc FoP pBOtcﬁ%rWﬂgi%’%Eérﬁu%ggy %@ﬁ%ggl&t %ﬁalgflfg;t@ B _
i nhal at i ophotgtgsist alsh,ypsastcheC\pihay iddmdscem sthetfro tmaofleaaingotampiosition Sishensi on,

or enul sion that can be adm.nistere a dr I in .t o f an
aerosol USVAYR a&%ﬁ?}’@?ﬁﬁuﬁﬁ% ?rBWo%SFﬁd?asgé,to §€%L% RS ?eg ik I(I)Flﬁllnf {b&g{%%g‘tt ane or

trichl or ofycuptouRidiRREre phofiabiglat b agheedurand absuanstie nnd forfagpeniol af tiowsf
conprise conventional aqueous or nonaguepus ﬁehiclqﬁ}t?uch asmgxgag&ops,
creams, ofipmibatS0 seotq eheut 1hmm-aeferally aBouldp &eq 1 ¢ B¥hn 'GP rédt ¢at ed
plaster, paLeinspr nenbrane. [0082J) Additionally, conpositions of the
present invention can be formul ated for parenteral adm nistration by

i nj ecti on[0§®3cont i nuous i nf usi on.Exe@Plel ati ons for injection can be in the
form of sug ﬁﬁ'l%!;v&g}sexm?l b e O Rstra e (ﬁ*@dh}%bﬁﬂ&ls'o@ 1184 Inve@ondab@aigioneB] Bl es,
and can contain riulation agents, such as suspending, stabilizjng, and/or
di sper si ngndaldpmersus cAlpesitiensiontsidg, the peepaef thieinvensiea dFamulagians Heli B> Eo%er
formfor constitution wwth a suitable vehicle (e.g., sterile, pyrogen-free
wat er) before use. [0083] A conposition of the present invention also can
be fornul ated as a depot preparation. Such long acting fornul ati ons can be
adm ni stered by inplantation (for exanple, subcutaneously or

intramuscul arly) or by intranuscular injection. Accordingly, the conpounds
of the invention can be fornulated with suitable polyneric or hydrophobic
materials (e.g., an emulsion in an acceptable oil), ion exchange resins, or
as sparingly soluble derivatives (e.g., a sparingly soluble salt). [0084]
The conposition also can be fornulated as a | i posone preparation. The

| i posonme preparation can conprise |iposones which penetrate the cells of
interest or the stratumcorneum and fuse with the cell nenbrane, resulting
in delivery of the contents of the liposone into the cell. Liposones are

-~ 2 — Ny o~ oA a ~ ~ 2 a2



general principles of synthetic organic chem stry to provi de conpounds of
structural formula (I) and (Il). Protecting group-formng reagents are well
known to wenrsove24Ki | led in the art, for exanple, see TPOI/US2@on896es al .,
"Protective Goups in Organic Synthesis, Third Edition,"” John WIley and
Sons, Inc., NY, NY. (1999). These protecting groups are renoved when
necessary a Late ba5| acl i i Ld known
to persor‘;ilg‘?i)lﬁnﬁl?E (’fp §f CH."HfEeSa#‘t éocogpérecm,rg%@{ﬁpq%%ggg%? ﬁ%ttg Ir%ggtata}rl’}l%&f ormul a
(1) and (gtch) Coaluals plemns‘cblcaalmxymammpicl Birgturh earei tﬁorcawvtreingr epavestinbgllyper sons

skilled in the art [0089 In additi ounds (rr)
can be cc?HWé‘F’PB%ie]FHrO(SIWPéP OB ShE YR ]?Off‘t(?(iﬁ%nﬁ%'c?‘fe) d’v ffr Wag%ﬁe%%i lﬁ?&

exanpl e, rgpbaivt ifsiludiiont BUIFSIA, 208 RPM. alheb@afez@tempmewweteedu ﬁml [Einmpsee

anot her swtably substjtuted_ conmpound of fornu g % é ] %Zﬂ?l es of
appr opr i FEessnidsERdI eiraiilo atersn Bevifte rOBﬁndaﬁieéflcﬁ%tp TFHi fle P {igyer

hydroxy By, ssid eRlcfecRNEh (s Stched! H HEmATWADRNhe SUSHRr. aa‘hSrv@fer@boraam! | adi um
catal yst, like palladi umon-carbon), or amno to substityted amn such as

acyl ani ncopirer Suidp lealy Fesidhaen bpdgrmgolsthe M apd Bhgrstistrghes reatyer Fhirp ity

condi t i oqﬁ &@@%@r&gﬂp&ggg&nqulﬁqmyha (1) and (1l1) can be pr epar ed as

i ndi vidual "'stereolsoners as a racemc m xture. |ndividual stereoisoners of

t he corrpounds of t he invention can b@a'?iﬂépar ed fromracemates by resol ution

usi ng et krewe— e at f ' rds into
their conk 'L‘%”t R e ¥ Sl i [ TRRE A R P S R Relon

er epi SOMef 3.1 0 xanple,; usin QRoRe chiral
col um, spech—as ..)r/9 t:%.gf,;1 0.§:$apl' Y l.ii'ca., 0% tsi TP S atu o of safts of

n\Lent Sl ——pan

ST. er eol SOREFS- G 2 OD Q’Blir‘l II.} et :QLO?:?“ ['1 t %)::IITJL €U 11[5 d.bbt)bl t1on

wth SO|VE! = CH\S$ Hezatitoh—f+ Y eV apotasto—o0T n
appropri ate_sol vei8:26GE L &V LT |l BRACE QC. e.tl."c ?SHCI __Cenelr al
pl’ ocedure DOI’ al }ﬂsiﬁ(-;l 0 0&6 C4 39*‘1%70' es [OMQ:!_] Q:él’_t&gl_e | 42‘nc dissoelved or

suspended| En_DVF.| 9PHén, | M@H (3Y%dd) was Died. | Ohk 1B ura W¥as stirred at
room tenpeFat ure [0We3 al 89 od 03B 5- 10 | unt§-11 f|dalh ng @éased__A_chl ori de
hydr ochl of Gde (1.|9%18) Wa86 addiéd, and t/8&7r ealh.ibr Mm%t urlé3was kept lat
50- 60 OC pMer a pemizmd ph.32- 160h (TLC o7t or | bt élient §;186H G ZeThVI
acetate, [I11 for [tdeesepresemce|of the stlax(7i ng| ¢ar Qazivl e; (GAC /MeOH | 9: 1

for the prREUEEIRERSY Yo offEbCoNME A dnli Bgrfvholt U46s Mﬂt&d&j}bhmhredﬂm ieﬁepnatlat If a
precipitate formed, it was filtered off gnd air-drie |tate

formed (TagfEEumper it painpd byiloaking &t ThopissAo0 SSFighine 3P ew‘éégpﬁga cl%xt ract

was dri ed Qyes IMHM}{Q&@[@S&%, mﬁ&(ﬂal he oriRs htdl#@iep@s'ite@ufatei‘lheﬂtdbtmlmmng
chromat ography (silica The yields of  products 2abz%nd 2b

e .
are showthésa VRliss éona@éﬁwa@ﬁ pL%éactrP ds 189Pd HEPTEENEH VaHe 418y PRy
ear bazol gg [ 00821 @nﬁﬁﬂﬂ%@%% aﬂ@ﬁoﬂlmnﬁeﬁbo nhﬁqéﬂi@seemmm gib@ucs@! uti on

was cool d) I'n an ice n Al d \*{ggld M(EPOS’ wer e added The

reaction ummteutably\lm rhdspdsiguescongs pigh wdgreas thgﬂelvﬂtho 1 ReiTRE aGceRtedle A

sanpl e of agtiQn ) RrmAdhelBRipb@dn o Was

decant ed ]:F(]& gsifi ﬁ gcoll,'egcﬁg:e;&#gﬁe%?urﬂ aﬁtgﬂ C}Et!i‘bn I\)blgrm hg regu tlnné)

m xt ure was 1rd'bl|1tuined pevifdrin bagterethan nempositipz efithedinviantiva (Bomulaied Hbeyiagfed wit h
. The xtract was evaporated. The residue was purified first by

chromat ogﬁ”‘é% HE PSS short silica gel colum (CHC /MeOH) to rempve the

ni trobenzpops then, if necessaryExampla23| lica gel colum or by HPLC. The

yi el ds of products 3a and 3b are shown i

L ot D aceTme dilies SaeAmeroau CORntad Pels Spe tpeght BAES A, goRigyed i

di ssol vedgjimph § a0 @b#Baes thdAkatiiny chdnidiyids @ﬂSorAthor(s&#‘ tﬁtsgnve(ﬂttéln rodHF was

added under stirring and cooling with an |§e bat Then1 P\Xé‘ itg‘\%a

mol ) was @tdedTE hsiurertrsprpssermatHion ERles i WP%t igaijRadlingp Fog (Y rm to
room terrpgﬁ@t Wrfodl! Fes?)t | ik d18d ARG el TR afVEEOR eRBrhied] afd cdmpdiable\atox (500
m.) was added 1n s portions under cooling with an ice bath. The cool i ng

bath was etenmteeds reambdtm&abﬁ' Rererabtaied fordprpplaions glshis AMSRHGFPTPATed ihthg o
extracted with CHO 3 (3 x 150 nL). The conbi ned extracts were sequentially
washed with saturated solutions O NaHCO 3 and NaCl, dried with anhydrous Na
SO, and evaporated. The residue was purified by colum chromatography
(silica gel, CHO 3/MeOH) to give 12.5 g (50% of 3,6-diacetyl carbazol e
(4). [0094] For the al kylation of conpound 4, the general procedure for the
al kyl ati on of earbazol es was used. The yields of the products 3c-f are
shown in Table 1. Schene 3 Preparation of bronoal kyl di acetyl carbazol es 5a-c
[ 0095] Di acetyl carbazole 4 was dissolved in DMF, then NaH (3 eq) was added.
The m xture was stirred over a period of 10 min at roomtenperature. A

di bronpal kane (7 eq) was added. The reaction m xture was kept over a period
of 1 h (5a at roomterrperature 5b at 400C; 50 over a perlod of 20 mn at

— o~ e~ ~1 s N o~ T . .




dried with Na2SO . The residue was purified by col um chromat ography
(silica gel, CHO 3/ MeOH). The product was dissolved in a mxture O CH2C 2
and MeOH wolbH@4245m di oxane was added, and the m xture wag/uSe@possbded. The
residue was triturated with Et20 and, if necessary, with ethyl acetate or
acetone. The yields of the products 6a-h are shown in Table 3. Schene 4

[ 0097] Fo C tion of.2, a dure

Schene 1 ‘{Ht%ﬁ%“zl 1¥° he {f]f“a?tﬁ:sde(ﬁea% 3 ct's ' 7a 0g1 r‘%ad% Sgtgo%%?aﬁ%%%b(fﬁégg Scherre
5 3, 6-Bi sa(ﬂ@hd;iéhrn@grmm 08 Ydrruitibh e fthie tidwehdon winet doyripemd badBF es 418) rfpo0a8B] A
sol ution of é A i V-di et hyl am noet hyl carbazole (0.23 g, 0.86 mml) in 2 rnL
of nitrodBA%¥Aé was cooled in an ice bath. AAd3 (0.57 g, 4.3 mml) and
3-chl oropropionyl chloride (0.4 rnL, T4l22mmol) were added. The reaction

m xture was_stirred.overni.ght (1L CNE moni-tori nn\ anrl dily +nA A eous
HO . The pFomimetiolsSuknokct LBedenomitienCOn etchd [ HEOS ef cf‘rc Qas evapor at ed.
The residie was quickly purifSedeby chi ﬁ& 3 ral in a ?hc"aé‘?llca gel
col utm (CHO 3/ MeOH) | 465 give .38 g (914AMInY he

hydr ochl of ddB{200:1) |0 42 6.41 16.97 >800

|, 2,10, 11 {Hetrahydriod 6- N, N- dil @6 hyl anmi 08Byl - 6H-&YiTycl opedBd c, g] carlbazol e-
3,9- di onEB(9) [ 00901.3@onpoundl.g (0. 38]d,050. 79 ndl ) was |dB8&ol ved iln 98%

H2SO4 (3 nl). The reaction m xture was heated to 950C, kept at this

t enper at ypgzpver a period of 2. 5ERarfidle€ nonitoring, CHO ZMeOH, 4:1), and
pour ed i NEQow GR- etckN@tek ®F Bhimulgiofi B hUdi Berd@SpHyehit dddltioned TMAH (25%) diad0O3 and
extracted with CHC 3. The extract vvas %\]/%Eér ated, and t %ﬁ rest@ugt .
waspur i f i @d)-byhesamenpecHraiaE sy FapRYed PR c¥sre SPRIOYEH ST n Pade

product (483 ghowdase sbtm b}qexdngerbfl‘pﬂ?ﬂ-lto #WisHGlor idw dhoxameosascadaednd and
the m xture was evaporated. The residue was suspended in

suspensi Jrighnd3IOre fameyald ratgsTrrs deynengtretey) tfopal EI’P‘%S'EﬂW%enl fhesen aB’r“ﬁcE’éstLS The
suspensi O&Hiﬁgﬁn&ﬁ%lfﬂg%mmo he solid was filtered off to give 0.007 g (2%

of corrpoun as its hydrochl oride. Schene 6
2-Methyl -2 -nitro-1,1"-biphenyl (10a)Ta{>19(3100] 2- Met hyl phenyl boroni ¢ acid

(0.64 g, 4. 7 allu =1 o (! faigmol ) were di ssol ved
in a mxture of Rg %[nt?r%te ?gbﬁ%@%4 ni(%@?ge@b? 1 g, 80 nmol) and
Pd(QAc) (0.018 g, 0.08 3(ﬁdde . The rea tion mxture was flushed

wi th argon, hea :‘d t+—p0RC—keptroyernt-ght this—tenperature, and
filtered through §f"if IT0r, he-—tat gd%_vgs \,"vas%%\ wHh—Me®OH. The filtrate was
evapor at ed, and The reb B&jm was Jggg further—W-thout—pyrification.
4, 4" - Di met hoxy- D2-Ai trok |14V - biph nﬁQrIm( 10h

n

1
acid (3.00 g, 193¢ mm i3§nd 4- chPAP o- 3- tlresiBi sol e (3.69 g, 11.6 mmol)
vere di ssol ved |#8a mi xPdfe of diokdhe (40 1#3%and water (10 nl). K CO3
(5.44 g, 23.2 nu#B) andOP8(PPh3) 47£3.14 g, ®%0mmol ) re added. The
reaction m xture4das heaéd in afgodOto 800C80Rept at this tenperature
overni ght (TLC nonitoring: hexane/ethyl acetate, 4:1), cooled, and filtered
t hrough Gabzdle. The latter was washeglewi th CH G2, and the filtrate was
evapor at efleady e usceitugionasvett pepdrateshd conpriséd 100 @GO} l"tbgéiﬂ G0i 10 4thg

evaporatedto ve 6.0 g 0 |z t hout
puri fi cat M&: 0 %@E@l\fD% %ﬁ%ﬂ%gg%e %1363@&%?@ wﬁ@[ﬂ’gé]&e blb%gl}it 2& %Mﬁedr?lyl s
| Ob- g. Cenghadh 1F 9F 8L € 3D QF oft dagh SV ReBEhFaths Gthtad eldesl (10E02).1AgNadle

bi phenyl 10 was dissolved in (EtOQ P. The reaction m xture % ﬁbw
125- 140 OElectiolgte} pashP- bf 4mg6Y 299 dhenghsBiveg readiugts gd%’ oRginy YEHE) ring:
hexane/ et '?1? gfaﬁﬁl?s’ Wq:rel}unaﬂfj adéolntéhﬁg chht Bn WA @lectrddRe gRESKC tAdbdrab&unvaas
filtered washed wth q_empltateformed t he product
was ext radecmd)dw prel e’:gﬁ&gCIac@"@raw elﬁfﬁ@dEXt The t forpadations pwerat weted diyd cYHe
resi due was, purifi r [ hylauaegtiat e) .
The vyi el dsshog1 nﬁ% fgogbdlu%sf 51%11916 nglrl%ﬁghlg%%ts IQ;%E&‘H%P&J}&%RJ?%PQ ¥

2, 7- Di net mgpn%ﬂheasﬂdazaotkev@mwspHF@r_bGquofmmT@éﬁc‘t| on was carried out in a
vial. The crude bi phenyl 1Ch (6.0 g) was dissolved in P(OEt) 3 (36 nlL). The
vial was flushed with argon. The reaction m xture was heated to 900C, kept
at this tenperature overnight, and cooled. As a result the carbazole
precipitated. Et OZCH O m xture was added. The precipitate was filtered
of f and washed with CH O . The filtrate was evaporated. P(CEt) 3 was added
again, and the mxture was |left for cyclization for 24 h. These operations
were repeated until the precipitate formati on ceased, and TLC indi cated
that the starting bi phenyl disappeared. In total 2.9 g of the carbazol e was
obt ai ned (65% cal cul ated for two steps.) [0104] For the al kyl ation of
conpound 11, the general procedure for the al kylation of carbazol es was
used. The yields of the conpounds 12a-| are shown |n TabI e 1 (0105] For

M T
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y fiﬁw 0}4-Methoxyphenyl bor oni c
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through Celite. The filtrate was evaporated. The residue was dissolved in

CH A and purified in a short silica gel colum (hexane/ethyl acetate) to

gi ve 9.5 woabim4psseduct cont ai ni ng 20% (mass) of bi s(pi mataisatoopsicbdr on.

The product was used for the next step wthout additional purification.

[ 0107] The boronic ester fromthe brom de was prepared in the sane way. If

1 eq of bis(pinacol at o) di boron was u§§ﬂ§4a nore pure product was obtai ned.
—Sot-Afgit = Uihcn);ie\ék]_[i —372] - di oxoborol a

4, 4,5, 5- Tet r amgt-hyH—2f4—(rethygsotrAggttn=1-=

ne (14b X = NME 14~ Br oo 2 Fokential LA teduet B Sne(3-23 g, 14.3
mol ) and bis(pi_naegﬁat o)diboreon—{(4-—+72-g—18—6 Fﬂuly wetre—eissol ved in
di oxane (60 mi)_AcCkd(2°80 g 28 6 mml) and PdtHbht)y 202 0.5 g, 0.7
mml) wer e added. Thg reactti on m xt ure_was hpﬂf"‘lﬁj’ a fl ow-gof argon to

800C, kept at t|his tdperatlure overnight. cooled-6&¥%d filterdd through
Celite. The filltra2@:MHE evVaporated. The residueld.l¥ di ssolved in CH2O 2
and purified in a short silica gel colum (hexane/ethyl acetate) to give
4.2 g of PeRRQEuUekatico Meaioninigl 20 (ivas giffiaft dois(opietdae aloppw )iditizosobnionThe

D oy e berpabes i oiiien e roduce b if e SctiHBns PHE ' HhEEY o

4, 4, 5, 5- Tef samRtRYhticA-C b= 0aRMNe mbcly bre[diffidul2loreduex oo holianeHE 20071)g, 8. 4
mrol ) and o-nitroi odobenzene (2.70 g, 10.9 mmol) were dissolved in a

m xt ure che Ynerdr@COXUinping ApEistiat er (5 nl). K2CO8 (2.30 g, 16.7 mol) and
Pd( PPh 3) 6047(]‘).48 g, 0.4 mml) weggmidded. The reaction mxture was heated
in a rovL of "argon to 800C, kept at this tenperature over a peri gd,of 24 h
(TLC noniAom sxgmplee dlrezbitityipf clgening fosmulations of gy ryentiog fanERest B4 9 Hr ough
Celite. The filtrat e of TE i BSHEANIRS ol Beel V@idNaferRCl 2.
An undi s<6 q}ela %@%eﬁp‘%‘@%ﬁe&aﬂ&@hﬁlﬁ?& ed _cl)ff. 1%e cfi trate m@gpgrtﬁﬁzl y
evapor at eshplaed with€ updhatidatasvas nperpéldtesdici strugtursh wes denonseaedyy subicting
(hexane/ethyl a t ive 2.5 0. LR REePnot he
broduct . EHEpRR ROl SRR GaLS SediiTs SHBLR BlratkEh, GRTBAUR R T 2
R=0OMe) [ Qb@inird, e bptndlatdiingtaayit; (2) ¢ ferimbiain (f8)|of yiij inventRpZpnidiniedhor ol ane

(1.20 g, 4.6 mmmo| ). and -nitroliodobenzene (Q.87,q,,4.6 | e disgsol ved
in a m xtWHenA FeErgg A58 Tfj{ ﬁh)asaﬁa%rf’%‘fe ‘?%'%f%l_)g.m&z] LF%O%LIP%&S{' 333 nmol )
and Pd( PRieagind 16k Rdcetht 28° 2 formippriviesfe? adaled. affEhe/hichatb¢ CoW ettt tate waks
heated in a flow of argon to 800C, ke at .this,te ture over period
of 24 h (@Leenws%iﬁhsf?rﬁ’g‘!atlﬂ%%%%’ioH?/‘Fg38’6’?‘3%‘6’}1%&‘1?-?? Uogagiamiie, o7 AL o
through Gelpig.0.0Ne TMAR atie Wask,/6P 8irdsol”TheR kesindtrevmas Firsabtived in
CH d . An undissolved precipitate was filtered off ‘}}ge fi I_trlate was

parti al | ySBsFaporatiosdbA 38 Thesqrudadd adeed Beretor i B $oVE LHOIFUE YR A el

col um ( o AL HeLdifit) PN relindfy Gpedl oA fRIhOIAHGIHIICOSWRI oihitg. PPh30.
The prodnigﬁg‘pms/gé c{i/%‘:“fnzeﬁ %et héu addi {i?)na gpuri fication._ Bi phenzl 11550 (X=
NMVe, R=H)Fdr@giatdn SA inhibited the metal cap (CoWPO etch rate compared to the dHF control and the

4,4,5,5-Tetr ~[4-(2- I S04 i 3 I redi oxobor ol a
e (2, 43 e g e R A 8 B X el v 6
di ssolved in a mxture of dioxane (30a2biep and water (6 nl). K2CO8 (2.50 g,
18.1 nmmol ) and Pd(pPPh—334 A0 51— —04mot) ' Ided—The reaction

m xture was heated|in a ;P%ﬂp%ﬁogrgon tlo 806%ﬁﬁE§%§P§%8this t enper at ur e
over a period of 24 h (TLC nonitoring: lhexane/ eAhyin acetate] 4:1), cool ed,
and filtered throughCelite—The filtrate—was—evaporated—rthe resi due was
di ssol ved in CH2A P. An undi*sol ved precipitate was filtered off. The
filtrate was parti al' Ty evapgmted, and [the produgp was purified in a short
silica gel colum [hexane/ethyl acetatg) to give 2 3 g ofalproduct
contai ni ng PPh30. [The prod@erttalas cyclijzed withod® additional purification
Bi phenyl 15d (X= Nve;—R=OvE) 10112}

4,4,5, 5-Tetranmet hyl -2-[4-(2-nethylisoindolin-I-one)-yl]-[I,3,2]-di oxoborola
ne (0.97 g, 3.6 mol) and 4-chloro-3-nitroanisole (0.67 g, 3.6 nmol) were
di ssolved in a mxture of dioxane (10 nL) and water (2 nL). K2CO3 (0.98 g,
7.2 mmol ) and Pd(PPh 3)4 (0.21 g, 0.2 mmol) were added. The reaction

m xture was heated in a flow of argon to 800C, kept at this tenperature
over a period of 24 h (TLC nonitoring: hexane/ethyl acetate, 4:1), cool ed,
and filtered through Celite. The filtrate was evaporated. The residue was
di ssolved in CH O . An undissolved precipitate was filtered off. The
filtrate was partially evaporated, and the product was purified in a short
silica gel colum (hexane/ethyl acetate) to give 0.76 g of a product
cont ai ni ng PPh30. The product was cyclized w thout additional

purification. Carbazole 16a (X=CH 2, R=H) [0113] The reaction was carried
out in a vial. 4-(2-N rophenyl)indanone-1 (2.54 g, 10.0 mmmol) was di ssol ved

7 N B .




washed with CH 2. The filtrate was evaporated. P(CEt) ( 1 nL) was added
again, and the mxture was left for eyclization for 24 h. These operations
wer e repesibedivmeis the precipitate fornati on ceased, amrdT/IS@0v064605t ed
that the starting bi phenyl disappeared. In total 0.39 g of the carbazole
was obt ai ned. Carbazole 16c (X=NMe, R=H) [0115] The reaction was carried

ol ) wad P S gie ERRE e ey PR B SRR R e e

reacti on ambotlimeatswasredfeatvall be apR0O8ed Kepthaagest hiodificativpend tvarigiosy eambyht |

and cool ed., As..a result the carbazol reci-pit. . . The
preci pit dfl%devb?ﬁléhqfl{ ??péll:t’élé om 8‘5@“&5&%5%1%0{ %‘edﬁfé%ﬂ&? %& tﬁ1%’¥?o§gc?g9§1,gé
evapor at eglecofidght, )it i Ontbnddll Yo wabracdsdbshchghinges, andifichonnandt varietiona shat éflt  f or
eyclization for 24 h. The operatjions were repeated until precipitate

for mat i on"itiihe sRfrit d“*f@fﬁﬁéﬁﬁﬁ %%%Fﬁét the starting bi phenyl disappear ed.
In total 0.4 g of the carbazol e was obtai ned. Carbazole 16d (X=Nve, R=0w)
[0116] The reaction was carried out in a vial.

4- (4- Met hoxy- 2-ni trophenyl )-2- nethylisoinolin-1-one (0.76 g, 2.6 mml) was
di ssolved in P(CEt)3 (6 nL). The vial was flushed with argon. The reaction
m xture was heated to 900C, kept at this tenperatureoverni ght, and cool ed.
As a result the carbazole precipitated. CH2Cl 2 was added. The precipitate
was filtered off and washed with CH C . The filtrate was evaporated. P(CEt)
(0.5 nL) was added again, and the m xture was left for cyclization for 24
h. These operations were repeated until precipitate formation ceased, and
TLC indicated that the starting bi phenyl disappeared. In total, 0.34 g of

t he carbazol e was obtained. [0117] For the al kylation of 16, the general
procedure for the al kylation of carbazoles was used. The yields of the
products 17a-f are shown in Table 1. [0118] For the acylation of 17, a
procedure simlar to that described for Scheme 1 was used. The yields of

t he products 18a-d are shown in Table 2. Schenme 8 General procedure for

di nret hyl ation. [0119] A net hoxy conpound was dissolved in CH O . The
solution was cooled to -40 OC. A 0.5Msolution OBBr3 in DCM (4 eq, for one
met hoxy group) was added in a flow of argon. After 10 mn the cooling bath
was renoved. The reaction m xture was heated to roomtenperature, kept over
a period of 1 h (TLC nonitoring, CHO /MeOH, 4:1), and poured into a

m xture of aqueous NaHCO3 and CH2CI . The organic | ayer was separated, and
t he agueous one was extracted once nore with CH O 2. The conbi ned extracts
were dried with Na SO4 and evaporated. The product was purified by colum
chromat ography (CHC 3/ MeCH). The yields of the products 19a-h are shown in
Tabl e 6. Schenme 9 2- Hydr oxy-9-N, N-di et hyl am noet hykar bazol e (20) [0120J

2- Met hoxy-9- N, N-di et hyl am noet hyl car bazol e 12g was di ssolved in CH2O (10
m.). The solution was cooled to 4 00C. A 0.5M solution OBBr3 DCM (6 L,
3.00 mmol ) was added in a flow of argon. As a result an orange suspension
formed. The reaction m xture was heated to roomtenperature, kept over a
period of 1.5 h, and poured into a m xture of aqueous NaHCO and CH C . The
organi c | ayer was separated, and the aqueous | ayer was extracted once nore
with CH 2. The conbined extracts were dried with Na2SO and evapor at ed.
The product was purified by columm chromat ography (CHC 3/ MeOH) to give
0.176 g (929 of the product. 2-Acetoxy-9-N, N-di et hyl am noet hykar bazol e
(21) [0121] A solution of conmpound 20 (0.176 g, 0.62 nmml) in Ac20 (2 nl)
was refluxed over a period of 30 mn and poured into water. The resulting
m xture was neutralized with NaHCO3 and extracted ethyl acetate. The
extract was evaporated to give 0.16 g (79% of the product.

3- Acetyl - 2- hydr oxy-9- N, N-di et hyl am net hyl car baEol e (22) [0122] Conpound 21
(0. 16 g, 0.49 mvol) was dissolved in PANO2 (2 nL), and AIC3 (0. 1 g, 0.75
nmol ) was added. The reaction m xture was heated in an oil bath to 1000C,
kept at this tenperature over a period of 2 h, diluted with water,
neutralized with Na2CO3, and extracted with HC 3. The extract was
evaporated. The residue was purified by chromatography in a short silica
gel colum (CHCO 3/ MeOH) to give 0.044 g (28% of conpound 22. Table I.

Al kyl ation of carbazol esAQUEQUS ACI DI C FORMULATI ONS FOR COPPER OXI DE ETCH
RESI DUE REMOVAL AND PREVENTI ON OF COPPER ELECTRODEPCSI TI ON FI ELD OF THE

| NVENTI ON [ 0001] This invention relates to a mcroel ectronic cleaning
conposition suitable for renoving copper oxide etch residue and for
prevention of copper el ectrodeposition and a process of cleaning

m croel ectroni c substrates using such conpositions. The conposition and
process are particularly useful for cleaning post photoresist ash, post

T I ~ IR T 1 o 1 a N A NN IR ™ ==~ =w=g g



need for smaller and smaller geonetries to neet the need for increased
speed and integration density these alum nunisilicon dioxide interconnect
syst ens hwoeotveamsshown to be i nadequat e. Consequent|y, PCOAS00906%%D3
damascene structures with lowk dielectrics have been devel oped and are
replacing the alum num silicon dioxide interconnects. [0003] However, these
Cu-dual danmascene interconnect structures have presented a whol e new set of
par amet er'SY8Kd probl ens for BEOL cleaning steps. For exanple, when

enpl oyi ng.a vemny #ubdike e egetmingE dapediaci B Cclealing | Ondtd punduee a
post-etch Cu-dual damascene structure on a silicon supstrate, any CuOx and
Cu(OH) 2 fiiFseglegfroniGaugRIEes, tBHCOOSIEDn FURRISHE fﬂﬁ“&&é‘ﬁ’{}& in the acidic
fluoride enViEﬁnngﬂ&n%ﬂﬂn%§H§%969&MP@&@@£G@mﬁﬂbuntS of copper (Cu2+) ions
in the solution according the foll ow ng equation, (OH) Cu2+ + 2 F

Cu 2 + 2
+ 2H20 As a r é®ul t froh dophes %y ingbau hdysveighit of &, leéﬁlté@ﬁﬁu@égﬁwlﬁoﬁ’hect ed
t hrough a P-N junc&hﬁpmkﬂgricated in the silicon substrate, there can occur
signi fi cant undesirable redeposition (also called copper extrusion) where
the copper vi &9 ar &owahedtlsdtorabout B8 oflae kepyt one MptehehRIaHRHEEN% egi ons by an
el ectrochem c re [ (Yol R ' LA reacti on
equation.Cu2+%b 2 %ﬁ% ﬁ@ﬁ%igﬁﬁggﬁﬁﬁ}%ﬁﬂ%%%#%#gﬂé%k&@§%%§?&?§ﬁﬁ?gﬁﬁp
undesi rabl e aki§) r efumtaboit. I%atogbow Sppeihyfiimgeruflesidezad ext end out fromthe

specific vias ich would_result in defects i Ic i ng
steps. It is éﬁgo 8%5@%&%3”?h§?a%5Q@@d@%oéi?&%ﬁl§%1?nggﬁgppﬁag% ggﬁiases
wher e hi ghly char gaegfieahtbsieostdint atesnasddetnms edethplend @add/slgylgsl gitcobns
where Cu2+ is present as a result of the cleaning process [0004] It is
therefore highly d€¥Babl e to be able to provi de an acidi c conpositions for
use i N COPRSdin MipdReRhh afe@BMIA beradnelbasb@6:21ho tdidl ateigho ofias fdrinokatigr sdei s or
substantially elimnates copper redeposition on a Cu-dual danmascene

ni cr oel ecPwATEonsgs gPFRTdon] SoBs) ORWPPH Sthe advent of the use of copper

i nterconnects passivation of such interconnect has al so changed. Instead of
passivating the copper with dielectrics such as with SiN o i

. : rSi
di el ectriks arh ameiuegsidigcleaingcanprsitiont slabh | SPRPBYNEA AP YaH Fat i on, the
i ndustry has %gunf 0 BYQ 4 46DAS o dik P58 B t h the use of self-aligned
nmetal caps th produce 1 nproved el ectromagnetic and stress |ifetinmes by
the use of, fdb) exéwpl ebaBb\AP% retadbutc 8pbngvaislyerfsatf spstrae dipigmine or
I nterconnects. kbmg%g& héﬁris inportant that the durability of the capping
| ayer be maintaine uring’etch and stripping processes. Therefore, in a
further enbodi(gent fiofm dbet 196 @sboit 2Pnefen teagng mejabchglating 28she t hat the acidic

conposition for, use in.th r OXig t s or
substantialIy%gqin%ﬂgvggmgﬁggggingg%%gf%ﬂ%%t%ﬁqg%%%y%ﬁgﬁnﬁgﬁggﬁéﬁe
m croel ectroni(g) St featbber 18h aubbet sabdfhytimgemflutrderenthe durability of the

t al [ I dur | tch i PRI - SU HE
RVENTI N [ 0008 | Ay Hamcbou oo B IR PR BT prara Ly

hi ghly aqueous aci dbfaift @RYIERDxERIRASS drictiylche bxid@ppgeneptycdectainsh rermoval
from Cu-dual danmscene m croel ectronic structures and wherein that

conposition prevents or substantially elimnates copper redeposition on the
Cudual dafrascefe, fHGlsORi BELIESM CosipbiEdibrRlaint NQomPMERE 4 Pmalkten ¢ft OVi des a
process for cleaning copper etch residue froma post photoresist ash, post
etch Cu-dual dahasdemeabaiictocilieieapeni?8-23trRTur e wherein the process
conprises (1) (B{)Ov'fx%hpgbcﬁlt W% 95 a6k P GySbibGOsT SUBAE b AATARIBAYI ng. at
| east one post” photoresi st asﬁ, post etch”Cu-dual damascene structure
havi ng a via structamirepeémettrically connected with a N+ diffusion region of
the silicon s trate and e i j sh, post etch
Cu- dual danasggie C@}%@Fg% f&%?@8§¥?%€ %ﬁgg?g&?ﬁgﬁgﬁggﬁkﬁgmgb osition of
this inventiondfor flncibean).oys ef foecttd. 1686 vf aricasmde tetglyl ammpriumdlueridein

t hepost phot oresi st ash, post etch Cu-dual danmascene m croel ectronic
structure. In a further aspect of this invention there is provided a highly
aqueous aci dic cleaning conposition for copper oxide etch renoval from

Cu- dual damascene microel ectronic structures having netal capping |ayers
wherein that conposition not only prevents or substantially elimnates
copper redeposition on the Cu-dual damascene microel ectronic structure
during the cleaning step but also prevents or substantially elimnates
etching of the netal capping layer (such as a CoWP netal capping |ayer)
during the cleaning process when such netal capping |ayers are present in
the m croelectronic structure. [0007] The cl eani ng conposition of this

i nvention conprises a fornulation having a pH of from about 4.3 to about
5.5 and conprising, consisting essentially of, or consisting of the

o o v o, o, o . R o,



nonoet hanol am ne, 1, 2-cycl ohexanedi am ne tetraacetic acid (CyDTA) chel ator,
t et ranet hyl ammoni um fl uori de, HF, a pol yoxyet hyl ene substituted al kynol

sur f act arwoQBuvd4g450l (t ) 465), and a reduci ng agent, preCenshéog/oamodr bic
acid to protect the nmetal capping |ayer. [0008] The cl eaning conposition

wi |l be exposed to or brought into contact with the post etch Cu-dual
damascene m crgel bk plf 05b BabH SHbf 3MbesH iRk Gk e and at any
suitabl e tenperature for effectively cle nlﬁg the structure of post etch

resi due withod angndsomgiondllychiern seappdrand)ede powe s of anleat ©0¢ PPHEPNBN t he
structure. DETALLS. (ol AR RERR LR ML CTns B Eind RNy A GRkoiT e

hi ghl y agqueous aci dic Cleaning conposition of this inventions r copper
oxi de etch residuechagoval from Cu-dual damascene m croel ectronic
structures w thout significant copper redeposition on the Cu-dual danmascene

m croel ectronic structure. The process for cleaning copper etch residue
froma pogt photfoeskSdeidastleanpsdonpbaiionGif-othial 3 whereis clendeaningreompesitianoni ¢
structure in accordance with this jnveptiaon.is a process.wherei

process cYAPR la,@oml)lsebﬁavfuaﬁna@geé}t s BamSReargnne BoPRRab AOBaBEH VAV R e
havi ng atabh@3®t Weei@e Hhsel BAHRESEI Wwdigta Shihe RSt copipdherflindiaformidsacene
structure having a via structure electrically connected to with a N+

di ffusion region of the silicon substrate and optionally having netal

cappi ng, and (s3) .§xB0S| RO cieAMHzachRBitboRCoPRBImPNOkREEA! Gk ASMulap@st etch
Cu- dual damascene m croel ectroni ¢ structure to the cleaning conposition of
thi's i nvewotriposest orwaicle| emenerihasplrmine; v el 2vaohgngnediaming: atieifaacstls clredn t he
post phot j - . ef 5 darasasandm croel ectronic structure
[ 0010] Tﬂg&%§%§%Wﬁg&%%ﬁg%é?§?g§a§¥agﬁﬁﬁminventionlggnprises a formul ation
having a pH of from aboifpH 4.3 tocabout pH 5.5 andcggs a fornul ation
conpri sing, consisting ebsentially of , or coﬁgﬁsting|o the foll ow ng
conponents: wat er Cit—tdddt—olH, al-kand-ani-re-(Or @m-hophegrl, at |east one
netal chel ating agent, at |east on 'tetraalkxiannnniunlfluoride, HF, and
optionally, but preferably, at |lea ? a on-ifoni c\surfactant that contains
et hyl ene oxi de chai ns or ethyl ene Hglel et hyl@ie gl ycol chains. In a
further enbodi ment of this inventi t he cl ahi nd conposition conprises a
fornul ati on having a pH of from abgtut: 4. %ﬁ% out pH 5.5 and is a
formul ati on conpri sing, consisting ssentialkgﬂo , or consisting of the
foll owi ng conponents: water, at |ed3tl one al ol am ne or am nophenol, at

| east one netal chelating agent, at |east one tetraal kyl anmoni um fl uori de,
HF, a reducing agent, and optionally, but preferably, at |east a nonionic
surfactant that contains ethylene oxide chains or ethylene oxide/ethyl ene
gl ycol chains. [001 1] The cl eaning conpositjion of this invention wll have
the fol | dwi ng ARhBawROYS. ofcidineclpasifisi CRBPRAHIOBORE HEM| A YRS My FEMIGHO™ £ r om
about 68. 4% t.0..abo 8. 9h2 Laht [ ahowd  Oed%rdir abeut 8% by
wei ght alég%%gghinghgg a%?#%g%gﬁgkggfrgﬁ?g %ﬂ%&%gﬁ to about 2% by meight

met al  chetewanathyldmoeniab dueride, B5%d & sufeiaat of tevfpmyulei ght t et raal kyl anmoni um
fluoride, fromabout 0.3&;% to about 5% by weight HF, and, when present in
t he conposition, fromgr ater than §86to aboutH;15% ferably about 0.5%
to about 15 % by Fght Syrfactant phased gn the totall weight of the
formul ati on. Additiohal |y theegFéaﬁ]ﬁagﬁﬁ poy TToH M S8 from about 0.5%
to 20% of at |east one reducing aggdt, pased @n the total weight of the

ot hercomponents in the formnul ation 'ghe a rqgﬁcing agent is to be part of
the formul ation the reduci ng agent |f$2pfesent;in |the conmposition inits
ready to use (not concentrated) fo | perCEntiages nentioned in this
application are wei ght percent bas b he \t talnmeight of the formul ation
of the cl eaning conposition unless bﬂdicated herw se. [0012] The at | east
one al kanol am ne or am nophenol conponent may De any suitabl e al kanol am ne
or am nophenol. The al kanolanm ne is generally selected from al kanol am nes
of from2 to about 10O carbon atons, preferably having 2 to 6 carbon atons,
nore preferably having from2 to 4 carbon atons, and nost preferably having
2 carbon atonms. Mre than one al kanol am ne or nore than one am nophenol s
may be enployed as well as a conbi nation of one or nore al kanol am ne
conbined with one or nore am nophenols. The preferred al kanolam ne is
nonoet hanol at ni ne. The am nophenol is preferably 4-am nophenol. Wen a
conmbi nati on of an al kanol am ne and an am nophenol is enpl oyed the

conbi nation is preferably nonoet hanol am ne with 4-am nophenol. The anount
of the al kanol am ne or am nophenol conponent will generally be from about 0
3% to about 8% by wei ght of the conposition, preferably fromabout 0.3%to
about 4 % by weight, and nore preferably from about 0.35%to about 4% by

" T T ., r I T I D T A I T 1



and am nophosphoni ¢ acids such as EDTMP, and nost preferably CyDTA. The at
| east one netal chelator conponent will generally conprise fromabout 0.1%
t o about W&2bw/oaeisght of the conposition, preferably frecraisoew/ os6ds% to
about 2% and nore preferably fromabout 0.17% to about 1.9% In the
concentrated formul ati on the netal chelator conponent wll generally

conpri se about 1% to about 2% preferably about 1.5%to about 2% nore
preferably about 1.7%to about 1.9% and nost preferably about 1.87% by

wei ght, and i mid heuddbd, usedlc r dastyngt comis@itfoar ofilchimoh wheciat theefismulonen et al

chel ator conponent will conprise fromabqut Q. 1%.to0. about, 0.2% preferably
about 0. 189 i8ESabolfpieR. 2%0%]%‘3@058%%r ag?';?y‘flﬁgft?ﬁ?“&%ﬁ’f“eo. Togapdicl BE 0 Jo0s
and nost pkehekahModha Mihodel A Oy sveaht 44500% anfofths tirinalal e
tetraal kyl amoni um fl uoride nmay be enpl oyed in the conpositions of this
i nvention. Such suitabl &4%traal kyl &haoni um fdyori de€Hsi I | have the fornula
(R 4N F , where each R iE independerhtly a subgtitut ed or unsubstituted
al kyl group, pref &y ElryrCoi 4+6mA=6—2L —a0d,meie-FHef erably 1 to 6,
even nore preferably 1 to 4, and t referagply 1 carbon atons, such as
t et ramet hyl anmoni um fl uori de, tetraethyla ni um\f | uori de,

rﬁﬁ)ni um fluoride salts,
preferably tetranethyl anmoni um flu ng . ljeast one
t et raaal kyl ammoni um f | uori de conpo e; composition of this invention
wi Il generally be present in the coigositi on | n an anmount of from about
0.05 to about 1.6% preferably fron?dbout 0.08% to about 1% and nore
preferably from about 0.05%to about 0 8% by weight. In the concentrated
formul ation the at | east one tetraal kyl ammoni um conponent will generally
conpri se @boutAadues, atiieitlednitdcongrositien abtlyinabeherel. thésadociapagent he and
nore pr efﬁr ably about 0.5 to abo_Ldt 0.8% and nore preferably about .77% by
wei ght, arRg HAEHE PR EPRAICTBIEd0dt 0 use formul ation the at |east one
t etraal kyl ammoni um fl uori de conponent will generally conprise from about
0.05% to about 0.16% preferably fromabout 0.05 tqQ 0.1% and re ..
preferabl§ fr ok A9BENS0 268, £igariling FEMBOHEYy, Og ”§‘th T’Vhfzﬁ?tneraﬁr g&ﬁ?‘% Y about
0. 07% by é’é@ﬁ;ﬂﬁ&s’: [ 0015] The hydrogen fluoride conponent of the conposition
of this invention will generally be present in the conmposition in an anount
of from about (ﬁ)l%abfl}ﬂé%’ét)r{at%% preferably fromabout 0.1%to about 2%
more preferabl yif r ama8Q4d, ook Baftiithe;l- 5% by weight. In the concentrated
fornul ati on of "t'he conposition the HF conmponent w || generally be present
in an anount ofc) r ehmdbdUte Uk tcdrhatroedianey teyeagele ey from about 1 to 2%
nore preferably.fr & 19 - 0 d nost preferably about 1.2%
by wei ght, andYriDn t%%&lregzgfﬁt{%;cghe génrlrgjrpg%{?lgdr%’the HFconmponent wi Il be
present in an #&jyounbowf.2feBRmabout 0 1% to about 0.5% preferably from

about 0.1%to apout, 0. 2%, nor mef er ab r 0.1%to about 0.15%
nore preferabl §8ab3B?Utg‘.{?i°‘g%§m§ei %ﬁ%ur%%ﬁgfmﬁwg& tabl e non-ionic

surfactant containi ngHgt hyl ene ogjfle chains or etpayl ene oxide/ et hyl ene

gl ycol chains may opt|ionally be pnployed sthe af feast one non-ionic
sur f act ant conmge—n%dm—u(%cLea@L@g_:,@me&uéf@znsch@ﬂ;{ s invention. More
preferably the at | east one nonibnic surfdctant” is an ethyl ene oxide
substituted al kynol conpound. Sgitabl e ngry-iopic surfactants include, but
are not limted to polyethylenegiygcol , tficgthylene glycol, tetraethylene
gl ycol and et hyl ene oxi de substjiuted al %ﬁ?l containing fromabout 2 to
about 20 carbon atons, preferab\@Hfrigm a 2 Jyto 15 and nore preferably
fromabout 5 to about 15 carbon atons in jre al kynol chain. An especially
preferred acetylenic non-ionic $3factant g Surfynol (tm 465 of the
followi ng fornmula. The at |east one non-ionic surfactant conponent of the
conposition when present in the conpositions of this invention wll
generally be present in the conposition in an anount of fromgreater than
0% to about 15% preferably fromabout 0.5%to about 15% nore preferably

t et rapr opyl ammoni um fl uori de and t et-Habut yl
' Th
f ot

fromabout 1%to about 15% and still nore preferably fromabout 1.3%to
about 14.3% by weight. In the concentrated fornulation of the conposition
the at | east one non-ionic surfactant conponent will generally be present

in an anount of from about 5% to about 15% preferably from about 10%to
15% nore preferably fromabout 13%to about 15% and even nore preferably
about 14.3% by weight, and in the ready to use fornulation the at |east one

non-ionic surfactant conponent will be present in an anount of from greater
than 0% to about 1.5% preferably about 0.5%to about 1.5, nore preferably
fromabout 1%to about 1.5% still nore preferably fromabout 1.3%to about

1.5% and even nore preferably about 1.3% by weight.[0017] Wien a reducing
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98. 03% and even nore preferably about 98% by wei ght. [0019] The
concentrated formulation of this invention will generally be diluted with
addi ti onavowatoa245m a rati o of additional water to conceotrnst@d/ofwoirul ati on
of fromabout 8:1 to about 12:1, preferably 9:1 to about 11:1, and nore
preferably about 10: 1 [0020] A preferred exanple of a concentrated

formul ati,en of, this jnventio j o abo r t @k, foabQuton3. 85
parts al klghol aAr% Hg%glﬁ%?n%p I%nég?amngbg%@&ftgg gﬁaf%ﬁ‘n %tglﬁer%ﬁeﬁgt {)orﬁ, about 0.77
parts tetoomatibogl anmoni um fl uoride, about 1.2 parts HF and about 14.3 parts
non-ioni c surfact aq% W%gri he parts are parts by weight. Such a
preferred coné nt r 41%€ PRHtion is diluted with 10 parts by wei ght
addi tional wati@r taboht @35% nivyoskdinghitnigf t he concentrated fornulation to

provide a ready to use. dilyted fornul ati.on havin out 98 parts water,
about 0. 35 pa%s a?'??é’h%?@&%?é?@ﬁﬁ%ﬁ?@%ﬁteg agﬁtfcqaﬁ%% parts netal chel ator,
about 0.07 pards t ghoue@bioykammmiylamnionties flekeide;about 0. 11 parts HF and about
1.30 parts non-ionic surfactant, wherein the parts are parts by weight of
the total for kil at PR O-N%BEemd ¢ preferred concentrate formulation of this
i nvention willphave,@abped, SteyRaPt s6nattedant ab@eforduB5 par t smonoet hanol ami ne,
about 1.87 parts CyDTA, about 0.77 parts tetranmethyl ani nonium fluori de,
about 1.2 parts HF and about 14.3 parts Surfynol (tm) 465 non-ionic
surfactant, whereinGthe parts ach;parts wei ghtyg, When this concentrate is
diluted with 10 partls wat er per|part of centrdte a preferred ready to
use forml ati édhi-s—itbvi-dadh -havlAg-HOu-(98 qry-t SHwatky , about 0. 35 parts
nmonoet hanol ani ne, about 0.17 pakts CyDTA/ about 0.07 parts

t et r amet hyl anmoni um f | uori de, out} 0.1 pakts HF and about 1.3 parts
Surfynol (tm) 465 noni oni c surf@gtant, éitein the parts are parts by
weight. In the afore-nentioned|ready to lse flormul ation there may al so be

reduci ng agent may be added to ready tol use diluted formul ation once it
is obtained fromdiluting of a@dncentrat@ or the ready to use formul ation
with the reduci ng agent nmay be fornmed directly by conbining the conponents
of the ready to use fornulation in the concentrations required by the ready
to use fofymul gl %Hueo[lgogcldi ThE gAY cRitdS8 Eoff ORI Bt @Bref@ed GoriRtioyed to
cl ean coppér etch’'residue ?r_oma post” photoresist ash, Eost etch Cu-dual
damas cenexdditondbl @oipriessi ascarbic peidumenyimequast pf shgat ¥ B weighchispt P& & 1BRbvi di ng
a mcroel ectroni,c silico - havi ng at | east one post

phot or esi“s’?lglgsoﬁ,hleﬁ § coentlpc%ﬁg%ggﬁfﬁgfo%%@éene structure having a via
structure electrically connected wwth a N+ diffusion region of the silicon

substrate, whergein the substrate optiaonally i .
pr ef er abl {#- CoPPT&F ef%&‘i”&%“&i”ﬁgc B¢ %htr%[%riule nfrgor}‘?% & g%g% {)%%)eﬁlgf%geg{%é '% fﬂgg‘ﬁ post
et ch Cu- dual daakRase aneodidboie seadiironiierst theptacess comptisee cl eani ng

conposition of this invention for a.cl.eaning effective ti n e rature
to clean the p®st B%fdﬁ?gegil’%‘fma@ﬁfonbcogﬁc%]t ?:‘%Stffﬁ? dvt?gelr\il i g%é%ép()ﬁe PR
microel ectroni ¢ st pH&bUEIS ash ORR2 bicH ITR-duk Eadias¢enp sRG@ss haeing hevie smdnot ed at
any suitable cleaning effective tenperature and tinme. .Generally the

cl eani ng process weleFtripalycomsget sathpyN eiibsanigeien oggﬁ‘%)tnisﬁ%uta e5ost
photoresi st asfl PeglosfkCMmCusddtiaphiRERICRNE Post Uichr @ 1Cu-dual| Editisaige
conmposi tion of this invention at a tenperature of from about 250C to about
800C, preferably fmugrepEnicI5REIEHP APSHINHODCSIHAAHYARER P8 bbl y at a
tenperature of about 250C, and for a period of time of from about 30 sec.
to about 10 min., preferably about 30 sec. to about 2 mn., nore preferably
about 30 Bkc. 4 pORa8j fExdegning chpddretchakdidwi frgm expasipihetoresisk aghy PQﬁéteWgtquve of
conpositiogns, of this.invention, (For L: H).. ver sus

Conposi ti‘g‘ﬁ1 d%ﬁsgﬁnaglfrﬂéeﬁwg@glﬁé”‘tré g %éﬁ%r%lggﬁet?%cﬁg(%g& nrrg%sati ons A, C, D, F,
Gand 1) and their effectiveness in cleaning copper etch residue froma post
phot or esi st ash, post etch Cu-dual damascene m croel ectronic structure and
for preventing or substantially elimnating el ectrodeposition of copper
back onto the structure. The wafer was cleaned in the respective
formulations at 35 C, 200 RPM The wafers enpl oyed were Cu-dual damascene
process integrated circuit wafers having front-end devices present, a top

| ayer of Black Dianond(tn) dielectric with vias etched in themdown to the
copper. The wafers contai ned copper oxide ash residue on bottons of the

vi as and photoresi st ashed residue on top of the dielectric. The results
are presented in Table 1. Table 1 These results show the effect of MEA and
Surfyno 465 on redeposition. The redeposition score nunber is obtained by

| ooking at 2 1 vias and assigning a score between 0 and 2 for each where 2
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present about 0.5 to 20 parts Eﬂu hng g@{rﬁ npreferably ascorbic acid. The



in Table 2. Table 2 [0025] Exanple 3 Below are etch rates of Fornulation B
at different pHs by addition of TMAH (25% or dHF (0:1). The sane type of
waf ers aswerpiooped7i n Exanpl e 1 were enpl oyed here. Thi ecaatsacoonsibabl e 3
shows the optinmal pH range of pH 4 to pH 5.5 for low Cu and TEGCS etch rates
and high CuOx renoval rates and denonstrates the bal ance between these

features for the conpositions of this .invention. Table 3 [0026] Exanple 4
Ready to use f(?r}r nuP’g’pidB}*%sa WFrQelSFane § Coé’nﬂltb&t%ﬁagéd“aiﬁé agq S%?“%‘E’%) HF
(50:1); 0.40 g MEAphdlerdfstGisk Yk etcld) CAQiug! daMiscend s2Bctgre Buavihy notid smetdté5 and
the pH brought to 4, 5.5 7.0, with HF or MEA. 3 of each of the
formul ations then ﬁ]ﬁﬂnﬁf’g]déamieﬁgﬁé‘fﬂa Wﬁfﬁﬁlmﬁlo? %qotggfiﬁ%qwgﬁtmgn@do. 14 g
CuSO4 and t henpt heefldsas e GelistISHRebréstst Okdhyi Pt vidhue \GutduaMEAmaltpe
formul ations were run in a container with an Au el ectrode, gl assy carbon
counter el ect rode, MEFTERIEGORS GIrUGER & BAIERINY CEPPHHE AoPpEingdp g@ll‘é ions were
tested by cyclic voltammetry from-1.0 Vto +1.0 V, and the results were
moni tored for Cu 2+ reduction in solution. The results at the various pHs
are set fldrth A proTess|fer Jeamiatg| coprer Fifd thBfUS ey atoserhoReesisb dn PPRetcP LUt he

more di fQﬂ-uﬂ;’h&m%ls%er{esmkpogqe%gbﬁﬁ@ s&Q&Qx@r}ﬁivﬁﬁgtJ]éow HlelaDRap, WS &RSRD pRELFBKES
| t hes

it nore icult to reduce Cu2+ iIn solutions. At the pHrange 4 to
5.5 of thiosipripssenti on Cu2+ is desirably nmuch nore difficult to reduce than
in dilute HF (200: g D : ST iR helinstdi Meast BR2 bst
Exanple 5 As g%? exgl%fdéngog n?xh%e%%h%o%/’i@é = Eébgtgér’l:‘% %fe?or muFat i gar?s of Btshi S

i nvention cont ai ni phptaresigtchsh;i gt egle Giu-dual dargheeent otrpetaredwving Hevig giradiitei t y of
and inhibiting etchjn net al _cappi l.avers _emnpl i P

danascene mi croel eglte?tg‘ﬁzlﬁ{é’ %%npﬁcé%dfnglg a\/\qgtsdl?%%%%léﬁgr@"t %ﬁgfmschgjsﬁpgﬂ%g%d
unpatterned CoWP capetk O0oWd métdanp,pgdw th (1) a fornulation (5A) of this

i nvention but not containing the i onal reducin gent 2 f | ation
(5B) of this i(m/enﬁq??ﬁméomeai I?ﬂshg&f)"ﬁf’ée%sgt F%haPoﬁIegﬁﬁi Ag %lgéun ,gae{lr]lagg%) as
Conpar ati ve Cont r ohi@od@ohicGHictGRPe sletriittcomposiion arnidig tbobkn pl ace at 25
Cfor a period of 2 mnutes after which the CoWP etch rate was determ ned.
The fornul ati ons were as follows. Fornulation 5A = 0.35 % et hanol am ne,
0.17 % CyBTA, A pfhéeskordMAanird: cbpper%édtifresi@uebortioa okt phderesist taste pbaredhrcier

wat er. Fornul ation 5B=Fornul ation 5A with 5% ascorbi c acid added thereto.
The CoWp @tek#rmassip MECTARIPEIOR SHBFIPSWENEFR hedietst SORPESHhe ability of the
reduci ng agenty Ovél‘{fvtd?@{]a'1ﬁ@fo§le¥:tr%li@5rp Bivagate RRIFEFULAgOR 1ot ioRdipbiit ed
the metal cap ('CoWPO etch rate conPared to the dHF contro| and the presence
of a reducing agenPhotprepisirarhy BASE 8150 SH-dush iHRaseRC tSHECTS\IBVEE ch ViF RS en
more. Table 5[ 0028]@%&’1@1@ SoRBectdAai 4 9GBS orPe 80N IEHE EiliRGHsIBEIARS, Angvi t h
reference to the specifi¢ enbodi nents thereof, it will be appreciated that
changes, nodi f(brat icxpestigd thear poat | prtorendt b, mped  wickhdutCHéyAr S1AYCeom t he

spirit and scope of .th - di : Sl Aggerdingly, it
is intended to enbPlé%rgggét{y@{}yﬁ&gﬁgﬁgg@?ﬁnﬁ%&| |081§t81?%% andgq\(/)acri ati1ons that
fall with the spirit and scope of the appended clainms.Cains: 1. An

aqueous, idic cleaning conpositi for,_cleani - )

ni cr oel ect't oni pEO[CFﬁgj?b‘gg fl{g)(f?gpeéroez%ors?iq’lfi?eo%o%gr%’rgﬁ @%’ﬁ%&g‘j’tfa %?ﬁﬁ%?@g%u of :

(a) from aboddimHEné niferbeeakaittsnB8uSdhaeveinh elre prédeys dongaisesbout 0. 3% t o about
8% by wei ght of at Iea(Pt one, al Qr]ol.an‘il.ne or ?n? no henq/li' §tc%mftro?lg1 alout
0.1%to0 about @b ofTH{IheASTCHTEHEE PILCHL FUSIHG “é?geérnl?"f Teayt FRoRaBstt
0.05% to about 1.6Ynebredikt dsRApst eRRe Gieduapdhlyscarmnaniura fdvimgrd di;strgejref r om
about 0.1%to about 5% of hydrogen fl pr,ifge; and %?WOH“ onug)l I% fr%;)m
greater than 0% t o eEBEGHIesBRestedayth BN cdiffysian 1F8IRN PHHE SHEOR PRETHNA™ hat
contai ns ethyl@gne QxpddfgChRd NBoser pdtbietianesioXipdae/ etdny |nEu-ghal c dhmeaiens;
wherein the percentages are wei ght percent based on the total weight of the
formul ati on and t hanieORBYEANEG HHCMERLO & ClspmBE CHPRASHAD BErerding 1§ cl®t 5.5. 2 |
An aqueous, acidic cleaning conposition of claim1l conprising a formulation
of : (a) from about 69.46%to about 89.5% water; (b) from about 3% to about
8% by wei ght of at |east one al kanol am ne or am nophenol; (c) from about 1%
to about 2% of at |east one netal chelating agent; (d) from about 0.5%to
about 1.6% of at |east one tetraal kyl anmoni um fluoride; (e) from about 1%
to about 5% of hydrogen fluoride; and (f) optionally from about 5% to about
15% of at | east one non-ionic surfactant that contains ethyl ene oxide

chai ns or ethyl ene oxide/ethyl ene glycol chains. 3. An aqueous, acidic

cl eaning conposition of claim1 conprising a fornmulation of: (a) from about
96. 86% t o about 98.95% water; (b) from about 0.3%to about 0.8% by wei ght
of at |east one al kanol am ne or am nophenol; (c) fromabout 0 .1%to about
0.2% of at |east one netal chel ating agent;



(d) from about 0.05%to about 0.16% of at |east one tetraal kyl amoni um
fluoride;(e) fromabout 0.1%to about 0.5% of hydrogen fluoride; and (f)
and opti owal2byo/dfe4sm greater than 0% to about 1.5% of at PCEASR0090S6NDN-| ONi C
surfactant that contains ethylene oxide chains or ethylene oxide/ethyl ene
gl ycol chains. 4. An aqueous, acidic cleaning conposition of claim3
wherein the cleaning conposition additionally conprises a reducing agent in
the formulation in an anmount of from about 0.5%to about 20% by wei ght
based onithe hofradessVRi glthniod cépper atihasideo pmnentss phatortdie lomosl &t @n. 5. An

Compr | St GarBpcen BN UBRREBaPTISER 1030 b AN e AN A EC Pl BARE o

aci d, tercgﬁggstelgtyl amoni um fluoride, HF and a surfactant of the forrrul a CH3
- CH3 n aqueous, acidic cleaning conposjtion erein

0 | ai m
f or mul at i on ctupri rrewdingen BYCroglesHOBIE AlioN AHPSale ‘}.’agﬁr gi‘lvd‘f‘%ﬁte;?m% car aDrgﬁstne
tetraacetic acid, uﬁtﬁ'&Jr@sﬁE?taEW | REMDEN Eald Wambstene tﬂﬁcﬁnﬂéﬂhﬁu@ﬁ fyacdmniireof t he
formul a7. A aqueous, acldic cleaning cgnposition of clai V\/Eerel n the
formul ation conpr i dexricallitcemnectsd vost hah ckiErioeegion ?fé%?‘g]‘FPé‘xsa‘ U Mdhe
tetraacetic acid, fluoride, HF, and Surfynol (tm 465
surfactant of the *a%lﬁ%@&\glyh% agjlu!gomus aci di ¢ cl eani ng conposition of
claim3 whereit t hecpnmuigucthng pagethOiOrﬁStSheaShorHﬁaﬁ atiflona | Sudbtpriegiakeniscor bi ¢
acid. 9. An aqueou

formul ati on conpri g‘é?e?e(c ?m(a% n%@%%@gé%gﬁﬂg@%ﬁf&%h OalM%rel n the

nonoet hanoi am ne; (c) about 1. 87% 1, 2-cycl ohexaned| am ne tetraacetic acid,

d) about 0.77%tet Y m, fLRL 1 D% HE f
Sbbut 1449 S PTST /86 ORI HEb ARtCTBors P pRRp R paEeR0E ¢

acidic C|cﬁ1§1ruaﬂﬁsdéﬁém5b&beﬂdcﬁam@ﬁmhae mhiéreivhiae pionest bemfrisestul at i on conpri ses:
(a) about 98% water; (b) abaut 0.35% npnoet hanol anj.ne; .(c) ut 0 %
1, 2- cycl ohexak®di aPioHdmeget PEGERIETONIE Tifeon ﬁ%t“go@(g}eb%a‘?g% ot R4 nepokd

t et ramet hyl ammoni uphdidrbigsti & po@teétclabﬁwhalmahaaé&é-iﬁmoand hafihg abousinkiuddo
Surfynol (tm) 465 surfactant of the fornula 11. queous, %_Igdl c .cl eani ng

conposi tion of cl aflssuierlivseprnsrtsd pie 2 I*Hﬂrﬁmsamf%% dn% e SR t8’r?619| ses
ascorbic acid (B RE Nin eOf podDOMHoro¥eshy ¥l gfdst basedaoiutduel td@imbcenei ght

of the other co)rrpon nts-of the fornulation. 12. A process faqr. c]eaning
copper etch resi duidreaddeatranigskectipnén Q)‘?léf’élil%tcoﬁ'ﬁﬁﬂt‘%’ﬁor@]ﬁ&l‘f) iU danmascene
m croel ectronic structure, wherein the process conprises: (a) providing a
m croel ectronic silicon substrate wafer having at | east one post

phot or esi Bt ash propess forefleanin@ropea letcl apridie dan 8 PPPhOioEesishgsinposh sigh £u-
structuree ctrically con f sk licon
substrat e Lﬁ@lﬁsﬁﬁnee@é{)ose?eﬁgg 1%%%%&ma@1xx'g\lgrgl§?\/fsf’?§lggﬂ cg{ggg]%%élgé%et iz%%cu dual
damascenecofipgik@el ectronic structure to a cleaning corrp03| tion according to

claim1 13. A process, for clean copper et PO post
phot or esi st adh), pBg’t“dIl:"tgcﬁ %@ﬁfﬁ?t%d'acngggoéln%u rsﬁr%% gﬁi{fec r oh?d?lgatsr ucttre h,
wherein the pr oces ph&oREIEl BB Spdst e Cavdudl degnaacent ctroghe dlavingiacvis istrictun

substrate wafer having at |east on hot or esi t as gt - dual
danmascene struct uréeﬁté‘ﬁ?lf’l’d:"&mﬂe& V‘é‘ﬁ‘r‘ﬁ?%‘ﬁﬁ“@? &< é*f‘ﬁ %/hdé’g%ﬁ%sc éﬁi&n h a N+
di ffusion region of dRep fiklal GPNangiUbstrate, and (b) exp05| ng the post

phot oresi st ash, post etch a -dual damascene m croe egéjs&) cdstructure to
a cl eaning cor{bb3| expsingc desr dpesy PROIQIPST gL Post ,&t"gr&c Bor “PEHAT ng
copper etch resi dug,;framanRAghcRRW 9&1%&111$%co%§>h31t1@1@§dcoﬂtrfgho eiual. damascene
m croel ectronic structure having a me cap, wherein the process
conprises: (a) providing a m cr oel ectronic silicon subst rate wafer having
at | east e pqst .ph e Shaite Gl ur e
havi ng a g strUETe uér)Ee’to%’?'ﬁ i ca 518@?)%%(2%1%%% % ?usﬁ@% re8| on of
the sili caagmdf&tateatcel pardbmmgm@fafc(mmﬁtlme@cmllpr@mﬁ and (b) exposing the
post photoresi st ash, post etch a Cu-dual damascene m croel ectronic
structure to a cleaning conposition according to claim4. 15. A process for
cl eani ng copper etch residue froma post photoresist ash, post etch Cudual
damascene m croel ectronic structure, wherein the process conprises: (a)
providing a mcroelectronic silicon substrate wafer having at |east one
post photoresist ash, post etch Cu-dual danmascene structure having a via
structure electrically connected with a N+ diffusion region of the silicon
substrate, and (b) exposing the post photoresist ash, post etch a Cu-dual
damascene mcroelectronic structure to a cleaning conposition according to
claim5. 16. A process for cleaning copper etch residue froma post

phot or esi st ash, post etch Cudual danascene m croel ectronic structure,

V\/ner e| n the pr ocess. corrprl ses: (a) pr oviding a mcroelectronic silicon

Y o, o,



phot oresi st ash, post etch Cu-dual damascene structure having a via
structure electrically connected with a N diffusion region of the silicon
subst r at evoant/@kds7exposi ng t he post photoresi st ash, pest/ustal/0896C- dual
darmascene m croel ectronic structure to a cleaning conposition according to
claim7 .17. A process for cleaning copper etch residue froma post

phot oresi st ash, pgst et al, dafps .m croel ectronic structure

havi ng a CoV\P?aPreta 01‘53?)911?5\%%%?#%0 e pr/(c‘ﬂglg%% conprises: (a) providing a

m croel ectroni siddit aibostuB%t tatBouneferbyhavwighly ofitat |lesst tone ridkapelgmine or

phot oresi st ash, post tc(ﬂ Cu-dual damascene structure having a via
structure electri cﬁ’i“fl@p%f’b hected with a N diffusion region of the silicon
substrate and(d)avi fign abdud VR toebak 2%aid at lassdor{chyetaxpastingpgtiie post

phot or esi st ash, post etch Cu- dual cene nmcr.oel ectr.oni ructure to
a cl eani ng cofffosi ﬁ?"éﬁb%gé%ﬁ"ﬁao"ttg'ﬁajfj %irrﬂﬁfeés.t Oi%tgfiél‘g‘g%ﬂi@%‘&“%ff“ °§%eéani ng
copper etch reggi dugod Lo 2920 5bouR DAL TheS&bEn fRSHde; BBt et ch Cudual damascene
m croel ectroni ¢ structure, wherein the ptrocess conpr | SesféﬁIF(e"?@HEro i.ding a

mi croel ectroni@ sifrom ghow diisty thout Wab &F gt AR B IPRESH U gontams

phot oresi st ash, pg ﬂtlerﬁto‘imeg‘lﬁigﬁlthﬂf%@%ﬁ@@&h@&ﬁe‘@}d«ﬂ éall@ying a via
structure electrically connected with a N+ diffusion region of the silicon
subst r at eyhegaiuithe pyreangposin gy wehpersed PHbe iad deight ofdbe fopBUlEtial ch a Cu- dual
damascene m croel ectronic structure to a cleaning conposition according to
claim10. 19. A process for cleaning copper etch residue froma post

phot or esixt ashmethobef fetmihg Comuedsitidn phgdeioecomEsBel ect roni c structure

havi ng a CoWP netal , cap,, wherein r S S &siehf aF PiRMLEEMD a

ni cr oel ec(ﬁr) onia[d,@lgg IaP%ugﬁlosﬂ%sst E%tweegg?\lgfogr&a%%vﬁ)ng%g? l%%as%g one post

phot or esiginpésiig: post etch Cu-dual damascene structure having a via
structure electrically, co red w N+ di ffusion region of the silicon
substrate havi(zﬁg aﬁ"@BW"r'rgg'gg/"g%ﬁi?ougg%%("ﬁxateékposi ng the post photoresi st
ash, post etchpa Cgodlugloudarmse abeutnd%r belveddht arfi @ stst usieuslkanbburdnee beani ng
conposi tion according to claim1l. 20. A nethod of form ng a conposition of
claim 3 conpri si ng®8d88PHE°labout 10 parts by wei ght of water to 1 part by

vei ght of a feymul abinQPod QMPbiaBout @ &at feb@Bhedherdl choRtidHAsetiy about 89. 5%
water; (b) from about 3% to about 8%b | east. ong al.kanol am ne

y i ght of
or ani nophenol@ ( cirompabetipdato 2oyt P%aBbiit eagt"}%nﬁfetrégﬁ‘yl%mﬁlﬁ’e R
chel ati ng agenty, ( f ) fRdRPeuctid®%nef at | east one
tetraal kyl ar nE%)ni u%}’?]laggﬁlgéej@%%g’? S?f;/%n@gbgut u1% t o about 5% of hydr,o?en
fluoride; and(pf) frommbamoilh iGohdaub lahadat Essyone ner-ionicafaeiarl B SOTEAT ¢

surfactant that con iﬁlqéts%xgé hkG06: AXhAR ok RRjeRS1eRE glg(%duhﬁﬁyg oxi de/ et hyl ene

. th e
gl ycol chai ns, wher'e eper centades are by wei g based on the total

wei ght of whdnein flerpeckztdes are b3 Iveight hastdh oelthefotiloreighi f the Eomplsipiadth of claim 4

conprising: (1) .adding, abqut 10 rt Mol %o

wei ght of(gé f S8 gﬁ ﬁa&r%@ﬁ%%ﬁtﬁ%:a r?%"?%ﬁ\rqg%ﬁgg%gg%m 9. ?Eé&? ?loa]oggg{fj%/fg%. 5%
wat er; ( bgbofir 00 alyowtigRYbdsed ababd tBloosighweifghe otifer sompesests inribe sgskiiAB| ami ne
or am nophenol; (c) from about 1%to about 2% of at |east one netal

chel ati ng®¥§&ht; (d) from about 0.5%to about 1.6% of at |east one

tetraal kyl arnmoni um fl uoride; (e) from about 1% to about 5% of hydrogen
fluoride; and (f) from about 5%to about 15% of at |east one non-ionic
surfactant that contains ethyl ene oxide chains or ethyl ene oxide/ethyl ene
gl ycol chains, wherein the percentages are by wei ght based on the total

wei ght of the fornulation, and (2) adding to said resulting mxture a
reduci ng agent in an anount of from about 0.5%to about 20% by wei ght based
on the total weight of the other conponents in the resulting m xture.



