PHENANTHRI DI NE CARBONYL PHENOLS AS CYTOKI NE MODULATORS CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application clainms priority to provisional
appl i cat iwo 28@yd2887snunber 60/ 606, 784 fil ed on Sept enber per/iR64/031057
i ncorporated herein by reference inits entirety. BACKGROUND [ 0002] The
present invention relates generally to phenanthridine carbonyl conpounds
such as substituted phenanthridi ne carbonyl phenols and nethods of using
them [0003] The ability of ligands for the estrogen receptor to inhibit
i nfl ammat ory gene expression and cause a reduction of cytokines,
chenoki nes, adhesi on nol ecul es and inflammatory enzynes is well known. A
common conponent of chronic inflammtocry conditions is pol ynorphonucl ear
| eukocyte and nonocyte infiltration into the site of danage through
i ncreased expression of cytokines and adhesi on nol ecul es responsi ble for
Lhe' rrecrul tupnty, %’&r Bg&’&‘é‘ét+o°5}y8£OG%R£TﬁE%HES'&%EE&?%ML k' L-6) has
een associ at&d Wt Her r mann
F., Ann. Hematol, 1991, 62, Zoé%%ESyntﬁeS| the IL-6 gene is bel i eved to
be i nduced by the transcription factor nuclear factor KB (NF-KB).
Interference at this step in the inflamatory process can effectively
regul ate the uncontrolled proliferative process that occurs in these
chroni c cpigi b 6FSTH YIEN§IORat i on of the estrogen receptor provides a
means to tTTeat onponent of di seases such as
at heroscl erosis, nyocardial infarction (M), congestive heart failure
(CHF), |nflannatory bowel disease and arthritis, in part by interfering
with cyt o[ﬂOBé] exEdesmventlommeteStthermpe&mu@ed tathydrogonatefaspmatiespresgide of
nol ecul es. in gi%’ e |l f &etes (Cef al u, gqukbalth .& Gender - based
Med. 200110 e 0 Langstteggstregmse fy.gre %@f‘ﬂaé the pressnt IBYEAY 1Shr i t s

(Pelleti H J ni on
Rheum 19@%&&3€m @Eg?'[ogs @&P?}&? %flt hﬂtl %&étg ?lu}é: ﬁ%ngngeﬁs@eﬁm?b[t ]M 0, 73,
57), A zhgegaBist obeiSiapeat (€1t Bne Sroép VIHA noble InetiNessl&ted frolfePt, Pdl 819(9 57,
399) and aut oi nmune di seases such as nmultiple sclerosis and r heumat oi d

art hriti smiftogssheteof havimg anf avienagef pore goameter pfiéf do doss shan 40Aeed for the
identification of ligands for the estrogen receptor and for nethods of
using the identified Irgands to nodul ate the activity of the receptor and,
preferabI.A‘ . 8. ok G] The present invention provides,

i nter ali&—pterar e re—carHon tpounds and conpositions,
particularly those that find use as ligands for the estrogen receptor, and
met hods of using them Representative conpounds of the invention include

t hose of FB@02)I a HistoFealy) labiicatieg eil préductsbor uke in applimionsrsach as

i ndependent | y, hydrogen, |ower alkyl, halogen, or aryl; R7, R , and Rl
, are, | n%rggen@érﬁtenglnergltﬁlwemsed anditives R(g/lmeOVI%ﬂP@glé'W prepertieRof them4 and

one”of R KBRS UssHeaER TR At dr“%c‘wc&s‘”"i%r@f fgyrstrrn SR rogan.

-(CGCORL ( is alkyl,
ar al kyl o"rnvé‘%‘t%@“%l OQHC%ﬁy ls%rﬁilr ﬁ oary téjcyc ?%S?Od%l kenyl ,
cycl oal ketrmehxsebzres hbiy dreassd 8 Aaﬂén&lﬂP@tftﬂeumﬂ(ﬂleﬂﬁmd(%API)Yr,eqhttdmeﬁ’srfor al kyl,

al kenyl , aIkynf cycl oal kyl , monof | uor oal kyl , & rfluoroal kyl, aryl,
aryl al kyl Grewr Idmskmgks inplideracratyratesicontsns of gt keakt/90%hy guldtycqntent of

"8 kil e Rt ISR
di al kyl a”?ts%ct?éﬂ‘&’fn’th rlutf%eig?c?a B%tt%ru‘%et(?]‘%ﬁ pgsge% uns o ac{ EPGP(S&;{PQE” at Om

to which they are afta orma sat ed or ‘partially
sat ur at edb4gdstobks i Hyder td Aet HeQRManldfos Qi}fh R kseftock thaP pRSGHS
invention, Rl, R2, R3, R4, R7, R, R9, an are |ndependently,

hydr ogen, for omereaseidifyel modmal)qgeducememissrm&etﬂm and Rl are,

i ndependent |y, hydrogen, hydroxy, |ower alkyl, al koxy, or hal ogen; one of
R5 and Ris hydrogen and the other is |ower aIkyI R13 is hydrogen, -(COR

aral ky! 0003}, - CpbeflOR B Ghdsior pretipBe RO ithidibpdedeiing”
cycl oal kegydolvet e%hlé?zft”é/ﬂ reqiiredederd chedttng ESHBRENIGQN a6 hi M%Eé%ﬁﬁfb arfti kyl,
al kenyl , al kynyl, cycl oal kyl, nonof I'uor oal kyl, perfluoroalfkyl, aryl,

aryIaIkyI cycloalkenyl het er oar yl , heteroaryIaIkyI hydr oxy- (C
2-CB)aIkyI, alkoxyalkyl, aIkyIthioaIkyI, car bonyl , acyl, al koxycar bonyl ,
-C(ONH , al kyl am nocar bonyl, dial kyl am nocar bonyl, al kyl am noal kyl, or

di al kyl am noal kyl or R18 and R1 are taken together with the nitrogen atom
to which they are attached to forma saturated, unsaturated or partially
saturated C4-C6 carbon ring [0008] The present |nvent|on also provrdes

oy oy




i nfl ammat ory di sease. DETAI LED DESCRI PTI ON [ 0013] The present invention
provi des substituted phenanthridi ne carbonyl phenols and substituted
phenant hrwogi2oe/ees®onyl phenol derivatives, processes fecTuse@ansmngs such
conpounds, pharmaceutical conpositions conprising such conpounds, and

met hods for using such conpounds. Preferred conpounds have properties that
are useful for the treatnent, including the prevention and inhibition, of a
wi de variety of diseases and disorders affected by the estrogen
receptor.[0014] Conpounds of the present invention include those of Fornula
1: Formula 1 wherein Rl, R2, R3, and R4, are, independently, hydrogen,

| oner al kyl, halogen, or aryl; R7, R,-R, and RLO are, independently,
hydrogen, |ower al kyl or halogen; R11, R12, R14, and R15 are,

i ndependently, hydrogen, hydroxy, |ower alkyl, al koxy, or hal ogen; one ofR

and R6 i t har._I: I'- .S h n,

2 c=0 rec B P p Ry Sl ralidr B FlabE{Bistioh S phPraes *iBehs ot y1
aral kyl ofhesd ig heRBstsﬁmﬁ'd'gﬁhtleﬁrEitheMie@ﬁ&Wé’invoNé%'e%?Eﬁéﬂ/e ogérlﬁ?iﬁgl
cycl oal kenyl , or al kynyl 18 and Rl are, independentl hydr ogen,
al kenyl , wridytmnyrls, am/lovogieldd. , nonof | uor oal kyl , perfluoroal kyl, aryl,
arylalkyl, cycl oal kenyl heteroaryl, heteroarylalkyl, hydroxy-(C
2- C6) al kyl alkoxyalkyl aIkyIthioaIkyI car bonyl , acyl alkoxycarbonyl

d%ﬂyﬁinﬁ"ﬁb Vgt AT R W%?g@i{%t&?a? &5 et en Bt om
to which sIt%YH%RA%V‘%F ttﬁfsrt%i'nﬁlﬁaﬁ&{ Hlsa réﬁflwlﬁtd%@rea%lf ﬂﬂbﬁﬁa@z%oﬂ?l ly

sat ur at ed C6 carbon ring. [0015] In sone conpoun S of the pr
i nvent i ondueRb, thB2onR&sidrdto cfﬁ'z‘t;lld?es thBEtypaa:‘ailyFﬁcQonq:raﬁy the ﬁyﬂrmﬂzﬁimlh
hydr ogen, |ower alkyl or hal ogen; R11, R12, R14, and are, |ndependently,

hydr ogen,PIR¢eRSoxy, | ower al kyl, alkoxy or halogen one of R5 and R6 is
hydrogen and the other is | over al kyl; R13 is hydrogen, -(C=OR 16, ,
-S(C»2R17 -S(O 2N(R18) (R 9), or D-glucuronidate; R16 is al kyl, aral kyl or

aryl; [R?asp' kyh Urﬁfeﬁ'swféegs%fé?mﬂm?&ys? P2k5Y] 2 hid ﬂageﬁxéﬁoxf{ @g{ 'éﬁﬁkynyl

aIkynyI ndRI 9 are ependent ydrogen,

cycl oal kyﬂrocossnmiﬂglﬂrmiﬂe(hs d@eﬁbhdlwmlhxal mlr&Ira’l' oil Bﬁsdd&hbﬁbantqyﬁhﬁéhkenw
heteroaryl, heteroarylal kyl, hydroxy-(C2-C6)al kyl, al koxyal kyl,

al kyl t hi c2HeRg memom@wprysta&ime matek@k;mafelmly Iwith @sTppew, containing a

S:gik§r%ﬂfﬁﬁrbon ogggéﬁggﬁw ! égggéﬁﬁdalké%ﬁ&$£&ﬁ%gx?%@“dﬁFPogen ?Tom
ot ur at o EReES B ARAT ?m O raB B ftoctRIE bBEANTE Rt Bl e | ¥

i nvent i orprBductiptodiéed fh@?blB‘Flas alew de@?ﬁlﬁﬂﬁ%’f&thbﬁtlohydf ogen, G -6 alkyl,
hal ogen, or C6-14 aryl; R7, R8, RO, and Rl , are, independently, hydrogen,

Cl-6 al kyl or hal ogen; R11l, R12, R14 and R15 are, |ndependently, hydr ogen,

hydr oxy, al , aIkox hal ogen;  one Qf R and R6 i s hydrogen
and the dﬁi@gl i s%@e&ﬁgﬂe is Rl I&eqéyar%éﬁ or pretpetivghydrogepationy

ar (CL- o) areyr=oup BapaRh o MO T baiioels. G018 &Yy1 Theteroaryi

Cl-6 cycloal kyl, C 1 aIkenyI , CA4-15 cycl oal kenyl, or C2-15 al kynyl, R1
and R19 are, independently, hydrogen, Cl-6 al kyl, C2-15 al kenyl, C2-1

al kynyl, C3-15 cycl oal kyl, nonofluoro(C 1-10)al kyl, perfluoro(C 1-6)al kyl,
C6-14 aryl, C6-14 ary . e)al kyl, C2-15 cycl oal kenyl, heteroaryl,

het eroaryl (C 1-6)al kyl, hydroxy-(C 2-C6)al kyl, Cl-6 al koxy(C 1-6)al kyl,
Cl-6 al kylthio(C 1-6)al kyl, carbonyl, acyl, Cl-6 al koxycarbonyl, - C(O NH2,
Cl-6 al kyl am nocar bonyl, di (G -6)al kyl am nocarbonyl, Cl1-6 al kylam no(C 1-
6) al kyl , or di (Cl-6)al kyl am no(C 1-6)al kyl or R18 and R19 are taken together
with the nitrogen atomto which they are attached to forma saturated,
unsaturated or partially saturated C4-C6 carbon ring. [0017] Conpounds of
the present invention also include prodrugs, enantioners, diastereoners,
racemates, geonetric isomers, hydrates, solvates, or pharmaceutically
acceptable salts or esters of Formula 1. [0018] Exenpl ary conpounds of
Formula 1 include those wherein at least one of Rl, R2, R3, R4, R7, R, R
and RL , is hal ogen. For exanple, in one exenplary enbodinment, R3 or R8 is
hal ogen. In anot her exenplary enbodi nent, both R3 and R8 are hal ogen. In
anot her exenpl ary enbodinent, Ror R8 is chlorine or fluorine or R3 and R
are chlorine or fluorine. Exenplary enbodi nents of conpounds of Fornula 1

i nclude those wherein Rl, R2, R3, R4, R7, R8, RO, and R 0 are hydrogen or
hal ogen. [0019] Exenpl ary conpounds of Fornmula 1 include those wherein Rl ,
R14 and Rl are hydrogen halogen, hydr oxy, or al koxy. For exanple in sone
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[ 0026] Exenpl ary compounds of Fornulas 2 to 12 include those wherein R12,
R14 and Rl are hydrogen, hal ogen, hydroxy, or al koxy. For exanple in sone
enbodi nenve,200li2887R and RL are hydrogen, chlorine, brompoeustdososiose,
hydr oxy, or nethoxy. [0027] Exenplary enbodi nents of Fornmulas 2 to 12
i nclude those wherein at |east one of R, R2, R3, R4, R7, R8, R9, and R O,
is halogen and R12, R4 and Rl are hydrogen, chlorine, brom ne, fluorine,
hydr oxy, or methoxy. [0028] Exenplary substituted
6- substi t ut ed- phenant hridin-5(6 )- yl carbonyl phenyl derivatives of the
present invention include, but are not limted to, 4-
{[(6i ?)-8-fl uoro-6-nethylrhenanthridi n-%(6H)-yl]carbonyl } phenol; 3-{[(6
S) - 8-fl uoro-6- nethyl phenant hridin-5(6 )-yl]carbonyl}phenol; 4-{[(6S
8-fl uoro-6- nethyl phenant hridin-5(6 )-yl]carbonyl}phenol; 3-
{[(6i?)-8g{fshy ) Ak b 'J_\’ n-5(6i )- yI]carbonyI}phenoI
' ethyT phenant hri di n-5(6

H) - yI]carbonyI}phenoI 3- quoro 4-{[(65)-8-fl uoro-6-
t hyl phenant hri di n- 5( 6 )-yl]carbonyl } phenol ;

f 1 uor o- [B0P[7] 6i Thepresand nimvedrtiomds ki;rbq:tlad@atphmmts used {cbhydrogenate

-yl ] carbonyl } phenol ;  4-fl uoro-.3-{ -8-fluoro-6- nethyl phenantl
tridi n- 5(FoMafics PEFSBhIN l}ubﬁ&hloboﬂlggfm&?rf)@ Sst{qamﬁ Thegroeess congrises:

';hyl phenant ha{' di e cgftgctz %/zr iu oggﬁcgl %gﬁgnol feeastfrclaal%ﬁ)sr (c)ontain[u(lg a orrglsat‘iclsuor 0-6

me
me hylphenanthrldln

2-chl or o- 5- 6i ?
H) -yl ]car bo%f } ph)en%T(f hﬂgx‘?{:gﬁn (?Fg @gMéQWdﬂ%ﬂgrﬁg% o?ifaqnlnants with a

met hyl phenant hri di nhydrégéfation] camlpstnyltl}l@pmsehce of a hydrogen-containing treat
2- bromo-4-{[ (6i ?)-8-fluoro-6- nethyl phenant hridi n-5(6 )-yl]carbonyl}phenol;
2- br omo- 4- { [ (6S) - 8- Basubracliest reastiny isiage wpstated underizctiverardmatigony| } phenol ;

?)-8-

£y ororo- . {11 ) S i AR BSR4 R oo sy

met hyl phenant hri di ng O'}?@lﬁs yl ] carbonyl } phenol ; 4-{[(6i ?)-8-fl uoro-6-
nmet hyl phenant hri di n-5 yl ] car bonyl } - 2- net hoxyphenol

-{[(65)-8-fl uoro- 60 neta’(lyimlﬂ@lﬁmt rogl, Mob(l@yered, crystalline, mesoporous
| ] car bonyl } - 2- met hoxyphenol ; %[(66) 6- zt hyI g P

h t hri di n- 5( 6 $4ppyrt|watens h | ;
rglp?)engnet L;/I Ig Jfl(UOI’ rt]nan I, éa:ngp 506 % | ] carbonyl } rhenol;
o1 7) - 6 ot hyl - 191 gk AR AR ERTOEeRE Sy GRS P Bl
6i ?) - 6- et hyl - 8-f | uoy, ﬁ:@&g%}[}&?@e%{bu}r}(car Xf)ﬂe '@@Wﬁe?&ﬂzt pel, 3-diol;
ri -

(
1
6- enyl - 8- f | uor ophenant 'uoro™'r enol 3- [(3-
;
(
5
3-

me
4-
|_|)

\;J}-

|Fhﬂl_||ﬁhl_|ﬁﬁﬁﬁlfﬁl—|ﬂq|l—|’-\ﬁ—'—|rhﬁﬁc 1

0- 6- met hyl phenant hravérapebidie disthetefbb gieyd Bﬁtﬂﬁhterlal is 15 to less than
6i ?)-3-chloro-6- neth Iphenanthrldln 5(6 -yl ] carbonyl } phenol ; 3-

)-3-chl oro-6- netii4Qfhenant bjridin-5(67~-yl]carbonyl}phenol ;
chl or o- 6- et hyl phenant hri di n- 5(6H) -yl ) carbonyl ] phenol; 4-{[(6i
chl or o- 6- net hyl phenant hridin-5(6 ) - yl]carbonyl}phenol;

Sﬁl) o[r%o6 j(r)ur elilﬁ p engﬂgﬂrallﬁtc}ﬁé l"gl{%tﬁélé ] a?’{l{a"] lr?{@ ?%@%lz‘}(ﬁgg{%l?hai ol ;
6i ?)lagered hé@%&il@lé%é&bb@ﬂﬁ@%ﬁb}?éﬂt Hler41f the hydrogenation catalyst is

(
(
I]carbonyl}benzene | , 3-di ol 65) - 3--chl or 0- 6-

yl phmimmdﬁcmzhdraﬁ()ﬁnb{)mglahc)énbpdyﬂﬁ}abaon pa&em @itﬂlad)lleasﬁelﬁc{ pedki atar o- 6-
yl phenant hri di n-5(6 é‘ ) car bonyl ] phenol ; 3- (61 ?)-3-fl uoro-6-
y
3-

-h"““woh-hw-b_"
N~ 1 1 5

N

Iy| Erf&ﬁa%ﬁlwrzg geﬁaﬁer?ben ]T:lfr %W@?Ft}mé‘lﬁ’élﬁbls sthe{ [zl(ugag)erlged psibRGNg-
t O
P o pBEs AbRYPlRE Rt X%r%ﬁ b R°TS piams benzape per AQpgrams of the

SI O)mgfeflhpﬁgﬁ)ﬁ)rpgémgzlrk?gf Im 5(6 )- yl]carbonyl }phenol; 4-{[(6S)

or o- 6- net hy -yl ] carbonyl } phenol ;
3-fl uoro-6-net hyl phenantnri d| n- 5(6 H) -yl)car bonyl ] benzene-1, 3-di ol ;
(6R) - 3- fluoro-6-nethyl phenant hridi n-5(6 H)- K Lsar bonyl }benzene I
i ol ; [B009] ( 613) a preferred down, thetshpporh sraderialrafdhe dmgenatlon catalyst is

H) - yI]car ene 1, 3- d| 8-di f] uor o-

eyt oAt e pubs B e Ringbnel Kl combpiqrogtpysgure with
nethylphenanthrldln 5(6 )-yl]carbonyl } phenol; 4-{[(66)-3, 8-Difl uoro-6-

met hyl phei i anthri di n-5(6 )-yI]carbonyI}phenoI and pharmaceutically
acceptable salt and ester forns thereof. [0029] As used herein alone or as
part of a group, the term"al kyl" includes both branched and straight-chain
saturated aliphatic hydrocarbon groups having the specified nunber of
carbon atons, e.g. nethyl (Me), ethyl (Et), propyl (Pr), isopropyl (i-Pr),
isobutyl (1- Bu) secbutyl (s-Bu), tertbutyl (t-Bu), isopentyl, isohexyl and
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defined herein as, unless otherw se stated, either an arylal kyl,

het eroaryl al kyl, (C2-Cl1O straight chain, or (C4-Cl 1) branched-chain
nonoval enwohyelvasssbon noi ety; wherein the carbon at om pcosb@stobys? i nked
to the defined chem cal structure, is oxidized to the carbonyl oxidation
state. Such hydrocarbon noieties may be nono or pol yunsaturated, and may
exist in the E or Z configurations. The conpounds of this invention are
meant to include all possible E and Z configurations. Exanples of acyl

noi eties include, but are not limted to, chem cal groups such as acetyl,
propi onyl, butyryl, 3,3-dinmethylbutyryl, trifluoroacetyl, pivaloyl,
hexanoyl , hexenoyl, decanoyl, benzoyl, -4d cotinyl, isonicotinyl, and

honol ogs, isoners, and the like. [0036] The term "al kyl am no" as used
herein alone or as part of a group refers to the group -NHal kyl [0037] The
term "al kyl am , L : I refers
o an al I o BRIl o B RS pOS eI Sufort gl 45 1 958 sy

"di al kyl athapn®sAerei n al one or as part of a group refers to the group

-N(al kyl) 2, where the alkyl group is the same or different. [0039] The
term "di al kyl am nocarbonyl " as used herein alone or as part of a group

refers to i al kyl anmj,no grou onded t hrough a carhonyl group. [0040] The
term "al kUﬁ)&m noﬁﬁﬂﬂaﬂﬁrﬁ%\fgﬂgé Bnﬂetﬂﬁipﬁesép H’é(eBPO%g”‘ﬁg‘?rtc%\“Préseéraoup refers
to an alkﬁﬁBE}H%H%EQUp bonded t hrough a carbonyl group. [0041] The term
"al koxy" as use erein alone or as part of a group refers to the group
Ra-O wherein Ra is an al kyl group as defined above.[0042] The ternft
al koxycarbonyl " as used herein alone or as part of a group refers to an
al koxy gr 9d1bondeget mathghprefermedfom, thy suppor( M@t3ial ofi the kydrogeyatiomal kyl "
i ncl udes %§clize%ﬂ%§5%4 chai ns having the specified nunber of carbon atons,
cyc? %b@b?l, lobutyl, cycl opentyl, and cycl ohexyl. [0044] The term
"cycl oal kenyl " includes cyclized al kyl chai ns containing an al kenyl group
havi ng the specified nunber of carbon atons, e.g., cyclopentenyl,
cycl ohexeg12] andn tieeahdther eriBEGinhdrt Jf the indfany fiR&niohMNHR JrBeesdef i ni tion of
cycl ol al kyl and cycl oal kenyl are those cycl oal kyl groups that are
opti onal | gorepihsdsi t ut ed. Suitabl e substituents are selected from acyl oxy,
hydr oxy, acyl, alkyl of 1 to 6 carbon atoms, al koxy of 1 to 6 carbon atons,
al kenyl of 2 t® 6 ceQmiaHing dhibe all Ryiae rangofecdstsedm copipiningasomatitho,
am no substituted by. o or .two al kyl, gro of from1l ta 6 gcarbon .atons,
ani noacyl , acyl ani n%‘,tmg%‘%? 05%%{}*%5&1&(&&&%%@&044@3&{1f§01;<1>p fﬁSt F5HPE 1o 6
carbon atons, thio 1 : = :
o bstl it ed w e agdlteflgy ot egf?ﬁgff%@??ﬁgﬁt‘@ﬁ?ﬁ?mn%rg{} inthe,
heteroaryl . Prefer rpdsencel afdiydrbgancomymimantrssinds witlodis desiéaing from 3 to
15 carbon atons. [0045] The term "hal ogen"” includes fluorine, chlorine,
i odi ne, and br oni necatplysu@mprging af lnasteng Grouss ¥IH metabnxideamdtat deast
carbocyclic noiety of t 0,20 carba to whi ch can be a single ring
(monocyclic) or mul ‘i?r?ep<‘i ouR gLt %’g}@? ?lle,re p’EQSquH’rge%rqaiCHSE)pr‘P‘ﬁg‘éd t oget her
or linked coval entl - SUL i it ] ryl ' an be
covalently I|inked t%or?ﬁlgéﬁggt'ﬁ:t %%gi %Ké%&%arpagéftrdﬁ@[h uﬁéglhggggrﬁ)pebsd@#g gérhﬁ%
noi eti es include, bphodaceandt limted to, chem cal groups such as phenyl,
1-napht hyl, 2- naphthyl, dihydronaphthyl, tetrahydronaphthyl, biphenyl,
anthryl, phenamt hr y¢ontddting sang rgactind prroduct witlph bydtamenhtiomcatabyshimthey | |
acenapht hyl enyl, and the I%ke.(gpecificalLy included with the term"aryl"
are those aryl grouesensgiofa hydspeensrantainiag treat gas 184 sesond geacsion stage

substituents are se r . . . of 1L, 106
carbon atons, a|kog§%%?%§lﬁ%ﬁgbﬁﬁﬁbﬁﬁ*gFgﬁggBgﬁﬁéﬁﬁgﬁ%ﬁgé5¥bog’egk%sﬂl
atoms, al kynyl of Zi@h{deeRfiotRABst 86thpRsesam no substituted by one or
two al kyl groups of from1lto 6 carbon atons, am noacyl, acylam no, azido,

cyano, hal o, nitro,i)thi cal inoxgamé, gorous, honeagered arystadlimeysnesopormiskoxy of
from1l to 6 carbon atonms nono- or dij-substituted with | ower alkyl or

al koxy, trihal omethyl, afupportinatenateroaryl. Preferred aryl groups contain
from6 to 14 carbon.at ons 047] . The term"arylal kyl", as used herein,

whet her used al one %» a§1B%$?r t%ﬁﬁtﬂgi group, refers to the group -Ra-Rb,
where Ra is an al kyl group as defined above, substituted by Rb, an aryl
group, as defined above. In a preferred enbodi nent, the alkyl chain is
either a (Cl-C6) straight or (C2-C7) branched-chain saturated hydrocarbon
noi ety. Exanpl es of arylalkyl noieties include, but are not limted to,
chem cal groups such as benzyl, 1-phenylethyl, 2-phenylethyl,

di phenyl net hyl , 3-phenyl propyl, 2-phenyl propyl, fluorenyl nethyl, and

honol ogs, isoners, and the |like. These may be optionally substituted as

o 5 ~NN AT —— .



het erocyclic rings systens having about 4 to about 14 ring atons and
containing carbon atons and 1, 2, 3, or 4 heteroatons sel ected from oxygen,
ni t rogen wo 28028878 Represent ati ve heteroaryl groups arecfrwsamsosthspphene,
i ndol e, azai ndol e, oxazole, thiazole, isoxazole, isothiazole, imdazole,
N-net hyl i m dazol e, pyridine, pyrimdine, pyrazne, pyrrole, N nethylpyrrole,
pyrazol e, N-nethylpyrazole, 1,3, 4-oxadiazole, 1,2,4-triazole,
l1-nethyl-1,2,4-triazole, IHtetrazole, 1-methyltetrazole, benzoxazol e,
benzot hi azol e, benzofuran, benzi soxazol e, benzi m dazol e,

N- et hyl benzi ni i dazol e, azabenzi m dazol e, indazol e, quinazoline, quinoline,
and isoqui noline. Bicyclic aromati c hetgroaryl goups include phenyl,
pyridine, pyrimdine or pyridizine rings that are (a) fused to a 6-nenbered
aromatic (unsaturated) heterocyclic ring having one nitrogen atom (b)

fused to a 5- or 6-rnbe r | at L . L i ng having
two nitrogen ajtoms; c) %tﬁl%g% q%@o%éb?gﬁ&?@gﬁ%%gﬁg@tobg%{ ed)
heterocyclic ring havi ngs€B&ediffde 4eNGe i VIHIRbEMmerdl§, hwBérelittheone oxygen
or one sulfur atom or (d) fused to a 5-menbered aromatic (unsaturated)

het erocyclic ring havi ngawragépoer diameterflthe suppdrt omatedjal ik bf tsless than
Specifically included within the definition of "heteroaryl" arethose
aromatic heterocyclic ri f88-that are substituted, for exanple with 1 to 5
substituents selected fromthe group consisting of acyl oxy, hydroxy, acyl,
al kyl of 1 to 6 carbon atons, alkoxy of 1 to 6 carbon atons, al kenyl of 2
to 6 car bayp) OMEn aAbihkr eimifdimehLofthe 3 iRl Eifon, 3HIdSrocadE fitherbst i tut ed
by one or two al kyl groups of from1l to 6 carbon atons, am noacyl, ‘
acyl am nocompri§es: cyano, halo, nitro, thioal koxy of from1l to 6 carbon
atons, thioal koxy of from1 to 6 carbon atons nono- or di-substituted with
| ower al kyl or ahl kossparaing saifl yapenprogyrt fromesaid Higuiddubs oilhailing sangsne
substituent the substi#ugnt may be the sane or different. [0050] The
conpounds of the prB i‘Nvention can be converted to salts, in particular
phar maceut i cal ac ] s SidS| o ﬂﬂ%& ; gﬁgg ; e
conpounds of fg%(rml g@%&?{?%l%ﬁ &i%l‘dﬁgggog btt())zlalg% C n'?)?rill ll(E:)%ln 0 -%821(1:?{58

addi tion salts. Thegs scend a¢areidn stape cnedining, savd hydiwigenatgor catalyani ¢ aci ds,
such as mneral acids for exanple sulfuric acid, phosphoric acid or a
hydrohalic acid, with strong organi c carboxylic acids, such as

al kanecar W lﬁmm whi ch are unsubstituted or
substi t ut e&; B-c- - anpl e acetic acid such as
saturated or unsaturated di carboxylic acids, for exanple oxalic, malonic,
succinic, maleic, furnaric, phthalic, or terephthalic acid, such as

hydr oxycaypedy! | Figatedp is 4 graphxdupidtigathe akdrnaticodatgatiot pekRetnadce 68l i C,
tartaric or citric acid, such as am no acids, for exanple aspartic or

gl ut am ¢ aatabystoowithuahions poensisecvearsusdthedimedhehvartawriatalysis fwoae usedinds,
such as al kane- (of 1 tq 4 carbon atons) or arylsulfonic acids, for exanple
net hane- 8P AFRBAERAYIRHORPEOSSSd. Correspondi ng acid addition salts can

al so be fornmed having, if desired, an additionally present basic center.
The conpounds of fornmulas 1 to 12 having at | east one acid group can form
salts wit (fl%ies-Figufé 2k z?%ﬁai‘ﬂhtcfep%ti tha R sulRirezatiod pee FfiinRe o@hﬁ%ys@' ts,
such as alkali netal or alKaline earth netal salts, for exanple sodi um

pot assi umwath vaimsaresizes versus thestimeshewatoeswatalyatsover@nusedgani ¢ am ne,
such as norpholine, tWnorpholine, piperidine, pyrrolidine, a nono-, di- or
tri-| ower deswliurigsting preesssexanpl e et hyl -tert-butyl -, diethyl -,

diisopropyl-, triethyl-, tributyl- or dinethylpropylamne, or a nono-, di-,
or trihydroxy |ower alkylam ne, for exanple nono-, di- or triethanol an ne.
Internal salts can furthernore be fornmed. Salts which are unsuitable for
pharmaceuti cal uses but which can be enployed, for exanple, for

thei solation or purification of free conpounds of fornulas 1 to 12 or their
pharmaceutically acceptable salts, are also included. [0051]
Pharmaceutically acceptable esters refers to esters that are
pharmaceutically acceptabl e and have the desired pharnmacol ogi cal

properties. Pharmaceutically acceptable esters include esters fornmed from
car boxy, sul fonyl oxy, and phosphonoxy groups present in the compounds, e.g.
Cl-6 al kyl esters. When there are two acidic groups present, a
pharmaceutically acceptabl e ester can be a nono-aci d-nonoester or a
di-ester; and simlarly where there are nore than two acidic groups
present, sonme or all of such groups can be esterified. [0052] As used in
accordance with this invention, the term"providing," with respect to
provi di ng a conpound or substance covered by this invention, neans either

T N o, 1 o o N 1 o o T . N o,




Advanced Drug Deliver Reviews, 8, pp. 1-38 (1992); (d) H Bundgaard et al.,
Journal of Pharmaceutical Sciences, 77, 285 (1988); and (e) N Kayeka et
al ., ChemwoBhawo2s$ul | ., 32, 692 (1984), each of which i ecirnsessosmsed
herein by reference in its entirety and for all purposes. For exanple, a
representative scheme for synthesizing an exenplary prodrug of the present
invention is as foll ows:[0056] Solvates (e.g., hydrates) are also within
the scope of the present invention. Methods of solvation are generally
known in the art. Accordingly, the conpounds of the instant invention can
be in the free or hydrate form and can be obtained by nethods exenplified
by the foll owi ng schenes bel ow. [0057] -conpounds of the present invention
can be prepared by those skilled in the art of organic synthesis enploying
conventional nethods that utilize readily avail able reagents and starting
materi al s l f can be prepared from
conmer ci dP‘E-yﬁhfl\lﬁd.Q auE?‘,ﬁ{ﬁ; ]mds known in the
literature, or readily prepared internedi ates, by enploying standard

synt heti c net hods and procedures known to those skilled in the art.

St andar d K@idbhet Thermeesend sneemtioprin e process ubed ta lpdrpgense atomaticyf presgani ¢
nol ecul es, alng fﬂrggti',onal group transformations and mani pul ati ons can be
readi |y oBtldbae raneelee mss i Hietpractica of the preseat srventiom a{uhedar d
t ext books _.i he field, though.not limted to,any one ar several sources,
classic t%l;u3 gﬁgfgcrﬁngg ?ﬁﬁﬁ?ml\ﬁ%n@?m%rgﬁ’? 158 a%?@?vf’ge? aﬂg\fﬁﬁ%’ﬁaﬁi’ gani ¢
Chem st r yhoReRGH4 i : 3 Wley &
sons: Ne\)//vb OYork, féf(%%?ﬁdﬁi%ﬁ%@éiﬁ?tﬁ@ﬁﬁﬁ%&??@%p Q%Bh%g%}%#ggﬁeve Goups in
Organi ¢ Syesdieeicf,a IBydiogeh-codtahrinyideat gak. Stirshydvegendiidn catA9st esmptissf ul
and recogni zed reference textbooks of organic synthesis known to those in
the art. FhBOFgANISRATGUS NPnHEY eredsenystablines mesgperayssypportimatgsiak at e,  but
not limt eneral procedures for, .t he prepa jon of representative
conpound Sprg?er?ﬁlé( atfﬁ”g@e‘ﬁﬁﬁ ﬁ\fBH?P]gerdﬁ{éﬁgtﬁﬁP[' 2@"?) F%tEIXSf P@H&anrﬁes Rnow how
to make j t he
conpounds céﬁé%ﬁéﬁ%{:dgﬁ{f/% idg%#eﬁgﬁggg@ggéﬁtr%ﬁﬁogﬁd 5‘%&?@%1%@&S ghz?@?h tuted
phenant hrineiabe. THe gstabisels farbeacidracierioéd ahBavihgnaniverigd pus dismeesefi bed
by M Lysen, J. L. Kristensen, M Be%trup; Organic Letters, 2002, 4 257.
Several ~ othtsr leswthaodt Aof Tpe spatagting of die kibboil bailing rpgenferdstréan math ar e
known in hz}tylitera.ure %3&? P K .Patra,.J . R Suresh, H. Ila, g )

Junj appa, NeHYALGEcHAtAN caghyst oggurs jB 2gegction staga,that is opesated undenelegtiven| y
substi t ut SRR ond (1), either comrercially avail able, known in the
liter atur@fhrgg pr e%gdggitg%lgbr ding to nethods known and established for the
preparation of said phenanthridines, including the schenes descri bed bel ow,
wherein, Rlthrough Rl are herein before defined, is reacted with an R5- Li
reagent, [B01Rkr tobewildbalihg rangs feaddteeamemitablenfor wse lin ther priesert, or
prepared ,according, to nmethods kno and established for the formation of

|i t hi um riB¥gQIsInC eaarqué{snaoeé@?fe@ciﬁtceagﬁmeasn ﬁmst%l/pmeﬁ@ng- Such

t et rahydr - di e the li ke cat. tenperature etween, -78 C
and r oom@é@%ﬁ%&%@%&éﬁﬂupﬁ?{%'_g(?ﬂt%'g%ga{etegw ?%u‘{he cf_tseg S fi?pge[c{ uwith a
sui tably fpeRisdrb§sibRs PARZEIN arfdHaPsail ds3Vell 8§ bftheGO FaBRIE Ghah by tfsei | abl e,
knowh in the literature, or prepared according to nethods known and

est abl i shdmtiviedrfrdthehe FéschenTrapschipreadss. Tgpiay wagkdomtaidass fedisteckaforvel y,
the suitably substituted phenanthridine is reduced in situ to the

i nt er medithe PrenaEgiinbphbibaiceng SrsroilPBve initial doping peisés of 3B5°CL0n abl e

auch s dnepypnd brpdd fesls SHUGROiBnERT S el PrRelRg. BB ares
bet ween - tﬁﬁﬂﬁ : i 3 henol (4). A
met hyl ettéglrr &{ %l@d \%ﬂg’;gel n, %@é giﬁcgﬁ%vtﬁ%@}’m?:agtggls, @g&n&%@fs gg_s ’Pret hyl ag ezzl in
step d t atindepheric sipoadiung rasidy) dbadphhlted oilsatidkngakes and Fisch@- Propsch

tribromde in the presence of an excess of olefin or cycloolefm such as
cycl ohexe¥iex. Sueh frgdasnay be derived fiam disgdlaipmtawersiatmaspheraged, in a

suitably hal o ted sol] ven uch as ch|oroform 1,2-dichl oroethane, or

di chl or or?@tcHBﬂ’S’?ﬁEﬁ'ﬂcﬁaﬁkerlsi ﬁ@roﬁpﬁt@%%ﬁ sRlvent exgaction H?lts’eatm’emaYilﬁVEan be
de-net hyl ated to phenol (5) by reacting (4) with boron trichloride, in the
presence of quaternary amoni um i odi des, such as tetrabutyl anmoni um i odi de,
in a suitably hal ogenated sol vent, such as chloroform 1, 2-dichl oroethane,
or dichloronethane, and the |ike, at tenperatures between -78 C and room
tenperature for two to twenty-four hours.[0059] If R13is a benzyl or

di phenyl net hyl protecting group, renoval by suitably conpatible

hydr ogenol ysi s techni ques, known in the literature for effecting such
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tenperature for several hours, hi step ee, treatnent of the

car boxam deam de (10) with lithium or potassium hexanethyl disilam de, LDA
and the |wbeposaizegver commerci al | yavai | abl e, or known i npcChasshess@smsure in a
sui tabl e sol vent such as tetrahydrofuran at 70 C for 24 - 48 hours afforded
phenant hridine (4). The protected phenol can be de-protected in step ff to
phenol (5) as previously described. Schene 1. aa. Pd(QOAc) 2, K2CGB,

t et rabut yl ammoni um brom de, THF, 60 0C, 2 - 12h; bb. NH4OAc, MeOH, 60 0C;
cc. Wien R5 is hydrogen, NaCNBH 3, MeCH, 60 OC, 12h; dd. ArCOCl wherein R13
is nethyl: triethylamne, CH2A 2, 2 - 12h; ee. KHVDS, THF, 70 0C, 16h; ff.
Wien R13 is nethyl: BBr3, cycl ohexene, -@di chl oronethane, 2 - 24h. [0062] In
preferred enbodi nents, the present invention concerns nethods of treating a
subj ect conprising the step of providing a therapeutically effective anount

of alig ' t - tr 1t 1.on.faci. i ion with
et rogen 725 SOpERTRE &L NranGie, JEREHCEhbE o1l B rilas BEFHRENS
estrogen 5@p§mw§so°pr(gﬁg¢@bl y with a substantial absence of creatine

ki nase stimulation ha certain preferred enbodi nents, the admnistration is
with a substantial absence of uterotropic activity. Preferred conpounds of
t he present invention,PDdFIate NF-kB transcription factor, by interaction
with est rﬂ’&éﬁl r eddihesil pmling range Fedsirqamsshitableteryise herqin@isommaniaind ER- b
estrogen L or f abl id.D h nt i-al ;absence of. creatjnge.ki nase
sti mul at |%§&e¥68§§?%§é§eé}'%8§ S%Sﬁﬂ%ﬁ“ﬁélﬁ?hg%ﬁﬁis il ‘i%@%‘ﬁ{‘}g&ﬁ’ %@&l at e,
e.g., inhibis ofHitRigeNCbAER RSHE FedshRAMEUATHBY wl?.b/‘f?fﬁéﬁl?ﬁr, QAARRUES? | nhi bi t
NF-kB activity and thus IL-6 expression. Accordingly, preferred conpounds
of the pres®naronmtistdanrbenssd es sheaprieseritiprocessnioisprefetiedithyt theduHue
anti-inflannategﬁhconpounds useful for the treatnent of di seases associ ated

wi t h i ncreusent ofythekeadstreamg be belovs S0@ wyimsmprsteraklydielew 309rwppm, more

e pr escPLirayBRIoN 48 RoBR ritetsabuf Itice S dog oo TB e RE " ©
A ! ! . : db

accor di ngfo¥dsthdiinm Kﬁyﬁé%‘%r@%i&gm% cOfta g Iénl?{j[rgéiﬁhéﬂo%rda@;ﬁxt?@. reast

cell proliferation. [0 unds acc e prese i nvention

have pharieeds/haginged highopeax torent fypicatigrhave gl iscosidy deaesonNbsto 260
phar macol ogi cal assays, including the IL-6 and creatine kinase assays
descr i bedotimoreheSwimgidenitiogen eanteatsanay bpmegasuesdsl iy standardd®TMis of the

present invent.i n b to tr.eat chronic inflamatory di sease such as
atheroscP@F&@p§?ﬂ%gﬁéHVﬁpgaﬁgﬁ?gF@&V%ﬂ'(NI), congestive heart failure
(CHF), inflammatory bowel disease, e.g ul cerative colitis and Crohn's

di sease, and arthritis, e.g., rheumatoid arthritis, and other di seases and
condi ti on@Ol9F| udis@atet @bevelithe basedt Mveatich ifvolvdshwnpastReserbeloil he
present invention, a chronic inflammtory disease is any di sease

char act erbaibug bgngehicedstreann Withnarby drogent0p6sitalpsethet cemiptsesmsupporof t hi s
invention are useful in treating osteoporosis and i he inhibition of bone
deni ner al'P3letta r??b‘%ﬁP’bWaFFéV ’raé’gtﬂtﬁe@F SE? hﬁ%%&ﬂ%%‘gefl}ﬁ&é)ﬂemﬂﬂﬂ/i dual ' s
formatio b j . roti QF er, :1i s, | eading
to anct 1osapdiEty s I8odt BRGNS e SERRB0P B e S i

i ndi vi dughgludeayhthetic @ohpdsitiRS I mMRRPRBUFH iV BF Qltr 8 phosihave.

under gone bil atéral oophorectony, those reéceiving or wh ave received

ext ended arpstallmegihasei Suithldleapppert matesas axpaorganc gorgos\ata-lagysgenesi s,
and those suffering from Cushing's syndraone, Special needs for bone,

i ncl udi ngFry#atlinetise matemalp that pep eharacisrized G itH epdciped foran)das @ Xating

t hese co ngs._in jndividuals wth ne foractures, defectj bane

st uct ur BaTEA e Rt il R b e B o 0EpebiNecReniEE MR 3 wiRLS

i mpl ant at ppivaf ng - bt : e used in
trat ment Sar e RRERRY BEIDS. THE BB e R P AN e .
Paget' s dihaemserizeddsdeiviga banzaktsoahtidn sdpacigigeatstdbiahdlsegaps! e and

ot her forms of cancer having deleterious effects on bone tissues. [0066]

Pr ef er r edbenzaipperd0bgramscoithe seaterialrat St toor 60 £k Ba)sanda21°Cy Prieferrdte br ai n

and are therefore useful .for inhibiting or treating. Al zhei ner's di sease,
cognitivéuﬁgeﬁfﬂg?nagé?%HggngFbWHBP& 'h@eﬁgﬁ@ﬁFgﬁfLﬁ@@g gePat i ve

di sorder | : ) LLiYad i ' ol P A infertility.
Pr of or e BeeRELP pifaiityited bOIRE WiiPe niiinbRP L BBhGiouphirot Ehlibh 2
beni gn or malignant abnormal tissue growh including, glomerulosclerosis,
prostatic hypertrophy, uterine |eionyomas, breast cancer, scleroderns,

fi bromatosis, endonetriosis, endonetrial cancer, polycystic ovary syndrone,
endonetrial polyps, benign breast disease, adenonyosis, ovarian cancer,

mel anoma, prostate cancer, cancers of the colon, CNS cancers, such as
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subj ective paraneter such as abatenent; inhibition; rem ssion; dimnishing
of synptons or nmaking the injury, pathology, or condition nore tolerable to
t he pati ewd;20&l28878g i n the rate of degenerati on or declpcmas2emlosmg7 t he
final point of degeneration |ess debilitating; or inproving a subject's
physi cal or nental well-being. The treatnent or anelioration of synptons
can be based on objective or subjective paraneters; including the results
of a physical exam nation, neurol ogical exam nation, and/or psychiatric
eval uation. "Treating"” or "treatnent of a disease or condition
characterized by chronic inflammtion"” includes preventing the onset of
synptons in a subject that may be predi&posed to an inflamatory di sease
but does not yet experience or exhibit synptons of the disease
(prophylactic treatnent), inhibiting the synptons of the disease (slow ng

2 L0 R e AR R LI,

side-effe sease (1 nc ng palli‘ative . and/ or

rel i evi ngidepeified AMCM-4fl . tIMEMifFelhia dpagendid afices (exagbfdly-ng or

treatnent of any di sease or condition disclosed herein includes preventing

t he onset awéngadyphifosmlynsized pbyesaif at heast h3dk diampteedixdpbisea hexagmmiall di sease
ence or exhihit synptons qf the di sease

or condition but does not yet exper]
or condi tFléﬁtf%ﬂbngﬁ‘ﬂl%ﬁ)PEem@a% ﬁ@n%q ndexed piith #6100 wéf{@ygfﬁ@tsrrﬂla@fl%e

di sease or.candi t] owng..or _arr i i vel.opnment Vi di n

rei tof tr SREEHEOrLoAROSIS 4] O Foe HepE3h WO R S ELIRIAehn. SiW 4110

(i ncl udi ngedRaibled 3k DHitedr StatelPatonts NutitRls 5 Do8DE UL 51873 530! REctCdret he

di sease or condition (causing regression). Accordingly, the term"treating"
i ncl udes hérebadmeorpstatad by refeferichcambatpaytodslesser dggreesbelow.he present
invention to a subject to prevent or delay, to alleviate, or to arrest or

i nhi bit devel opnent of the synptons or conditions associated with a di sease

st at e. Anﬁﬁ?biﬁd dical practitioner wll know Oﬁﬁto use st andard net hods
Lo deter et ngranfc. ity g metopREos Ay attine B andrtalser  zed by
chroni c i pfd PITRIh e@n’fsd{noﬂhp'pggegnﬁﬁﬁ}énﬁxﬁ 08 cB o%ﬁ?dxpa{bco}&iﬁég& the

"Concom tant adm nistration nown drug or treatnent wt

phar maceuforaalla dMREBEI X Y02 04). t hethiy fosmnla, iW\ie atdicalenteclomeat selecidr at i on of
t he drug ggr treatnment) and the conpound of the present invention at such
time that gt Aiveleat Kisguevwdirarpition matalapresereblyamanganese oeqhedl, iroonard/or he

t i ti.on will h th tic effect. Such i tant
Bt i st BVAE0R Gy BTG AP DK EPP L e g valept PR hrefdigly iimgpumoy

subsequent, %”hlab%af’&ri 'i‘li&%;, h{&?ef- ﬂféfgraﬁgf aluhfALEE Y X Wtéti’a\fa‘?érﬁ%‘?ér?érﬁ the
adm ni strati onh of a corfpound’ o e present 1 nvention. A person of ordinary
skill in &kh & dilicowahdloh geendiium, bidferably sitieber @ ibiakntdalénRlanentat e

timng, sequence and dosages of adm nistration for particular drugs and
conposi t i suh asfphdsphoiuss dvtis one entiase iorse sudxasyforexamplecampwumids, of thi s

i nvention _can ed | ombi nati on (adm ni stered together, or I
sequent i afrgyp bR AR fns. Hsiadly HNAFORH SoRBEE AT GHOEHR dops, "

i nfl ammat | i At i i 4 C i sing
2" compountt (F PABEY BB SpRIABS s, xaHRhg STeRbRNR PRTBG Yrafri iRl )
accept abl gota dviePige VdlefccbEVE W EH tRERARDER BF mdlECoCRBRORAEBoRbEM;Qr, Bl at ed
as pharmaceuticals to di seases associated with chronic inflammtion [0077]

| n gener at, amtodrpreumdke frictidns qfr Ws &qtY and Enréspactively Pl issal mumibst ef fdnas
pharmaceutical conpqgsitions by any method known ipn the art for

y ,
admi ni st efq A§; ené(apewridd=br iya préferrad ieAtpogiment of wiprpert matsrials suitabla eni ¢
{e.qg., transdermal.. jintranasal,. o V! Qs t\ar r.parenteral (e.g.,
{0 P amus o ltaRe etk e b Bl Hsptef el BT (ollor TR ELARREIRIE 2a
take the {MeMaCindld,ehd:h=0. | PréferfPmbterials f7Hsé Y h_fbmng)ﬂie%bgonsusF ai ned
rel ease formul ations, solutions, suspensions, enulsions, syrups, elixirs,
aer osol s, nmatertuly suitdbhde fappedrereéiataze denglosiinovheateaalthagipothee at | east on
conmpound of this invention in conbination with at | east one ’
phar maceumetalldsilicatesapayBlse heasedi ent . Suitabl e exci pients are well known
to persons of ordinary skill in the art, and they, and the nethods of
formul ati ng the conpositions, can be found in such standard references as
Al fonso AR Rem ngton's Pharnaceutical Sciences, 17th ed., Mack Publishing
Conmpany, Easton PA, 1985. Suitable liquid carriers, especially for
i njectable solutions, include water, aqueous saline solution, aqueous
dextrose solution, and glycols. In sone enbodi nents of the present
i nvention, compounds of the present invention suitable for use in the
practice of this invention can be adm nistered either singly or in
conmbi nation wth at | east one other conpound of this invention. Conpounds
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the fornmulation isotonic with the blood of the intended recipient, and
aqueous and non aqueous steril e suspensions that can include suspendi ng
agents, swbubidd2sess, thickening agents, stabilizers, amdTpsessnyms7 ves.
Anong t he acceptabl e vehicles and sol vents that can be enpl oyed are water
and Ringer's solution, an isotonic sodiumchloride. In addition, sterile
fixed oils can conventionally be enployed as a solvent or suspendi ng

medi um For this purpose any bland fixed oil can be enpl oyed i ncl udi ng
synt hetic nmono- or diglycerides. In addition, fatty acids such as oleic
acid can |likew se be used in the preparation of injectables. These
solutions are sterile and generally free of undesirable matter. \Were the
conpounds are sufficiently soluble they can be dissolved directly in normal
saline with or without the use of suitable organic solvents, such as

I I hyl | ' ' the fingly divided
Do e BT, RS BRSSP AP FRGRS RS Tyt v 2
cel | ul osens@d Ab@Posi®lon! Bn aHianBPHRURIasis Sekpteed RnAAALALIP LY thd Rfigfula
formul ati ons can be sterilized by conventional, well known”sterilization

t echni quesRMLR€W oXgilZyOppnsharaR isatht aotal prganicamateriat abt inchadednnaV| 8

auxi liary substances as required to approxi mate physi ol ogi cal. conditions
such as p#n Q). @@dirngﬂ%@pq&gm@t forR deferthe number of molgsipr srale fragdemos, e. g. ,
sodi um acgt at.e odiym chl oride, potassium.chloride. . calciumc ride,

sod um & afe a2 M ReBcrdientare B EREN D n B Hab Bu A SOk BEirpr s en
i nventi ongj : g 1M 1 ected

o mar 1y P S oY B e e, e T ke

i n accor despteced Byhpodrerpstallizatiba memhelds ddscrdbled belotw. aTo aife sxtencdesirednd t he
patient's needs. For IV admnistration, the formulation can be a sterile

i nj ect abl tepreginalMi, 618, sadiwmeor chlenids, ions ofrthe @s-syntheaiged anatenal of thisgi nous
suspensi on. ensj on, can be, fornul.ated accordi ng tgﬁthe known art

: n TEis sugg _
usi ng t holYeBHPR gah Be drRlgeed Imharsordance i With sonvendiogalioieisbanehy agents. The
terile in >t . SU .
suspensi el PRISRA! Aling s Al Tl ipRE HBro RS furBgekt 07, Of
as a sol upieersol, é.g3abithamee, dbns diEmitirasl gitthesesions. RativRely praferkd
presented in unit-dose or nmulti-dose seal ed containers, such as anpul es and

vi al s. [ 008@]ar¢ Hjasetwlunh pooude dnsdesigdsnetpbhwictinsalityrinsbe fimapeatelyst.r om
sterile p ers, nul es, and tablets, of the kind previgusly descri bed.
[0083] Compermiae! s pgen; 6are§§ét%irﬁe&ahea%lae sl Grouns YA (g M- can be
adm ni ste 0 | ¥ o e i i.on in

t he corrpoéﬁﬁle{?' 'a}ﬁ‘bgrﬁfﬁemﬁ? Igfgp%réi %}g?jjgﬂﬂte %ﬁo?g%?é@%c@&%%g |%‘l}1t,9 si ze
of a unit a0 aaLBiIredkbNhesd ighsCi pi ents, and other factors well known to those
of ordinary skill in the art. [0084] Pharmaceutical formulations for oral
adm ni stration can be fornul ated usi ng pharnmaceutically acceptable carriers
wel | known in the art in_dosages suitable for oral admnistration. Such
carriers fR2le tFhe gmsiatinedae:davingosuticient erder to previde adiffeactign n uni t
dosage for as_tablets, pills er ragees, .cap e | i-Qui ds
ozenges. PRerd Sukf At dbF exfinpl by PR sledlf B e S ian S Vi est s on
by the patiiefiatiofiQyithiheleh ik MleBopStous sappe fiafériils afd Hhrs@BrisQNSi st
of (a) Ii g{ﬂli@gfaggl utl:ﬁgn?,e g&?ﬂfg Zn eg?ffi ec'}li v?%m)ur?t of the ngckaéed

nucl ei ¢ aby theitisgpestday whicklindheddssextienedly &agepbes wisddwas wellREGy4Q0; (b)
capsul es, sachets or tablets, each containing a predetermned anount of the
active i nhighdiosplion egpacityuillie tergp|'mesppogeusiupeusask hejeingis meanictp isdisptensi ons
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grinding a resultirng m kture, processing the nixture of granules, after
addi ng suldast] graa @iffaisemd] motstute)’deh as ArdNs, i-hexareCoradicioliexans)] [ir s 00r
dragee cores. Suitable solid excipients are carbohydrate or protein fillers
and i ncl ugemsof themerens material e Aststatedigbovs, theprasentnigvenitomsse, sucrose,
manni tol , or sonbiiol;_starch fromcarn, wheat, rice, potato, or géher
plants; cEnIaPtEEZed AT HSIAG ARMPROTL IRAIENA] RAYADS AY AV ERagRICKY A1agatteiPlobe 1o

hydr oxypr t - S r i el | s 20 uns
el ucl gt A MBRLAUAFERerbaE £ S8 8 SRLHERY A IAS Tl B3 BeraBie B
collagen. If desired, disintegrating or solubilizing agents can be added,
such as the cross-linked polyvinyl pyrrolidone, agar, alginic acid, or a
salt thereof, such as sodiumal ginate. Tablet fornscan include one or nore
of |actose, sucrose, mannitol, sorbitol, calcium phosphates, corn starch
potato starch, mcrocrystalline cellulose, gelatin, colloidal silicon
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0. 1% 2% sucrose, 2% 7% mannitol, at apH range of 4.5 to 5.5, that is
conbined with buffer prior to use. [0093] A pharnmaceutical conposition of

t he i nvenwvoanosoass7@pti onal ly contain, in addition to a ecrmszend/osfost he
present invention, at |east one other therapeutic agent useful in the
treatment of a disease or condition associated with chronic inflanmmation.

[ 0094] The pharnaceutical conpositions are generally formul ated as sterile,
substantially isotonic and in full conpliance with all Good Manufacturing
Practice (GW) regulations of the U S. Food and Drug Admi nistration. [0095]
The present invention provides, inter alia, nmethods of inhibiting cytokine
expression, e.g., |IL-6 expression, in 40subject for the treatnent of

di seases and conditions associated with increased cytokine activity. In an
exenpl ary enbodi nent of the present invention, a skilled practitioner wll

treat a et ' 3. di i L Wi h 1.6 nil tion with
t he co.rrp.(s)t%)zc??¥ 'o%m tg ?ﬁ"é’%?@%gﬁﬁ ﬁ@%ﬁftﬁgﬁ%EOS’g‘ﬁgﬁ%ﬁaf‘ﬂ?ggf Fvléaenn S% poses, the
conposi t i jRentién becuge MisindeArOREEoNBAR! inGdRcRAIPEIINI thh€bEAntiAng he
subject in a single bolus delivery, via continuous delivery (e.g.,

cont i nuoubetavarageponedjammtenstithe presenhimantionus vdtHin veis yanges; ¢hie an ext ended
time period, or in a repeated m nistratjon protocol (e.g., by an hourly,
dai |y or dfeElatys saiyeatianandwdesy{iarzation perfpunanes of thamestyHanvertian iscal

formul ati resent invention can be adm nistered, for exanple, one
or nore té$§§9§%bﬂﬁﬁa3 times per week, or weekly. In an exenpl ary

enbodi nent of the present invention, the pharmaceutical fornulations of the
present invention are orally adm nistered once or twice daily. [0097] In
this cont[@023] a {Thersapport incztbtials atiftebleiforuskosagm i bddistihghished filbhy active
agent (s) can include repeated doses wthin a,grolonged treatment reginmen
that wi | |0H¢ieperoys ingrganicysolidy hy the eegulariy @fiits largeopeanares vorseqoraor e
synptonms or detectabl e conditions.associated with increased.cytokine

cetivi vy ST AR P haCS: R5RTRY 5L rhtr-ryAiEE RaeH bR o cal 1y
based on gRbd@HeplIRfGtrat bitdlbtard Ol hivyss £ diBirfbRkioh! #hi Ad i S
gui ded by deteF%iningae%fective désagegpgg x%gﬁ?ﬁ?3%%%??@%*%@3?@@@f€ t hat

si gni fi casingly phaskiof; fohexampley #2546 usualbeyE3%tor 1ods dfahg aveigeons size
synmptons or conditions in the subject. Suitable nodels in this regard

i ncl ude, @fghatephasp) eesemblg meore these of srystalline frasrewnrbdnateriats suchdsl subj ect s

v tr o 4000 T PRt v bl 6t URSrE ARG be APtarbed B ps

adj ust e [AVAoY! i t er.a i

concent r A1 aR0 el HREacHc SEANL Brt CnEk R RO AR I A OPEfount of
the bi ol dgieeadll diametery frofgehtid fss (ifan40A apiebethblyt IRdo A, mbkd prasmably

ef fective, traqr;idermal |y effective, intravenously effective, or

i nt r anus &9 tr30A anpstpretesably 23 tod1A.a desired response). In alternative
enbodi nents, an "effective amount” or "therapeutically effective dose" or
"pharmaceutically effective dose" of the biologically active agent(s) wll

Tl v i b ' h ol o o9 .
correl at Qg ThERAR odRnEt AP EATRER BinkyReR % fivar ot e phET

t her apeutrhgtefialsthaoddiibit tnAEMIEEAly pAARBhedAforAt kian @8irPthe limits
biologically active agents will of “course vary according to factors such as

t he ext enif expesrposal measncenpent; butidlso thosetwith signiffvant abgezeablé degiatiohbe
subj ect' s, age, size, fitness, extent of s todms, susceptibility factors,
es

otc), 11 rEomihatidealstese. dwsrihoxagenahas nse sxbe theesunpotignaterials

treat ments.hei adm ni st er ncuk rentl sage i neps. can be adj usted
to pr ovi dbiaftedr MRERPSHLSFatiap st € bneastRer Bl SRel indfe mifefl

"t her apeuf bl deVsudloud@bd b9 sBORGare@r "g{@fr& i1k a8 duph iy dose” is
meant a dose thast pr oduceg effecrtes I%‘ecl) \Mgi cﬁ It |ﬁs %m%f}%f%%ez. Mor e
speci fi calistyncea ItBhoaldehet nated,| hoveevephthardefectsiandlimpeefetaeoid inethdeappert t he
conpound(s) ofthe invention preferably alleviates synptons, conplications,
or bi ochantterp! willirause segnificantauusbers o6 channsds ta violdte thie ssitetianytooki ne
activity. The exact deose will depend. on e purpose of the treatnent, and
w1 be” abbPedeatissciinding ke aaith of fe BAIEPRLS nirnerian. | SomRlcaLes
(see, €. GQyhichl RN, i aal ( - . .

LI oyd, 19991,C 'Fﬁlgﬁ{&rt, g@?g%ggg%gﬁg ec%r}'gi [oi fgiyl ﬁg eaax(r%gé eulgepgz}atl djlgt%&e
Compoundi ng; and Pickar, 1999, Dosage Cal cul ations). A therapeutically
effective dose or pharnmaceutically effective dose is also one in which any
toxic or detrimental side effects of the active agent is outweighed in
clinical terns by therapeutically beneficial effects. It is to be further
noted that for each particular subject, specific dosage regimens should be
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(0.05g, 0.23 mmol ), 4-methoxybenzoyl chloride (0.04 g, 0.23 nmol) and 0.08
mL of diisopropylethylamne in 5 nL of THF was stirred at anbi ent

t enper at uwe 20uan887ght . The reaction mixture was partiti eoedsesosnsiosl NaCOH.
The organi ¢ phase was washed with brine and dried (Na2SO4) . The reaction
m xture was purified by flash chromatography (silica gel 60, nethylene
chloride) to give the product as a white solid (0.05g, 40%vyield). M5 (ESI)
mz 348 ([ MtH] +) [0104] Step B: 4-{[ (6i ?V8-fl uoro-6-nmet hvbhenant hri dm 5r6
)- yllcarbonyUphenol - To a solution cooled to -78C of

8-fl uoro-5-(4-nmet hoxybenzoyi)-6- nethyl -5, 6-di hydrophenant hridine (2.3 g,
6.6 nmmol) in 50 nL of nethylene chloride-containing 2.0 nL of cycl ohexene
under N2 at nosphere was added boron tribromde (2.9nL, 26 nmol). The
reaction was allowed to warmto anbient tenperature and stir overnight. The

excess bop aiebhialfalhiithWRSIAGTOIRANE i ek A SR Ms e 20l PN T4 Tt hanol

reac 190N i Xt ure e rea |on
met hyl enemafdriild. @orapstaBRY Vdriatidns dradisd oBYrvEd in feed Q) SANESiBhPGR Was
separated and concentrated in vacuo. The residual product was purified by
flash chrcinaﬁrmgdtfﬁlaytl()npattema gel 60, nethylene chloridel/ethyl acetate,
19:1) to give 1.85 g of the racemate. |sonmer separated by chiral prep HPLC
(Chiralcel AD, 25X5 cm 100% EtOH, 12 ni/min) to give 0.536 g of the

d 0 25 = -
b. o106 YRRk TR RRbr R SARERE B bt g%pge@are@y o (g,
J=6.98 Hz /. 6 68 (d,
Iz 28 Hzmeg'nl_sll)'lh}&glg ‘i‘rz gl%b alg,'agld ate 'ééner%llﬁ)zfoﬁnﬂ?bg e ﬂfegl(;(?a d'e’%%rl 2 1 (7 18
(m 1H 7Ugited Sthtes) PBtciis, N12m86rsl-i',098,684 ands 51&6571,%1311 haRe 8ﬁe£r&y bdd 7.91

(dd, J=7.76, 1.55 Hz, 1H) 8.04 (dd, J=8.79, 5.43 Hz, 1H 9.96 (s, 1 H); .MB
(ESI) nf zZinggmorated rhpf#)%fqulqeaéﬁynefﬂiyghg mgstregulyr prepagsionsof ths support

Sl APy AT ISR B Rt >

di hydr oph&&%}ﬁ :

8-fl uoro- f v@'hﬂ%lecfl gmzlropﬁggglr@ P Itlheeseé)gal&%pp%x%atﬁ#oﬁthe.

3- ni et hoxpdwuimmydf thlhkO efleciofStoma h@x@nﬁhﬂtﬁceﬁ%e@(l}ﬁy diffielction
diiisopropylethylamne in 5Snl of THFE was stirred at anbient tenperature
over ni ghtpattﬂﬁlés hravseerois net aiways awwfTipient indieasar of the prisexselef these or gani c

h th.b d.dried (Na2SO4) . Th t t
puri 11 od BTG 6° e ASHPO OF BAR i A Ryaostucruf g FErstEMa | do) 1 o

R PR R G e e éeﬂsé%l%

yl | car bonwilpbeobserved.olrfesdl g@ﬁu@ﬁ@kﬁ& (Brﬂy‘o?l%glﬁfnct peak i in the low angle
8-fl uoro-5-(3-net hoxybenzoy1 - met hyl - 5, 6= di hydr ophenant hri di ne (%) 39 g,

1.1 mol )regn)IlSOﬁ\tbecX ramdifﬁrlaen@l phﬂtermhdwecb@am £ound1tg> éhrBainisubstangial ohexene

under N2 at nps re was adde tribrom de (,0.495 , 4.48 mol ). The
reaction %%urggpgmm@@r df{ éFﬁC Kriss failipsgratgdnednicrogmustwiegHt . The

Co the + cRipbferal B 48 sﬁﬁ%gﬁt%u&%%ﬁiﬂw% chBS R R BRRET eg
Wi t hmet hypRperl; briRhicdes pRBEnAR' ¢ 1 suitapRGy gbbﬁ mBiletbls shdhea Hé%&in‘él phase was

separated and concentrated in vacuo. resi dual product purified by
flash chraraigegreapbflargs chamelgaid te, commpmhdang etavtroni di ffradtion paret at e,
19:1) to give the product (0.318 g, 85%yield) as a white solid. The pure
enant i ome$1VeRan pRRIORBAtey hexagonn mnge(r)qnépfgl fictipn gaximaahbe dnexane 1: 1)

el U 13s8Pacigdiifs ey it o R pelens S i isancs hekwrer adBosidbSisnmo 92d o)
g. Egm(i ]t?e beto GHrOSe Zl%n'ﬁfthé h@%% %ﬁa@@éeﬁ?@%ﬂﬂa é(? t06t£1§§e[§%t s't%nd&s 1 7 3 A

(dd, IH a7s1ﬂ)10 betiveehchanifiels bb3érved in Hd) el8ctddn fiflerogtap hslHﬁouEh thé féenida, 1H)

9.59 (s, M5 (ESI) mz 334 ([ M+H MS (ESI) mz 332 ([MH ) . [01
08] Exarrrdlm:@o\/ {‘h 5},@3 spacipg observed in tl)le electron dlt)fractlon patterns

Separ b OB SLRdP The U DAETE 41 blovechals peek in il KrioN dHiTARRE Racsr & 2‘2{
pr oduct  dae SURIE Sebelt efertl PhOIndnE ofeied pepalilicdTibe it oy

1H NVR (400 Mz, DMBO-d 6) d ppm 1.19 (d, J=6.73 Hz, 3 H 5.75 (q, J664
Hz, 1 H 6.65 (d, J=9.05 Hz, 2 H) 6.68 (d, J=8.28 Hz, 1 H) 7.05 (dt,
J=7.70, 1.42 Hz, 1 H) 7.12 (m J=8.79 Hz, 2 H) 7.19 (dt, 2 H 7.27 (dt,
J=8.79, 2.85 Hz, 1H) 7.91 (dd, J-7.76, 1.29 Hz, 1H) 8.04 (dd, 1H) J=8.79,
5.43 Hz, 1H) 9. 97 (s, 1H) MS (ESI) mz 334 ([MEH +); MB (ESI) mz 332 ([MH

NA N1 o o -



a]D 25 = -409 (¢ = 0.010G M., MeOH); 1 NWR (400 MHz, DMSO d6) d ppm 1.17
d, 3 H 581 (broad s, 1H) 6.34 (broad s, 1H 6.62 (broad d, 1H) 6.77
broad s Wd)H))06702§§‘78(broad m 1H) 7.25 (m 3 H 7.38 (ddpcth)s200598106d, 1H)
.04 (dd, 1H) 10.35 (s, 1 H; M5 (ESI) mz 352 ([MtH +); M5 (ESI) mlz 350
[MH] ) . [0113] Exanple 6: Synt hesis of 3-fluoro-4-{[(65)-8-fluoro-6-
nmet hyl phenant hri di n-5(6 H)-yl]carbonyl } phenol [0114] Isolated in the above
chiral prep as a white solid (0.035 g, 99.8%e). [a]D 25 = +472 (c =

0. 0095G M., MeOH); 1H NWR (400 MHz, DMSO-d6) d ppm 1.17(d, 3 H 5.8 (broad
1H) 6.35 (broad s, 1H) 6.62 (broad d, 1H) 6.77 (broad s, 1H) 7.07 (broad
m 1H) 7.25 (m 3 H 7.38 (dd, 1H) 7.9Q2{(dd, 1H 8.04 (dd, 1H 10.35 (s, 1
; M5 (ESI) mz 352 ([ MtH] +); I\/B(ESI) mz 350 ([MH ) . [0115] Exanple 7
Synt hesis of 4-fluoro-3-{[(6i?)-8-fluoro-6- nethylphenanthridin-5(6

g

i—i) yl ] car I 11

811 uor o- Sopory PR el s hERath 2040 distingriepatscobsarvabl B EASRIM i ne
- A sol ut §gfra@loBpdttdtas. OF s B&'ﬁ?,%ﬁ%ﬁhﬂé)ﬁt‘dﬂ@nﬁ@h@ﬁ&(&on&l RJZorsw@ét) and
2-f 1 uor o- 5- net hoxybenzoyl chioride (O. in

net hyl eneofimique deflestions lo6uN9, hb[d@(ﬂ)OQQh@ 6tc hannl themr wmmmwa@lamdl ut| on of
(S)-2-methyl - CBS-oxazaborolidine (0.1 1 nm., IMsolution in toluene) and
bor ane- nefelﬂﬁlctl@’i!ﬁ fide conplex (0.75 mL,I Msolution in nethylene chloride).
The reaction mxture was stirred at anmbi ent tenperature overnight. The
reaction m xture was partitioned with I N NaCH The organic phase was washed
wWith brin dith Eﬁpﬁ)rm lash

chr omat ogﬁ)e(l%ﬁg (sI| I%igccg gel 60 Y Pﬁ?}?e%&éﬁ gﬁ%ﬂ%éelf\@%u%%%rﬁﬂ gm ul?:qtS as a
whi t e sol ¢lthraéted2éd by aﬁBQ/qm}f diffiaotion pattern-willl abbsast oridygeaR dtaqpasition M5 ( ESI )

mz 366 ([NHH]@% éﬁll? Ste&eB: o )
4- | uor o- greprer shan/B8A|dsspasing (a0 Ml GnKralphs raliption) Whichmemespendnol -

et hoxy belf Gmaai i e Tes G Gresiavaalidh ohrHe e Osomalyrish gt i
2t mospher St RS sEal BRICRRTRR Mt (ol antouHEARTBERDEnSRERIIR

was al | onedpacity Wwiigfedter thahilSiraineearaid/160 arehstrybtabuesOteh(6.67kPagxcess
boron tribrom de was deconposed by the dropw se addition of nethanol to the
i ce cool eand 25(:.i(basisri orystakbmatemial i/le'amgubmnrtreatadrm aneattempitoduswie e

nmet hyl ene chl (il’l de and. pa tlahl oned with 2N HC . ‘She organi ¢ phase was

separ at edPARPleckAERY 1€ CORtGYNaRtS I T IECEIAR: product was purified by
flash chromat ography ( silica gel 60, nethylene chloride/ethyl acetate,
19:1) to give 0.27 g, of internediate. The chirally pure enantiomer was

i sol ated ([po2ghi r at shdlEbe HotédihattheBduikbrdiiaHenivhe &l d g 1:1) to
give the product as a white solid (0.092 g, 99.94%ee).[a]D 25 ="-604 (c =
0. 010G Mchavh@bt)lsndbfmbamaq)pmmammsa)leasumd)@n (lss basispf do pere(d, J=6. 72

Hz, 3 H) 3.38 ( 6. ,.1H) 7.05 (s 7.26. (td J=8 77, 259Hz
4 H 7. 4obl@§ka@e lnicHé@t @Ongainlwtﬂ—u%rlewnrée %e aa)tloal—tsst?\@l Be43 Hz, 1 H)
Los18) bgamugte? on W crislali¥shatiria) b4y fng ndFo &Eﬁ%%%@%o&?m et )

met hy| phemwérqmcédfog otlirfa H%ch}spb\%t@xl ma %Jr%}nolv%al Ry Pat{d?xe above
cliiral prep (0.033 6% e€ 25 = +594 = 0. 010G M, I H

NVR (400 tddani M@g ﬂ')erdlalltr@&n(ent Pohb blbcltﬁ‘lg(ldorglmﬁc adokphoud mateﬁaEB (s 1
H 6.77 (s, 1H) 7.05 (s, 1H) 7.26 (td, J=8.79, 2.59 Hz, 4 H 7.40 (s, 2 H)
7.92 (d, e£%sgea-and organicomay be, remﬁsedby oontast Mith agigl og base prpthes | 1 H)

Synt hes! sCRmSal sty suelyiebibs degite tafesied Wikt st e SR

)-yl] carb ‘?’r‘% 121] Step A
8-fl uoro- %((13; ug;?:lcr)y erret hoxybenzoyl V6- net hyl - 5. 6- di hydr ophenant hri di ne -

A solution of 8-fluoro-6- nethylphenanthrldlne (0 268 g, 1.27 mmol) and
3-fl uoro-4- nmet hoxybenzoyl chloride 80 239 g, 27 mol) in 5 niL of
net hyl ene[)28pr i de awaerespr@fmech@an isnent, theh?@lﬂmftcb caysialling saprstaygrébn of

S)-2-nethyl - CBS-o0 ho d 0..20 t | d
E)oz anerrerref Orts‘Ei‘F‘Fq ‘& Wﬁfee rl(lgg-})%rq{pfaﬂbpsch ij?elfi g’n‘%ﬂr‘%%@ﬁgng%l gpl de) .

The react ?t&wfbt r he
reaction trln équ&eﬁg\étge parlttEH %%e w?%@ﬁgﬂlagﬁﬁ? gé%?rf tﬁ%‘?\é%ﬁl gééc%g washed
with brine and dried (Na2SO4) . The crude product was purlfled by flash
chromat ography (silica gel 60, nmethylene chloride) to give the product as a
white solid (0.209 g, 57% of theory). M5 (ESI) mz 366 ([MH+H +) . [0122]
Step B: 2-fluoro-4- ( r(6i?)-8-fluoro-6-nethyl phenanthridin-5 (6H)-

yl ] car bonyl )phenol - To a sol ut| on cool ed to -78C of
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at anbient tenperature overnight. The reaction m xture was partitioned with
I N NaOH. The organi c phase was washed with brine and dried (Na2SO»4) . The
crude prostocuooass7puri fied by flash chromat ography (sil ipca/ugesoss81057

nmet hyl ene chloride) to give the product as a white solid (0.087 g, 29% of
theory); M5 (ESI) miz 382/384 ([M+H +) .[0127] Step B:

2-chl oro-5-(r(6i ?V8-fl uoro-6-nmet hvbhenant hri din-5r6 - yl]carbonyl}phenol -
To a solution cooled to -78 0C of 8-fluoro-5-(4-chloro- 3-

met hoxybenzoyl ) - 6- net hyl - 5, 6- di hydr ophenant hridine (0.076 g, 0.2 mvl) in 5
m. of methyl ene chloride containing 0.5 nL of cycl ohexene under N2

at nosphere was added boron tribrom de {18-088 ni, 0.8 nmol ). The reaction
was allowed to warmto anbient tenperature and stir overni ght. The excess
boron tribrom de was deconposed by the dropwi se addition of nethanol to the

ice coole t |

nmet hyl ene@c%f%rl d@?grp p%ibﬁ?{ |dg%té@%}£nﬁﬂ% ﬂwﬁé{)&{#&qﬁ?g i?%halat*«stévias
separ at edelamoﬁzaﬁﬁ@aﬁmbsdeﬂnrbﬁ/tﬁs gg%p&hﬁla&&ﬁl databad? ro%qﬁtwmﬁ iPyrd fied by
flash chromat ography ( silica gel : | ene chl oride/ethyl acetate,
19:1) to msmon peeapardbiam d 8 Ai d<8pﬂ0&ng Canﬁmogpeakﬂaeppsmeneﬂmsuhamia(DA\ms

i solated by chira gﬁLC (Chiral pak AD, 4, X250 mm acetonitril e/ ethanol,
9:1) to gsnﬁélrxgn‘eﬂt reative ua@a%m&erébm %O(Omfd!as syongest goalecStill MeshVR (400

6. 77 (or optirdted P Gy figkdtiigh st pfuiciSfed matchal iR Rigior: 1,9

7. 93 (dd, willl Hivénd zﬂl@dat'pd"?tlo%@ 1653 then 10A)d- sﬁ&n%ﬁlééynf% 1\%6@1{?’%%( [M+H] +);

M5 (ESI) nlz 366/ 368 . [0128] Exanpl'e esi s
2-chl or o- gre{i[efﬂfa)n-ﬂ)%lofcthesﬁreng,mt bydlpﬂﬂlaﬁytehem;iaﬂ}eﬁéﬁoﬁe peakciarthe Xerdyphenol .
[0129] Isol ated fromthe above chiral prep to give g (99. 8°/ee) of t he

pur e enandifisagtion patjem ygll-have axd- §pac&ng)t1@@ggmemond|sﬁqﬂ)e dMSVQIESI()f the

368/ 370 ( 66/ ([MHO [0130] Example 13:

Synt hesi 5&8?&_%’- éirfgﬁfjléln Pf%%rp’ngt S 6c')rr“ﬂ - net hyl phenant hri di n-5(6
)-yl]carbonyl } phenol . [0131] Step A

5- (3- brono- 4- net hoxybenzoyl ) - 8- f | uor o- 6- net hyl -5, 6- di hydr ophenant hri di ne -
A sol uti oj#0a9] 8- Thewaicifedahdngapive nantiydred, nﬁyét@llihbjsug oft-rhlatetipls) and

3- br ono- 4- nethoxybenzoyl chloride (0.249 g, 1.0 mmol) in 5 nL of nethylene
chl ori de swatabla fonjuge haepial caw alsobe raoﬁezrlzsdsatsuhava@g 8 pbre slm 06f3A or

S) - 2- et CBS- oxazaghor I|d|n 02rrL I M s i ne) and

bor ane. meBHYET EHTTSRT CQ AR RPN TIeRTSRIERNS, O SRR HAEH AL RPES | de)
The react r The
reaction ém?é;tag}uéé%xgre‘{ﬁ% ! P%ﬁg 1&ére§’§]%§ x%dlﬂrﬁT1g‘5%l§dS%lﬁ?§&§%§;§gaiA%ls washed
wi th bri nsoraridmensied o(fﬁ‘l@e?&@@ﬂal The crude product was purified by flash
chromat ography (silica gel 60, methylene chloride) to give the product as a

white solid (0.180 g, 42% of theory); M5 (ESI) mz 426/ 428 ([I\/H—I]+)

[0132] St - 2-brono r('6.RV8-fluoro: - net hybhenant Mli n- 5r Gi y) -
vHcar bonv@@ﬁ&ml As %eéa?évéttﬁ%ﬁum grteripls sytable fer yse hsreingapdesr ono- 4-

S of reRyeanY Bl B MO SAT e b At e ™ '

at mspher&s&ﬁﬁe@ﬂﬂ@%t@@@@ﬁeé Pha!ehf&rmﬁiﬁ.béf% 5.898 8B4 ahdB3571B57 - wilieg HaGaCt i on

was allowed to warmto anbient tenperatureé and stir Overni ght. The excess
bor on tridircady deenascotpomtgablye ceforent e el methcls ofdnédsuningod-rayet hanol to the
ice cooled reaction mxture. The reaction m xture was,  diluted with

met hy| enedlém%mndéat@erﬁﬂ%labmmmuhsné@nwhﬂermwnﬂ@nd wn&erén@ana@nplﬁafgms

separ at ed and con t hat ed n va e d%egt was dourlfl ed by
flash chrBiaP E‘ﬁ yflrosgepl gnd% V%éﬂgcéﬂfiiﬂp ﬁgfw et ate,
19:1) to r I nti oner
was i)sol a?%lg@%spﬁ% ral HPLWCElsgg%a?k%dgga%%g%é&m geft IMOIBHP?RC&B?
acetonit rrlefe&électdﬁanol 9:1) to give the product as a white solid (0.041 g,

99.98% ee). 1H NVR (400 MHz, DMSOd 6) d ppm 1.19 (d, 3 H 5.74 (m 1H) 6. 74
(d, 1H 6.77 (d, 1 H 7.01 (dd, IH 7.21 dt, 1H 7.25 (m 3H 7.39 (dd, IH)

5 M Sl e A AR 1
)-yl]car Abklo{ﬁiflﬁfgﬁén%lcié #{s ‘at e éﬁflgﬁk%&ﬁgggggh@%ﬁ gfa(é%rrlaelr? a{t ICIe? v Be 049 ¢

(99.8%e) of the title conpound. [a]D 25 = +533 (c = 0. 0104G’NL MeOH) ; 1H

NVR (400 MHz5DMSO-d 6) d ppm 1.19 (d, 3 H 5.74 (m 1H 6.74 (d, 1H) 6.77

(d, 1H) 7.01 (dd, IH 7.22 dt, 1 H 7.25 (m 3 H 7.39 (dd, IH 7.43 (d,

IH) 7.93 (dd, 1H) 8.05 (dd,l H) 10.89 (s, IH; M (ESI) mz AU AU([ MtH] +) ;
(ESI) rﬂz 410/412 ([IVH—I] ) . [0134] Exanple 15: Synthesis of

S ~




5(6H) -yl ] carbonyl } - 2- net hoxyphenol . [ 0140] A sol ution of

8-fl uoro- 6- net hyl phenant hridine (0.211 g, 1.0 mol) and

3- net hoxywé-2bysingsrgbenzoyl chloride (0.168 g, 1.0 nmol) pcm/us2evs/o8fos7

met hyl ene chl oride was slowy added over 1 hour to a stirred solution of
(S)-2-net hyl - CBSoxazaborolidine (0.2 nL, IMsolution in toluene) and
borane-net hyl sulfide conplex (0.7 nmiL,IMsolution in nethylene chloride).
The reaction m xture was stirred at anbient tenperature overnight. The
reaction m xture was partitioned with I N NaCH The organi c phase was washed
with brine and dried (Na2SQ4) . The crude product was purified by flash
chromat ography (silica gel 60, nethyleng.chloride) to give the product

m xture (0.053 g). The pure enantioner was isolated by chiral HPLC (AD,
acetonitrile/ethanol, 9:1) to give the product as a white solid (0.033 g,

99. 8% ee H NVR 400 d6 m,1. 38 3.61
(s 3 H) ig the form o} 2 poyy ellrza g?ﬁ!}}%% ‘%&q?ﬁ@eﬂ Hfég‘%“(‘vi“"f‘aa% a ety i?zH) 1H) 6. 89
J l. /.57, 1.16
e 1ny 7oA pattole frbgulinto hadiihrpudéy Fmed g Sk bnd b i 7 02
J =8. t}it?améd 8f aH400 rhegh ryer)(sdeken :Iﬁ dasges \'Bh&@z thiz finkl batalylv&s(tﬁﬂiie) mz 364

|—|] +); M5 (ESI) mz 362 ([MH ) . [0141] Exanple 18; Synthesis_of
6S) - SuU@ aLbhgx f Rsupp SA)\PAYNTIES FHIDAY ICK Yphenol
- Boldask such arby pxishsinnth o1t msyteriat)paytile h extrndedh beiox

(

2] Isolated fr th bove chir ep to give 0.02 g (98.6 % ee) of
title W&&Bh%‘gn}%{]d%‘egsand hﬁ%ﬁx?k!d%{ 008G M., MeOH): 1H NMR (400 M-z,
DVSO-d6) d ppm 1.19 (d, J=6.73 Hz, 3 H) 3.61 (s, 3 H 5.76 (q, J=6.64 Hz,
1H) 6.64 (m 2 H) 6.71 (d, J=8.02 Hz, 1H) 6.88 (d, J=1.03 Hz, 1H) 7.06 (td,
J=7.70, 1 0@322"2 THd)siZe Qﬂthétpib.res]mﬁhﬁ)resbnﬂﬁupmrt thatdrials 2@ c(otnd,olléé&ué’ﬁ 2. 85
FE, 1FD 7.39 (dd, J=9.31, 85 Hz, 1H) 7.92 (dd, J=7.89, 1.42 Hz, 1H) 8.05
(dd, J=8.that they4me barge rapugl tmt clge sp_atuq)speq\\@c §ELsct}vmw Witheespeated] +) ; NS

ESI) mz 362 th f
£1 {[%6) étré@fﬂ?fgé Btaflg ﬂ%?ﬁfﬁﬂ@rﬁs mn.s HE‘-‘B? 8&9fk“én‘]sé’§ﬁ%|b‘§%%ﬂ}(ﬁﬁ’éﬁcﬂt Bb144] step

A 6- Et hyhgd; r:i g g (Y ne)

et hyl rragneSS| GP%#%‘%@#%&E 1hq¥18§stBaIMQPﬁﬂl}%]._c§nq 36@ &i@fgh% xture of 4, T
- di fl uorpybi Imembﬂs ?gﬁaclbﬁml(w@)etd which mmhncellsqngde for al@iseissivn JiHF,
dropwi se (15 mn. irring was conti nued overnight, and the reaction

m xt ure wée fdctons eﬂewﬂn@lﬁpe%hn@mﬁyhrﬁWh@dﬂmdl@ bmrJO@dhbM diffusongl The
organi ¢ partion was shed, with water a%td brine and dried over nmagnesi um
sul fate. Imitasigns araalse mipisigedas adasulhel thewssy [Area Beress | ashed

(di chl oronet hane) giving a white solid: np 74-75 0C (0.44 g, 52%; MS mz
216 ([MtH] +) . [0145] Step B : 6-ethyl-8-fluoro-5-r4-nethoxybenzoyl)-5. 6-
di hydroph {]hrls-u Brt mJ@nals@u&taHreefo%s@ﬁé@mcmbmélf—whhudﬁe conpl ex (2.5
mL of 1M solution rn dichloronethane), S 2-Methyl-CBS oxazabor ol i di ne (1
nmL of 1M budetless Howbvxkn,laneprﬁededmlmtdh@psesdnmlnmmmalsarmen(m&esra) was

added a solution of 6-Ethyl-8- nethyl-phenant hr|d| e (0.906 5 mMmuo] ) and
4- Vet hoxy Birable binder srateréal( . lnfshmgler materialds selpeted %&m @Pﬁ%é@f?ﬁﬁ@at(ﬂlﬁe

dropwi se., The reaction t revva stirred at r e vernlght
Sodi um hylﬁ?%‘ypéﬁgt(liﬁesrﬁfa@fﬁogmﬁpg% FBH? %b cgaﬁﬁ@n%%ﬁﬁrﬁé?%d;m t(t,l%porti on
dried ove s t rovide a
dark i quf)dee Qﬁ}%’t@f %%{E%%Ht eri \Té‘fs‘?%tb‘EP ﬁ??%%}gﬁaﬁ%%gﬁﬁlgﬁfﬁmﬁggrtgﬁﬁy

(di chl or oBRideaffakerial tofomh d fﬁnyﬁvd@t@l 5ti ¢ht6 GviEibh enetd3 %hn beadded 7 Bidder M5
mz 362 ([MrH +).; [0146] Step C. 4- 6V6- et h I-8f|uorophenanthr|d|n5
(6H) -yl i crataralé pyiteble for.usehezeiniinelude aotiverard umtlm rmaterba sandsynptheficy )

?2 g / ?ggL?gggﬁgﬁal&hgc%%H% zg&#géguwéllgscigl)f)gra%%e}ng rlals( such as) clayso2|J.r§ac90V\'1 th dry

et hyl - éyl 0 5gcH 4 4' %ysgﬁérg_@yglgcasaﬁnﬂfngy% 1 hﬁrélqhﬂﬁa 60490 9, 2.5

mol ) |n ororre ropw se ( e reaction mxture
was StirrgghlR¥eas ;ﬁeferﬁeﬂ Bif@er mAReIal, uhe ahffimalio arrﬁ@mlilﬁﬂaﬁm@lwfte The
excess boron tribrom de was deconposed by adding a small quantity of

met hanol , nfapérialwSilitaraRmingiBiay( Be either MBrally gaourringoon indhe o of i ed over

anhydr ous nmagnesi um sul fate, the ent, was r ed and the roduct
\/vatsypurlu}c g?@%@u%ﬂﬁgﬁ% pﬁ?ﬁ/ MB‘L’X&FPXEHEQQ \F/%HP stk %s)d]teopaffgrd
a tan soli

0. 530 g offafifig Bt whbfhe’ 1&%@%@%&%&#@% bige 5 6 o Pl h e
J=7.4 Hz), 1.33-1.43 (IH n), 1.45-1.54 ( 1 H m, 557-5.61 ( 1 H m,
6.62 (2 Hd, J=8.8 Hz), 6.68 (IH, d, J=8.0 Hz), 7.04-7.08(3 H, m,
7.17-7.21 (1 H m, 7.25-7.30 ( 1 H m, 7.38 (1 H dd, J=9.3 Hz,

J-2.7
Hz), 7.91 (IH dd, J=7.8 Hz, J=I. 2 Hz), 8.04 (IH dd, J=8.7 Hz, J=5.5 Hz),
9.92 (IH br s); M5z 348 ([M-H +). [0147] Exanple 20: Synthesis of

o A A M



[0152] Step A: 5-(2, 4-di net hoxybenzoyl V6- et hyl - 8-fl uoro-5, 6-

di hydrophenanthridine - To a m xture of borane nethyl sulfide conplex (0.6
rtiL of IWb<2odau2gye i n di chl oronmet hane), S-2-Met hyl - CBSpoxamaimsnsiosdi ne
(0.2 nL of 1M solution in toluene) and anhydrous dichl oronethane (5 nL) was
added a solution of 6-Ethyl-8- nethyl-phenanthridine (0.225 g, 1 mmol) and
2, 4-di met hoxybenzoyl chloride (0.221 g, 1.1 mmoles) in dichloronmethane (5
m.), dropwi se. The reaction m xture was stirred at roomtenperature

overni ght. Sodi um hydroxide (10 nL of 2 N solution) was added, the organic
portion dried over anhydrous nmagnesium sul fate and the sol vent renoved to
provide a dark liquid. The crude materdial was purified by chromatography
(di chl oronethane) to afford a white solid (0.18 g, 32%: np 125-126 C, M5
(ESI) mz 392 ([M+H +). [0153] Step B: 4-([f6ifl-6-ethyl-8-fluoro

6
henant hri g3~ . -bony| ne-. 1, 3-4i gl . ] of neat
boron tri ‘gdrr@un@ c}@%gh ﬁ#%ggegg%lgéf o%gégdrll’el' 'O?%n%dit%ergﬁlﬁ@‘ﬁmﬁé%&
di chl or ongirianis 6hithedis, whirhateWiis BatdIptical§/ab6 90 nRAH alsRsi
sol ution o#hg?(%f%?dinethoxybeﬁzéyl?-gﬁgthgﬁ-8-fluoro-?gg?ﬁe sién
di hydr ophaen elé¢adivity ¢fthe $thighed0. Thenmwentormhatewithdikeveséd seveghil@ thhs)
dr opw se (20.nin.% The reaction m xture was stirred overnight as the
t enper at UNACH¥sMAiCsIaloeAR SWIRbEY BT @S dilHents ie £9BiTplihg Mo of waEerHoN

deconpose: I nal | ant i f,nethanol , the was added
(5 ni). f%é}?%ﬁ’%gg‘?@g}é%?tf‘?%ﬁ St L‘ﬁalg‘%@w&rm?ﬁ%%ﬁ%s‘hﬁ&ﬁé@%%%l fate, the
sol vent ; ; o A : phy
(5% oy e AR il ortty Rihobl EplRy i ORI ARED
subnmi t t edfot contrblimgethe gatepifireactemaTahtscomactivé hatdriadriay. belineorprjratedi somer :
0.012 g:np 98-10Q; 1HNMR (DMSO-d6) : d 0.84 (3 H, t, J=7.3 Hz), 1.34-1.41 (
1 H m, inmnatusdly occurringylays, &g., bentomitegnddpolip, tpoingproveitheicrusk| . 9 Hz)
6.14 ( 1 H _d 8.4 Kz, J=2.2 Hz 6,8 (.1 H d.J=8 3 H 7.05 (1 H,
O 4Tt A beni2th B3 chyfifir pger Forlidergfh1 SBoraripe Pondiighs apd ghfdkiotay s 1 1
7.85 (1 Hy; = ), 7.96 (1 H dd, J=8.7 Hz, J=5.5 Hz),
9.53 ( ;%ﬁflg?)s,o}éﬁ%@c%gflorﬁﬁé%l@}% Mz 364 ([MeH +). [0154] Exanple 23:
Synt hesis of 4-[(6-ethyl-8-fluorophenanthridin-5(6 )-yl)

car bonyl ] - 3-f1 uorophenol [0155] Step A ) ] S

6- et hyl - d00B4br o Hydrogeanation satnlynts wiabhe foraise\Bran typicgldy cpmpnisas inrd di ne -

T i xt f th | fi de. coppl 0.5 nL of 1M sol utjon i
di chi or orfePRiRed 185 iR L sBBoB HStal Bt DiadbeimpieTal AenegPe RSPt i on i n
o i hyl P STROVA e el € EpATEh D uaterElo 26 aRYREHpd RIS 0
2- f | uor o-phrixesindenrasteziay laliclatios bemg(By: wRight, thpitallydtomign: Zh eh@sonmet hane (5

m.), dropw se. The reaction m xture was stirred at roomtenperature
over ni ghtsupgodinatetighbiodedmateralprefaratlyNremol 65t 3 Dty 35v6S5. Gddgbsitingemay gani ¢

portion dried over anhydrous nmagnesi um sul fate and the sol vent renoved to
provi de ien&m@ X%RHV(?P¥1?H%1 BERRfeN ga}ulmﬁmmﬁer together Sokawed aphy

R I T

carbonyl | -3- fluorophenol - To a m xture of neat boron tribromde (0.1 nl)
and cycl ohexene (0.2 nL) in anhydrous dichl oronmethane (10 nL) cooled with
dry i ce/ i[8038bpaAsistated aboivie dhahgddogenatioréatalysts suitable for use herein also

6- et hyl - 8-fl uoro-5-(2-fl uoro-4-nmet hoxybenzoyl ) -5, 6-di hydr ophenant hri di ne
(0.120 g,compiseras|lgast aney hyﬂm&eamrndﬂ%vctr@gequn eamepaRens seleotedifrom thee
reaction &1 xtung,was, stirred overni ght ,as.the fenperatu rose ta room

t enper at Ié).up'lyﬁl ggﬁlgstgetgjﬁ, glﬁls[ Plieg?rg?# @56@5@’%&8@?&%‘9&5@%%% °8 snal |
quantity pgﬂé : dedgd - iriHEmO i tion
was drie&ﬂ%Per gﬁﬁ?é?ﬁﬁgaggéﬂE%FE%$§§§¥§Ee, 1%§d§%%w%h€ wbéﬂ€g%%3€§¥and t he
crude pr alerebf,wasreprefdralsly giytimimppaitadiurapind midUreast theteof. It is most

acet ate-dichl oronethane) to afford a solid (0.045g): np 109-1 11 C, 1H NWR
(DVBOd  6)prefegred. that the present inyention lyyirogenation-dgbyqrogenatign campenent®¢ (1 H,
m, 5.69 1H br %Q 3"33 (1 H brs), 660 (1 H d, J=6.7 Hz), 7.06 (1 H,
br's), 7Plefisimgndpalladign. 538" (1 1 g J=8.0 Hz). 7.89 ( 1 H d, J=I..0
Hz), 8.01 ( 1 H dd, J=8.5 Hz, J=5.3 Hz), 10.32 (1 H, br s); M5 nz 366
([M+H +). [0157] Exanple 24: Synthesis of

3-[(3-chl oro-6-net hyl phenant hri di n-5(6#)- yl)carbonyl ] phenol [0158] Step A
1-(4'-chloro-2'-luoro- 1.1'-biphenyl-2-vDet hanone - 2- Acetyl phenyl boronic
acid (59, 30.5 mml) and 4-chl oro-2-fl uoroi odobenzene (8.6 g, 33.5 nmol)
wer e dissolved in toluene/ethanol m xture (6:1, 175 nilL). An aqueous

sol ution of potassiumcarbonate (2M 60 nilL) and

o o - o a ~ o~ - ~ o~ A I . % S I I N |




. M5 (ESI) mlz 384/386 ([ M+tH] +); Anal . cal cd for C22H19C FNO2: C: 68. 84
.99 N: 3.65 Found: C.68.88 H'5.25 N 3.64. [0161] Step D

hl or o-we(28scnesdrexybenzoyl V6- net hyl - 5. 6- di hvdr ophenarthnisdios@3tos7

| -(4'-Chl oro-2'-fluoro-bi phenyl -2-yl)-ethyl]-3-nmethoxybenzam de (1.04 g,
mol ) was di ssolved in anhydrous THF (10 nL) and the vial was capped
and purged with an inert atnosphere. Lithiumbis(trinethylsilyl)amde (4.1
m., IMin THF) was added to the solution and the m xture heated (70 0C).
The reaction progress was nonitored by LCMS and heating was di sconti nued
upon the expense of the starting material. The THF was renoved and the
resulting residue was purified by flashécol um chromat ography (Bi otage(r)
40 M, 30-50% nmethyl tert-butylether in hexane) affording 537 nmg (54% of
the desired product. M5 [(ESt+), nfz]: 364/366 [MtH +, 1 C pattern. [0162]

Step E : ch 1. di n- = V- : |- To a
sol ution @PE@ cmdr}gg - rr‘eBﬁéﬁggﬁf%ﬁgﬁgﬂfﬁ@%%“%‘%‘g@hé‘i%ﬁﬁ%‘a&nenw ) -
met hanonearhd@dk rBgink. fBSmTP ko 210w S refefdBlY, Hrvig OVB o 8ACYE; edrehexene (900
uL, 8.9 mmvl). The vial was capped and purged with an inert atnosphere

f ol | owed prgfarhlelydd3 to drovet %a add/nest praferably 0 daodn4 wwti%r Al etalsnweight

di chl oronet hane (5.3 nm). The_ _sol ution was m xed at room tenperature using
an or bi t aPCTSERHR aFe OMpYRROry By o support e e mesn tﬁatsth@m@alts aresedenpat h (0

C) and qugnche th oW itio f .meth | .. The gl.ear sol ution was
céncent ?aﬁg 5"%%1&9‘?@@@ FEEB%H lneg’a&gs(ﬁo e S\%ﬁ% SPM ﬁlftteél?% %@r‘%‘?ﬁ‘%&“ﬁtspﬁg a
Bi ot age(r ' ighl1i wiSo Wy jatiBna
o ad ent | oy S i GEReiEh 100l P20 vio i Roadalign
mL/ mi n. Tdehydeeganatioa coapgonieni wguldwaecate fiat 20 grand withevkydrogendtiored and
concentrated to afford 397 ng (85% of a white solid. 1H NVR (400 MHz,
DVBOd 6) @ehydregenatiopmetgbwaygnthe suppayt. 5. 60 (d, J=6.21 Hz, 1H) 6.66 (d,
J=7.50 Hz, 1 H 6.69 (s, 1 H 6.80 (ddd, J=8.21, 2.52, 0.91 Hz, 1 H) 6.88
(s, 1 H 7.13 (t, J=7.89 Hz5 1H) 7.25 (dd, J=8.41, 2.20 Hz, 1H) 7.38 (m 3
7.94 - 8: 1.9, : +)
A (ESI) (003 %48/12%0@?{ ?\gﬂa ¥ g.&?gg%ﬁeﬁ%@a%ﬁl}@p ggﬁt)scf Hitfe chieflaripdd oudt )
3- {[ (6i ?)thd-sapport endterizl, hyprepaardtintd idionphHsibally sdmbeasdwitilit. phénol [ 0164]
The enantiomers of 3-[(3-chloro-6-nethyl phenanthridin-5(6 H)-
yl ) car borgteferrashibiat {ledvydrggenation/dehdrogenatien sepapaericbebpcarposatad &y,
reparative, nornal se, .chiral chronmatography on a Chiralpak AD (20 nmm X
D50y cmEARta | B e Fi AroRstout AL OGO oM egt i O /i o Af T 1
conbi nat i =1 I : L eak
win aroienbd b BEERBEARRE M A ositca PRGN TR AREHRILTF £33
g, 79% bagebeone, for kximpld,iby tedatipaht icofpositéwmiith & stife)é e arltaiiig MM
anount of 183.5 ng}._ [a]D 25 = -398 (¢ = 0.010 g/, CHA 3); 1H NWMR (400
MHz, DVSChd hgdregemation-dehydhgenatory GoraponentH)If thedtydrdgenktiond7 Hz, 1 H) 6. 70
d, J=7.5 , 1 H). 6.73 (s, 1 6.84 (ddd, J=8.15, 2.46, 0 78 , 1
6 b2 (s, eh';fﬁrqgep;qlep ,comf%nsgt Qﬂlatinqral,(srllt@hle(laﬂatmgme@mpowdéonﬂ;ﬁe1 H)H) 7.39

2 4 . =8, . . H) - ESI) m
501 352 ((RRRSAnié okl Pifiols siubitte g Varighsybpboiigh Sondihe P 70 ™ °
1HL6Cl NO2pafihmOfbdihe (Minpl S20TRE A3 drc oty et i othporR&l RAB5 3.
[0165] Exanple 26: Synthesis of 3-{[(65)-3-chloro-6-nethyl phenant Hri di n-
5(6H) - yl |aso bemyddrpieata inf@ B, orheitle tieentormpesitedofupport and binder material
3-[(3-chl oro-6-net hyl phenant hrjdi n-5(6 ;& yl)carbonyl ] phenol (367 ngy, 1.05
mol ) werky gdlizingras¢pmpound(shwhergin thedpulragensdionsiehyrdrogenaton epmpgpent

h t ogr aph Chi r al AD (20 250 | | wt.i i.th 100%
cthanol - PReepB i hectiph e Fombsind Bpof <mmbdt v whicthil Ehrdiertana
evaporat i j C - 190 b 4.on tine
of 5. 771 TG anldi el (B ipo ) BSoRRELERPleq ot Boh SatiblYalRAB T &
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[a]D 25 = +440 (¢ = 0.010 g/nL, CHC 3%); 1H NWVR (400 MHz, DMsSQd 6) d ppm
1.21 (d, cempamdsaAn vehieh ths: metal ds injthe fonmief a catipn@regtipdic pamlsR are, 1 H)

6.72 , 8 d =2. , 1.03. 3.1 6. 85 . 1) 6. 92 , , 7.16
0 72555 Bt Craor PINANGD st pariichleglysesatyl 2§ ayg Ahions copiploxdy susfiyl (i

1H) 7.98 = ' (ESL) : | ; m z
aaty 350 (INPE] apacilpefd rferilbns e G5 (g e Blyaly ardBat S5k
([M+H] +); found (ESI+), 350.09345. [0167] Exanple 27: Synthesis of

4-[ (3-chl or o- 6- net hyl phenanthridi n-5(6 H)- yl)carbonyl]phenol [0168] Step
AN[Il -C4 -chloro-2'-fluoro-1 1'-biphenyl-2-yr)ethv h-4- methoxybenzam de
- The title conpound was prepared froml-(4'-chloro-2'-fluorobi phenyl -
2-yl)-ethylamne ( 1 g, 4 mol), triethylam ne (614 uL, 4.4 mol), and 4-
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mm x 250 mm) columm eluting with 20% et hanol in hexane at a flow rate of 12
nm./mn with., After conbination of fractions and evaporation of the sol vent
i n vacuo,woneoqrsdrs(99.9% with a retention tinme of 3.5PETIOSDMESS108AS
isolated as a white solid (194 ng, 97% based upon a 1:1 ratio of
enantiomers with a theoretical maxi num anmount of 200 ng). np 273.5-276 0C,
[a]D 25 = -321 (¢ = 0.010 g/nlL, CHA 3); 1H NWR (400 MHz, DVMBO-d 6) d ppm
1.21 (d, J=6.73 Hz, 3 H 5.67 (q, J-6.90 Hz, 1H) 6.71 (d, J=8.79 Hz, 2 H)
6.79 (d, J=2.07 Hz, 1H) 7.17 (m 2 H 7.26 (dd, J=8.54, 2.07 Hz, 1 H) 7.41
(m 3H 7.98 (dd, 2 H 10.04 (s, 1 H; M (ESI) nmz 350/352 ([MH+H +); M
(ESI) mz 348/350 ([MH ) . [0173] Exanple 29: Synthesis of
4-{[ (65) - 3-chl oro- 6- et hyl phenant hri di n- 5(6H)-yl] carbonyl} phenol The
enanti omers of 4-[(3-chloro-6-nethyl phenant hridin-5(6 H)-yl)carbonyl] phenol

br opar at 1 Vg1 o el 8, 68 BBt i AR iR e el e R0 (25 o

250 mMm ckan eluting with 20% et hanol in hexane at a flow rate of 12
m./mn with. After conbination of fractions and evaporation of the sol vent
in vacuo, one peak (99.8% wth a retention tine of 8. 078 m nut es was
isolated as a white solid (200 ng, 100% based upon a 1:1 ratio of.

enant i omel0938] t h As Sctﬁtééra@f’y‘ééhe ﬁﬁ@ﬁeﬁmvg%%m@rlvmwtm% wepil- 276 C
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7.41 (m 2 350/ 352 ([ MeH] +) :

M5 (ESI) eﬂfa:tﬁé&iy@ﬁ@geﬁ{alsﬂoiﬂ]co)ldltlo[n@l"l?}ﬁ rdﬁ)caon Is@g&&an%pmdmugeda‘ff one or
4-[ 3-chl or o- 6- menyl phenant hri dm 5(6 ﬁ/ Lcar bonyl ] benzene- 1, 3-diol.
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Ing to t e proceduré an sanme manner as scri bed
| n Exarrpl &f Galyst rrdsdnciiie flidizedibedd, ebul@ing bedsy skiriynbedas tied anditge
resulting solid dissolved in di chl or omet hane and applied directly to a
Bi ot age( rhedsadmeystage coelifgper heraémg b%wmmrmtqym@@mpmne(swebemn hyl

B RS ot Tk Sl el (55 f
3-chl oro- gsfZadq qgﬁﬁgfﬂéﬁgﬁ%ﬁ%it %ﬁ%ﬁ/&a(lialg’ R?k&%@gi’e@i‘eﬁﬁf&é ffié dtqe -

The title®conpoun

f 1 uor o- bi el %m&dn)ls Qbhﬂ/dl}a‘ﬂﬂéf%bh%ﬁrtrdiﬁmé@@h pétfornddl thiF&Ugh .
anhydr ous THF andllthlumbls(trlneth Si )amde(38n|L IMin
THF) accocailimg utdlttdsesuph @s edolking wateriar aiher ﬂmmg}mm of adyddegeorqueadhi n
Exanpl e 24, Steﬁh%é The THF was renoved and the resubtl ng resjdue was
purified BIF thisMmannc RPHRRID §FacHRY teBpekatyss £3n b mpre 38Uy 096 et hyl
tert-buty Jng%%rgﬁ an hexane) affording 564 ng (75% of the desired product.

M5 [ (ESH) i] 394/396 [M+Hl +, 1 O pattern;[0177] Step C

4-r 3-chl oro- 6- et hviphenant hri di n-5( "6H)-yl | carbonyl] ben7ene- 1,3-diol -
The title conpound was prepared from (3-chl oro-6-nethyl-6 H phenanthri din-
5-yl) - (4-10880pxy Hhitragén-comtahmng treat g6desnmitabletoraselin thepresatitbkene (1. 45
m., 14.5 mml) and 1M solution of_ boron trihromde in dichloronethane
(8.59 m_) digelesedipingessocane poopasrd ef suhgtantiatly Pusahdiogsneor cas bgescri bed in

Ex I Th | t at.el f
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[ MEH +, 1 pattern; Ms [(ESI-) nlz]: 364/366 ( ﬂ pattern

[0178] Exlamu leas;ﬁO"/simtwéwng hyfirogeny P'(eéﬁl’a})%atclml%ﬂé 6bmhynpﬂw Bgens i di n-

4 [ 3. chl GHBLBOHLPIESBROTAE R YA PR BN DYAIBEndn S aER Sndt 1S T99% ol (410
chi ral 12hé%%%ogr R o P R SRS e RSB By B diBRe o g

wi th 15% soproryl alcohol in hexane at a flowrate of 20 nmL/mn. After
conbi nation of fractions and evaporation of the solvent in vacuo, one peak
(99.9% with a retention tine of 7.479 mnutes was isolated as a white
solid (114 ng, 28% based upon a 1:1 ratio of enantioners with a theoretical
ITB.XI mm anount of 205 ng) [a] = - 367.6 (c 0 0101 g/m_ CHC 3); 1H NWR

AN R R AN~ . A~ 7 - ~ NN - ~ e~ 1oL



(Biotage(r) 40 M, 5-20% nethyl tert-butyl ether in hexane) and afforded
5.7 g (49% of the desired product as a yellowoil. M5 (El) mz 233 (M.);
1H NVR ( A90 2bbdzo28RB0d 6) d ppm 2.42 (s, 3 H 7.16 (m PHr/Us20F/06mdd, J=I
0.57, 9.29, 2.43 Hz, 1 H 7.39 (m 2 H 7.56 (td, J=7.56, 1.54 Hz, 1H) 7.64
(td, J=7.49, 1.41 Hz, 1H) 7.86 (dd, J=7.43, 1.28 Hz, 1 H).[0184] Step
B:1-(-2",4"-difluoro-bi phenyl -2-yl Vet hyl am ne - The title conpound was
prepared froml-(2',4"-difluoro-1,!"-biphenyl-2-yl)ethanone (3.67 g, 15.8
mol ), anhydrous net hanol (200 nli), anmmonium acetate (12.2 g, 158 nmmol),
and sodi um cyanobor ohydride (1.99 g, 31.6 mmol ) according to the procedure
and in the sane nmanner as described i nijgxanple 24, step b resulting in the
isolation of a clear oil that was used wi thout further purification. M
[(ES+), mz\. IIl [M16]+, benzylic cation as a result of the |oss of NH2.
[0185] Step C. JV-ri-(2',4'-difluoro-1.1"-biphenyl-2-vDethyll-3-

nmet hoxybenzam de - 3- Met hoxybenzoyl chloride (731 ng, 4.28 mmol) was added
to a sol ufgoqp] of ThellnBe oft bolih Mg@-ﬂ%m%aﬁi 'rs%‘o}ﬁa?%:’t&fmlt'h%ﬁbne (1.0 g, 4.28
mmol ) and triethylamne (717 uL, 5.1 mml) in dichloronethane (101.). The
reacti on hpdrogenamnoatalystghtdet effebfiveohydrogendtidratonditiens. aE ffectove
tenperature. The vol une_ of dichl oronethane was reduced in vacuo by 50% and

the reacthysogenationcongditiensaspte bg cansideterdythese commlibersyender whiohvej legst umm

for flash col t hy (5-30% net hyl tert-butyl ether in h
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4.96 (bE %Q“‘?‘Fﬁ"*’ p! !ofgié%’g?‘t fa %Uzv%t’(%%sﬁfﬁfé,fbniéﬁﬁg ¢ f?{‘(a , dﬁ"??esél%ﬁé@b]f H)H)
7.32 (m grehber thabd73 wt.%2. HYfecti®8 hiydrogenkdio caiditions indide fferfujesdfz 368

([M+H +); Anal cal cd for C22H19F2NO2: C:71.92 H:.5.21 N 3.81 Found: C:71.54
H 5. 27 N BomglJBE o008t ep hprdrogen pastial pressgravef fromy s toy2 08 (2005, 6-

di hvd h thri. dj - =[l-(2 ‘- dif =, I Di | -2-yl)ethyl]-3-

et hoxy beit oS ) A3gaes velogityad oyt (Cimyig e amige velbel S (10 m)
d th , " . T

gins(t r?%ﬂ%?g?’ﬁaﬁ ;aﬁi %gg?ﬂF%wﬁcgﬁqYlmognmﬁé?q%zggg@zgpK??H’e“& u'tj imon and

the m xt ugeg/Byeated (70 C). The reaction progress was nonitored by LCM5 and

heati ng was di sconti nued upon the expense of the starting material. The THF
was renoved and 2N aqueous HCl was added. The product was extracted with

t hyl t 3 d the.conbi ned. [ h Ldr Na2SO4) ,

{117 er od. D451 6ol ORF S IDENRGHE AR IPHEAEh Fhe SHECTCORGTEEHEIOBuY | f i cd
by flash . Bj . EQU

Py 1 25h SRl ESTRRSRARRCAPL ot A95S g A0 ARG B bomennd 1,
NVR (400 nic¥pBotnd suHuPeshtdmérantsland Eﬁdﬁgeﬁﬂtir%gaﬁ):aﬁﬂ rtidn of shid 5. 67
(s, 1H) 6.77 (d,"J=7.28 Hz,2 H) 6.93 (s, 1 H 7.03 (ddd, J=8.32, 2.73, 0.91
Hz, 1H) 7arbfhatice, thisfrotuciz Mleast a liquill diesebbéiling raiig®prdadnct havihga. 40 (m 3

7.97 (d, J=7.54 Hz, 1 8.01 (dd, J=8.84, 6.24 Hz, 1 . M5 (ESI m
:@18 ([M+(Hp¥)e,r cmﬂ%mdgb a‘r@mamfszm@nmen@m.org@z@t“ﬂd bogi)ﬂ@.sll@@ém (% M+|—|]Z

+); found Sl . FT),...348, 13903; al . Caled.for C22HI8FNO2: C, 76.07; H,
&) hor O “opripathiniably i he GigSinciiRt saig Rad Bt TN o) £

3-rr3-fluoro-6-nethvtohenant hridin-5(6/ )-vncarbonyl | phenol - To a solution
of 3-fluoro-5-(3-nethoxybenzoyl)-6-nethyl -5, 6-di hydrophenant hri di ne (878

Mg, 2.5 nfoddR] i n Adi stied mboet,Hasemesisstadcey tieylube ékissiting tatperfeeddtfeain nmol ) .
The vial was capped and purged with an inert atnopsphere followed by the
addi ti on igthydratreatebtosteidyge gte wdfugsontanbinangs de belova S0 Ivnanepeferably1o ni) .

Th | utj i xed at t i .or bi t gl . After 3
nour ot heXRN R NbARS e PEcter P Relock 2DGiPbrd b this amtodHesia ton  t he.

| ddi £ : i : d th
eaul 11 ngredht ot eBibrised HIchnu o ALl S I BRTROHEMITE 257 Cot um
of prepackgitosreatiacaslysf Ssdhtedaindet Bﬁedﬁ\t&l%%ir@fréﬁkii@glboMiti5n§,(ﬁ%ifmé hyl

tertbutyl ether in hexane at a flow rate of m./mn. The fractions

cont ai ni regconéd cortining agryddegenation €atadystihae desaribed abowaoparated underf f ord 731
ng (85% of. a white soli.d. 1H NVR (400 Mz, O d.,6) pm.1.21 (d, J=6.73
Hz, 3 H) fsff.f%élvmg‘,ydiog%na@l?fo(l%loz@slﬁflﬁ dG?%ﬁ)e@&%,geJ 3@@@&@9}@@%. 91 Hz, 1H)

.09 (td, . .&=84: . 7 =7, 7 : ( 2 H 7.44
a, 9-7 oldtbniebesit bolitnelghls Fiedshaly 18 i o il 767 6751

Hz, 1H) 9.66 (s, 1 H; M5 (ESI) miz 334 ([MH +); M5 (ESI) mz 332
[MH -). [0188] Exanple 34: Synthesis of 3-

[ (61 ?)-3-fluoro-6-nethyl phenanthridin- 5(6 )-yl] carbonyl} phenol [0189]

he enanti omers of 3-[(3-fluoro-6-nethyl phenanthridin-5(6 H)-

| ) car bonyl ] phenol (660 ng, 1.98 mmol) were separated by autonated,
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MtH] 4) ; Anal, calcd for C22HI9F2NQ2: C:71.92 H:5.21 N: 3.81 Found:
2.11 H'5.23 N:3.77 [0194] Step B:

| uor o-we(deamesdrexybenzovi y6- et hyl -5, 6- di hydr ophenarthnisdiosestosThe

| e conpound was prepared from-[1-(2",4"-difluoro-I,rbiphenyl -
2-yl)ethyl]-4-nmethoxybenzam de (1.29 g, 3.5 mmol ), anhydrous THF (10 ni),
and lithiumbis(trinmethylsilyl)amde (4.0 nL, IMin THF) according to the
procedure and in the same manner as described in Exanple 33, step d. The
residue was purified by flash colum chromatography (Biotage(r) 40 M,
30-50% nmet hyl tert-butylether in hexane) affording 1.1 g (90% of the
desired product. 1H NWVR (400 MHz, DVSQd96) d ppm 1.21 (d, J-6.76 Hz, 3 H)
3.77 (s, 3 H 5.68 (q, J=6.67 Hz, 1H 6.60 (dd, J=10.39, 2.60 Hz, 1 H 6.90
(d, J=8.84 Hz, 2 H 7.07 (td, J=8.64, 2.73 Hz, 1 H 7.27 (d, J=8.58 Hz, 2

2 348 gmgﬁrw@gw e ?eﬁg%ég%fé’éf\?%fﬁ copdai gg%mjgas%“{% ES|)

([ M+H] +)neaét@cbtﬂ§iag£ erfafad urkftd R8¢ de h @rb?r%htu%%@n&?ltlons in order to reduce
4-r C3-fl uoro-6-nethyl phenant hri dm 5r6 )-yl)carbonyl 1phenol - The title

conmpound bhe§u1fuegmtenlt CBf tﬂlb dobooh bpdingetangs ferelstregin) to6writkintthke aboGe-

di hydr ophenan i di ne ), cyclohexene (1.2 nL, 11.3 nmol),
and 1M s %PFE?FE B¥880r mng%ﬂl g¥%eéflﬁg’¥6$ ushck rergin l(ef@ sgo l?t()ceé%f@or di ng

h bed
The. cr uae JESHLE h90beeR confail P AR s Bal6 e PESERLT QAR N ot b
of prepacdgeslystithatcia pﬁﬂhaﬁl%%lwe%Hﬁie%m‘ﬁ‘vhho%&é%’t&ﬂg Skh3s 30MkRLAY! ter

- but yl et her |n hexane at a flowrate of 50 nL/mn € fractions ’contai ni ng
t he desi rmttogcmdﬂnttab]eﬂgdmrdatmgctaeaiybtssﬁusmmtmaheﬂrdsenﬁlhfveﬁﬁoﬂ aik zn‘gr (90%

of a white solid. 1H NWR d ppm1.21 (d, J =6.9

H) 5 67 ($@nvenigona lmﬂrotleq&wg@a%yqt@@d lnelydeethosg “dgcmre qqn)lpasexboiiai J: 8 79

3 H) éZ%sS%ng t(gl‘oyg\EEF ﬁ?l—ﬁ% Hre&{ak)](de 7a1$(gN(1 erfgﬁﬁ C?@né@r 39 (m
H) ; ('2_}@ nﬂﬁﬁoﬁ%{‘ef@fﬁ& tﬂoﬂand YPlca&i}ne ch?uf@% n(JtM fef rabﬁykg@éﬁmnpl e

37: Synthesis of 4- {[(6 3-fluoro-6-ne enanl’ i

car bony| motespreferffliMb, EFha higlashifadceearsa sfipport material, ﬁ)referably alumina. It

4-[ (3-fluorao-6-nethyl phenanthridin-5(6 Z)- yl)car bony ] phenol (720 ng, 2.16
mmol ) werlé wgtpa the swpsyidhe praseridinvertiethahmare Itheenonftmng hy@r@p@atnmg ve,

ool e T B dof 4 B At g BERRoY veSked, e GRS mtebel af Bkl ) wi ¢ .
The fract Ot PR ammﬂgra&@%r@g}gzmgm P&?&&byﬁ ang t§?g6‘/e§3{eat ed in

vacuo, provi de one pea a‘reten m nut es

was | soI a5 tpAs] mevdliviit] @pidaﬁ?/(b%%ﬁremx lﬁﬁﬁfmﬁmedm%mg from 5 t6 60'v0t g7

enantionmers with a theoretical maxi mum anmount of . np 235.7- 236.8 C;
[a] D 25 :prewlycfrmndoamelogwm, a@dml@)e prefarawyef(omaomaﬁo VB0 AH) d ppm

121(dJ Hﬁ I-% (s 1 H) 6.56 (dd, J=10.48, 2.46
He, t"i'@ WEig fJE%fC? tsﬁie 0p }Clyp(’fﬂoBy {ofp Suppgrtgve mean thit the pegcentsig (m

ED“)NJ(% ‘%%raeh% < P of wisuppdl, F4f sialer hynkispodkmgeid wElkdhn o 36
Synt hesi 500 Eﬁrém%[tﬁ&’ﬁf) % L GFoRvp Wnﬁhﬁxémiﬂ&nariﬁéﬁﬂ #ap20 %ﬁ&m& of tiro rbonyl }
phenol [019 The enantioners of 4-[ (3-fl uoro-6-net hyl enanthrl n-5(6 H)

~ yl ) car DAl e evasl o H@2Guppert2. 16 Mol ) wer e separat ed by aut onat ed,
on-col um sol vent change, preparative, nornal phase, chiral chronatography
on a Chiral pak AD (20 mm x 250 mm) columm eluting with 35% hexane in

th I f I t. [ m th, The . f t t th
second pabHlr oEbfFe BlarbhaliodBadhibbeare R Ll ibidS s 2aBoides pea
(99.8% vhdtiraf éft%%ﬁ%?qédﬁéé%e%hlﬁrggféteﬂl SFERIuBEBiI buliRY BheRS @ White
solid (345 nmg, upon a 1:1 ratio of enantioners”w a theoreti cal
nmaxi num deadstreamfto36ithimthe abpved6sdiibed tafigds, Tﬁjl&l?dff&;tlv%@dfareat §0 107

g/ mL, CHC 3);. 1H NVR (400 MHz, DMBO- d6 & m1.21 (d, J=6.73 H 5.68
(q J=6. Pangiions lmaluée genperaturgsrrgeg, fromsH 0% tom)s G, merdblyJE(ﬂ)"@ton 2

7 06 (1d579G Hre preggaply 15 %”to%.ooq-l?rg%wfl ik ) s @En?%sw v

m zv
SfE[Sl(é fl OV?’%?S‘(’% ﬁg?xﬁ%l[rllgﬁl? dj‘ﬁa"@l{e erblty ﬂg?gg? 1b8h Any effecti €3 dio

[0201] Step A JV-ri- d|fluoro | J' -blphenyIA vnet hyl | A -

di met hoxybenzam de - The title conpound was prepared from

2, 4- di met hoxybenzoyl chloride (860 ng, 4.28 mmol),

| -(-2",4"-difluoro-bi phenyl-2-yl)-ethylamne ( 1 g, 4.28 mvol), and
trlethylanlne (717 uL 5 1 nnDI) accordlng to the procedure and |n the samne
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5(6//)-yl]carbonyl } benzene-1, 3-di ol [0205] The enantioners of

4-[ (3-fl uoro-6-nethyl phenanthridin-5(6 )- yl)carbonyl]benzene-|, 3-diol (800
ng, 2.29 worb)e/orss78 separ at ed by autonat ed, preparati vepcrarsomis/ophiase,
chiral chromatography on a Chiral pak AS (20 mm x 250 mm) col um el uting
with 15% i sopropyl al cohol in hexane at a flowrate of 20 nL/mn with. The
fractions containing the first peak were conbi ned and concentrated in
vacuo, to provide one peak (99.9% with a retention tine of 7.971 m nutes
was isolated as a white solid (224 ny, 56% based upon a 1:1 ratio of
enantionmers with a theoretical maxi num anmount of 400 ng). np 184-187 0C,
[a]D 25 = -665 (¢ = 0.0104 g/, CHC 320-1H NVR (400 MHz, DVMsQd 6) d ppm
1.16 (d, J=6.73 Hz, 3 H 5.65 (m J=6.73 Hz, 1H) 6.16 (d, J-181Hz 1H)
622(dd J=8. 41, 220Hz 1H) 6.75 (d, J-983Hz 1 H 6.98 (d, J=

e 38 et s ol iRy, i eBnstoply kg g g e ?2

1 H) |vs @BSIt) 7m93 1@5@ rirefétiBly )0 toMD AthRsphéies (8963 (d 034 kipa). HRMS: cal cd
for C2 1HI6FNOB, 349.1114 (M, 350.1187 ([M+H +); found (ESI+), 350.1181.

[ 0206] Exlzmﬁﬂréedthmb@?mm,ssagd offeativq l(lyak))treatﬁmgjommilﬁeneaM(mIdmmmt hri di n-

5(6 | | 1b |, 3-diol .[02 Th f
4[5 11 ST SREAPBIG: A haorian o Fid o '°”$q5§a§gne| 3- di o

(800 ny, Alos nornal phase,
chiral chcr%c?% rr%%l gg"rﬁg% ﬂ’@ﬁﬁdﬁﬁ%ﬂt ;8 1%/%%“1;() %’&Eﬂﬁ? Salaﬁgﬁgﬁ TS RrodREen
wi t h 15%ats1@ayt<amqul@um1 bbilin gﬁréﬁgépﬁidu@t hiAtg adbReP oréenttatiBh bW th. The
fractions containing the secon eak were conbined and concentrated in

vacuo, t (ﬁrpmw:d end veganeedly( lﬁmr@%ulﬁlrtcbnmmlaamstthmn thei lube oil BbiBH rarigeut es
was i sol as a white solid (220 ng, 55% based upon a 1:1 ratio of
enantio § #9912 t heoretical maxi mum anount of 400 ng). np 182-184 C,
[a] D 25 = +618 (c = 0.0101 g/nlL, CHA 3); IH NWMR (400 MHz, DMSO-d 6) d ppm
1.16 (d, J=6.73 Hz, 3 H 5.65 (d, J =6.73 Hz, 1H) 6.16 (d, J=1.81 Hz, 1 H)
6.22 (dd,[0038) 41The.caRtddA %lf')theﬁl%%cﬁp'b iff d, J=8.28 Hz,
1 h 704 0td jagegsatng Sfthely 3 n%]Qa fé%ds%ég&&?g"&gﬁt ~=7.70, 6.79,
2.07 Hz, moﬁeamgmtalyamﬁﬁumamuan gﬂoc(uwco tipBisitiy atedb? a oﬂ-H) 9. 62
(s, 1H 9. (ESI), mz 350 ([ M+H] +); (ESI) mz 3 M H]

HRVEB: caIRf&g‘F‘é?ra“ézal_?lwlé#Rthlé)@dlI!&@gerWOd'SEO Thesaper praduey tym@eilhd (ESI +)

nenant GRS g Rt REHE o HoSouid @ediid sicdioprsaguct
Sol ut1 on JPIopY SORRiges s it RESTH boilnirEhel byoROF RINRE prehudid lgberor,

2.84 mmlrjltrogeldmdh bulfonsintanmands. Mhe wastibn pedddt vhr Be ?)assféﬁtdif@éﬂ qR&PY|

chloride (0.51 g, 3.0 mol ), and J\f, -diisopropylethylamne (0.77 g, 6.0
mol ). TH eﬁ%@m ISACtIRI5StBEE, b it laﬁ)rfif@mdtthafﬁ egasmsfand ligmed vemctionr s, and

by pr eparipais BE sEbaratedy NERICHGATeion TaPtuctsonancled Wi sacomd bf
pre- packed,§i dd& ﬁ;hﬁsgq’n Qhe eﬁlb%tdhﬂgnt"k}fttﬂe r@%eﬁfji h‘68 tﬂ%&%ﬁ&tﬂ 5% and 50%

methyl t rt- uty er i n hexane o afford,

af ter evapodwdtiand thé 1ighRl BBk \KIBoilifg ¢ Y Prodactoirk sepdrufdabhnd At HQndof the
colorless oil fromethyl acetate-hexane yielded the title conpound (0.98 g,
2. 54 mollub®ofibossngrangepgedins conductbd to tessecond s¢arkibnseageo! Tk method

163- 165 0 386 [ IR (Solid), vmax: 3257, 1620,
1606, 15 Sea%fﬁéggﬁﬂ p ﬁ%dUCid@n%elurﬂ?l?Pe evldoqzew& rangq mnﬁal@zn@@ow

DUBO."). SrighaP sty iyt athan B BecgoishE bY?argvgtn%broﬂaowﬂéOE@ 5.5
HZ, 2H), effe@ﬁvé ht séﬁ}auﬁg é‘a@eéﬁis an]d Hﬂl?ld]re!igtioﬂ 'ﬁi)oduZtSG Fdrxathple, & IH),

3(d, J =17 , exists as apprOX| mat e
2 1 m xt lstrepmhg rtmanmmaot&makomd:ardbé usedGd el &E&NB% va@or podult fidm ¢the/l;. N,
3.63. Found; C, 68,65, . H 4.80 N, 348[0210!5 Step
3, 8- Di f | disid Bibeihbeilipgauge produst. 6The Lﬂw ai b@lma.rnngn bgh@dandhen thuse - A

stirred s 4- et trifluoro-|

2-yl) et hfﬁk‘géﬁgycﬁ hf.s e&gntggeaétlog[skgéemy ljavena f‘g&‘ M&?W% g“ theeat ed
under nitrogen with a 1.0 Msolution of lithi umbls(trlmethylsHyI) am de
in tetrahydrofuran (5 nL, 5.0 nmol) and heated at 70 C for fifteen hours.
The reaction m xture was cooled to roomtenperature and the sol vent renoved
in vacuo to afford a residue. The residue was dissolved in ethyl acetate
and washed sequentially with a 1N hydrochloric acid solution and water. The
organi ¢ phase was dried over anhydrous sodiumsulfate, filtered, and the
sol vent rermved in vacuo to afford a cr ude sol | d The cr ude sol | d was

o . e o -~ o o T




one with a retention tine at 6.0 mnutes and nonitored by ultraviol et
detection yielded, after trituration with diethyl ether-hexane,
4-{[ ( 6i ?)wW®,2800di288780r 0- 6- met hyl phenant hridm 5(6 ) -yl ] caclhasydospbmanl *
(0.05 g, 0.14 mmol, 33% as a honpbgeneous, colorless, anorphous solid, mp.
138-140 C TR = 6.0 mnutes; [a]D 25 = -560 (¢ = 10.0 ng/m. in CHO 3); M5
[(+ESI), m(z]: 352 [MtH +; M5 [(-ESI), mz]: 350 [MH ; IR (Solid), vmax:
3300, 1606, 1570, 1510, 1495, 1390, 1330, 1265, 1225, 870, 810 cm1 ; 1HNWR
(400 MHz, DMsO-cfc) d: 1.21 (d, J = 6.8 Hz, 3H), 5.71 (q, J = 6.8 Hz, IH,
6.55 (dd, J 10.5, 2.5 Hz, IH 5 6.70 (d, J =8.8 Hz, 2H), 7.06 (td, J =
8.6, 2.6 Hz, IH, 7.16 (d, J 8.6 Hz, 2M), 7.27 (td, J =8.8, 2.7 Hz, IH,
7.38 (dd, J =9.2, 2.7 Hz, IH), 7.07 (dd, J = 9.0, 6.4 Hz, IH), 8.01 (dd, J
=9.0, 5.6 Hz, IH), 10.06 (s, IH); Anal, calcd for C2 1HI5F2NO2: C, 71.79;
8

I H),
H, 4. 30; . E : a.-.H, 0. ¥ I em cal
configura |n &h Q?? 090 a S%‘I%lg?réﬂﬂaﬁgek\/)\gsmg)s‘g%%g? oggglf‘?fregel}?}r?%ﬁ)[\%gqq] Exanpl e
44: Synt h@@,bﬁl_of 4- {[(6S)-3,8-D fluoro-6-nethyl phenant| ndm 5(6

) -yl ] carbonyl } phenol * [0215] The enantioners of

4-1(3, 8-di fl uoro-6-net hyl phenanthridin-5(6 )- yl)carbonyl]phenol (0.15 g,
0.43 mmol ) were separat ed by automated, preparative, normal phase, chiral
chr omat ogi@ﬂﬁ} orf g abeve slepemptgn ﬁ(dflyeC(ezfo tQ szxe@ﬁrfntb@ﬂuﬁﬁn@qftth%grw%

et hanol at _a f.lowtate .o O pL/mn. After.eyv, ration,of..th l.vent in
vacuo. peeplipfabRiEsiilied T Mol R ok & ARAORLL nduimiRs ThastE)

ul travi ol EquAKL SFdchiQR Bufd Bedevidéd fir dabtyin 84t B8 S;Mrlt*'bﬂthféﬁﬁ%ntion.
4-{[(65)-3,8-difl uoro-6-nethyl phenant hri"dinh-5(6i )- yl]carbonyl}phenol *
(0.04 g, 0.11 nmmol, 26% as a honpbgeneous, colorless, anorphous solid, mp.
135-138 C__ TR = 9.5 m nutes; [a]D 25 = +561 gc,: 10.0 nmg/nL in CHCO 3); M
[(+ESI), [004p] 35hefoMppingexamplesyyl illystrate the dmpravad effeativenessi afjthe v rax:
3300, 1606, 1570, 1510, 1495 139 33 1265, . 1225,.. 870, 810 .cm 1; 1H NWR
(400" N, PISRRR IRVartigR, bubis iy meamd go Hiipthe sigsiny 1etioh i aneiosffipg. | 1y
6.55 (dd, J = 10.4, 2.6 Hz, IH), 6.70 (d, J = 8.6 Hz, 2H), 7.06 (td, J 8.7,
2.6 Hz, IH), 7.16 (d, J = 8.6 Hz, 2H), 7.27 (td, J =8.8, 2.7 Hz, IH), 7.38
(dd, J = BXAMPIGEHz, |IH), 7.97 (dd, J =8.7, 6.4 Hz, IH), 8.01 (dd, J =
8.8, 5.5 Hz, TH), 10.05 (m IH); An al calcd for C2 1HI5F2NO2: C, 71.79; H,
4.30; N, 3.99. Found: C, 70.68; H 4.50; N, 3.69. *The stereochem cal

fi i i t .absol d . i bit ily. Jd. |
So oot e of A Sbn ST A ot RRiRe SRS Ag PGS b gL R 4T AP ©
5(6H) -yl . . ;
20T LY ) GHEPRIOL AL iRt Bfenl ahiEhFbore gpenings. MCM-A41 mesopgrous
f | uor opheqgiporematiiahawed gole dpehiRizs 35, 4Gk 000 Asin @idhbfeesverd propaned e 42.

It was purified by chiral HPLC. [a]D25 = -453.7 (c = 10 mg/nL, MeOH); MBS
(ES) m z BeeadilteEcakpby. 4de fjlorkake Raspreaaitiacd vensogeaat d408E. {Tihies

invention were evalyated in the foll Qw ng. standar har macol ogi cal | est

pr ocedur eErWC&?dQM@Y{s‘E k § VCHR ﬁ’&ﬁﬁg’t’@?j;}” X ?Wﬁ%f%@luﬂgﬁ %H}dtﬁé edur es
used and ts.0 i r i ef: e i T cedures:
Cel l's [02%‘_8‘1%’%‘?@‘%’ ‘?’F°£@§'@?H£gr§§%“§@r?ﬁ‘h§%@' ﬂf&%ﬁﬁﬂﬁgﬁ%ﬁi‘ygﬁﬁ?ﬁ%r 411 zed
human aor frieh ARIRER] ditht $38°CS) THEEACHRE RR Eruhied whrBthaf cIBaSrdHERES
buffered saline solution) and infected for four hours with 6 n” of a 1:10
di | uti on withAd3wit%pERimuniand$).9 an.% peladiunuand deed aet20% The catalystsat

medi ates CW praonoter_driven expression og human ERa) in phenol red free
Endot hel i tienae¢givesha dinapealcinationiip aatat 394°(Ssm desaraposeshe latinusg apd cc- 3129)
containin . 25% bovi ne serum al.bum-n (EB A)... After four hours,. cells
were viashEHgTER RRedn RIoh g At the' BTRh ePls s S R 1o

Fol | owi ng Hal gt N j : WasE ' iiaf ect ed
For 2 oot O OB e YRR M e, 8

( Adenovi r similardof sl dsefirished sstabyst bactherbedezenerhylyogenatipaacsivity ihdex MHC
NFKb site 5 to the thym dine kinase pronoter) in EBM BSA, After two hours,
cel I s ver mcigaspewithigdietiorbia the diameteo of ther MCH oAk poxecopenings: e t hen washed,
trypsini zed, counted and resuspended in 95%BS / 5% di net hyl sul foxi de at a
concentration of 4xI 06 cells/m, frozen as 1 or 5 mM aliquots in cryo-vials
and stored at -1500C. Control (no ER infection) cells were processed as
above wi thout Ad5-wt-hER a.virus infection. IL-6 and Creatine Kinase Assays
[ 0220] ERa infected HAECT-1 cells or control cells were thawed, diluted 42x
in warm EBM BSA, plated into 96-well plates at 0.1 m/well and incubated
for 4h at 340C. Test conpounds were added to the cells as 2x stocks in

EBM BSA containing 2 ng/m IL-1 b Ad5-1L-6(1250bp).Luc virus and pl ates
were returned to the incubator (340C). After 15-2Ch, cells are lysed with

Y -~ ~ o o " M




m xtures thereof having an average pore dianeter of 15 to |l ess than 4gA
BACKGROUND OF THE | NVENTI ON [0002] Hi storically, lubricating oil products
for use iwoapglieggi ons such as autonotive engine oils lreraseesdsmdditives
to inprove specific properties of the bases.tocks used to prepare the
finished products. Wth the advent of increased environnental concerns, the
performance requirenents for the basestocks thensel ves have increased.
Anerican PetroleumInstitute (API) requirenents for Goup Il basestocks
include a saturates content of at |east 90% a sulfur content of 0.03 w.%
or less and a viscosity index (VI) between 80 and 120. Currently, there is
atrend in the lube oil market to use Qpoup |l basestocks instead of G oup
| basestocks in order to neet the demand for higher quality basestocks that
provi de for increased fuel econony, reduced em ssions, etc. [0003]

Convent i ofpaliet eChil L uch .as hydrocragcki ng or
sol vent ext F‘ glct i (k)In'H e%%ﬁllebghs)@\gg&g{agggr‘g‘?ﬁﬁé; @?@‘?‘ﬁ tgﬁtslssadgﬁasgge Rf@’r‘?
pressur e ARG aTehalcitadysel ard (B hisHereh BRA iRddx, B Al RE: BXidapiléon
tenperatures to reach these hi gher basestock qualities. Either alternative
i nvol ves "Elxysetisd perfomeansei afgachy oaiatyiso mas sorbehedvior lefdtegerdddidhdictivity
Hydr ocr acki.ng h een conbined wth hydrotreating as a prelimnary step.
However , qwgtlm- tst- drhedHA teskwps peitprraed pb £aely cytabistsamplelbyor i cat i ng

B N N R N o
hydr ogenagaintile afth 3ksted BRMPIREII204S I 509 e n%%'iﬁan%%s@eéggd'trgﬁ%iﬁr@eﬁ‘?fei n a

m neral oil "based lubricant is passed over a mesoporous cr

mat er i al , indiefmgdbidrogért. The ctaipstrwas thenicabledrtg 50°Qyidgdesgin, and s al
function. The_supported nesoporous material has pore dianeters greater than

20gA.  TheatR Rl briene hydrogenaiian megswed @b 60UC.s1006, 1064C, tand 1256CGudn the oduced
t herei I t tion.. [0006], Ho , th i till
need i n (raA et HytrcHeds ton i 2 P biatia PO ispReL e dshp e ual 1y
lubri cat ipgq gt ho@ﬁﬁ&%&%@%@%ﬁo}g&@ Alﬁ%{%ﬁé @\ét[a?rﬁp@e rAfecdtsfg Nt

to hydrogenate aronma

invention is directed at a process use I CS present in

| ube oi | ihanélenof peodiet beeanls efnetal Pee hpuOREHW°CORREPSIEsd. REh6@AiRCt i ng a
| ube oil boiling rgﬁ?e feedstreans containing aromati cs and nitrogen and

or gani calngedhtha £t.sRd,MNis AdeRt/Smi ardcekad ard regeperateseversions of theskyst in t he
presence of .a hydr n-cont ai ni.ng treat in a first reaction stage

oper at ed SHHESTS é?’? gg?ﬁ’%@ QfSBH&ﬁeg‘é’eWEﬁ B%Zﬁf%ﬂri%th&#@ﬁ testis atmpapharie- saj d
hydr ogenagy t ' ol ' LGy -l ayered,
Crystal || TeRAGR B AR SER rcbdr?d, REREARLAuteRih BUETROF RSV,

hydr ogenat i on- dehydr ogenati on conponent selected fromthe Goup VIII noble
netal s, wherein the average pore dianeter of the support material is 15 to
| ess than 4gA. [0008] In one enbodi nEABIGE the instant invention, the

i norgani c, porous, nonlayered, crystalline, mesoporous support material of
t he hydrogenation catalyst is characterized as exhibiting an X-ray

di ffract ifom patterm w thyat—teast—one peak at a Hl-l?zg&"i ngroregy crenth f; 18A.

The support matenial is further ¢ .ze al benzénee".
@rﬁ% &k e ?haemlsor tl?nne

absor pti 07pcARACT tpf, P AL B, WD Oeg—ﬁem@im—h
87— RKPa ne

mat eri al at oy toTT ’?0.01 KPd t—250C.
support matérdal |of %2he hydt-dtenati on"Patal yist is 8Raractprized By a

subst ant if al kyA uni|f op oy hexagmgml honeyg@nb microstrggture w thugigsor m ppres
havi ng afaverage pore t—rater+al—p—15toe+ess—{ han
35A. [00L0]'%A amot #é? pref®8% ed| f or nf!% he p‘resent74i nvent | on f @her
conprises a binder material. [0011] In yet another preferred form the
support material of the hydrogenation catalyst is MCM41. [0012] In yet
anot her enbodi nent of the instant invention, the process conprises: a)
cont act i j8049]l ubAfier kadincdtalygt was prephesi) the parforenaricei ofieagh anbgt wes,
nitrogen and organically bound sulfur contamnants in a first reaction

st age opdeparately guelpatedifer hydrofmyshing pdydrotreatesh09ON siewvaxad oiln Thee presence
of hydrogen-contai nin eat .gas wth.a hydrofreating ¢ st ¢ rising
at Ieast%gﬁ'@%%j(? ik ﬁ{stt hg?g}t%g%d#g rﬁﬂﬁcea'ty“elsél c%tgg‘@ogé@ PRet!dl® oxi de
thereby goofuGwsked 4ifRsd bR Ardthadisy iGH 5&& a i uct
and a liquid I|ube oi(fl Eo(? F?na ranggéoél?%%tﬁ(?{ gﬁ%}lf’% cﬁ%c#ﬁg&é‘éﬁm
reaction product with a hydrogenation catalyst in the presence of a

hydr ogen-containing treat gas in a second reaction stage operated under
effective aromati cs hydrogenation conditions, wherein said hydrogenation
catal yst conprises: i) an inorganic, porous, non-layered, crystalline,
nmesoporous support material; ii) a binder material; andiii) at |east one

o e . - ~ o




netals. The catalyst is further characterized as having an average pore
dianeter of 15 to less than 49gA. The contacting of the lube oil boiling
range feewetn@azsswst h t he hydrogenati on catal yst occurspcm/us208m8tospn st age
that is operated under effective hydrogenation conditions. [0017] Lube oi
boiling range feedstreans suitable for use in the present invention include
any conventional feedstreans used in |ube oil processing. Such feedstreans
typically include wax-containing feedstreanms such as feeds derived from
crude oils, shale oils and tar sands as well as synthetic feeds such as

t hose derived fromthe Fischer-Tropsch process. Typical wax-containing
feedst ocks for the preparation of |ubri28ating base oils have initial
boiling points of 315C or higher, and include feeds such as reduced crudes,
hydr ocrackates, raff nates, hydrotreated oils, atnospheric gas oils, vacuum

gas oils, 1 i resi-ads. p d oils,
O o BN PSRl Py BLARRRRE R B T SRR AERRORBL

di still atgmn20 eneshSsahdtwarsdddedits e ehtyIFstioaling o Enareaski firen liGURI Péweat er s
and solvent extraction units, and nay havewax contents of up to 50% or

nore. Pr eA@er pressurbdessing withinitnggernmybhydreden,rtha watabgits wabodged ¥O0F ( 343C) .

[0018] Lube oil boili range feedstreans suitable for, use herein also
contai n aMHREER &k 8@‘5& (‘J:n Eﬁrt3r B co&i@fi to 100 teppRratieastivatedda dydregansa

t
t ai ni £ ni o d f t to 3.0
wroof soid Griof St bed U Qo TianeT SR Ao B yaBR Bl BRI Ve Butt
process. introdficdd fiEbp@dtihp 2bndifidns Werd hdfcidast HSWIg ob@epi% g@ﬁy@ be
bel ow 500 wppm preferably bel ow 300 wopm nore preferably bef ow 200 wppm

Thus, in kRejpanch250Mseft,/bbie(445hn’/ni’). Readtontpnpergtaré eadshcreasadey be
hydrotreated prior to contacting the hydrogenation catal yst. Feeds having a
hi gh wax £onfend thopheld eqnstans dom7 ¢ 10 days sHydrogeaassy afasulPC % asbner

nore. Sul fur and nitrogen contents nay be neasured by standard ASTM net hods
D5453 andePIES e?”ﬁﬂ’é%&i vely. [0019] As stated above, the present

i nvention involves contacting a lube oil boiling range feedstreamw th a
hydr ogenation catal yst that conprises a support nmaterial, a binder

mat eri al ,[086d] at Predist quaktyrgsddedyreddty aondeioy,budfye)taydrope,amdariadgen Suppor t
materials suitable for use in the in the present invention include

synt het i CCQIbPRI® 3Yasimeritered datly e Aresrapics sverg measwiedrhy. UNr hsopptien si ze
talli i t.abl t materials.,. i ' ,
none | ayer GamBRSEEY o nBaBeTRRS sullRiANA Birkuh Seare B8 shamor Bt ot
| ci ned -1 ay: t ] W | k at
G2 spac: nnTalys & kol BinRighfct ARlp ARyl irdih, A3ieh QiGeRER] B °
mat er i al sFiguidsalbared 2 oandiSshsistértiwitlafiee Wé@@eﬁ&ﬁicﬁ@?@ﬁdt?&ﬁin@%x,ﬂ%i ng a

benzene sorption capacity greater than 15 granms of benzene per 100 grans of
t he mat erinséntars Beyreobhave(@rexpetedly fondd 2Ba. caplpste maskt usipp MCMrad ¢hatal s are
i nor gani c, rous, non-layered materjal havin hexagonal . arr angenent of
uni £ or m ySredl R TBPEE Pare SpeniRgsBHRNIeGShE Bigest exF of domatis T IAER o

di mensi o f than 49A. A nore preferred support material is
identifiggﬂg%&ﬁgkg?k§§€(m44l has a characteristic structure of
hexagonal | yarranged, uniformy-sized pores of at |east 13A dianeter,

exhi bits a hexagonal electron diffraction pattern that can be indexed with
a dlOoval ue greater than 18A, which corresponds to at | east one peak in the
X-ray diffraction pattern. MCM41 is described in United States Patents
Nunbers 5,098, 684 and 5,573,657, which are hereby incorporated by
reference, and also, to a | esser degree, below [0020] The inorganic,

non-| ayered nmesoporous crystalline support materials used as conponents in
the present invention have a conposition according to the fornula M/ g(Wa
XbYczZdOh) . In this formula, Wis a divalent. el enent, selected from
divalent first rowtransition netal, preferably manganese, cobalt, iron,
and/ or magnesium nore preferably cobalt. X is a trivalent el enent,
preferably alum num boron, iron and/or gallium nore preferably al um num
Yis atetravalent elenment such as silicon and/ or germanium preferably
silicon. Zis a pentaval ent el enent, such as phosphorus. Mis one or nore
ions, such as, for exanple, ammonium Goup IA IIA and VIIB ions, usually
hydr ogen, sodium and/or fluoride ions "n" is the charge of the conposition
excluding M expressed as oxides; g is the weighted nol ar average val ence of
M n/qg is the nunber of noles or nole fraction of M a, b, ¢, and d are
nole fractions of W X, Y and Z, respectively; h is a nunber of from1l to
2.5; and (atb+c+d)=l. In a preferred enbodi nent of support materials
suitable for use herein, (atb+c) is greater than d, and h=2. Anot her

I Y -~ . e o r S



of that phase) resenble nore those of crystalline framework materials such
as zeolites. Thus, support materials for use herein can al so be described
as havi ngwe 2bexaggrsal arrangenent of | arge open channel gcrhastoosasiobe

synt hesi zed with open internal dianeters from15 to | ess than 40A,
preferably 15 to 35A, nore preferably 20 to 30A, nost preferably 23 to 27A
[ 0024] The term "hexagonal ", as used herein, is intended to enconpass not
only materials that exhibit mathematically perfect hexagonal synmetry
within the limts of experinmental measurenment, but also those with
significant observable deviations fromthat ideal state. Thus, "hexagonal"
as used to describe the support materi-2d4s suitable for use herein is nmeant
to refer to the fact that nost channels in the material woul d be surrounded
by si x nearest nei ghbor channels at roughly the same distance. It should be
not ed, hoggwugmnst hat defects and inperfections in the support material wll
cause signiticant nunbers of channels to violate this criterion to varying
degrees, depending on the quality of the material's preparation. Sanples
whi ch exhjbit as nuch as +25% random devi ati on fromthe average repeat

di st ancebbt weef\n afipmates hydragerationspriocessdoe irtieyoibudingaange feealbtreamsages  of
the MCM 41 materials. Conparable variations are al so observed in the djoo
val ues frEHRPB&1 ectron diffraction patterns. [0025] The support naterials

suitable for e.h i . . ns. knqwn.in the art, and
are general | yu'f)or rrgé&ﬂ%bt{}%ga Rrrlg)te %ﬁ@ﬁgggg i |%62%\é9$1{?%ﬁ$§ %%fﬁ%l[“é?%grolgéattgﬁt s
Nunbers 5,098, 684 aiidl fitfogan 6hd orpdiicdlly Boimddul RACHnRESMahRGEIIRQr at ed by

reference. Generally, the nost regul ar "preparations of the support material
give an X-ray diff rijsirogenationtatalystiin thepfesenati aftd hydrogemicontaimngheeaext r ene
| ow angl e region. The .positions .of these peaks approximately fit the
posi tions of the hk@srlgf‘l t 1e3640R s3ge SPREated BRdET afactive arompakcsK- r ay

diffraction patter ver., | t s_a .syfficient. indjcator of the
presence of these nrhe}{dg%%asl,o naéé’ﬁf‘ﬁ§9n8345ﬁ§%‘%?a‘§§8&r%$?@§'0f1r‘fahi%st

m crostructure and eekent of repetition of the structure wthin

i ndi vidual particles affect the nunber of peaks that will be observed.

| ndeed, preparation} wi tan inotganic)potowss, nontlayerad, érgstalitnd, avesapatorsr egi on of
the X-ray diffraction pattern have been found to contain substanti al
anounts of the material SURPPHdRgtetekandt echniques to illustrate the

m crostructure of t.Ris rial _are transm ssiopn el ectron m croscopy and
el ectron diffracti dH. P;Iégtplje t§n%ﬁ?’§rr?lggﬂaé%@fglﬁé‘ﬁ'ggma%é’ﬁ’i‘f%@%pport
materials show a_hexagonglechid ABHARE Grolh VA ASHIEHAAAR] HiRn e
correspondi ng el ectron diffraction pattetrn gives an approxi nately hexagonal
arrangenment of diffractiaveragexjore diabhetedddthesppponanatribhg 16 t0dkésthan
diffraction patterns isd{@;ﬁ di stance between adj acent spots on the hkO
proj ection of the hexag - lattice and is related to the repeat distance
a. sub. O between channel s observed in the el ectron m crographs through the
formula This d1Oo spacing observed in the electron diffraction patterns

corresponds t 5 j Al i Oy - i.ffraction
pattorn ot hevh By RATEBeeiaritn ot AR S 1uBE ) Hdljihg SpfEe it

pr epar at icongprizing:he suit abl esupport naterial obtained so far have 20-40

di stinct spots observable in the electron diffraction patterns. These
patterns can B2 i ndertgtingaHube eiltheiling rengefeelstrebseconthining apoenatizt) ect i ons
of 100, 110, 200, 210, etc., and.their s try-related refl ections. [0026]
Inits calcined fomiTo8HL¥Yl ereamically hoynd spifupfentaminanie ima fsstieaetioml so be

characterized by a I I | pattern w.th at J|east gne peak at a
position greater tEgéef@ffﬂg'?é%gg%égf?%ﬁ&g&%&(&%}m&f%ﬂgf%g\ 20ita¢ i on)

whi ch corresponds fpeesehige B BpdRIgeh-cBhtdiMifgetas koW it  hy@btlefinpat tern of
the support material. Al so, as Stated above, suitable support terials

di spl ay an equi |l i bcatahysheompmisirgiatdest ioon GrappdVHmetal gixédd end atieastl5 gr ans
benzene/ 100 gr ans crgﬁal 50 torr (g. 67 kPa) and 25C. (basis: crystal
material havi ng be@RC{IO4P o Matah AxidetBeisby nsoduing @ raectinsr produeickage by

i nci dental contam i | [ 027] ;1 t. shoul.d be noted that the
equi | i brium benzenggglé’zg}riﬁ ?tgﬁgsiééégﬁ% Pr‘léﬁ‘afslifﬂ gﬁﬁq§f$ﬁlb&°1gh?‘il§SIrén%%pport
materials is maasub%a&@, de basis of no pore bl ockage by incidental
contam nants. For exanple, the sorption test will be conducted on the
crystalline material phase having no pore bl ockage contam nants and water
renoved by ordi nary nethods. Water nmay be renoved by dehydration

techni ques, e.g., thermal treatnment. Pore bl ocking inorgani c anorphous
materials, e.g., silica, and organics my be renoved by contact with acid
or base or other chem cal agents such that the detrital material will be

g N 1 - T 1 Y e o, F AT -



limtations are also mnimzed as a result of the very |arge pores. [0033]
Support materials suitable for use herein can be self-bound, i.e.,

bi nder | eswo 2bimvyes, it is preferred that the present i peeniscas/ ozdosp
conprises a suitable binder material. This binder material is selected from
any binder material known that is resistant to tenperatures and other

condi tions enployed in the present hydrogenati on process. The support
materials are conposited with the binder material to forma finished

catal yst onto which nmetals can be added. Binder materials suitable for use
herein include active and inactive materials and synthetic or naturally
occurring zeolites as well as inorganiQsyaterials such as clays and/or

oxi des such as alumna, silica or silica-alumna. Silica-alumna, alumna
and zeolites are preferred binder materials, and alumna is a nore binder

support materi@ . Sili.cq: 0y J [l gr in
the form of ge@ati ﬁ%dudstgéélr@c#gé F%tcggﬁg?@%gtéﬂ%% ﬂggﬁ%hhﬁ@)g&éb’%ﬁg ®lica
and metal oxides. IIsre§é}wéldtableydi,@g&dc&mmiﬁgﬁehngmhq&cbﬁa%\dc&ﬂbnr ni ze
that the use of a material inconjunction with a zeolite binder material,

i .e., conbined therepdratedamdpr effectivecaroimagics hydmgenhiisn sonditibng wheyelnf i s
catal ytically active,ngy change the conversi.on and/or selectivity of the
fini shed. The i nveridd BYSOZENAtON ¢atRlySt QUMPHSESyNi ze that inactive material s

can suitably serve gs di .o C | _t:he unt. of conversion if the
present invention & em%%@gggﬁnﬁgﬁq%%521&%#%?%@2%?8?%%6’tnﬂ%ﬁc’p%WI ation
products can be obtai nedS%gﬁqﬁjn@ﬁhj;y and orderly w thout enploying other
means for controlling the'fate of reaction. These inactive nmaterials may be
i ncor porated into naturad bindecmaterialipard ays, e.g., bentonite and kaolin, to
i nprove the crush strength of the catal yst under conmercial operating
conditions and funcii)on adeast pae hydmeenation-debydrogenationceampgrent [ 0034]

Hydr ogenati on catal ysts suitable for use in ically canprise, in a
conposited form a rati Osegqctt%(ﬁﬁﬁm@eﬁgogp{\‘éflfpggb%%’rﬁat@ Ss ﬁé}eé?‘iﬁg €rangi ng
from 80 parts support } R J i S
support material to SOH?ﬁ%gqel '(;nrger rrgtt%feﬁ)?gﬁ%?Pn@%?glgpbe%%gozl%/yﬁv%hght,
typically from80:20 to 4IA50 support nmaterial:binder material, preferably
from65:35 to 35:65. Conpositing may be done by conventional neans
including mulling the materials together foll owed by extrusion of
pelletizipg int0 the desired finished catal yst rti.cl es 0035] As stated
bove, ¢ s hydF GuRierAroaing 8 aty Beceabisirin SeteiRersl plosese iy | e at
| east onecd?gnéq&g.enati on- dehydr ogenati on conponent selected fromthe G oup
VII1 noble tals. It is preferred that the hydrogenati on-dehydrogenati on
conponent be sgl ectse@afatingsail Vasdr produdt Fdm eid liqiadilue oil bodlingangsd

m xtures thereof, nore preferably platinum palladium and m xtures
thereof. It is nostprpde¢teandd that the present invention

hyd i on-dehyd ' .be pl ati d | | adi 0036
Fydr ogenat i on- iy C-OGBRGEE SHIJGR %ol Gofipgiranes porineSanes Prodiist Boun

i f 0.1t . », . . WO
roferabl y 0.3 to agncedfd R Rabababiil A by Bodem ol T o o

wei ght percents are on support. By "on support” we nean that the percents
are based on the weight of the support, i.e., the conposited support

mat eri al 4and bIrdprocess acbuling Foany peavplimg ¢laim kéeseipsaid catelyst fustheei gh 100
grans then 20 wt. % hydrogenati gndehydr ogenati on, conponent woul d nmean t hat
20 grans SOMRIRES BRIPEEFRAteridherestad Sgum aeti vhantinactiyg nalerialpesyaithsitsr ¢ .

the suppare i SRR by 2 ARER Db CIRRTGH, o8P, MaRRiciiheTt * 1

i's prefergigdiddrat the hydrogenati on/ dehydrogenati on conponent be

i ncorporated by inpregnation. If the hydrogenati on-dehydrogenation

conponent is to be inpregnated into or exchanged onto the conposited

support material and binder, it may be done, for exanple, by treati nE t he
a

conposi t &-wi t h ke Bigcessrceording tvamypracadingdainy wihetrin seidosuppertyiategiehat i on

conmponent., If th dr ogenat i.ondehydrogenati on conponent is platinum
suitable1%F@PPH@%FE%W%&%H8€H¥%EVﬁﬂéuﬂhIoroplatinic acid, platinous chloride
and various conpounds containing the platinum am ne conpl ex. The

hydr ogenat i on- dehydr ogenati on conponent may al so be i ncorporated into,

onto, or with the conposited support and binder material by utilizing a
conpound(s) wherein the hydrogenati on-dehydrogenati on conponent is present
in the cation of the conpound and/or conpounds or in which it is present in
t he ani on of the conpound(s). It should be noted that both cationic and

ani oni ¢ conpounds can be used. Non-limting exanples of suitable palladium

o .




conditions are conditions effective at renoving at |east a portion of the
nitrogen and organically bound sul fur contam nants and hydrogenati ng at

| east a pwotoem2ed7ssai d aromati cs, thus produci ng at | eastr/ws200sqsiod7 di esel
boi i ng range product having a | ower concentration of aronmatics and
nitrogen and organically bound sul fur contam nants than the diesel boiling
range feedstream [0042] As stated above, in sone instances, the |ube oi
boiling range feedstreamis hydrotreated to reduce the sul fur contam nants
to bel ow 500 wopm preferably bel ow 300 wopm nore preferably bel ow 200
wppm I n this enbodi nent, the present process conprises at |east two
reaction stages, the first containing a2ydrotreating catal yst operated
under effective hydrotreating conditions, and the second containing a

hydr ogenati on catal yst has descri bed above operated under effective

hydr ogenatg on hiol ' fore..in this enbodi nent,
the labe o1 bors #"3@%@5@2@2‘% ?@gﬁf‘?cgaﬁ’%rcs@@‘ﬁ{egéﬁéﬁe Spagpr? mAerRd

ahydr ot r edtasng Xatpldyfitaction pagei WHRRE Geadf twho B&’ﬂd‘s%?@sﬁ%"s?réﬂt@ngthfaﬁea? gas

inafirst reaction stage operated under effective hydrotreating conditions

in order ti®A dehpoeingH(8. &2 26rfor Gt Kralphuf radiagidn)ivehich toresparny to aroe o

" hydr ot r oot 8 Rt ER e Crapaiem of Uit Suposamaiamel diteast one of

3/ ¢ - : . . f S
catayet CROERiSatEpblifiBh s#eiier a3 Iiiph U ETRENR atoiitions Teucn as
sul fur, arttiami1OAQgg;bhcilfgl%ﬁﬂe%tﬂ)é%&h&ﬁ%fgiéweﬁﬁ&ﬁ%% éfﬁﬁlrs BebthdalR®

present invention are any conventional hydrotreating catal yst “and 1 ncl udes
t hose which are conprised of at |east one Goup VIII netal, preferably Fe,
Co and Ni ,., nor referably Co and/or N, and nost preferably Co; and at

| east one ‘& ougr |PTREESS| acCpvding fu@ny Praseding olginnwhergin diesugiyiopt ateriah a

hi gh surfag e . erial referably alunmina. It js within the
scope of %ﬁ%lﬁse@eﬁq{ﬂﬁﬁé{éﬁrﬁé&%e%gflsq%gﬁgn Fﬁ%aratgrfétu groyer tranplygsmseat i ng
catal yst henseRAl00glhes G581 LESE tdrP (b 62 XPS oup VIl netal is
typically present i%&%n %?bunt rangig% ?ron?%n%ggz' w.% preferably from4
to 12% The Group VI netal will typically be present in an anmount ranging

from5 to 50 wt. % prefera&%g from10 to 40 w.% and nore preferably from
20 to 30 k. % IMeIPrRgsaiascopsing to yir prsaeding claisnwbersio the suppottonatenapor t "

exari e, - ¢ heBirRER RIS LS eGMRBRIR g SchieipRar meiEuial B Bndé Vi 1
met al woulchte®ATah SR f?&n%@%’tsg%lﬁﬁ)&qﬂat\éﬁhit Oﬁ%rté’\@ﬁldgpgéa?%aasl#ﬁggg'

[0043] Effective hydrotreati tions are e consi

condi t i onpatthanpmatnidresd td 86l partsdrinde thiverialy fluati6@BERBbyweidhg | ube oi |
boiling range feedstreamto within the above-descri bed ranges.” Typi cal
effective hydrotreating conditions include tenperatures ranging from 1500C
to 425 0C preﬁﬁrabl 2000C to 37Q0C, nqie p%ﬁfer bly 23Q0C to 3500C

Typi cal wét ght [RSEFPSESS Aserding ©cany, precqdingielpin whergen said hydragengtioohT 1,

pr ef er abl b : 1.0 - . f. i . n bhe utilized, and
Pt cssur os Seby Ok hatidnboshbneh iGBestl f ah bRl AEiRg 3B o1 B 0BESS

pr ef er abl ynd & seeckl HorPpaRIiam, pkikini Thadam, kffdhum, A PmBEl&ThERor
enbodi nent, said effective hydrotreating conditions ‘are conditions
effective at renoving at |east a portion of said organically bound sul fur
contaninanés aig h¥dro enating at |least a portion of said aromatics, thus
produci ng18t | dBsProcesy aerrdimge any preesding glaimwherginshid suppert materidlower

concentr atd fhar i . ically bound sul fur contanm nants than
the I ube 5 T F b e RISl P Ik E b R ToRenEat 5 PIGEBRTLHS | e
oi I boilipsidhnge feedstreamwi th the hydrotreating catalyst produces a
reaction product conprising at |east a vapor product and a liquid | ube oi
boi li ng range product. The vapor product typically conprises gaseous
reaction ?Loduchs such as H S, and the liquid reaction product typically
conpri seslh | i §0¢ Breqgsaesarding; toiany preergingelodimovherain sagd dubecailibedingevel of

ni trogen r.contam nants. The r.eaction.prodquct can be passed
directly faﬁgi?%égﬁgg@&ﬁﬁpgg@?{o& cgl{(ﬁgcgfs, Bhale oils iaggﬁ?re?aé'ﬁﬁ 88 WHAS t he
gaseous and |liquid reaction products be separated, and the liquid reaction
product conducted to the second reaction stage. Thus, in one enbodi nent of
the present invention, the vapor product and the liquid [ube oil boiling
range product are separated, and the liquid lube oil boiling range product
conducted to the second reaction stage. The nmethod of separating the vapor
product fromthe liquid |Iube oil boiling range product is not critical to
the instant invention and can be acconplished by any neans known to be

Y o, . S o . o I



[ 0049] After each catal yst was prepared, the perfornmance of each catal yst
was separately evaluated for hydrofinishing a hydrotreated 600N dewaxed
oi | . The wewaosadssyBl was first hydrotreated to reduce tpeTaisbdosnsmentent to
200wppm The 600N dewaxed oil had an aromatics concentration of 415
mol / kg. Approxi matel y5 cc of each catal yst was separately | oaded into an
upflow mcro-reactor. 3 cc of 80-120 nesh sand was added to the catal yst

| oading to ensure uniformliquid flow After pressure testing with nitrogen
and hydrogen, the catalysts were dried in nitrogen at 2600C for 3 hours,
cooled to roomtenperature, activated in hydrogen at 2600C for 8 hours and
then cooled to 1500C. The 600N dewaxed .o7l feed was then introduced and
operating conditions were adjusted to 2 LHSV, 1000 psig (6996 kPa), and
2500 scf H2/bbl (445 nB/nB) . Reactor tenperature was increased to 275C and

then held cons for 7.t0,1 S. dr.age urit 100 % and no gas
recycle was eé%%ef%%?ffl &fg%‘fﬁéﬁlalﬂ%? 112tgolgngg if?fé%?'%\;@}@irmﬁ ]i'l%vslr,lg 8l fur,
hydrogen, afith] Mollifl9pMineOst $1¥°6 Wafigh®ni tored daily. Aromatics were
measured by UV absorption (nnnles/ké). Total aromatics and sul fur as a

function of time on streamfor each of the catalysts are shown in Figures 1
and 2, respectively, herein. As can be seen in'Fi%gres 1 and 2, and

consi st ent 12 t hThpraseseacseeding de enk pseacding elaun wherein;saicbhwberail beitisgf have
unexpectedly faund that cat.al ysts d spng. MCM 41 t hat | Ler..di ameter
por o openi TAHEE FHHITHER CoREHAR AP SERM oS Hop 10 381 WF R PHIGHSSh! £ ur
renoval . Y vk 0 i pTeTe Ak AN . g, 01 | boiling
range fee t@%ﬁb%%@éﬁér%wgés%ﬁéacu ng a iﬂggggﬁg‘{)ﬁefl% ng range

f eedstreans containing aromatics and nitrogen and organically bound sul fur

contam nants with a hydrogenation catalyst in the presence of a
hydr ogen- cbht ai Ragpracesssaccgading o any precedimgadaim whsreigesashbataabbeibivgr

effective aromatics hydrogenati on conditio wherein sai d hydrogenati on
Catalyst - congr estert ol S SAnEAP BelbB0S00 WBR.ayor od. cryet alli ne.
mesopor ous support material; and ii) at |east one

hydr ogenat i on- dehydr ogenati on conponent selected fromthe Goup VIII noble
netal s, whefei Mhdprovesy f@erdiap o dhppedceding clafig vwhepeiarsaideffedtivdl is 15 to
| ess than 40A. 2. An aromatics hydrogenati on process for |ube oil boiling
range feedytdreteatingeqndigongareapndionactientjveat rameodng abtdast apgortamgef

f eedst r eam cont ai ni aromat | ¢S, nitrogen a rgani cal |y bound sul fu
cont ani na preaniqal oqngaasg:lﬁlgﬁog@ggg I&ﬁépag’é(gr%é?m&fi?@@ﬁ g/portion o
hydr ot r eat b L [: ] n-cont ai ni ng treat
gas with aéaﬂ@a@g@!acétp?ﬁ%en?g? %41951\5@%%1%5?%%@% f?%dégr? glglﬁe Goup VIII netal

oxi de and at | east one Goup VI netal oxide thereby producing a reaction
product conprising at |east a vapor product and a liquid |ube oil boiling
range product; andb) contacting said reaction product with a hydrogenation
catalyst in the presence of a hydrogen-containing treat gas in a second
reacti on stage operated under effective aromati cs hydrogenation conditions,
wherein said hydrogenati on catal yst conprises: i) an inorganic, porous,
non-| ayered, crystalline, nesoporous support material; ii) a binder
material; and iii) at |east one hydrogenati on-dehydrogenati on conponent
selected fromthe Goup VIII noble netals, wherein the average pore

di aneter of the support material is 15 to |l ess than 40A. 3. The process
according to any preceding claimwherein said process further conprises: a)
separating said vapor product fromsaid liquid | ube oil boiling range
product; and b) conducting said liquid lube oil boiling range boiling range
product to the second reaction stage containing said hydrogenation
catalyst. 4. The process according to any preceding clai mwherein said
catal yst further conprises a binder material selected fromactive and
inactive materials, synthetic zeolites, naturally occurring zeolites,
inorganic materials, clays, alumna, and silica alum na. 5. The process
according to any preceding claimwherein said support material is
conposited with said binder material.6. The process according to any
precedi ng clai mwherein the support material has an X-ray diffraction
pattern with at | east two peaks at positions greater than | QA d-spacing
(8.842 2Q¥or Cu K-al pha radi ation) which corresponds to the d10Co val ue of
the electron diffraction pattern of the support material, at |east one of
which is at a position greater than 18A d-spacing, and no peaks at
positions less than 1 OA d-spacing with relative intensity greater than 20%
of the strongest peak. 7. The process according to any preceding claim
wherein the support material displays an equilibrium benzene adsorption
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