WO-98/ 14196 :
PCT/ US98/ 19434 METHOD FOR THE  SYNTHESI S OF

QUI NOLI NE ' DERI VATI VE FI.ELD OF
THE | NVENTOY 14196 This invention reI ates to novel ihtEPREdPEEes and
processes for preparing pharmaceutically active quinoline conpounds,

I ncluding [err] hydr oxy- 2- ?Hen%I ui noI i ne- 4- car boxam de.

BACKGROUND OF THE | NVENTI ON 2dE! B SN IHBSIS QF dhNECt ural formul a
(1) DERIVATIVES [err] [err]

[err] [err]

Formula (1) 15 i EEEE && L jﬁal | y acceptable salt formthereof,

wher ei n: FIELDO S onal Iy substituted phenyl group, or a

napht hyl or sC[ err] This inventienyrelas toltcivel intdrmediatapand processesdpd prepagihg v

substituted si ?%&c&rxcﬁy S8fle ﬁhxﬂ&uﬂ%&xﬁﬁ&ﬁ&& rnbﬁamg (.)-(sarmrwemﬁe&ﬁmsar omatic
character, con

alinin ri ng, at ons conprising up to
four het er o- at GHEORYrFPHGRY %‘P"@&?:’ﬁ*’ P?f@mg‘gt ected from S. 0, N 20 R
is linear or branched Cferr]-8 alkyl, (err]-7 cycloalkyl, [err]

cycl oal yl al kyl BAQ‘JKGROQM M i tuted phenyl group or a phenyl
[err] aIkyI group, an o tituted five-nenbered -

het er oar omafi ¢ ri ng&&ﬁ?gﬂ 3?% "é”ﬁm{%fmﬁﬁet eroat om selected fromO
and N, hydroxy [err] alkyl, di [err] al kyI anm noal kyl, [err]

acyl am noal kyl, [errr] al koxyal kyl, [err].zal‘ﬂ<yl car bonyI carboxy, [err] 25
al koxycarbonyl, [err] al koxycar bonyl FkAt , ami nocarbonyl, [err]

al kyl am nocar bonyl, di [err] alkylam no arbo |; or is a group [err] when
cyclized onto Ar, where pis 2 or R, ! [err] and [err], which may

be the sane or different, are i pdspendentiy hydrogen or [err] linear
or branched al kyl, or together f0© A A N- group in which n 30
represents 3, 4, or 5; or [err] together with R forns a group [errr] in
which q is 2, 3,4 or 5; Formula (R3 and R4, which may be the sane
or different, are independently hydrogen [err] linear or branched

al kyl, [err]_ alke err]. al kox h hal ogen, nitro,
cyano, carb%xy, &?‘{‘BB%&‘H%IQ}H& %\ﬁf‘%@”’%ﬂ gf%‘a‘romat hyl , ami no, nono-
WD 99/ 14196 Arisan optxonal]y subst:tuted phenyl group, or a naphthyl or C5_7

PCT/ US98/ 19434 cycloalkdienyl group, or an optionally substitated single or fused ring heterocyclic
group, having aromatic character, containing from § to 12 ring atoms and
comprising up to four hetero-atoms in the or each ring selected from S, O, N;

20 R is linear or branched Cy_g alkyl, C3.7 cycloalkyl, C47 cycloalkylalkyl, an
optionally substituted phenyl group or a phenyl C1_g alkyl group, an optionally
substituted five-membered heteroaromatic ring comprising up to four heteroatom
selected from O and N, hydroxy Cj_g alkyl, di C1_g alkylaminoalkyl, C1.¢
acylaminoalkyl, C_g alkoxyalkyl, C}.g alkylcarbonyl, carboxy, C1.¢

25  alkoxycarbonyl, C}_g alkoxycarbonyl Cy_g alkyl, aminocarbonyl, Cy.¢
alkylaminocarbonyl, di Cy.g alkylaminocarbony}; or is a group -(CHp)p- when
cyclized onto Ar, where pis 2 or 3;

R, and R;, which may be the same or different, are independently hydrogen
or C1.¢ linear or branched alkyl, or together form a -(CHp),,- group in which n

30  represents 3, 4, or 5; or R} together with R forms a group -(CHp)g-, in which qis 2,
3,40r5;

Rj and R4, which may be the same or different, are independently hydrogen,
C1-g linear or branched alkyl, C1_g alkenyl, aryl, Cy.g alkoxy, hydroxy, halogen,
nitro, cyano, carboxy, carboxamido, sulphonamido, trifluoromethyl, amino, mono-
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and [err] alkylamno, [err] in whichr is 2,3, or 4 and T is [err] alKkyl

or it fornms a heterocyclic group [err] i n which V and
[err] are hydrogen and uis 0, 1 or 2; 5 [err] in which s is 2, 3,
or4 and W WO WIIEEer] al kyl, hydroxyal kyl, nono- or dPCHVSHI24H noal kyl ,
acyl am no, al kyl sul phonyl am no, am noacyl am no, nono- or

di -al kyl am noacyl amino; with up to four R3 substituents being present in

the qui nO'lneaﬁtMiI alkylarmno,-O(CHz)r-I@f Erﬂwm&ﬁsmrpme{namcmemypycllzed _
onto [err] as 72 [err] is

br anched or ’eﬁf’hf%{‘]‘ft‘]mcgflﬁﬁm“p[ err] cycl 0g kyI [err] cycl oal kyl al kyl ,
group, having aromatic
antagoni sts and are useful in treating pul m)naré di sorders (asthmma,
1

optionally substrtut ed aryl, V\/n fein the opt nonal substituent is one of
hydr oxy, hal ogen, [err] Xy or er yl, or an optionally
substituted single or fused r n oc m

character, containing from ri ng and conprising up to four
hetero-atons in the or each |né ected frol 0, N are NK-3
chroni c obstruct i via whish¥oad ¥z am kydepgersand@ap®)l ordi r way hyperreactivity,
cough), 5 ski n @cH;J©OW, Andhidhtsdd?, (3t6rr4aaxmlcq,6a1tmmy¢romu¢yatrtrs and

t wh d d
(Parki noon' s dioa8 3 alamingdifl o éfmd‘o%]‘gﬁ?m‘m ety cgo;nmvullsrs\?re o
di sorders (f o@oé%é]?ﬂ]'@kiéﬁnp%ﬁs&]?'}““°r‘é‘r‘?h‘lp 3 Paré‘rbéﬂmcnt eing bresent in

i nconti nence, tecquinalinemtleasymation, inflammatory pain, eating disorders

(food intake inhi bé: qpagmeﬁl(eg?) erreﬂhm&ed%nmr@m@rg@wﬁmus\rez df sorders

(for exampl e el mer ease), psoriasis, Huntington''s disease,
and depr esd; ot 204 part icularly useful NK-3 receptor antagonist falling
wi thin the genus oRs isbranched of liear G)_@8kyl, C3.7 cycloalkyl, C4.7 cycloalkylalkyl,

(-)-(S-N(a- %b ﬁ%&itﬂwé’ar}lydﬁ&eiﬂﬂﬁ AbsLBRtueRtlid diR-ofhydasdgpxam de. Such

PCT] EPoS! 02000 ORI SRS Carout b G BRI iR Ao SLARGREG, ) oo\ o

of whi ch heterscychie sropmma‘txwarwe%Charer@r@neﬁé@mSm 12ring atoms  NK- 3
receptor ast agadéddipsisiag Gp toFeirhbkteiorutdniscin thengedch ingselepted frame, OOPD and 30
urinary i ncontiJegs ) aﬁp&]},& ng]nd | s the
pot ent ant ag g(ra?f\s Léuseﬁm Fﬁé Ign uter ustc)(Lr she

PCT/ EP95/ 0200 B‘ﬁBP’f 8%&]‘“?"5 @Qgg a’é%'a rhype ANH B requires
only three st ekipdisbiders mnclhéfm scamplepatqguwnmtls hnd:@mt;ﬂsmwdwg

materials (€. Gare), 2648 Fnamnl 64 ]cwuisoed%rsq kingn® AitYasé, ladvirent
2 20  disorders, anxiety), convulsive dlsor%crs kf-cl;ruchlaEmp I;Eii';.pgyl)?%l‘n% %@rdcrs,
urinary incontinence, ocular infiammation, inflammatory pain, eating disorders
(food intake inhibition), allergic rhinitis, neurodegenerative disorders (for example
' Alzheimer’s disease), psoriasis, Huntington’s disease, and depression. A particularly
useful NK-3 receptor antagonist falling within the genus of formula (T) is
25  (=)-(S)-N-(a-ethylbenzyl)-3-hydroxy-2-phenylquinoline-4-carboxamide. Such
' compounds, and methods for preparing the compounds, are disclosed in
PCT/EP95/02000, published December 7, 1995, as WO 95/32948, the disclosures of
which are incorporated herein by reference.
NK-3 receptor antagonists are useful in treating the symptoms of COPD and
30 urinary incontinence in mammals. An example of such a compound is the potent
antagonist (-)-(S)-N-(a-ethylbenzyl)-3-hydroxy-2-phenylquinoline-4-carboxarmide.
While the route published in PCT/EP95/02000, published December 7, 1995, as
WO 95/32948, requires only three steps, the synthesis is plagued with costly starting
materials (e.g., 2-Scheme 1, o-methoxyacetophenone) and chromatography in the
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WD 99114196 -
PCT1US98119434 |l ow-yielding final step. As is illustrated in Schene

1, the DCC ' (di cycl ohexyl carbodiim de) coupli of 4-Schene 1,
3- hydr oxy- 2%%%’?{/‘§‘gui nol i ne- 4-carboxylic acid, with ’f‘%?‘ﬁg?’b?i‘éﬁyl

propylamne led to a 30-50% i sol ated yi el d of

(-)-(S)-N-([err]-ethyl benzyl) - 3- hlydr oxy- 2- phenyl qui nol i ne4- car boxam de
along with 5 loweyicldiog fsal steinpin dlugragdiieSeheme 1, the DCC-medijated
(S) - 2- Pheny! - 4¢didyéldherieapb@ingps) cdupling of £856heme § CFRyaesxy 12l phénylquindliggui 1 i ng
chromat ography, £.or. 1S s ke WY 8- 1-pAedy? Siby10GieR RaROL S s0R 1B R dcul ar

t heory,

(S) - 2- Pheny| - 46} {S)N-(reabritenmdod ijdzasy Rorbenylaninnling-4-gachenapmisie;alapg withhy dr oxy-
2- pheEyl ]:4-ﬂui 120% 6f coipbd\6-Sthemen [(8)s2-Bhengl-4-[1¢1-phasylgrogy)- pr oduct of an
attack of the iaC .
(-)-(S)-N(a- e%!%ﬁﬂ]@%ﬁé@l]?ﬂf%%ﬁ -g;(hgglxﬁzx%%@lr}enlyl-clljqu#]xg?l%nﬁ%aﬁtioxylate,. car boxamni de to
the DCC- act i vafeg¥nagsheonatoszaphy) tor B%VWY%hWh%P‘gGF‘ﬁS)P‘?‘ﬁé!WY particulaty r hoxy| i ¢
acid. theory, (S)-2-Phenyl-4-[[(1-phenylpropyl)aminSicarbomeyIi3-diinolinyle3-hydroxy- [err]
G ven the knOrE\;gﬁaﬁwﬁgagamw&b 1&&%#&3@ (NGerR of EERHoBc B AU R Of

2

formula (1 re. e environnental Ly favorable,

comer ci al |)‘?/ e"elé:e?é‘ﬁff’@?g)éﬁé' '@Fe%yﬁ%"mfggwgfﬁ?ﬂwl&l&t with

i ncreased vyi el cshoxfrnide oD CHgetivated acid ofd-hydooxiny2ephengquinplide-¢i t h an amine to
provide (-)-(Statdxfiicedctd - et hyl benzyl) - 3- hydr oxy- 2-

phenyl qui nol i ne4- car boxam de and rel ated conpounds. The present invention
provi des new synthetic processes for the synthesis of

(-)-(S)-N-(a-ethyl benzyl)-3- hy&ﬁbﬁtm&.ﬁ- phenyl qui nol i ne- 4- car boxam de
and rel at egqsconpounds, which 25 elimnates the need for the use of

(2-schene 1, [err]-gmet hoxyac@tophenone), t need forelhe use of a
chr omat ogr aphy @ééoo J *8chenme Aok - PQpnylé:%:m
e
£
N

3

Z i
H N Ph
1 2 3 4
| 7
§
"
/\/
- NH
C??(""
P
N~ “Pn

Given the known synthesis for quinoline NK-3 receptor antagonists of

formuia (), there was a need for an environmentaily favorable, commercially

20 feasible, cheaper and more efficient process, with increased yields, for coupling an
ortho-hydroxy acid with an amine to provide (-)-(S)-N-(ct-ethylbenzyl)-3-hydroxy-2-
phenylquinoline-4-carboxamide and related compounds. The present invention
provides new synthetic processes for the synthesis of (-)-(S)-N-(a-ethylbenzyl)-3-
hydroxy-2-phenylquinoline-4-carboxamide and related compounds, which

25  eliminates the need for the use of (2-Scheme 1, o-methoxyacetophenone), the need
for the use of a chromatography step to remove 6-Scheme 1, (S)-2-Phenyl-4-
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[[(]-phenyl propyl)-am no] carbonyl ] - 3- qui nol i nyl - 3- hydr oxy- 2- phenyl -

qui nol i necavdsuylsat e, and which increases the yield of desimed/ipsdéduct from
bet ween 30 and 50%to greater than 70% In addition, according to this
I nvention, the hydrochloride salt of the free base of

(-)-(S)-N(a- mﬁéd %aﬁnﬁfﬂﬁmﬁ3ﬁmn§hnﬁh%ﬁkmwﬂ yig- 4- car boxam de and

rel ated conpo t| ona ction vessel”,

Wit hout the n&wgo ’c“Bcané’ ‘éﬁ'ﬁ‘ EW{‘)‘FV éf‘epdr"égesﬂfﬁggmduc?%ombmem Cragoe et
al., J. Og. Ghmso%n%&atemsanm Ib 8ddiEBOaccording tobisdnvenidon; Bact i on of

g car b?xy sub?@aéwogidc éa&%fth'&%&boﬁQRS}Nt(gﬁﬂﬂlwﬁ@Oémbﬂ&@?@ at eskt o provide
erivatives o oxyC| ch onl, ni Cl e C e nown
and/ or can loph‘f%q Q, ?‘?ﬁ“ﬁ q?% 'ﬁ@ﬁpug}faﬂ&ﬁ%&ﬁ?ﬁes' s, 1975,

pp. 805- 807, m:zmnonvessehmtbow@swwamamné@vrafgshqﬁ?ﬁa@ét ate with al kyl
broni des catal yzect::byoetit ANV.rRg. CHam., 1953, 29, @b B 1569, |discloses tireawdcden ofuch

tat
?gfr? ggr boxyga‘:la':lb eyl 's“g‘“im%&(}?a%l Wi T%%R&E é}gr 9{%%& i fovcl:%l ic acid is
di scl osed in Iéa‘waﬁ‘ées°f3~hydeH“°h°91m°@ﬁ‘é agacyl acetptes frekppwn andloscapasg o

preparati oo f e p:fepami-mﬂieg e®orhmy etlfh, Symthefis, 1875, pp. 80580k whishct i on of

t hi onyl chlorigl Q%MEQ@W& aﬁcy?&'btqﬁleé <§Atalyzedb 1§tﬁﬁl§§§d in
Bl ackbourn et a err

m
None of the aBEﬁP@‘tE HS%Wﬁlé?ﬂ‘?te&eéé P%tﬂ’é‘z"t%éﬂﬁ@t%ﬁrcﬁﬁpaﬂ?g HEIBT esent
i nvention for Q-tagbosysalidydis paid aid aghpidrePicatboryiglyRoliccasidds disclosed imdviest s of
formula (1) O'WH J. Chefd 5o, 2941l Bp. 1957-1339. BQrpaifistsfopfivefiemberedaingi on whi ch

are useful %lﬁfeg frnghc rga%t?oné} 8&1 cﬁhﬁ}ﬁdeix%&mg?rbfyc?x% ﬁhﬁgg cigdis nol i ne NK-3

recept or alr?t ad i nvention are to
provi de novel dissseadinBlagkbounshal-, J. Chemﬁ%dé'és‘@ﬁ?&r Sfrédaring these
i nt er medi at es whi CNo:ﬁrdfﬂids&fvulcxtédliohhﬁcxﬂw@maﬂbmﬂmﬁs &fhe pryskatr naceut i cal |y

active compou n&%mon for the sgm:hesxs d%ﬁﬁi%lﬁfe'iﬁ{ 3 rec%ﬁl R@@ftfomfnﬂ'( otnvention is

t hod f
;:(r;r ﬁulm':l (?) 38°m“13(ﬁ)6"rth%1°°§}?8\“f9&8§'&f }"(‘,’%‘}“P?W é’ﬁt“é?f&é‘gé‘ﬁ‘fr{ne‘i‘g‘f’srﬁ']t her eo1E ol

wherein: 20 the synthesisAf such qainoline INKoB edctptorsipteganistsut ed phenyl group, or a
napht hyl or [err] cycl oal kdi enyl group, or an optionally substituted

single or fus
4 ’ eéiJMmq“hS%m ) s UTE SHEET ﬁ RULE 26)
The objects of this invention are to provide novel intermediates and
processes for preparing these intermediates which are useful in the preparation of
25  pharmaceutically active compounds.
Accordingly, in one aspect, this invention is in a method for prepating a
compound of formula (I):

R R
Ox N—C —Ar

“

o
N~ Rg
Formula (I)
30
or a pharmaceutically acceptable salt form thereof, wherein:
Ar is an optionally substituted phenyl group, or a naphthyl or C5.7
cycloalkdienyl group, or an optionally substituted single or fused ring heterocyclic

4
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PCT/ US98/ 19434 group, having aromatic character, containing fromb5
to 12 ring‘g{)g%‘ conprising up to four hetero-atons in the or
each ring s & from S 0, N Ris |inear’dUSFiMihed [err]
8 alkyl, C3 7 cycloal kyl, C4-7 cycl oal kyl al kyl, an optionally

substitut ed phenyl group or a phenyl C1 -6 al kyI group, an optionally 5
substi tut ed figrespravingraguinatic tlerawkr, comdinieg from g te tdying somspandp t o f our

QFL elr g%t g?al y clom aﬁhﬁiﬁ%&h&mtﬁ@n%om e@?tecﬁil"rﬁ%k yb, Ndi Cle?r]

al kgl car bonyl , Y car gd?(bneafcgrbf ahCXC% 8%”36%%5?%%@ Ca-gty @%%Ar bonyl
[err] alkyl, aﬂmﬂ@@aﬁ‘mmﬂedp cay group or a pheaylily- aaﬁqdampmwynonaay [err]

al kyl am nocsar habfihitedfivelrfentbe @8 Geteroréiiitc Aig @bmprikingGip¢d foatkbt@bdtem Ar, where p

is 2 or 3; nsteecte%fr?fnoinﬁ Lyc@&@@;? alm (ﬁh%%&%ﬁ%{hcﬁédor di fferent

are i ndepende al kyl, or
t oget her formatﬁﬂ%i@’(ﬂtoflkﬂr%upﬂﬂ‘ﬂxmlcﬁl-ﬁ alkylcarbonyh satben€4-63, 4, or 5; or
[err] toget heralwixydartidnylpC{rg akoxjcatignybCy | alkpl, mhino&arhipnylscgs 3,4 or 5;

15 | bR t
| ndependent |y %53 gﬁlﬁﬂm\m ‘ﬁﬁl i near ' or b an gagﬁ k)?l [err]
al kenyl , atQi c© élze tP]A’d’t'll? Slgroxy, hal ogen, nitro, cyano,

car boxy, car boxam d?q anéRj, pul'hm:mwdbo;hetsma‘ drdiffepant; ateyihdependently, hydmgm and
[err] 16 al ky|<ﬂ»'ﬁ inealdr bR A TiRy], d>rriogéﬁx'ef3f@nﬁa1(€}l§)n Enouﬁ’i’n»éhxemﬁ Tis Cl16

al kyl a.heteroc

[err] represents%nf or 5; or Ry together wn&\f{orm{) aegtptip -(CH2)q a\?whxcl[ %15'2] 20

in which V and.perf] are hydrogen and u is 0, 1 or 2; [err] in
which s is12,3, orR§aadH,\Which zﬁa@rbelhe@hkaférmt’m‘aﬁ QieViadedtldently hydrogéﬂ?no or
mono- o ”%?‘m 5 Rl B R iy, BT "E L g
present in 25 NEKEYHG; %@hom@arh%n&?ssulphomdo trifluoromgthy}, amjnp, mency group
[err] when cycdndzliadl.gmmylaﬂﬁxoaa)(eﬂylrmrun\nudﬁdhhxst2 Bor#,an@T i0C.calkyl 3; and

[err] is branched.gfsd He{l?cié 1@ al kyl, [err] cycloal kyl, [err]
cycl oal kyl al ky+} ° T subst i t ut eg aryl, wherein the optional

-

substituent is one of hydroxy, hal ogen, ,C1 [err] al koxy or [err]

al kyl, or an optionally substl d singl eyef d ring het er ocyclic
group, having aromatic charac ont% ni b to 12 ring atons

and conprising up to four hev 4@%&9 =ach ring selected fromsS,
0, N o Conprising: 1) add| a conpound of forrmula (111):

WO 99/ 1419% PCT/ US98/ 19434

in which V and V1 are hydrogen and uis 0, 1 or 2;
-O(CH3)s-OW4 in which s is 2, 3, or 4 and W is C.¢ alkyl; hydroxyalkyl,
. mono-or di-alkylaminoalkyl, acylamino, alkylsulphonylamino, aminoacylamino,
mono- or di-alkylaminoacylamino; with up to four R3 substituents being present in
25 the quinoline nucleus;
or R4 is a group -(CHp)¢- when cyclized onto Rg as aryl, in which tis 1,2, or
3;and
Rg is branched or linear Cy_g alkyl, C3_7 cycloalkyl, C4.7 cycloalkylalkyl,
optionally substituted aryl, wherein the optional substituent is one of hydroxy,
30  halogen, Cq.6 alkoxy or Cy_g alkyl, or an optionally substituted single or fused ring
heterocyclic group, having aromatic character, containing from 5 to 12 ring atoms
and comprising up to four hetero-atoms in the or each ring selected from S, O, N;
comprising:
1) adding a compound of formula (TII):

5
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[err] 5 to base in a suitable solvent, to forma first reaction m xture,
adding to the first reaction m xture a conpound of forrmula (11):
[err] 10 to forma second reaction m xture, and heati nl%the second
reacti on ni%¥Pa¥¥ % form a compound of formula (I1V); FCTUSS/INM,

2) isolating the conmpound of forrmula (I1V) and then reacting the conpound
of formula (1V), in a suitable solvent, with a base to forma third
reaction m xture, cooling the third reaction mxture, and adding a
carbonyl -activating agent to forma 20 foypth reaction m xture; 3)
addi ng a conmpound of forrmula (V): g

Formula (V) 25 to the fourth xpure to forma fifth reaction
m xt ure; 4) heating the gfion m xture; and
6

Formula (IIT)

5  to base in a suitable solvent, to form a first reaction mixture, adding to the first
reaction mixture a compound of formula (I):

Formuia I)

10
to form a second reaction mixture, and heating the second reaction mixture to form a

compound of formula (IV):

15 Formula (IV)

2) isolating the compound of formula (IV) and then reacting the compound
of formula (IV), in a suitable solvent, with a base to form a third reaction mixture,
cooling the third reaction mixture, and adding a carbonyl-activating agent to form a

20  fourth reaction mixture;
3) adding a compound of formula (V):

R
- H
N

"

R‘i
Formula (V)

25
to the fourth reaction mixture to form a fifth reaction mixture;
4) heating the fifth reaction mixture; and

)
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PCT/ US98/ 19434 5) optionally converting the conpound of
formula (1) armaceutically acceptable salt, wherein Ar, R
Rlerr], R2, ‘{"g?gﬂ“? 4, and Rlerr] as used in a compound of FCTUSSAY34n| ae
(I'1) through (VI) are as defined for a conpound of forrmula (I).

I n anot her aspect, this invention is in a nethod for preparing 5
(-)-(S) - N (a- et hyl b&ynapyibially chyveniay she 2oy bffoinntd (I)te 4 phatmacxdeillge i
conprising: acce‘gmblc_salt, whertin209R 19, k534, ga:[aﬂd ﬁ?%?us'ﬁ@infaa bR g SOl vent,
to forma first_r Ctd})? mxéﬂre, a |g@ o the fir Preactlon

m xture an [errf]"‘-“ﬁ’il‘@t é}“’l‘%@i Lare g5 defiped, for acomprepd;of farmpla (D). m xt ure,
and heating the sec&vaotheraspect thiminyentioreis iroa sethed farprbmring  aci d; _

2) isol ating t he-(EEN(-ehyibessy))-3a6/dbx PR PhbdyRftidoR R s -b4rBoxatnideicBmpriskigh t abl e

solvent, 10 wth se.to form.a third reactipn m.xture, cqoling the
third reaction nixt %@“ﬁﬁ&n“‘m%afe ‘%81‘%@" é°lﬁeéﬂf'ﬁa%ﬁw?§5%fe\9ﬁ{°wﬁﬁf‘8’§ent to
forma fourth radgiagtoghe fissteeastien mixture an o-acetoxy ketgne ta furmrcecond rdagtinny or
secondary am nenixrejand HeSjng|thesBeny keaitionpyiktareite formtaf o-hydroxy hdi@ fourth )
reaction mxture to,f. g i ' e . 5
heating the fifth r%j;lg('glimélg tﬁh%(%({jﬁf%&%%g abidtnél égﬁlﬁ;ﬁg itfelﬁgg\ﬁg%’ 1ﬁé“r)}"'f:'inst,’pect , this
i nvention i10 i nvith qﬁgq{g@owﬂuﬁr@mp Fréxture, cooling the third reaction mixture, and

(-)-(S) - N- ([ er rdddiag hydrbagizactiyatidg bgaﬂftﬁxmx?aﬂaﬁuﬂmkdﬁuﬁ foliree- 4car boxam'blde
conpri si ng: 4) addi : Nifine ¥ 81 - : tabl e
solvent, with a b&s}é% gmfgg’%mg&%ﬂ&m% st ?égé@.\c‘)r{ﬁ%}g?ﬁ#’g?&é’%g I ng the
first reaction feactign, Fuxiurg fofgrm, 2 Bl Fagipp mixture; and ot j vat i ng agent to
form a second react Piwatirigeha fifgh re@fon mixture.  2) adding a primary or secondary
ani ne to thg secondi ResdottRPaspdck (s BvdnPion is in a mb@bdToRplePiring ' €aCt i ON

m xture; healiang .t he third reactjon m xtyre: and

4) optionally c(3f4\sl)e1§t(9r?§)y{b-°’}z-y)%2®ﬁ°( ¥ %_rPF{T’EYg‘{“Wﬁ eé%%%"axfa? GOHPRRRRES

phenyl qui nol i ne- 4- c Ay s¥kagr-hydoxy agidainmsuitable solpntywithcabase fpm &al t . 25

In still anot heflrstacp@simixtubd, Sooliy @B titsRadtion infixtdre, WaN @dind QFyERAL at e conpound

of f ornul a,. S PR [err]
Formula (VI I(% a@m(a%%\%gg?tet? ﬁof'&rasgcr?ad uglrlénfxatgteﬁefi ned above for formula (1),
and wherei ¥4 err] i ® dingp primary o secondayypine to fae secopd feaction PEXREL a ky| |

aryl, preferablfgrmmethiry keaction mixture; In a further aspect, this invention

i s in a novel interspglh@lAncRRPRIGEN HMixture; and fOrmula (VIII):

7 4) optionally converting (--(S)-N~(o-ethylbenzy])-3-hydroxy-2-
phenylquinoline-4-carboxamide to a pharmaceutically acceptable salt.

25 In still another aspect, this invention is in a novel intermediate compound of
formula (VII):
o0 —CH,CH,
X
R; _
N Ar
Formula (VII)

wherein Ar and R3 are as defined above for formula (I), and wherein R’4 is OH or
30  -O-C(O)-R,, wherein R, is Cy.¢ alkyl, aryl, preferably methyl.
In a further aspect, this invention is in a novel intermediate compound of

formula (VII):

7
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PCT/ US98/ 19434 [err]

[err] Formul a Vlllg

wherein: ~ W04 A and R3 are as defined for a conpBGHUSBBdr nmul a
(I') as clained in 5 claim1; and nis 1 or 3. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON I n devel opi ng the instant

i nventive met hods, partlc#I arly when for phe compound of formula (1V),
[err] is hydroxy, it was Odga rable to act/ivate the car oxyI 10 group of
the 4-acid noiety towards [ #

operation, to protect thety
procedures (see, e. g.,

.y 1951, pp.

[err]-hydroxy acid
prOV|des a conpound mhereln thée adurtTon gh occurs at an
undesirabl e position, thereby j i ng the desired 15
a- hydroxy am de. In addition, thls proceaure requ¥fes/using phosgene [err]

as a reagent, a very toxic conpound, \equiring gpgcialized equi pment
for industrial application. Further, it is known that
using thionyl chloride, one can coupoEnde{(\d® vith anines to provide
am des. Howeverwhetdtt ng that met hod to provide ami des froman 20 [err] acid -
starting material, fﬁckds t ult of

| ower vyi el ds and un e5| ré gkﬁde?g)%t%??sb&(‘gggo%ﬁl%%&da%édaltﬁ J. Og.
Chem , ’E?B p. 4525) particularly due to the [err]- hydroxy

noi ety nisWorBout bei ng bound to any particul ar mechanistic
theory for the ppypd EDDESCR]HQ)QQ@FTHEQ SgONt is believed that in
contrast to disclos s 1N e CO st.e ween the
conpound of fornul a ’%’H%W&“‘B’FW%%P%"?"%’IYa ggﬂ"gh

proceed t hr ougtsompayn pffawtéar @Y), Radsddraxpitibwaseddsizable o @Flvﬁtbﬂiﬂﬂ#h“@’\ﬂ 1) and
fornula (VIid) ,group of the B-atid nidletyoivardds add@ion OWMRIat @6l sdnfe 1R aridoid apingduct t hus

i ncreasing the &refore,
avoi ds the forr%% nkoq %gpung&gphmaloxygu%fﬁgdkg% d,ﬁ?&%ﬂ&vmﬁh {g be renoved
by some form of® gpLBalV’F? PeH: dilhep- gpc. gﬁrBﬁ’ni BB Rpupling © %ﬁ@@ﬁw‘%l |l e these
novel i nter medisahaivatedg-ipdioky aid prinddes @wpopovtd wherfipithin dddition/bfjthe amine  ar e

stil} produced dofieSi: bitudifsifabie pBRAIMOMerBY tehohing ably £oth pRAucidd @Y adtirdt Al |
easily 15 o-hydroxy amide. In addition, this procedure requires using phosgene (COClp) as a
reagent, a very toxic compound, requiring specialized equipment for industrial

application.
Further, it is known that using thiony] chloride, one can couple acids with
_ amines to provide amides. However, using that method to provide amides from an
20  o-hydroxy acid starting material, one of skill in the art would expect a result of
lower yields and undesired side products, (see Gnaim, J.M. et al., J. Org. Chem.,
1991, 56, p. 4525) particularly due to the a-hydroxy moiety.
Without being bound to any particular mechanistic theory for the instant
inventive process, it is believed that in contrast to disclosures in the art, the coupling
25  step between the compound of formula (IV) and an amine of formula (V) appears to
proceed through, inter alia, novel intermediates of formula (VII) and formula (VHI),
both of which are converted to desired product, thus increasing the yield two-fold.
Using the instant method therefore, avoids the formation of undesired side-products
which must be removed by some form of purification, e.g., chromatography.
30 Indeed, while these novel intermediates, as well as the compound of formula (VI),
are still produced in siru by the methods of this invention, they are all easily

8
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PCT/ US98119434 converted to desired product, thus accounting for a
nore efficient process (greater than 70% vyi el ds are achieved with
this pr oces@'?,”’gﬁl%vell as avoi ding the need for a AGTAHAY B4Haphy

st ep. ' Thus, the present invention provides a process for
preparing a conmpound of 5 formula (1): [err]

Formula (1)  convertedto desigeéhprodurt, ahus acabiting &eraepiradfficers atdcess (dremer her eof
wherein: 10 than 709%AYieldsSarddinie Rl v Ahib %fro@édg,sés'v&eﬁta?gvom@%\}{é ndi B4R, Or a

napht hyl or [err cl oal kdi enyl group, or an optionally substituted
single or fuseca’%af?émﬂléﬁsg%ocyd I C group, having aromatic character,
cont ai ni ng from 5 Thusithe prieseqt inventien pronddes a process forprepatingg cappound bHur
hetero-atons ifgmiuemer each ring selected fromS. 0, N, Ris
linear or branched (Jerr]-8 alkyl, [err]gpgy®l oal kyl, [err] cycloal kyl al kyl,
an 15 optionally substituted phenylogrogp@r—a,phenyl [err] 6 al kyl group,
an optionally substituted five- rrbereé_g eteroaromatic ring
conprising up to four heteroatom ied fromO and N, hydroxy C

[err] alkyl, di [err] alkylam [err] acyl am noal kyl, Cl1-6
al koxyal kyl, Cl1-6 al kyl carbonyl'; RQX ni{‘err] al koxycar bonyl ,
Cerr]-6 al koxycarbonyl Cerr]-6 arkylN anmiyiocarbonyl, [err] 20

al I yl am nocarbonyl, di C[err]-6 al k)ﬂogg\‘jrlgﬁmr bonyl; or is a group

-(CH2)[err]- when cyclized onto ere pis 2 or 3
[err] and R2, which may be the sane or different, are independently
hydr ogen or @ phatbace@tichllyaoeptable shit foma fdeckof Iwhypdein: or t oget her form a

- (CH2) n- up in | : : ar Pk oL €r 1] together
Wb RT o?ﬁg_ X gr ﬁm@%ﬁf ally s “%‘ﬁ%iqz?}g&‘z’é"f %;m%%t,hgc? ¢ @3’;7[ ] ° R3
and [err] whi ¥ Pr@?i')% » U AP stituted single of fssdiERehelrsocydlie hydr ogen,
Cl-6 |inear orgrinpaheing drogiatigdharaftes; edntaining ficem§ ko 12xinglafonfs@nd | 6 al koxy,
Py_d][ onxcf) ,r Ogglt ﬁg:i@ﬁ\pr;sing up to fouf mwwaamm&wegﬁm sﬂ?{t&ﬂéfi‘xﬂk,f@i{; sul phonani do,
- EJI( CHg) [err] - Ksz LA e?rgiggr%nclhgd ELB@ﬁ&gFBﬂ %{%%8‘{‘%% és“‘? QFW@%}' ] A kyl 30
or it forn® a MEenalnpetitited pheayl group or a phenyl Cy_g alkyl group, an optionally
9 substituted five-membered heteroaromatic ring comprising up to four heteroatom
selected from O and N, hydroxy Cj_g alkyl, di C;.g alkylaminoalkyl, C1.g
acylaminoalkyl, C;_g alkoxyalkyl, Cy.g alkylcarbonyl, carboxy, C1.¢
alkoxycarbonyl, Cj.g alkoxycarbonyl Cy_g alkyl, aminocarbonyl, Cq.¢
20  alkylaminocarbonyl, di C.g alkylaminocarbonyl; or is a group ~(CHp)p- when
cyclized onto Ar, where pis 2 or 3;
_ Rj and Ry, which may be the same or different, are independently hydrogen
or CJ.g linear or branched alkyl, or together form a -(CHp),- group in which n
represents 3, 4, or 5; or R1 together with R forms a group +(CH3)q-, in which qis 2,
25 3,405
R3 and R4, which may be the same or different, are independently hydrogen,
C1. linear or branched alkyl, Cy_g alkenyl, aryl, Cy_g alkoxy, hydroxy, halogen,
nitro, cyano, carboxy, carboxamido, sulpbonamido, trifluoromethyl, amino, mono-
and di-C1.¢ alkylamino, -O(CH3);-NT», in which ris 2, 3, or 4 and T is Cy.¢ alkyl
30  or it forms a heterocyclic group
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PCT/ US98/ 19434 Vi Vi [err]
in which V and V1 are hydrogen and u is 0, 1 or 2; [err] in
which s is w@9ymmesd and Wis [err] al kyl; hydroxyal kyl, pcrusdgnsyda or

di - al Kyl am noal kyl , acyl am no, al kyl sul phonyl am no, am noacytam no, 5
nono- or di-al kyl am noacylam no; with up to four R3 substituents being
present in t he qui noline nug) eus; v or R4 is a group -(CH2)t-
when cyclized onto [err] as aryl 'in which t y's 1, 2, or 3; and

[err] is branched or |inear kyl , C3 | kyl, C4-7

cycl oal kyl al kyl, 10 optlonal[szu stl? ar erein the optional
substituent is one of hydroxw® ~(cHyhal o (Cst al koxy or [err] alkyl,
or an optionally substituted S|ngle r fused ri het er ocycl i ¢ group,

having aromatic cha{n%q&{ ; aff Q%@)&B%{{?‘a'ﬁ‘éo 49 % 2 ring atons and

conprising up to four eac rlng selected fromsS, O,
N; conpri si ng; “XE§H2)s-OW3 in ‘11)1°he§dﬂ? ReOrd 388 N8 Grived 29H pydepanaleyk | | 1) -
0 mono-or di-alkylaminoalkyl, acylamino, alEyinﬂphbﬁylz(rmhd hmindécyldminouqueous base

in a suitablee solen ﬂkﬁa&xﬁ&%ﬁﬁé ro! @1?11 LI{pQ R? lﬁﬁﬁiﬁéﬁ&%ﬂn@?@kéﬂgmt o the
first reaction l(lnxtui' corrp
Formula (11) 2dhequinolipenueleis, 5 second react | on m xture, and heating the
second reaction m xenRas  grobpr(E):- when cystirad onteRs@f arfyb inmwhich i(i$ W)2; or
10 3; and
Ry is branched or linear Cj_g alkyl, C3.7 cycloalkyl, C4.7 cycloalkylaikyl,
10  optionally substituted aryl, wherein the optional substituent is one of hydroxy,

halogen, Cj_g alkoxy or Cy_g alkyl, or an optionally substituted single or fused ring

heterocyclic group, having aromatic character, containing from 5 to 12 ring atoms

and comprising up to four hetero-atoms in the or each ring selected from S, O, N;

comprising:
15 1) adding a compound of formula (TII):
0
Rg o
N
Formula (IID)

20 toaqueous base in a suitable solvent, to form a first reaction mixture, adding to the
first reaction mixture a compound of formula (II):

M

5

Formula (I)
25

to form a second reaction mixture, and heating the second reaction mixture to form a
compound of formula (IV):

10
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R3 J[err] Formula (1V) 2)

i solating the conmpound of fornmula (1V) and then reacting the conmpound 5 of
formula (1 VWOM46sui t abl e sol vent, with a base to form acTausesgdsseact i on

m xture, - cooling the third reaction m xture, and addi ng a carbonyl
activating agent to forma fourth reaction m xture; - 3) adding
a conmpound of formula (V): [err] 0

OH . .
xture to forma fifth reaction
ctimn mxture; and 15 5)
a (1) to a pharmaceutically
R3, R4, and [err]5 as used in

Formula (V) "to the fourth reaction
m xt ure; 4) heating the fi

f
optional |y converting the corrpounﬁ @
3 R

acceptabl e salt, wherein Ar, [err

a conpound of formulae (11) throuy Re as defined for a conpound
of formula (I). It wll be_understood that when R4 in the
conpound of formula (1V) is def i R ydroxy, then R4 in the conpound

of fornmula (11) should be a protected 20 alcohol, e.g., protected by an
acetate group, Wwhi ch)ikclatRy efdicbmpdunid SERMMILEV P then reacting the domp¥idal al so be
under st ood t§1at f 0he fifih Qeat%%ll oqq{ﬁn‘&xtl@r% conpri S(a)sndt heti ._compound of
formula (1) “andf LRI HH2§pabls solygnk Widla basé to form 2 third reaction mixtire,
Ar [ err] cooling the third reaction mixture, and adding a carbonyl aqtiyatinglageng il fprm a

fourth reaction mixture;

3) adding a compound of formula (V):

RZ
| _H

N
/'<R
Ar

R1
Formula (V)

10

to the fourth reaction mixture to form a fifth reaction mixture;
4) heating the fifth reaction mixture; and
15 5) optionally converting the compound of formula (I) to a pharmaceutically
acceptable salt, wherein Ar, R, R1, R2, R3, Ry, and Rj5 as used in a compound of
formulae (II) through (VI) are as defined for a compound of formula (f).
It will be understood that when R4 in the compound of formula (IV) is
defined as hydroxy, then R4 in the compound of formula () should be a protected
20" alcohol, e.g., protected by an acetate group, which is eventually deprotected.
It will also be understood that the fifth reaction mixture comprises the
compound of formula (I} and a compound of formula (VI):

Formula (VI).

11
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PCT/ US98/ 19434 Upon heating the fifth reaction m xture, the conpound
of formula (VI) is converted to desired product of formula (1).

An exanpl e WPARI1%s phenyl, is a phenyl optionally subst iPCHUses/i9y34hydr oxy,
hal ogen, [err] 6 al koxy or [err] alkyl. Wien Ar is substituted, preferably,
the 5 substituents are independently one or nore of halogen or [err]

al kyl . nhea@gaﬁglﬁfﬁﬁm&hoﬂnxﬁﬁe, %xcrl@ﬁxs&ﬁgﬁpﬂohﬁxlzg 8 céfvendahi eny! ,
pyridyl, and thg0 E anples of Ar as a err]
cycl oal kdi enyl t°gdr°8f? ppoguct offopmula Ay en . pr ef erred group of

conmpounds i s when A&nqxsmyheﬁ&taspbwl,mhﬂlwl QmsﬂIYtSHﬁSe@tedbyhyfbyx)'E err] alkyl
or hal ogen; thiaspsh,Cff §iikdxy oPE] f5¥lkyl. m&\m|1§§ubst1&ﬁedapr£=ﬁfabl]y @wycl oal kdi enyl 10

gr oup. AT U%t hgurbstﬁuentser [ gajeﬁldgﬁ“& qngom?e] Pﬁgﬂ()ﬁgn@ e% lopt i onal | y

substituted” by or a %(err]
cycl oal kdi enyI gr odpramples,efr a&ﬁhﬁ?fPﬁ)’CthmﬂpﬁfﬁrtbP@rlrl@& rd phedke.compounds i s
when Ar is phenyl, Hacambllemﬁmhely:k:;c?clédntdiuﬂyllgrm!pxscyclohcx@ddaiymhexadi enyl . Ar
I's nmost pref erably

&Bﬁ% rogp of compounds i 1s im@ﬂaﬂ @lﬁ)stfirgé g OVS:
thyl, ethyl M y the | o
bhenvi Ter 1]’ aPkSls HWah o depyicnt ey, & ﬂumi‘? et alkyl
[err] [ err]10- CgloMe) Oflirther preferredigrdup iswhea lAk sl pdlmyh@aﬁdnﬂly submﬂnéd\hyZ

[err] al koxyl abkyl {@rrharoga%otxucnrmabsrﬁramrderp@a wﬁ ferr]

al koxycar bonyl car.b | kyl :

“CH )é?lr] ooV Prefets PR ?ﬁ“‘&?‘l@ﬁ%ﬁr e A B! ?%ﬂ&? 1% ﬁ‘k"?‘d’i‘ y[ err]

al kyl ar i nocar kxsiphexadieONREe 3 most prefeiphly phenylo| i di nyl); 25 - (CH2) p- when
cycli ze(cji onto Ar i SExafaple©bflROME as follows: : A prefer red gEoup] of
conmpounds i ny err

al EEI car bonl§I W&e 1§ne£h?f f&’}da# 51}6#’&1 ‘rs°'P‘RP’B I??J'%ml?egéfw&&gm pr ef erred group
of conpounds i 8 Yeagyihjand theike; \pst preferabl y Ris ethyl. 30

An exanpl e of Mc@@ -eﬁzpﬁrrq}lm;m (MOl , ethyl, n-propyl, iso-

propyl, n- buty M Ngfé)?rrple of [err] together with R form ng
a group %%@ ﬁ C c pen ane. Preferably [err] and R2 are each
hydr ogen or ?‘Hus‘ﬁi{%@ fbst preferably, [errr] and R2 are each
hydrogen. 20 C1-6ﬂkxl@mm&n§% of R3 and R4 are independently hydrogen,

nmet hyl, ethyl, g)Rie bo@: -cooMyyt yl , met hoxy, hydroxy, chlorine,
fluorine, br Oan-e-alkox CAtbON '&3{_6 ﬂ%ﬁz&%fhe;
_(_3_1 -6.alkylaminocarbonyl: -CONHMe;
di Cy.g alkylaminocarbonyl: -CONMey or -CO(1-pyrolidinyl);
25 -(CHz)p- when cyclized onto Ar is as follows:

A preferred group of compounds is when R is Cq_g alkyl,
Cj-¢ alkoxycarbonyl, Cy_g atkylcarbonyl, or hydroxy C.g alkyl. A particularly
preferred group of compounds is when R is Cj_g alkyl. Most preferably R is ethyl.
30 An example of R1 and Ry as C1_g alkyl is methyl, ethyl, n-propyl, iso-
propyl, n-butyl, and the like; an example of Ry together with R forming a group
-(CH2)q- is spirocyclopentane. Preferably Rj and Ry are each hydrogen or
C1-6 alkyl. Most preferably, R{ and Ry are each hydrogen.
Examples of R3 and R4 are independently hydrogen, methy], ethyl, n-propyl,
35 n-butyl, methoxy, hydroxy, chlorine, fluorine, bromine, 2-(dimethylamino)ethoxy,

12
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PCT/ US98/ 19434 di met hyl am nopr opoxy, di met hyl am noacetyl am no,
acetyl am no, di met hyl am i nonet hyl and phenyl. Preferably R3 is

hydr ogen, h)}’&?gwl%hal ogen, [err] al koxy, [err] al ®RAT/USK/¥AMrably R4
I's hydrogen, [err] alkyl, [err] alkoxy, hydroxy, am no, hal ogen,

am noal koxy, mono- or di-al kyl am noal koxy, nmono-

di - al kyl ani noaldayxbthylmnbpxbpgadyadlkmhylamhmmwlmﬁnodace@lakxyﬂoam noacyl am no and

acyl am no. NDStaiB@)EkHkky i p &nwmam%ym c«af%ﬂ b okl ] 15 [err]

al koxy or I OX re S hydr oxy.
Exanpl es of [er?!‘ %’%@16&%&;#“ "%ﬁé#ﬂ“@' %ﬁhgﬂ-lﬁ tﬁ"’l“i?f‘léd as defined
for Ar  aydroxy, a@(mbﬂwm{lm}y,wnaohémﬂmynﬂaikmxjgmp are firyl,
thi enyl, pyrs y:dlall@l lQthalo 9f,hg,mloﬁpgkp mﬁ{o%@r abl 3t/)| [err] is
e 0 ol B0 e S e
process of the I}Yﬁ{PéYrt?W“éﬁﬂéPfcfembhlSWh@r&ﬁh}’dl:PX}’r s phenyl, optionally
substituted by [errExémpglédofRsare dyalb@ggiphehylio bll}ﬂslixbs'&tutedas defirle@ For ]
SYEL??LF‘SL‘S”Y' Aare qj“*@?ﬁs PRE s gl ﬁjﬂ SRS AR ogen or [err]
6 al kyl ; { 4 h hiszoly}, a&@éﬁﬂ% ykﬁamg%tmfryhfanyhpmwd [err]
al kyl ; [err] i shilazodiyloyfost, préfemily R5is phenydl | yI [err] al koxy, hydr oxy, am no,
2?” g?ﬁ;i a%mnggﬁl kloxymrf]étaﬁago n Offomular% ygxlﬁgﬂ} &%Sko(?&u ng% noacyl am no
and acyl am no; ’C'F“tgr’ ?f?ﬁys'{bf’ﬂt‘é‘i’%ﬂl’y CE—@W“"W?E"W““&W o)
t hi azol yl . C5-7cycloalkdxeyxyl|gmug Ris¢tieg alleyd, GogilompairioagleChy t he process of
this inventison alkylcarbonyl, WaRkE Y. afkyl; 'R% Mﬁ@%enﬁzw&ﬁlwbhgw % and R2
err

SL:nsfiCh hydroqgﬁ&dr@@n"f]ﬁmja%{)diggg&! Ewm‘?f@' Gk a’kﬁegéfsﬁxﬁ?g%w 'éccurrences

means bot h st r #FhCleaaikoxs, Yd@ﬁ&ﬁ&ﬂ@dh%%mmk@mgom-mld&o 10 carbon
atonms, unl ess taltiqlanﬂlmalkokﬁlng:hbl- or di-alky1einbaliy], phthaloylhlkdRy! @6ho- bid! udi ng, but

not |inited toaug;gr,,Fw ter % algylmgygnﬁgsfo%g,{y?%m ?uryluﬁ%rylmphe term

sec- butyl, g
"al koxy" i ei n at aII occurrences to nean a straight or

branched cha| n r adi éahorofpreferredcdinpoandimade by theprocess bfthis investioaliai n | ength is
linmited 30 theyiRkem, Abanues; twssemypnymﬁpé&hhmﬁagggﬁh@ﬁgﬁa% limted
an e [ 1Ke.

to, nethoxy, et.h 0opoxy, | Sopropoxy,
The term "hal oge%)é}/dxg angé{énnglh at all occurrences to nmean chloro,
fl uoro, i odo Hhectenst (afleyl” as used herein at all ocqyreences mears dbythiswaipitgd i s used

herein at a5l @eaticdenaeadicals BER 10} &rbbrCatcts, udld the 3hatn It fsdfRRkiYe Of 3 to 7

ycl ohexyl | andiRd sy, kbl sfeat gl SR Roo, iop-prop e BBHE o2 1 ar e
used herein at & q’“"ﬂéﬁ%??‘@n@é‘s"“ﬁé%@ﬁhke substituted and unsubstituted
aromatic ring(s) orThe tamn Sikokemis uiab herbin B! dciflentdtoldhean a straight or

13 branched chain radical of 1 to 8 carbon atoms, unless the chain length is limited
'30 thereto, bonded to an oxygen atom, including, but not limited to, methoxy, ethoxy,
n- propoxy, isopropoxy, and the like.
The term "halogen"” is used herein at all occurrences to mean chloro, fluoro,
iodo and bromo.
The term "cycloalkyl" is used herein at all occurrences to mean cyclic
35 radicals, preferably of 3 to 7 carbons, including but not limited to cyclopropyl,
cyclopentyl, cyclohexyl, and the like.
The terms "aryl" or "heteroaryl” are used herein at all occurrences to mean
substituted and unsubstituted aromatic ring(s) or ring systems which may include bi-

13
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PCT/ US98/ 19434 or tricyclic systens and heteroaryl noieties, which
may include, but are not limted to, hecteroatons; selected fromO,
N, or S. Remossanbative exanples include, but are, Feausbd/iskdqed to,

phenytl, beuzyl, napht hyl , pyridyl, qui nolinyl, thiazinyl, and furanyl.
The term "optionally substituted" is used herein at all occurrences to nmean

S e LNa (e o] Sl SURSLLEYSOL ML ol od Rl 1€ Ut o0

one or nore eac of nor.e
substituents, éabﬁe@ﬁ%%ﬁew&nﬁomo N, orife| 3&‘1@%&?"?’?1@%%&[‘!‘?” rom
hydr oxy, hal ogask lintitefl &; pHlenfl, I&hm,xupMyl [p9tidyll, quinbKal, thigginyl, and furziglf i ned above.

Apartioularly preffiigy. p@mg quafdn)fsr\;géda,e&g,)amfocgu&e (ko My 10

et hyl benzyl ) - 3- h%/dr 0oX I ne-4- carboxam erred
phar naceut i cal ‘&EP‘P\?@”%“XI"FS '6? RiACk apq if itjigsupstitytqd, one or more
phenyl qui nol i naydtegeaoheachmoidty, is tephicedotithmne okemore substituents, each subbtguegpnpounds

descri bed her elbigia%sgﬂqucgﬁg Wﬁlhgdﬁgnhﬁsg%ne%g &ikSxy or Cy.. saﬁ&hgsrvm se

i ndi cated, all diasterioneric and rac forms are included in the
15 present i As is often the case, optimal therapeutic activity

is provided only A parti¢plarkypeefestsd torppound ofdormyda (Dhe(- xR Ncr ral centers. It
Ih S L lher ef 0rl@hd%ﬁn&lbéﬁt??»%%nyoﬂyﬁ'cﬂqumnohne-u%ﬁmmw Wircﬂcﬂccﬁ form V\ﬂ! chI i's
i enri che ira
centers. Vool N B bR B0 | ARt Pl ftbenzyy s ppd AT
conpounds, suckheslappolinedoatberamidenhydrestlorideeni ¢ nixture, or by synthesis
from 20 opti cal | yTiR@bmpcuands dasdrbétbhersid Miy v asymmetric centers. Unldssati n and

substituted is t%hx'er&ﬁse n%ca{eg ra'iw:hﬁal (dds{a}xo:ﬁérﬁ: & Hag%rug hﬂ*nl: dre ‘}"n\éﬁlP-l:daip g@ or

are made by ne , such Synt h.
Col lect. 15 progmt ml"e‘mi’94ﬁs 15 Bﬁ 3‘2’7"”"’ optimal th“ap""“c 65‘?{196\5 ﬁ’(’i’é”dfﬁ °"fyor rrul a (11)
and rel at ed f obpubecoffiguyatian of thd v ckind venter 3t is themfiore dasiratild tp pevdaael abl e, or

can be made by yhnaume dirﬁltamwhlé?ﬁ hxgﬁly@nmch%@fnrﬁl}tongﬁbsolute conf@urauo@fnt hesi s,

1975, 805- I
[err] gget ophe%&rﬂ%’"’l %36%&%‘53’6# L%%nl_&hxgggfngywo fl aﬂ%g#b §/ )
Conpounds of f@pmmuadsmd) uaxxaesp@nm@fdhqrmem@xwwrwgmkwmnbr are made

by known mhod;umi&wmuﬁgfm@amscl osed in Marshall et al.,+:C nchoninic
Acid 30 Derivati v R S

2,749, 347, issued Jlgﬁ*““gﬂ““ﬁ?é‘d‘ﬁég°ﬁg&d’%@f%’9‘%§’6’g’§m Z%ﬁgﬁar?ﬁgry 1,
1957. The pr ocdfunade %@E‘?‘?d@é‘wwnﬂ&raé‘h%‘ﬂ“Mmd%% SYRthPlESr ei 0 by

usi ng Li OH as &opilcaber,pld28. base over NaCH. The reactions of
the synthetic nethoggy hgdglopﬁ,ggmgﬁb%@ eﬁg&f&ﬁ{n[al afUiso kibvad, sui tabl e
sol vent, ch is a sglven subst ntl‘% ?{fnnonre'gc |§ éexltse t where

requi red 35° &emer Afabley THLE Tfe &8 ‘Hg’m?ﬁiermedl ates
or products at al.lfnthesis, 197§ W&Dﬂré?@?ﬂlmlﬁmmmww& foonga@bés per f or ned.
Sui tabl e SOl Venigeeth®y acétOptehind gpichased fronCIiPatenSyrttfesit Compdng. (111) with a

(j:-zr’rpou nd of forml aC&Jl lolmc% ?fo\ﬁ%glgh\’) and related formula (IV’) are known or are made
, by known methods including those disclosed in Marshali et al., Cinchoninic Acid
30  Derivatives, Vol. 95, 1949, pp. 185-190; U.S. Patent Nos. 2,749,347, issued June 5,
1956; and 2,776,290, issued January 1, 1957. The procedure described in Marshall
was modified herein by using LiOH as a preferable base over NaOH.
The reactions of the synthetic methods disclosed herein are carried out in a
suitable solvent, which is a solvent substantially nonreactive (except where required
35  as areagents as well) with the reactants, the intermediates or products at the
temperatures at which the reactions are performed. Suitable solvents for coupling a
compound of formula (III) with a compound of formula () are water,
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PCT/ US98/ 19434 [err] al cohols, dinethyl sulfoxide ("DVMSO') and

di met hyl f ormam de (" DVF"). Water is preferred.

Sui t abl e aq¥¥dW&4P4ses used in this coupling step are |ithcusdsusssoxi de,
sodi um hydr oxi de, .pot assi um hydr oxi de, cal ci um hydroxi de and barium

hydr oxi de. 5 Lithium hydroxide is preferred. Suitably the base is
present in an ayDuRohdIEUMESRIY] sulfoxide ("’m_mﬁ? EndQfitdriv Mo idnide PHREFSr ably 3 to 5
equi val ents, a TRk DL ferably 4 equivalents of base Is used.-

The conpound o aforrﬁﬁ?a I1l) is added to agueous base whi ch has been
heated to a tenper atvitpide aauequsdaseaprgd in this cenplingtipare litdumpyddxidabl y bet ween

about 50 tlo ajﬁgbﬁmﬁ&[&dﬁde@otﬂhﬁmﬂxwlﬁxiﬁﬁ. c@lr&l@m@x?drmwwldd Q%HPQ{MI eE: : ;)_Opens
upon reaction ywd . G nd. o r a S

t hen added, 9wi th an hg(zl(rg’tuﬁce?%%g%é& aﬁaﬁyé‘ﬁ@%ﬁ‘ lgg%g}rilr"}@.%?tebﬁeﬁ% addi tion
of the conmpound %o $9yvalsnts, nreferpbly 3 ta-Yegyivalents, apgmost preferably4egpivalentsir e of t he
resulting reacoftmseizseiure is raised up to a tenperature between

about 40[err]C and -ﬂ}gg%%g[ﬂ%ﬁﬁ‘ﬁ;aﬁ%g;@e@ l%‘éédﬁso%%s %ﬂaaﬁ%[jlerr] C, for an

appropriate ti 5 e up tq about r conpl etion
of the coupli nggﬁaé‘?/‘i‘ 88’?3’ pure bgt&e%&?ﬂ'o"@r?&d %9 Cr spiptably betpvemn about S0

The conpouh@ o#ndf&§F@niTlze rogVf the sompruhdoffdmpila (B opens pporf reactiomitit he next st ep
' nht ge pr OCGSSaqubéuslbfa‘ste! ﬂ‘ﬁ@é&nﬁﬂﬁn&c{ﬁémﬁﬂ?%ﬂ@ﬁ{enﬁd?&ﬂ?_aﬁ%%ﬁﬁtﬂp under

anhydr ous Lans, since car bonyl -actj vat.in ent, e.g.,
SOCl[err] 2, ox%q°§ffggg1 3&?35?%0%‘ corypapnd of WPIP@[‘E‘."’?”??%' ﬂk‘?dr olytically
unst abl e and wstPeratyeE of dsiresslfiog reggtiopamixtare iyyaised up to plemperntoredetween

car bo_n)él - act i Vatiohy49°@gaIdbohtoN 0%Cs Preferably\p tm&?ﬂﬁc,h&{&iaﬁprbﬁiatelﬁnﬂﬂgw

chl ori de. : : S s are.aprotic

sol vent s, ilsﬁcl }L’fg ?ﬁgl"pqght?ouﬁg%c\é??&ﬁ)toggﬁm ngﬁplét{rbg ,OP%%F%’P E’?f&%??%gor gani c

sol vents. Mor ecparndqféamula M9o| vent s useful herein incl ude, but are
not linmted to, et Thecommiuad of fomnila EVIds isbiaied piiot ts mifornting thehex@ggg onitrile. A
25 preferred; fiQk; D nd

Sui t abl e basesmzm.:le}%‘éﬁa%si %ﬂ% mﬁ%’gsggﬁggl? ntﬁgﬁﬁéggﬁﬁ ra]r}:(ﬁﬁadlg?’cg%sne bases,

parti cul arlga/ t PPEans singp he carponyl-activaing agent, & - SPCRe o3y ghlorideDEE, ot hyl  ani ne
and i SBPFlapyPEhIsté., iahydrelytidelly enspablefard waudld besiestrdyet tyywatanidne.

Suitably, at |gefiedcarbonyl-ac@fbethy fHeRiTbrtus®in thd RetBdls RGeil AiRiofY EnibiiRd i n the
instant reactigp eadttlo base to the

£SS. s Af t er. d
conmpound of for nﬁﬁg&? F%?s,foﬁ%g mr&engétf? o a{gx%ﬁc stonﬁ?"&t’

f t.he
_ _ : HoPogingy “g%f’&ﬁ‘g’&“; 0 a
t enper at ur e belPoRAIAS pRFPHG erganis sopventaHMpresprsificaliyp talventg peefil hergisdnclude,  bet ween
about -2 and Zjuenmen6t linfited te, 3thaeytate A6luené pteirdhgdrafIfA] or @eetdhitrilel Al onyl
chloride, »5 prc{eﬁ&fgoh@&?m{)lﬁéﬁéreih%eﬁg gdiand then the reaction mxture is
about 1 nou

allowed to slowy ] L h warmto roomtenperature (about
25[err]C), at whi ciujiRhleRases usefphinitepst the grocsssinglide.anringbagss, f or nul a (Va),
shown bel ow, ipaniedlddy tertaoymine baseso Prefferrethainine bs are triethybanginecaadner ci al |y
avai | abl e fr onaiBdybpylddsh G8RE, MoWGroferSh EARNARh CHGHbG X 16005 O can
be made using JEE}%Q%Q}S }&ﬁgwn. | East heuar by il tsuno, 'S. et al., [err].
Chem Soc.; - C7 1 'RC iR, Rase pre u§eg i the Iintabl seastionigegss. \1 j et al ., J. Am
chem Soc. Z‘30 1996, 2dwr thp addition of the base to the compound of formula (IV), the reaction

mixture is cooled to a temperature below 5°C. Preferably the temperature ranges

between about -2 and 2°C. The carbonyl-activating agent (e.g., thionyl chloride,

COCly and POCI3) is added and then the reaction mixture is allowed to slowly

(about 1 hour) warm to room temperature (about 25°C), at which point a compound

35  of formula (V) or formula (Va), shown below, is added. Compounds of formula (V)

are commercially available from BASF, Celgene, Inc., and Zeeland Chemical Co., or

can be made using methods known in the art, e.g., Itsuno, S. et al., J. Chem. Soc.,

Perkin Trans. I, 1985, p. 2039; Burk, M.J. et al,, J. Am. Chem. Soc., 1996, 118, p.
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PCT/ US98/ 19434 5142; and Beak, P. et al., [err] Am Chem Soc.,
1996, 118, p. 3757. A particularly preferred conpound of formulae (V)
or (Va) forwoes®ninst he met hod herein is (S) -1 - phenyl pdanesonioass ne.

Again, w thout being bound to any particular theory, an investigation of
the 5 reaction sequences to determ ne the actual coupling species

reveaied, by ! Mip)ay8E pemcmg%mgts%ph»% U104, 303739 RiafORANONT S in the

reaction m xture nmpound of formnul a

(V). When isol a&r%ferw Fﬁ@?ﬁlﬂ?@%&’%ﬂﬁdﬁéﬁ*ﬁ@a}f°f"S°WéPfemEtB‘?1’s‘} BAt with (1) a
conpound of f or8)i-phenygrypylagndje. a conpound of fornmul a (Vil1), wherein n

is|; and (3) a CO”REHE'%%utfb% &ﬁd(valn} aﬁﬁﬂﬁzﬁ%&eﬂrynad:ﬁvéu &&ofﬂ@eac“on of
each of the three conrgonent 8 of fornmula é G
condi ti ons JFEIPORt ‘PF@‘E"'&HP"“’E‘&‘EHE’W%@ 4138"%"(5‘§?"|‘@18d' h‘ﬁb G of fornula

(1). Al so dheptatogeghyathscetniroricompraentin therreacienmixtneifogredipsiorial a (VI 1),
however, even addmoﬁJm}iHcoHﬂ&ﬁﬂ@ffo&ﬁﬂh(V)Omilentshla&d(t&!mﬁﬂdnﬂh&tﬁo'[ provi de

t he deS| red compou pectral
evi dence exi stg‘P ‘F°nf’atf’lﬁ'§'t“hélﬂ %u'gu%]%d{’#émb‘% gmri%lp?ompm‘m?fop&g%nd (1V) and
conpound (V) of(Vm)ewhmmmlngnd(ﬁlveqomawnétoéfonnula( sé'Yhﬂ_l"—mMQé specul ati on
| eads one t g0 prieditivh of éudk oft thethiee Edhdhdnt et EcolpEEndef foaryla €€) wndérapi d

conversion of tJ&ﬁm {ijé%ﬁe‘ﬁﬁedl*&eﬁ{ﬁ@ﬁggﬁ%ﬁe&@ E%lﬁe};&&hl@:ﬁdﬁ?)\f/@ﬁ L@y of fornula

(M 11). oun at room

t enper at ur e, th@s%’éﬂﬁﬁﬂjﬂff e trimegpf ﬂ?"’c‘fPﬁ’Bﬂ’“& PW°P1“)“%P%‘V‘?Y%°Y°§ 1, reacts to
produce a furt hmdcrlfmmrmmﬂum,eluetompound didnonphayide tHe)desinath canipoundpafn  heat i ng to
t enper at ures beg, w0 and 60[err]C reacts with 25 anot her nol ecul e of

t he conpoun of for a roguc | ecul es of
the desired® orrpoung}i‘blf é%ﬁ’ﬁ[ﬁllﬁv‘ ef’ Lfg f%@%tc%“rph%&gt es to

react with the mmadmmdévlﬁf)thefph@ﬂyﬂmem@mﬁem red product

i ncreases. In addi tion, by converting the side-product of fornula
(VI) to product, the yield I ncre s,oandot he need for

chromat ogr aphi ¢ renmpval of this side-prodpct ys 30 el i m nat ed.

A preferred sub-group of conpounds hi pit hegscope of fornula (1) are the
conpounds of fornula (la): R

16 °

20  speculation leads one to predict that the tertiary amine base catalyzes a rapid
conversion of the putative intermediate to the coupling species of formula (VIII).
Upon addition of the compound of formula (V) at room temperature, the compound
of formula (VIII), wherein n is 1, reacts to produce a further intermediate of
formula (VI), which, upon heating to temperatures between 50 and 60°C, reacts with
.25  another molecule of the compound of formula (V) ultimately to produce two
molecules of the desired compound of formula (I). By pushing the intermediates to
react with the compound of formula (V), the yield of desired product increases. In
addition, by converting the side-product of formula (VI) to product, the yield
increases, and the need for chromatographic removal of this side-product is
30 eliminated.
A preferred sub-group of compounds within the scope of formula (I) are the
compounds of formula (Ia):
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WD 99/ 14196

PCT/ US98/ 19434 [err] wher ei n: Ar is an
optional | yv%'Pg?ﬁ ut ed phenyl group, or a naphthyl or [err] 5

cycl oal kedi ny oup, or an optionally substituted singl ECHUSIIEE ri ng

het er ocyclic group, having aromatic character, containing from5 to-12
ring atonms and conpri si ng uptof ur hetero- atom; in the or each ring
selected fromsS, 0, N % i n@ar or branched [err] al kyl,

[err] cycloal kyl, [err] cycloal kyl al ky /Ar optionally substitut ed

phenyl group or a phenyl [err] al kyd 4¥O0 an optionally 10 substituted
five-nenbered heteroaronmatic ring co rimh,g up to four heteroatom
selected fromO and N, hydroxy \ 5 i [err] al kylam noal kyl, [err]
acyl am noal kyl, [err] al kylBza ar boxy, [er ) al koxycarbonyl, [err]
al koxycarbonyl [err] 6 alkyl, & Oyl [err]‘ [ err]al kyl am nocar bonyl ,
di [err] al kyl am nocar bonyl; or'is a group [err] when cyclized onto
Ar, where pis 2 or 15 3; R2 is hydrogen or [err] |inear or

br anched al kylyheRid [err] and R4 whi ch may be the sane or
different, are i1ndependentl dr.ogen err] linear or branched al kyl,
[err] al kenyl, ar ygplsf“é?l?‘?né N qq?b?”dk%”“%&!%)‘@f@ﬁhy orCs5.7nitro, cyano,
carboxy, car beydealkdienylenéuphamaoptitmallyt subdtituiad siigixt da ilsed iy He@rocyglieo- 20  and
[err] al kyl amghfp, Hadihg }n'oinﬂtld’%hﬁ&eﬂ’ cdn&n:?ng%ton?g 1'123Hhg a;[m'fsin& err] alkyl

or it forms a_h which V and [err]

ar e hydr ogen £o nsm%%go f' }%Fer‘é-gtoms in the.[ or eaJh rtngls?lfctqdrfromﬁ &NS is2 3 or 4
and Wis [err] al k§is: hnngr@rmwpd&i 8 alksgl, Csmmwcyl 34-péyeiphlaytilloyl nky | |
gcyl ?rkn lng ﬁgbﬁﬁmmwmhmlw Fg subst S‘ép’tgg%ig?m resent in
t Iheaqu|ynolrillone%ﬁéh@mi ﬂge'm%w%&%%'%ﬁc fae °@5‘§P§Hp 3 ?‘fg‘apcorrpr i si ng:
selected from O and N, hydroxy C_g alky), di 81 6 alkylarmnoalkyl Ci-6
acylaminoalkyl, Cy.g alkylcarbonyl, carboxy, C1.¢ alkoxycarbonyl, Cy_g
alkoxycarbonyl Cy.¢ alkyl, aminocarbonyl, C1_g alkylaminocarbonyl, di Ci.g
alkylaminocarbonyl; or is a group -(CHp)p- when cyclized onto Ar, where pis 2 or
15 3

R is hydrogen or Cy.g linear or branched alkyl; and
R3 and Ry, which may be the same or different, are independently hydrogen,
C1-6 linear or branched alkyl, Cy_g alkenyl, aryl, C;_g alkoxy, hydroxy, halogen,
nitro, cyano, carboxy, carboxamido, sulphonamido, trifluoromethyl, amino, mono-
20  and di-Cj.g alkylamino, -O(CHp)-NT3, in whxch ris2,3,or4 and T is Cy_g alkyl
_or it forms a heterocyclic group
Vv, vy

N N

or
’ vét\(cuzzJ v)\

in which V and V1 are hydrogen and u is 0, 1 or 2;
-O(CHg2)s-OW? in which s is 2, 3, or 4 and W is Cy_g alkyl; hydroxyalkyl,
25  mono-or di-alkylaminoalkyl, acylamino, alkylsulphonylamino, aminoacylamino,
mono- or di-alkylaminoacylamino; with up to four R3 substituents being present in
the quinoline nucleus;

(CH,

which can be prepared by a method comprising:
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PCT/ US98/ 19434 1) adding a conmpound of fornmula (Il11):

0 Formula (I11) 5 to base in a
suitabl e soMPM{41% 0 forma first reaction mxture, addi REWUSIYIN4 | r st
reaction m xture a conpound of forrmula (lla):

[err] Formula (l1a) 10 to forma
second reaction m xtdéing absngoand offgniulagliIBecond reaction m xture to for m a
compound of forrmula (I1Va):

[err] 15 Fg mul a (I Va) 2)

i sol ating the conpound of fornula (1Vs then reacting the conpound
of formula (IV), in a suitable sol ve a base to forma third
reaction m xture, cooling th&s gTT? on mixture, and addi ng a
carbonyl -activating agent to forma foMrth reaction mxture;

3) adding a conpound of formula (Va)g, ula(IIf)e”]

Formula (Va)_ 25 to the fourth reac lon'm xture to forma fifth
reacti on mi xX urtebase in a suitable solvent, to form a first reaction mixture, addmg to the first

reaction mixture a compound of formula (IIa):

LR
Ar *

Formula (IIa)

10
to form a second reaction mixture, and heating the second reaction mixture to forma -

compound of formula (IVa):

15 Formula (IVa)

2) isolating the compound of formula (IVa) and then reacting the compound
of formula (TVa), in a suitable solvent, with a base to form a third reaction mixture,
cooling the third reaction mixture, and adding a carbonyl-activating agent to forma

20  fourth reaction mixture;
3) adding a compound of formula (Va):

Ry
M

N
/Q"“
Ar
H

Formula (Va)

25
to the fourth reaction mixture to form a fifth reaction mixture;

4) heating the fifth reaction mixture; and

18

SUBSTITUTESHEET (RULE2S)



4) heating the fifth reaction m xture; and

18 WD 99/ 14196

PCT/ US98/ 19434 5) optionally converting the compound of
formul a (1 a)We/t9¢har naceutically accept abl e sal t PChes®ad434 wher ei n
Ar, [err] and [err] as used in a conpound of fornulae (lla), and
(I'va) through (Vla) are as defined for a conpound of fornmula (la).
5 For a c6yqqmiomadly ofnveningithe acripoapd pfrfe:ﬁmﬂar(dxd teaphathacesntdlyar e as
foll ows. table saiﬁarart@rbwerérm& Rff l¥eagipsti tuted by

ccep!

[err] al kyl or el rr I azol or a

[err] cycl oal ko"r°§’r1?9‘?“ E?&ﬁmaﬁné}'é?%@%) !K?“ § a)g'x g#\;qacomeund

Suitably Ris [@'rfﬁr}nuhl(b)'l [err] al koxycarbonyl, [err] al kyl car bonyl, or

éo thxéldr o?y {]err] ﬁ%ﬂiconﬁb@ﬁ%fﬁb&n\’laBa)p?ef&%e%@nﬁb&ﬁ%xl\ts%ﬁfoﬂé\%f eL agl y ethyl.
uitably [err] is or a i s hydrogen.

Suitably [err] is hé ag’ge% SPb ah§¥‘bb§téﬁ {cgﬁ%h aﬁ?’t [err] alkyl.

Preferably [er rthiepg, théerW@érﬂualdyl oraCsy °Y°1°aném¢1t}’hﬂp\}v [Pé*FfPbelYérﬁydr ogen,

[err] alkyl, [eghdyral koxy, hydroxy, amino, halogen, 15 am noal koxy, nono-

or di-alk Iamnoalk [

pht hal oyl gl koxy m%g%bng%laqo Cr'rr %%gc %@ﬂbEgﬁﬁl‘;ﬁ%ﬂ#\l Preferably
[err] 10'j shydeoy C1.6 2liavk Besferably RysE ooyl Yhﬁ@?‘Pﬁrfﬁ?@r%{%fly hydroxy

A pr eI erred gr \%p oSunablyngjerﬁmgenFﬁr:fmhIkyl( Pmrerﬂﬂplkzh)hydrb@npr oc[ess i)f It Ei is

i nvention are wher ei err] a

or hal ogen; % S%b@k%ﬁhﬁ@é&%}ayd@% np ?Jn ¢ gul?éﬁ&%%gdr“?}{ Y
cycl oal kdi enyI %‘F 3 y%é? [err] al kyI [err] _ 6 al koxycar bonyl ,
[err] alkyl carbonyl Su@blﬂws bydyogenCil 6 dk)ﬂyﬂ?];.s plkoxy] Bydroxy rapin hadogemr

([aleL r} agﬁél %{54[ ?&&Loarr@xﬁmﬁl&gﬁm-ax %ﬁmo;?ﬁﬁ&@% di-hIRY 1gﬂu£ammxy, [g; r]

am %o hal ogen, ﬁgf‘?\l ,!rggﬂ%ég? %zgﬁiallty l'oacylg‘%maai %W h?ﬁg%ﬁbsyo‘g‘y r/mno- or
di - al kyl ani noal & 11,6 akerher tygrony mesyprefergblp hydsexydi - 25  al kyl ani noacy! ani no
and acyl ami no. A preferred group offBdngpopiids oS fohfla (IaYatigde BF the roeess fthis of f or mul a

(Ih 23] F?‘dﬁ PZ EE@Y KGF 58 e m,Arxs@'Ien)hhAa)ﬁoﬁaﬂ}ﬁ?ﬂi i @#él‘g@ﬁc&ﬁ&ﬂﬁ b i S and
Derr] is [ef?] tarerw»éyrvirp’yr%m ora 35 eloik ienyATPRE R ip e hflc onpound
of formula (I a)salbo»ybmboaylnCz-é\ralkylcarmhyﬂ- hydoxty € 1 Falkyl;eR iy hydrdges o] i s
Bﬁ?é"?ﬁ”npohﬁ&?c g?‘?%"dﬁ ;gbf“d"%‘ DalRYEt Shiony, Gl RO 2y
Cel gene, Inc. l?a?'r‘?f? ?b %gg%x’bram&‘gﬁ“g" RPSYs known

inthe art, e.gor, dx-ﬂkﬂmoalbxyemnar ordtmhr}unomdmhﬂsmlalkom mioner oTdians.
[err], 198525p oacylamino addbciamidbJ. et al, [err] Am Chem Soc., 1996,

118, p. 5142 an alhérc E fe?z%d grjo?p gfco{ngot{nbﬁ rmulaggz? rz}a%cso%(ihé prg'c%gsG 1 18 P-

3757. If the racem C ure o

racemate of theofﬂlrlﬁatrerwpwaweram Atjs pleng; Brh)cl salmdkzxsg@%raseatrm of ®t he
optically hydeoged; usd Rfia @Y i gl of ydeogg.onpl i shed by known net hods, e.g.,

HPLC. A very preferred compound of formula (Ia) is whercin,]& is phenyl; R is
"30 ethyl; Ry is hydrogen; R3 is hydrogen; and Ry is hydroxy.
Optically pure compounds of formula (Va) are commercially available from

BASEF, Celgene, Inc., and Zeeland Chemical Co., or can be made by methods known
in the art, e.g., Itsuno, S. et al., J. Chem. Soc., Perkin Trans. I, 1985, p. 2039;
Burk, M.J. et al,, J. Am. Chem. Soc., 1996, 118, p. 5142; and Beak, P. et al., J. Am.

35  Chem. Soc., 1996, 118, p. 3757. If the racemic mixture of formula (V) is used, then
the racemate of the final product of formula (I) is made. Separation of the optically
active enantiomers is accomplished by known methods, e.g., HPLC.
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PCT/ US98/ 9434 Suitabl e solvents for coupling a conpound of
formula (111) with a conpound of formula (Ila) are water, [err]
al cohol s, dwowes/fwyds sul f oxi de ("DVSO') and di net hyl f ectrasdsded3§ " DVF") .
Water is preferred. Sui t abl e aqueous bases used in this

coupling step are lithium hydroxide, 5 sodi um hydr oxi de, potassi um

hydr oxi de, cal ci Umsh?lmic%lvdﬁs R Eoup g éHE}nBUﬂﬁﬁgl(foﬁﬁula(m)thh 4édnfposti@ hydr oxi de

is preferred. Swta the b 'S, Qr -2 and
6 equi val ents, P’@'f“g’r 3pe Watet,) 85'4 @T g‘aﬁg‘ﬁ?@w ‘H‘a‘%m B%erabl y 4
equi val ent s dxmethm]lforbaameie("spl\@g'éd\vaterlspI‘GfEITCd The corrpound of fornula

l(ol 1) is gdded to %ﬁﬁ%&lu&%&s%@ﬁnh’gﬁcobﬂﬁx@s&ﬁamhhﬁaﬁh.yillrdmica tenpgr ature
t n t 4 P
68[ \grerG] Cé '?'E %Hl qyfdmg‘#e %}2&'%&3 Ja}éuprrl?ﬁﬁs@ Muxﬁ(ﬁé xide, &

(T1T) ens on reaction
With aquémwnba@@udenh@eiegh%o%ﬁ%b@e ba5F Hprescnt i aa)amP%“‘ #Fffadded, with
an exot herm ofzandeequavblem pieidrably 3 6.5 edfivalentd, el rmitiprefemably dfequibadentsonpound  of
formula (1l1a) | dago J[egte t he tenperature of the resulting reaction

m xture i s raise ra between 15 abouyt rr] C and about
1 10[err]C, prefera'xg!eﬁmﬁlﬁ?“f‘ggm&‘ia@g[‘ a‘i"(ﬁ?“szfﬁse é‘ﬁ% e tinme

period (up1oo adsmdto ahmpﬁamweuvﬁenﬁbomﬂﬂmd W@m@hb@fvemh@%&upl i ng

provi des a ROEPHIE, Qf’thé@érﬁﬂbh@dc(flféﬁxma(m) nsuponreacnc;ﬂlﬁtlﬁorrpound of
formula (1Va) |5|s$?§t§g r|or t lggag‘lqgeg 1){1}“ L SBerm of in the
process. It is?*TB "t SRSt B FURAe> anhydr ous 20
condi ti ons si newout WCCM&m@prow@ﬁfm@a@a) lssemlzte Bal yl
chloride, DCC, tcmperature[&ﬂfe]resbﬁihé Feadtiofi mixtirs isityichd@byd 4 embdrytusabetivaddl € and woul d

Ch the o A8as SlPUFE ang Bop 110, B A%frvrg%&%&m%éoaﬁfagq@ma@mgent for use

in the nmeth ereini1st ol vents for use
in this step aP@%&?RfPP@%@F@?@H‘!@ or paiil poreRlsHgn °f)‘9?°9\‘8{m5|3r?ﬁ‘ 88 to,
pol ar aprotic esgoardoffedmuta(TV¥a). More specifically, solvents useful herein

include, 25  but afg BRbound B fan%lé @V a)‘?éﬁﬁﬂtecﬂﬁfe% @tp@rfoﬁrﬁﬂgltﬁé}@xt step

tetrahydrof uran, or acetonitri ) Nt for use herein
i s ethyl acet atithe process. I“s‘mpma"éﬁti‘af%f'?tﬁﬁ‘g% °°ﬁc£“§tfgfm£ﬁm?' (III(S’ Sstep of the
process i n&0udeonditionesitya shesarbonyl-activptingtagati ey SPClae pxalyd eljoridei BeChases.

I\P/tr)Ef err eg am 3?’ @@ . Beel ism§drbiylicaByriid@bR R would be dibtt@@@lb}OWéretAhy: am ne]c
st preferred | val ents o
t he aﬁ1 ne base é? geglgaglt&: ﬁnacﬁhanng rg?“o{t%@ nyth xﬂ&thcld@ ﬁ&Emg’s tﬁxgnyl chibfide)

reac

After the addi tspmble@piwmfor)mén&hés{eaéreearﬁw%van%ﬂnﬁ%‘l’“&mtﬂh%t?d t he
reaction t6] il lpfotic Sreasie botebnis OMoret specifivally, solecntsaksaivl befeimrindi@e, Pr ef er abl y

the tenper a%sur Bl S0RE Rimited to, eaﬁ?%fég{%nto U&m%dx%ﬂﬂan%&w&memp

carbonyl ac |vat|ng agent t hen reaction mxture is

al | oned t o sl owrefered sRivant PTPR?&F’)"% #5543t om terrper ature 35 (about
25[err] C), at whi chSymablabases wsefirpio thicktepfof thepmetss inchidg amiohbases. bel ow, is

added. A pR& 1&&%&5&&%%@5 rﬁske&éarmmmseesmwﬁwmné Ma) for use in
tzge met h Od her Ei:insopIropylethy} amn(e )Most }prehi%r@ﬁl is the &Wmﬁﬁg ryt:i‘itably, at least 3
30 equivalents of the amine base are used in the instant reaction process.
After the addition of the base to the compound of formula (IVa), the reaction
mixture is cooled to a temperature below 5°C. Preferably the temperature ranges
between about -2 and 2°C. The carbonyl-activating agent is added and then the
reaction mixture is allowed to slowly (about 1 hour) warm to room temperature
35  (about 25°C), at which point a compound of formula (Va), shown below, is added.
A particularly preferred compound of formula (Va) for use in the method herein is
(S)-1-phenyl propylamine.

)

—’n
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PCT/ US98/ 19434 It wll be under stood that the fifth reaction
m xture conprises the conpound of formula (1) and a conpound of

formul a (Vi ¥P:291419 [ eryr] 5 PCT/US98/19434 For mul a
(V). Upon heating the fifth reaction mixture, the conpound of formula
(VI) is converted to desired product. This invention al so

provides a nethod flowilitreapderistogd fhetrthd fifth reaction mixture comprises the compound
et hyl benzyl) - 3Op%;}ﬁlggwg,dgrgg,w&ﬂybmﬁdjg(ﬂa)car boxam de conprising: 10°

1) adding isatin base in a suitable solvent to forma first reaction

m xt ure, adding to the first reactron m xture an [err] ketone to form
a second reaction m xt ure, and he?{ g the second reaction mxture to
forman [err] acid, rea }A’rgnthe Lerr] acid, in a suitable

solvent, with a tertiary am ne
cooling the third reaction m xture,
agent to forma fourth reaction mxt
secondary amne to the fourth reax
reaction m xture; R;
5) optionally converting [err] 2
pharmaceutical |y acceptable salt.

baggzto for a third reaction m xture,

) a carbonyl -activating

3) adding a primary or
forma fifth

feaction m xture; and

¢! car boxam de to a

aly, for step (1) the

base i s aqueous base, preferably Li Preferably, the [err]
ketone is [@rr]-acetoxy acet ophenongg“nula(vn' Preferably, the
[err]-hydroxy &pouhdatngrbelfiftinresdtiop mixtyre,the @nipgahdes for@ula (VI) is converted

phenyl qui nol i nedlaesiadd ki c aci d 25 Preferably, the tertiary
am ne base of step r am n erably, the
cabonyl -activati n gen{'esﬁu h? am':ﬁ}"ﬁf%ﬁmf’mnﬁl(gr(s)d%?&

Preferably, thethsl lﬁ@)ﬁfh)’émﬁjp%@ Y1991D918)6-41¢aph¢mﬂe mPBSIPgiT ne.
The fifth reaction maamgieatﬁubbabwa SuRdBl doBveft th ith a first reaction mixture,

hydr oxy- 2- phen o118 véhz BEY etz oy B ¥ecdid réfdtion o
e oo e R e e i

2) reacting the ¢-hydroxy acid, in a suitable solvent, with a tertiary amine
base to form a third reaction mixture, cooling the third reaction mixture, and adding
15  acarbonyl-activating agent to form a fourth reaction mixture;
3) adding a primary or secondary amine to the fourth reaction mixture to
form a fifth reaction mixture;
4) heating the fifth reaction mixture; and
5) optionally converting (-)-(S)-N-(¢-ethylbenzyl)-3-hydroxy-2-
20, phenylquinoline-4-carboxamide to a pharmaceutically acceptable salt.
Suitably, for step (1) the base is aqueous base, preferably LiOH.
Preferably, the o-acetoxy ketone is O-acetoxy acetophenone.
, Preferably, the o-hydroxy acid formed in step (1) is 3-hydroxy-2-
phenylquinoline-4-carboxylic acid.
25 Preferably, the tertiary amine base of step (2) is triethyl amine.
Preferably, the cabonyl-activating agent of step (2) is thionyl chloride.
Preferably, the amine of step (3) is (S)-1-phenyl propylamine.
The fifth reaction mixture suitably comprises (-)-(S)-N~(a-ethylbenzyl)-3-
hydroxy-2-phenylquinoline-4-carboxamide and (S)-2-Phenyl-4-
30  [[(1-phenylpropyDamino]carbonyl]-3-quinolinyl-3-hydroxy-2-phenyl-4-quinoline-
carboxylate.
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PCT/ US98/ 19434 A particularly preferred pharnmaceutically
acceptable salt is the novel

(-)-(S)- N (fveraop4186¢ hyl benzyl ) - 3- hydr oxy- 2- phenyl qui nol i NS Béam de,
hydrochl ori de salt. The hydrochloride salt is prepared according to the
Exanpl es descri bed below. 5 The product of the above defined

reaction nay be traz‘.‘ﬁix@éuﬂﬁ? pheferRl ﬁ&mmutxcalﬂy"ﬁc&{fmﬁlsﬂfﬁﬁﬂrneﬁbllﬁ s whi ch may

be active conp ) r which may be
useful in prodgg'@%‘?‘%%t@ PO ’ll% éi ’Q%%hgwl %ﬁgo rmul a &9

wel | known net hydfschioride salt. The hydrovhien%s@sémepm%ﬁ?rﬁ’aﬁt sB*3HPEYi des for a
met hod for prepaecktdbiiew’] 10

thylb | 3- hyd
ethyl benzyl ) 3- hydr.gxy, %5 QFEY AL B LORG:6R mfBPaha O

1) reacting~3-hydroXxy eny ui nol'i ne-4-car ox I C m o] nla@;w tabl e
solvent, with W@@FWP pragyctpavhich maybgagtive cpgoupds f%ﬂa K2 ol i ng t he
first reaction orwhlch fiby<eltiseful in prbdadiig) thocompbwndy bf fotmube (Dched foomélafla) a second

reaction mxtug m{v) 541&%

6, 14 22, 30- Tetr he etra hexa I.NQ

1.¢" 14, 15- 15 Wﬁtl’;*’*?”é F‘}‘i‘B{‘%“‘ﬁ %%’@e?’r‘ie éﬁ(ﬁ@[m?

3- acet OXY- 21-0pheﬂ:y]bepzyl)é’:hwmex)éfz-phenquumdnbémbamde comprising: 2) adding
(S)-1-phenyl pr opyl Wx‘la@@ngb%yﬁi?b&y-‘i% uhﬂwd@wdﬁdﬁnh@m’m&m a

LT a0t O ik Wiy S kB4 B b opcon BNSEY Lo Bl i boxam de

car bonyl ] - 3- quummmengxna@whnowlyhlgn%efpym agecqud sepAtipm, gxture comprising oy y | at e;
3) heating the ¢1aj20 do-Tedphdn§[1[5,9¢13ket@iox shdkhdecino[2,3-¢:6,7-c 10 1-cFddtBnal | y

converting fs) ephablubdil 8ha 34 S IRGAMA Emir DR ?—}/:@englqmnohnﬂ-

phenyl qui n a pharnmatCeutic ceptable salt. 25
It will be undEPBexdie:t hat reactl ng
3- hydr oxy- 2- pheny!| qg)iadéihg (53-14hemyt propytdmige to the secood thaction niigunrtaliormhy

procedur es. des ofdeduaRafd QinghAEgTL}6) MMt sinh0rThdnl by a).

The present inv Iso OVI ounds of forrmula (VII):
[err] 30 ?‘ ylquinofine4-c dQQ)—fbhe gﬂfrml a (V) fn wher ei n:

Ar is an op2do r[&I@gewmmYlnmcé@rMﬁWﬂu@plgwba-hm@ m}gmlﬂqur@ Ferr] 7
cycl oal kdi enyl gibeyate;0r an optionally substituted single or fused ring
het erocyclic 3 29
) heating the third reaction mixture; and
4) optionally converting (-)-(S)-N-(a-ethylbenzyl)-3-hydroxy-2-
phenylquinoline-4-carboxamide to a pharmaceutically acceptable salt.
25 It will be understood that reacting 3-hydroxy-2-phenylquinoline-4-carboxylic
acid can be made by procedures described above for formula (IV) and formula (Iva).
The present invention also provides novel compounds of formula (VII):

O 0—CH,CH,

Xy

p
N Ar

30 Formula (VII)
wherein:
Ar is an optionally substituted phenyl group, or a naphthyl or C5._7
cycloalkdienyl group, or an optionally substituted single or fused ring heterocyclic
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PCT/ US98/ 19434 group, having aronmatic character, containing fromb5
to 12ring g‘? conprising up to four hetero-atons in the or
each ring seléecte fromS 0, N, and . R3 is hyard§¥Assdd err] 6

|l i near or branched alkyl, C[err]6 alkenyl, aryl, Cl [err] al koxy,
hydroxy, hal ogen, nitro, cyano, carboxy, carboxam do, sul phonam do, 5
trifluoronethyl sroamhmng#emmaﬁepteﬁreqonqmnmmmeﬁmd@nns QoEHRYr NT2, in which r

|[ S 2] 3, or 4 aweémpkising ublo Burtleteyd-atbihis inithefoP E4¥R ring Mc@ﬂ%h‘x@ OCN%QUE 2
err i ragen , 1 or 2;
[err] in which s_is %%ﬂ&&&% c;llnghw{&]b@éhg? 8?éa}k§rpﬁyaa' o‘?(ly%l Ky

mono- or di - al ky Py BYdrexy; haloges, nitse; gyano, %Ws‘iﬂbﬁﬁ’é‘ﬁgqaﬁl’ hopamigps noacyl am no,
mono- or di-al kyrifh:morrmmyybxmnbnmnovmﬁhx—(lp.stancyfmuo,R&CHMIM@McﬁrbeI ng

present in 2 Be,r ayhdlsicie " [er] is OH or OAc;
whi ch are usef uIIs as |rnt er m*asdd;i %’ the gcycﬁocﬁ%hscl%ougf phar maceutical |y

active 15 qui nol i ne corrpounds o 1 for mul a (| 1or pharmaceutical ly

acceptabl e salts thereof, ticul arI
(-)(S)-N-([err]-ethyl benzyl ) - SABdr Xy- Ql’-prﬁ\ ol i ne4-
carboxam de and its hydrochlo For a conpound of

formula (VIl1) preferred errbodl nen re as fol(?o. Sui tably Ar
i s phenyl, optionall u ed b halogen [err] 20 al koxy or
[err] al kyI ; thi enyllxg?" E%ta@&"y ?{'85 ?B%‘;ﬂ rr%up Preferably when Ar is
substituted phenyl, -Pf&dg %mw@whsma’ké@émqwaiiﬁy.ha&wl hpdronyelkyl, Exanpl es

of Ar [ as ia 10 lmoﬁkﬁbx&ii roalRy104Plamding, any%dn&xﬁind%&}m@éanpl es (|\)/I) Ar
as a [err] cyc IR st
preferably Ar i g,%%ﬁ%}ﬁ"@{ kagunoacylgmgoy vﬁé‘é’ﬁ%‘?@%‘%“&%‘“ﬂ%%@ Pffﬁem B¢ hyl ,

n- propyl, n- butﬁﬂe ‘ﬁ%lt‘ﬁBR‘ikus?rPFGroxy am no, chlorine, fluorine,

bronm ne, 2-(dinetyl Ripisi0H etdraxy, di met hyl am nopr opoxy,

Sui tably R3 s hydrogen g err] 6 alkyl.
30 1, oftipalig &P\H °‘ P a““a"e““"any accegiablesity thespefy 1 4 s

acet oxy or hydr 938}0“13113/ of ()(S)- N—(“-Wﬂh&w@rﬂ‘hﬁdh}m@@émmhm ound is Ethyl
3- acet oxy- 2- pheEhYlLdih&hiﬂ@de]@hﬁdmchlondeQﬁ{ boxyl ate, i.e., a conpound of _
fOz(r: mila (VI1), wher Fot'a c':A‘cormplmmd0 or}?oerIa ({'ﬁ{prl,fe ed embodxmeth grg gsegllo and Rierr] is
Suitably Ar is phenyl, optionally substituted by hydroxy, halogen, C1.¢
20  alkoxy or Cj.g alkyl; thienyl or a C5.7 cycloalkdienyl group. Preferably when Ar is
substituted phenyl, the substituents are Cy_g alkyl or halogen. Examples of Ar as a
heterocyclic group are thienyl and pyridyl. Examples of Ar as a C5.7 cycloalkdienyl
group is cyclohexadienyl.
Most preferably Ar is phenyl.
25 Examples of R3 are methyl, ethyl, n-propyl, n-butyl, methoxy, hydroxy,
. amino, chlorine, fluorine, bromine, 2-(dimetylamino)ethoxy,
dimethylaminopropoxy, dimethylaminoacetylamino, acetylamino,
dimethylaminomethy] and phenyl. Suitably Rg3 is hydrogen, hydroxy, halogen,
C}-¢ alkoxy, or Cy.g alkyl.
30 Preferably R3 is hydrogen.
Suitably R’4 is acetoxy or hydroxy.
An especially preferred compound is Ethyl 3-acetoxy-2-phenylquinoline-4-
carboxylate, i.e., 2 compound of formula (VI), wherein Ar is phenyl, R3 is
hydrogen, and R’4 is OAc.

di met hyl am noacghih ﬁg‘u&(ﬁﬂfg Héﬁaﬁ]g@éhesxnmesg'oﬁ%?ﬁ‘%m El??{:ﬁ, and phenyl .
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PCT/ US98/ 19434 The novel internediates of formula (VII) are
prepared using a preferred sub- group of conmpounds within the scope of
formula (1yYVOo®as8ul a (11), and fornula (1V), I .e., troeusespainds of
formulae (I1) and (I1V). The nethod for making I nternedi ates of formnul a
(VI'l1) conprises: b5 1) adding a conmpound of fornmula (Il11):

[err] The novel intermediates of formula ﬁ\ﬁg f¥lprepared heing a pkerrdaQuit | east 2 to

6 equivalents, nost preferahly. 4 equival ents,. of €n bas
preferably | i%‘ﬂ‘f%%ﬁ?f@%ﬁ“ Bgi“ag’,"ytg%ﬁ?genﬁ )gﬁhfgm?ag@lﬁsagﬁ&'ﬁo mﬂ?/gybxi de,

cal ci um hivestkexcompoundsiofifermuia(1hY apd 65 Jd dhe methed for maldrgbl y | i t hi um

hydr oxi de, i ninfrfiddiatesldf ormula (\ADIcuprises:€. 9., water, [err] al cohols, DVSO and
DVF, prefegably st reaction mxture, addihg to the
first reacfi on mﬁé%géggél%u%ﬁfdfoﬁmigrﬁﬁm ails5 (111): [err]

Formula (Il) 20 to forma second reactign m xture, and heating the second
reaction mxture to forma Bf formula (1V): [err]

R3
I sol ating the conmpound of fornulg —tben reacting the conpound

of formula (IV), in a suitable sol ~f-g., ethyl acetate with a base,
suitably at | east 3 equivalents of an am ne base, e.g., triethyl am ne
and diisopropylethyl amine, to Formula (III)

10 to at least 2 to 6 equivalents, most preferably 4 equivalents, of aqueous base,
preferably lithium hydroxide, sodium hydroxide, potassium hydroxide, calciom
hydroxide and barium hydroxide, most preferably lithium hydroxide, in a suitable
solvent, €.g., water, C_4 alcohols, DMSO and DMF, preferably water, to form a
first reaction mixture, adding to the first reaction mixture a compound of formula

15 I

/u\/ﬁ'
Ar ‘

Formula (I

20  to form a second reaction mixture, and heating the second reaction mixture to form a
compound of formula (fV’):

Formula (IV?)

2) isolating the compound of formula (IV’) and then reacting the compound
of formula (IV’), in a suitable solvent, e.g., ethyl acetate with a base, suitably at least
3 equivalents of an amine base, e.g., triethyl amine and diisopropylethyl amine, to
form a third reaction mixture, cooling the third reaction mixture below about 5°C,
30 preferably between -2 and 2°C, and adding a carbonyl-activating agent, e.g., thionyl
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forma third reaction mxture, cooling the third reaction m xture bel ow
about 5[err]C, 30 preferably between -2 and 2[err]C, and adding a
carbonyl -activating agent, e.g., thionyl

24 WRP21819$4196 PCT/US98/19434

PCT/ US98/ 19434 chloride to forma fourth reaction m xture conpri sing
a conpound of fornmula (VI1), wherein [err] [err] and Ar are as defined
above for f @hlbtideRo (drinla)fourth reaction mixture chiuprigifgseintpoimiuset firinela (VII), t her provi des
[ng\r/rGi Cg”polmﬁgr%mq{g,f{%rﬂiﬁb@m@\ﬂhéf)nedabovcforforr&magulp VI [err] wher ei n:

Ar and R3 are asnE?é’F‘TSﬁEH'VF’BP“Q’@B’rﬁS?)W“B‘FI?W 0% foymu} é%l med in
claim1l; and g, Nis 1 or3. The\i ntermedi ate of formul a
(VII1) is prepared by tke ss desgri bed abpve for preparing the

i nternmedi ate of fornul § < : of skihkl in the art woul d
expect, the nechani sm p 4T \hternmedi ates is not |ikely
t he sane. Apreferred|n‘e ' laYVIiil)] is wherein nis 1,
i.e., 6, 14- di phenyl N[ 1 ' ' 4, 7- c]{di qui nol i ne- 8, 16-di one

i.e., 6,14, 22, 30-
Tetraphenyl - [1 5,9, 13]tetraoxahexade0| , 7/c': 0, 1-c": 14, 15-
c"ltetraqui noline-8, 16, 24, 32-tetrone. The foll ow ng exanpl es
are intended in no way to limt the scgope of this I nvention. The
nonmencl at’ure and abbrevi ati ons c&RBHR he chenocal art are 20 used in
t he exanpl esvhefolt ti ng poi nts are uncorrected. Liquid chronmatograph was

conduct ed on aZOmm@m&eﬁzﬁhmmapo@nmmmm@malé cm with a flow

rate Ofll /mn and detection at 360 nm The sol vents were
40:60: 0.1 of@mM L ARt onitrile: Water: Trifluoroacetic acid. The chiral
purity of the proders. were determined by chiral HPLC conducted on a

Chi ral pajp AD C0|'Mglnterkﬁdﬁle%fﬂ)ﬂnﬂQ(W@)§§:repa1¥d3)5th6530cé&k Bdiciibelil oOw rate of 1.0
m./mn and q%v% érpgﬁ% é%ﬁﬁﬁ (h Srﬁ)mla nef Pt asV\ﬁac o‘? sﬁ m]1§e

n- Hexane: Et hanol car on 12z} resonance) and 'H NVR
(pr ot on magieWorldexrest the merhanismderprodieing b‘t’(ainme%‘?sﬁﬁn%l@%ker | nst r ument

in D nmethyl dwshinexA gefekeé intdrmediaéoffpmnld (VIMES @hdrein nisl, g, t he GASPE
(Gat ed- Spi N g 14 diphenyl-{1,5]dioxocinof2,3-c:6,7-¢'ldiquinoline-8,16-dione. Another
15  preferred intermediate of formula (VIII) is wherein n is 3, i.e., 6,14,22,30-
Tetraphenyl-[1,5,9,13]tetraoxahexadecino[2,3-c:6,7-c*10,11-c™14,15-
¢™tetraquinoline-8,16,24,32-tetrone.
The following examples are intended in no way to limit the scope of this
invention. The nomenclature and abbreviations common to the chemocal art are
20  used in the examples. Melting points are uncorrected. Liquid chromatograph was
conducted on a Zorbax SB C18 column, 3.5 micron (0.46 X 7.5 cm) with a flow rate
, of 1.0 mI/min and detection at 360 nm. The solvents were 40:60:0.1 of
Acetonitrile: Water: Trifluoroacetic acid. The chiral purity of the products were
determined by chiral HPLC conducted on a Chiralpak AD column, 10 micron (0.46
25 X 25 cm) with a flow rate of 1.0 mL/min and detection at 360 nm. The solvents
were 85:15 n-Hexane:Ethanol. All 13C NMR (carbon magnetic resonarice) and ‘H
NMR (proton magnetic resonance) spectra were obtained using a Bruker Instrument
in Dimethy! Sulfoxide-d,. 13C spectra were run using the GASPE (Gated-Spin
Echo) pulse sequence.

30
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Echo) pul se sequence. 30

25 WD 99/ 14196

PCT/ US98/ 19434 EXAMPLES Exanpl e 1: Synthesis of

3- hydr oxy- 2vph&mydsaui nol i ne- 4- carboxylic acid [err] pchuses/ioqazs A 1 L
round- bottoned flask was charged with 360 nL of water and LiOH Herr]O

(34.3 g, 800 nmml) and stirred at 50-60 [err] Isatin (30-g,: 200 nmol ) was
added and the gga8pIgEs stirred for 30 mnutes at 50-60 [err]C. The
[err]-acet oxy acelt ‘ 1. %5 1eu1v ) was added

as a solid in one4551 ; ' T ITeAt ed - a 88185 [err]C
until <5% by PAR isatin remains fas shown by 10 PLGaL t Ypi caPP 3 hours).
The reaction was cgol ed to room {t enper §®air 4, , ted , w@ber (90
m.) and tert-b Lhyl Utth@r |(" do (41 and tra to a
separatory funkgl~ The m xture ken JelTama—Tra aquéoud I}

dr ai ned into an Ehrl enneyer| fl askNH2Thg aeeous | ayer was acirdied to
pH = 3.0-3.5 using conc. HAL (-61 nmL)dand nonitored with a pH neter.

The suspension of yellow 15 solid was heated to 60-70 [err]C, and held at

that tenpergture fOf, ol BhRUl B charpediho80 Bl o Baigiig @ Buchner

funnel. The fl ask sTrinse 70 [err] C and

the filter cakbiOHE.QR4A&:80Mmmol) sndstipedpg 80-60r1¢e Isatin (39 svf mmel} Wémn dri ed
for 10 m nut esaddediandhizrrgedomaitied fop 30 minufes bt JOHASK.. ThErweackioagk was char ged

W th 600 (g en&‘?et( 952%53? ﬁﬂrh%PQrﬁ'e Wé%@&d%ﬁc.ﬁﬂaﬂp 6&:}::? hel d

there for 10 m nu@1i tered ner The fl ask
was rinsed wit# I@’(f"ir\’ﬁmbi?ea(ﬁ&lﬂe%o 83 C until <5 f’%‘ﬁ‘éﬁ“ﬂ@%&s the¥npy| ter cake
washed wi t R0t hHBLE (typieally Blhourk). Ilﬂlereacxaahmammledm moom tsmparature, diltgcuum oven at

80-90 [err] C apfip xﬂtd’(% m mﬁft&%u@meﬂm eth@ (emm ‘§‘(2t10 W) Gl tranétBieed
product 3- hydroz@‘y %‘%Qhefn’%ﬂau oL 1e- 4-C rtggx #8?@ was ,obt ai ned as
a bright § t'FB Ao SF‘&‘ yRyE 455800, 1634;
[err]H NMR ( 30@taymZEhriemneyer flagk. ]Tr{e@guepusaaypswenﬂdxf{ toqu +3P35using. 2 Hz), 8.01
(3H, m, 7.59 &bl HO+61[BLY h€midhdréd/Bith a pH mblek Thé Qispdnsibeéfikeidw 1. 03, 153. 98,
151. 38, 13968, 53351 Blrea hf8b-RAC, iR s tha empedsile 7 5-10 Al ana! 26- 27
T ' ﬁltered through a Buchner funnel. The flask was rinsed with 90 mL of water at -
60-70 °C and the filter cake was washed with this rinse. The solid was suction dried
for 10 minutes and charged back to the 1 L flask. The flask was charged with
600 mL of water, the suspension heated to 60-70 °C, held there for 10 minutes, and
20 filtered through a Buchner funnel, The flask was rinsed with 150 mL of water at
60-70 °C and the filter cake washed with this rinse. The filter cake was dried in a
vacuum oven at 80-90 °C and <1 mm Hg. After drying to constant weight, the
' product 3-hydroxy-2-phenylquinoline-4-carboxylic acid (82%) was obtained as a
bright yellow solid: mp 206 °C; IR (cm™) 3430, 2600, 1634; 'H NMR (300 MHz,
25 DMSO-d,) 3 8.75 (1H, 3,7 = 8.2 Hz), 8.01 (3H, m), 7.59 (SH, m); "C NMR (75
' MHz, DMSO-d,) & 171.03, 153.98, 151.38, 139.68, 135.62, 129.60, 129.38,
128.27, 127.83, 126.27, 125.22, 124.54, 115.26,
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26 SUBSTI TUTE SHEET (RULE 26)
WO 99/ 14196

PCT/ US98/ 19434 Exanpl e 2: Synthesis of [err]
car boxam deYOB3/i%schl ori de PCT/US98/19434
NH2 Ph [err] 5 A suitable reactor vessel

was charged with 265 g (1 Ml) of 3-hydroxy-2-
phenyl qui nol i nExafplear tSQr}’tMésls(bf aptsimmetmmskvvas@cﬂw-iﬁ ?%liﬂﬁhﬁ&# 5. 98 Kg,
6.63 L). The yelTow sT urry, ¥\_oﬁ hgzgé e@ ﬁlto 0-40 [errJC, and the ethyl

acetate distilled off under i1 15 vol unmes of sol vent
remained in the still pot. After vacuum stillation, tthe yellow
slurry was cooled to 20-25 [err] C. Added | am ne £ 3n0“40 Mol, 0.31
Kg, 0.42 L) to affog@Ha darkqef@ange sol Ut . Cooled thefsolution to -2
[err]C and sl ew sothdded tdmnanyl chl ogsizdec, §4.. 05 *ﬂ] Q8 Kg, 0.080 L),
over appr ox. 3Q mnute‘s_k_'ﬁPhg The sol ut1 om t egp (PLULE | ess than 2
[err]C. After corrpl"ét %ion, t@eHI slurry was st

ed at 25
[err]C for 1 hour. (S)- 1 phenyl propyl am ngc'( ‘ Mol , 0.16

Kg, 0.17 L) and heatedt 65-70 [err]C for about 3 hours. After 3

hour s at 65 70 [err]C ooled the re I on, t rr The reactor was

char ged with AtSHYP &éﬁ"é{‘)éf"é hio Eq?’é’éh%fzgéé%)[&? %’g"ﬂ and stirred

for 5-10 m nutrémquulnohn%cb&hbxmmanédhmcme (25 yoluoies) 198 Kg36.6BL)Kg, 3.98 L).

tSL irred thetreﬁ;eharo C §catcr<]iat3@110@Jﬂxhdﬁﬂéethﬁ'l&%t@&lbﬁlﬁdﬁﬁ?ﬁ&t mSmI\J/It es and
en separate e phas she yer with O. ag.

citric acid ( fE}R’{}b‘F‘Eng v°u?’e>%°%s°§'°1¥ mai“@ g&’%ﬂl p‘% gﬁ?”f"f“&%ed by

dei oni zed wat eddSU(@OOdbwﬁBQW SIPHS%WO!F(*@ 2025 & Addedstripdylamine §38anpl e of

t he organi mpraeoamg,luaer@fw@ﬁhm@agayadndayduﬁik&:m&wﬂ&h@dmme t he

presence ﬁ@ﬁﬁ@%&'&&m&’&ylEtﬁ&rdfgé?ﬁi%éﬁo??kg;cg@o&j% gd product.

(Not e: Typi cal one can proceed

assumi ng an 8oi9o%\rteﬂ¥fﬁwn§4heﬁ<a}yh°ntemper%ﬂ eptm%gnéﬁeqwlfmnes 3. 44 Kg,
3.98 L) and coxddidod, tiettaciluriyevas stincediab2b *Cifer Diour, Added (8)31ephedyl-hd ati on until a

final reactor yolfEneql.14d, d—lS"l@g%Q’?i.%ﬂ&%@até&J%S‘ 70 “C for 5&9(%@ s 7 volunes
of sol vent 1§ € %nh rt.{gmrs at%?% 98 cfocr)lgg Rxe %c%cn%\ﬂ o &5’:1 Pg °E(\Z) The rcac{o?gvgst c arged
with ethyl acetate (10 volumes, 2.39 Kg, 2.65 L) and stirred for 5-10 minutes.
Added deionized water (15 volumes, 3.98 Kg, 3.98 L). Stirred the reactor contents
at ambient temperature for 5 minutes and then separated the phases. Washed the
organic layer with 0.5 M agq. citric acid (2 x 10 volumes, 2 x 2.8 Kg,2x2.6LL)
20 followed by deionized water (5 volumes, 1.3 Kg, 1.3L). At this point, a sample of
the organic phase can be removed and assayed by HPLC to determine the presence
" and content of the freebase form of the desired product. (Note: Typical solution
yields range from 80-84% and one can proceed assuming an 80% solution yield).
Added toluene (15 volumes, 3.44 Kg, 3.98 L) and concentrated the solution via
25  vacuum distillation until a final reactor volume of 2.2 L was obtained (this
represents 7 volumes of solvent remaining based on freebase available), The reactor
was charged with IPA (isopropyl amine) (3 volumes based on freebase available),
0.72 Kg, 0.92 L) and the reactor contents warmed to 70 °C to afford a clear solution.
To the solution, 58.4 g (2 equiv.) of HCI (g) was bubbled in slowly to precipitate the
30  desired product. The precipitate was cooled to 0 °C and held for about 1 hour. The
product was collected by suction filtration. The reaction flask was rinsed with
TBME (4 volumes, 0.90 Kg, 1.22 L) and the TBME used as a rinse to wash the filter
cake. This washing was repeated with an additional portion of TBME (4 volumes,

2
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was charged with | PA (isopropyl am ne) (3 volunes based on freebase

avail abl e), 0.72 Kg, 0.92 L) and the reactor contents warnmed to 70
[err]C to afford a clear solution. To the solution, 58.4 g (2 equivVv.)
of HC (g) WeIMéBbled in slowy to precipitate the 30 RIS 4P oduct .
The precipitate was cooled to O [err]C and held for about 1 hour. The
product was collected by suction filtration. The reaction flask was rinsed
wi th TBNEO(QGICgOiMTIBS,ThQ R8udl@as dried B 4 Jondtantlweiph i Bhcuttaedenas a rinse to

wash. the 11 Lok ey o Al TH'yid Sabidé i bEPRE ol s 7% A1 1 onal

27 ofa hght beige product mp = 179-18QBdR (e} 245§ 1827 {%Lg % WO
99/ 14196 (300 MHz, DMSO-d,) & 9.20(1H,d, J=8.2 Hz), 8.19 (1H, 4, ] = 8.4 Hz), 7.96

(F:’SI/S Eggf/ &glé?’ﬁ (2H, m), 7.71 (QH%Q) Ko (51, t%ﬁ M(zﬁzhﬁ),l?w@x?h)vm @i xﬁ)ﬂsb@ea el d of
desired prodgc l%sjaaﬁ% Tﬁﬂ@fd‘s %949121% & 5 C (@tﬁg belyge
product : $169.3, 1807.fB, 183.3 139(7%c 134.9) 131433299 4258, 1283128 2e1280H NVR

(300 Mz, Dlvsqmrma) 1be5ibs9, B 84,203 L= 8.2 He), 8.19 (1H d, I = 8.4
%Z) 77236 ( 1a n,‘gZHSAlgblbhcauons }nfﬁﬂmn)liu\(]not ﬁx?xtg b a@ﬂia%dl czf_?zp'ﬁll nsa%%f» g 43(73|(_|2H
t, J = 7.2 ) citqddn thisspecifirtiqn ae hezls inggepprated by refe[f@hﬂﬂﬂi?}'sh mdividual 7 144 8,

143. 3 139. 7, %&ﬂm&mn%ﬂe s@emﬁoaﬂy hd xﬂdiﬁdlﬂllly indftatad toba Sncdrporki28 bQ 126. 8,
126.7, 126. 5, 11.1.
publications, i nc ”é&f‘%’g‘g‘%‘h"‘?@ % | m ted to,, patents and at ent

applications 10 cit&d "ﬁdFﬁ}‘fPB“‘%‘ﬁ\é‘!ﬁ 4‘?"!9&%‘}&1“"53?@ ‘ﬁ‘é‘l‘qé?grpr fﬁ’E?Sir por at ed by
ref erence as i embaiitentsthiéreafdvakifications andiifnprioearients of the exbsireants | cal | y and

i ndi vi dual I i @é@cﬁ@&%&ﬁsé&%&eﬂ%&@%ﬂh@% of the fouo&lﬁg @lﬁxﬁBCWﬂﬂ@t&e' h as
t hough fully s

Scri di scl oses
the invention i ‘tf&*’ﬂ’d“?ﬁ’éfsé’ﬂﬁeé(admat ‘mse'% d’ﬂ?‘ﬁﬁ‘ﬁf‘g‘ %‘E ‘gﬁmegfﬁél fications
and i npr ovenendescagtionutiliesthe picsentinvention todts fidlest extenit! Yhesferglarsed herein are

Wi thin the scopguniesaitto bdonSided g Bdraly Mustradivé mtnbtalmmanoﬁummb%pel abor ation

descripti o, uft s psaRaislin Sae) Baf, theBibodiilin FURINGARBLFEER "9,

any 0a msrekusivg peopery %@“&’@r&%ﬁ%“%%ﬁ@? foloWsst rat i ve and not a
limtation on the scope of the present invention in any way. The
enbodi nents of the invention in which an 20 excl usi ve property or
privilege is clainmed are defined as foll ows.
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28 What is clained is: 1. A et hod for
preparing a conmpound of formula (1): [err]

Formula (| or a pharmaceut acceptabl e salt formthereof

wher ei n: o sanarss Ar is an op 'm lumt ed pheRGTU§HGAE? or
naphthyl or Cferr]7 10 cycloal k an optionally substi tut ed
single or fused ring heterocycllc group haV|ng aromati c character,
cont ai ni ng fr 8haGs claimedis i ng at ons and conprising up to four
hetero-atons in the or each ring sel ected fromS, O N, Ris

| i near or branched Cl1 £ . cycl oal klyl al kyl , an
optionally substi '?lut edﬁ enylfbrgJ‘ r%gpgﬁdg%*mf@?ﬁ al kyl group, an

optionally 15 substituted five- merrbered het eroaromatic ring conprising up
to four heteroatom sel ected from Ofendl N, hydroxy Cl1.6 al kyl, di [err]
al kyl am noal kyl, [err] acyl am ,C\[-e‘kfr] al koxyal kyl, C[err]

al kyl carbonyl , carboxy, [err] al Kloxycagponyl, Cerr] al koxycarbonyl
[err] al kyl, am nocarbonyl, [err R, *

Formula (I)

or a pharmaceutically acceptable salt form thereof, wherein:
Ar is an optionally substituted phenyl group, or a naphthyl or C5_7

10  cycloalkdienyl group, or an optionally substituted single or fused ring heterocyclic
group, having aromatic character, containing from 5 to 12 ring atoms and
comprising up to four hetero-atoms in the or each ring selected from §, O, N;

R is linear or branched Cy.g alkyl, C3_7 cycloalkyl, C4.7 cycloalkylalkyl, an
optionally substituted phenyl group or a phenyl C_g alkyl group, an optionally

15  substituted five-membered heteroaromatic ring comprising up to four heteroatom
selected from O and N, hydroxy Cj.g alkyl, di C1.¢ alkylaminoalkyl, Cy.¢
acylaminoalkyl, Cj_g alkoxyalkyl, C;_g alkylcarbonyl, carboxy, C1.g
alkoxycarbonyl, Cj.g alkoxycarbonyl Cy_g alkyl, aminocarbonyl, Cy.¢
alkylaminocarbonyl, di Cy.6 alkylaminocarbonyl; or is a group -(CHp)p- when

20  cyclized onto Ar, where pis 2 or 3;

R; and Ry, which may be the same or different, are¢ independently hydrogen
_or Cy.g linear or branched alkyl, or together form a -(CH2),- group in which n
represents 3, 4, or 5; or Ry together with R forms a group -(CHz)q-, in which qis 2,
3,40rS;

25 R3 and Ry, which may be the same or different, are independently hydrogen,
C1-¢ linear or branched alkyl, Cy_g alkenyl, aryl, C1_g alkoxy, hydroxy, halogen,
nitro, cyano, carboxy, carboxamido, sulphonamido, trifluoromethyl, amino, mono-
and di-C1_g alkylamino, -O(CH3),-NT2, in whichris 2,3, or 4 and T is Cy_g alkyl
or it forms a heterocyclic group
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al kyl am nocar bonyl, di [err] ﬁ_akal—am—nee&Fbeﬁyl; or is a group [err] when
20 cyclized onto Ar, where p [err] and R2, which
may be the sane or dlfferent ig i] l&'ﬂﬁ! hydr ogen or Cl [err]

| i near or bMh¥HA&déal kyl, or t rr] gr oup. PETAPASHPE3MA
represents 3, 4, or 5; or Rl together with Rforms a group [err] in which ¢
is 2, 3,4o0r5; 25 R3 and R4, which may be the sane or
different, are independently hydvogen, Vierr] linear or branched

al kyl, [err] al kenyl, aryl, [err] al koxy, hy# hal ogen, nitro,
cyano, carboxy, car boxan do 'S f‘]\Tnargrdo Ntrid jonet hyl , am no, nono-
and [err] alkylamno, [err] whith r is 3 4 and T is [errr] alkyl
or it forms a heterocyclic gr"oup(m'*?_| V7™ T(CH,)

29 [err] in which V and [err] are hydrogen and u
is 0, 1or 2 in which V{agd V}j aterhyddogentand uiis0,20r3, or 4 and Wis [err]
alkyl; hydroxyal kyl, O -Oﬁgy;]{?wﬂfchgiszahk&h%ﬂ&%@g&%laikﬂ%%r@ 91,

al kyl sul phonyl am no am no no- I I noacyl am no;
with up to foumoprgordigkyamnadky. %@lﬁ'ﬁ‘ﬁl p*?q]g' F?thmi‘yﬁ‘“mm' mi/”r‘? line

nucl eus; 5  mono-or mrallazhnum:aaylgmomm@mprtq fonhBmsubstghdngseding presenRiner r | as
aryl, in whichye 3; and [err] is branched or

e fore) S o ORI e B RS o o

hydr oxy, Radndgen, [err] al koxy or [err] alkyl, or an optionally
substituted singl e Ryis brafched érilitgar C; g mhet@rp@mhml 04 gepclodiieyliyy ar omat i ¢

character, 6on o%r%trs%&@d%az%r%wg%rmwemﬂ% oA S1 10 UP Lo
C onpri si ng: 15 halogen, C1.q 31kgxf @F frgr 621k ﬁm&o@ y f\&,squchsx(xglp 95 fused ring

heterocyclic group, having aromatic character, containing from 5 to 12 ring atoms
and comprising up to four hetero-atoms in the or each ring selected from S, O, N;

comprising:
15 1) adding a compound of formula (III):
(o} .
R; o]
N
Formula (1)

20  to base in a suitable solvent, to form a first reaction mixture, adding to the first
reaction mixture a compound of formula (II):

R /lk/ﬁa

5

Formula (II)
25
to form a second reaction mixture, and heating the second reaction mixture to form a
compound of formula (IV):

30
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Forrmula (I11) 20 to base in a suitabte sotvent;—to forma first reaction

En'li';ure, adding to the first ”mm ""l""'m[mgo?nﬁf)gp?w;j (2)1;3 forrru![g

forma second® ¥4 on ni xture, and heating shexsecond reXCTIUSH/ANL Uure to
forma compound of formula (1V):

30 [err] -Forrrula(l\/)

2) isolating the conmpound of forrmula (I oHt hen reacting the conmpound 5
of formula (1V), in a suitable solvent, with a base to forma third

reaction m xture, cooling the t ctRon m xture, and addi ng
thionyl chloride to forma fourthR eact) on m xture; 3)
addi ng a conmpound of formula (V):

Formul a (V) N" R

Formula (I1V)

2) isolating the compound of formula (IV) and then reacting the compound
5  of formula (IV), in a suitable solvent, with a base to form a third reaction mixture,
cooling the third reaction mixture, and adding thionyl chloride to form a fourth
reaction mixture;
3) adding a compound of formula (V):

[ H

N
-
A
Ri
Formula (V)

10

to the fourth reaction mixture to form a fifth reaction mixture;
4) heating the fifth reaction mixture; and
15 5) optionally converting the compound of formula (I) to a pharmaceutically
acceptable salt thereof, wherein Ar, R, Ry, Ry, R3, Rg, and Rs asused ina
compound of formulae (II) through (V1) are as defined for a compound of
formula (T).

20 - 2. The method as claimed in claim 1, wherein for the compound of
formula (I):
Ar is phenyl, optionally substituted by C;_g alkyl or halogen; thienyl or a
: Cs_7 cycloalkdienyl group;
Ris Cy.¢ alkyl, C1_g alkoxycarbonyl, C1_g alkylcarbonyl, hydroxy Cy_g
25  alkyl;
R] and Ry are each hydrogen or Cj_g alkyl;
R3 is hydrogen, hydroxy, halogen, C}_g alkoxy, Cy_g alkyl;
Ry is hydrogen, C).g alkyl, C.g alkoxy, hydroxy, amino, halogen,
aminoalkoxy, mono- or di-alkylaminoalkoxy, mono- or di-alkylaminoalkyl,
30 phthaloylalkoxy, mono- or di-alkylaminoacylamino and acylamino; and
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to the fourth reaction mxture to forma fifth reaction m xture;

4) heating the fifth reaction mx 5) optionally
converting the conpound of for ‘lm“iuﬂﬁ Hr maceutical ly
accept abl e 3¥0 99181%6r eof , wher er rr], R2, RBCTRS98/1843d [err]

as used in a corrpound of fornul ae (II) through (VI) are as defined for
a conpound of formul a (I) 20 The nmethod as clained in

claim1l, wherein fog fa (I): Ar is
phenyl, optionally s%%?ﬁén ute xéi!'”‘[?epr}m-flanfi {ZH% hal ogen; thienyl or a
[err] cycIoaI kdi enyl group; Ris [err] 6 [err] [err] 6

al koxycarbonyl, [er3] 6Th¢ hsthedasislaindd in blgidr 2 xheferyfpd the sompoghdef] ;

[err] and R2 arfﬁmgﬁqb hydrogen or (Jerr] al kyl; R3 is hydrogen,
hydr oxy, halsogen i Eegl koxy, [err] alkyl; R4 i s hydrogen,
[err] [err] "al kyl, i’ er | 1]‘ érr] al koxy, hydroxy, am no, hal ogen,

am noal koxy, mono- Biseiyhal kyl ani noal koxy, nono- or di-al kyl am noal kyl, 30
pht hal oyl al koxy, nNORPand® afb eaétl H¥ttoged; noacyl am no and acyl am no; and

31 : r] i's phenyl, thienyl, furyl, pynyl and

t hi azol yl . R?’lShy‘ng%E The method as clained in claim 2, wherein for
t he conpound of m?&?%ﬁﬂya“(:ll) 5 Ar is phenyl; Ris
et hyl ; 10 Reisphdnglc r] and [err] 2 are each hydrogen;

[err] is hydrogen; [err] IS hydroxy, and 10 [err] is

phenyl . 0 n

(-)-(S)-N-(a-ethyl b nzyl'a‘)mﬁé%r}%r% {)" %h W}S/l‘fafynn SPYRRYZ car boxani de
conpri si ng: phenylquinoline fycarboxamidexprprisipgir oxy- 2- phenyl qui nol i ne4- car boxylic
acid, in a suitabl er)lactifgalayamiy-2\WhédyiduinoBidWibarboXy Radid) i Déuitatile f i 1 St

SRR T A (T — R R

t hi onyl chlor con

6, 14, 22, 30- Tet maﬁh@rryﬂ%nzsmgnﬂswmtaMHém@mmm@ cempnsens 10, 1
1-c] err] 14, 15+6,14,22,30-T}ttaphenglol S0l 3teteaoRalibtadedind} 2 3 e, 16,1 bot14AShy |

3- acet oxy- 2- ph% uq ifbihé- 896,91 32—tetrone%gd BRYY- Refoxy-3 hen |quumolme-g) addi ng

(S)-I-phenyl %59\& mne to the seco reaction m etoforma
third reaction® Yt% conpri si ng
(-)-(S) - N (Per r] t - eVlagding(5>Jiphengl propjiamipe 12-the second reaction mixture to form a
phenyl qui nol i nenifltretidinsanitetompadng SHSPNRoMbefizyl)-3-hydroxy-2-
phenylquinoline-4-carboxamide and (S)-2-Phenyl-4-
[{(1-phenylpropyl)aminojcarbonyl}-3-quinolinyl-3-hydroxy-2-phenyl-4-quinoline-
carboxylate;
25 3) heating the third reaction mixture; and
4) optionally converting (-)-(S)-N-(a-ethylbenzyl)-3-hydroxy-2-
phenylquinoline-4-carboxamide to a pharmaceutically acceptable salt.

, 5. A compound of formula (VII);
30

N Ar

Formula (VI)
wherein:
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[[((-phenyl propyl)am no] CaI‘_DQ_D_)LL_)_S_q.U.LD.O.LLD.}Ll 3- hydr oxy- 2- phenyl - 4- qui nol i

ne- car boxyl at e; the third reaction m xture;
and 4) optlonall ! i
(-)-(S)-N (‘f*’@ﬂ?l}ﬂ%ﬁt hyl benzyl ;HI I‘u ﬂgl II PCT/US98/19434

phenyl qui ol i ne- 4-car boxam de to a phar ITB.CEUtI cally acceptable salt.
5. A compound of fornmula (VI1): 30 [err]
Formula (VII) Ar W lbptidhally substituted phenyl group, or a naphthyl or Cs. 32

A 1S an Pt oaBblidiybabl bl SboABRAY bR sn O oFBaRil § oy ed errl.

cycl oal kdi enyl "group st ngre or used ring
het erocyclic W“Pg?%a’%i‘ﬁ&’%?bﬁ&?‘?@“&ﬁﬁ?éé?é?nn%?ﬁ%ﬁnﬁl ng from5 to 12
ri ng at ons anccomprisimguptn feur heferoatans i the or dach sngxelzttedrfom S, O, and each ring
selected fromsS, Og ?%hg%gixgcl51mearoR§rahe‘ﬁe&‘Mﬁ§lc©F@alk&@I fafyl, lcl ar or

branched al kyl oxy, hal ogen,

nitro, cyano, %}%Fg‘ bm Flﬂﬁﬁ?a’m’&c‘fyx@u‘fabﬁr r]éﬁﬁbﬂ’ﬁ‘““& su %P?‘Pﬁ?}or onet hyl ,

am no, nono- ariflujremethyl Gurhd yoaeriand di-C 0 @kiglpfinor (CHD-NTp, intwhich rr is
2, 3, or 4 ands3 3,8 £zhd@ iak glald! orl it fobrf I Retefoch@ic@tdipy Cl i C gr oup [err]
10 in which V and Vi are ydrogen andyu is 0, 1 or 2;
[err] in which s is 2,3, or 4 a Wis [err]phl kyl; hydroxyal kyl ,
nmono-or di -al kyl am noal kyl, agy i no, al kbq yl am no, am noacyl anm no,
nono- or di-al kyl am noacyl am%~C i th Qip t substituents being
present in t he qui nol i ney \A ang CH [err] is OH or OAc.
6. The conmpound of formula ( accordl ng claim5, which is

10 in which V and V1 arehydrogcn anduis0,1o0r2;

-O(CHj);-OW3 in which s is 2, 3, or 4 and W is Cy_g alkyl; hydroxyalkyl,
mono-or di-alkylaminoalkyl, acylamino, alkylsulphonylamino, aminoacylamino,
mono- or di-alkylaminoacylamino; with up to four R3 substituents being present in
the quinoline nucleus; and

15 R’4 is OH or OAc.

6. The compound of formula (VID) according to claim 5, which is

20 7. A compound of formula (VIII):
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[err] 20 7. A corpound—of formila (M11):

wher ei n: Ar and R3 armmﬂuﬂ“uﬂﬂﬂluml a conpoE(rz(rjm(;:‘ af (()ylmljll; ()
* c L S

as cl ai mredwiorp93418¢ ai m 1; and 3. PCT/US98/1®34 The
method as clained in claim1, wherein the conpound of formula (1) is
[err] 10 carboxam de.

Formula (VIIT)

wherein:
Ar and Ry are as defined for a compound of formula (I) as claimed in
5 claimI; and
nisior3.

8. The method as claimed in claim 1, wherein the compound of
formula (0) is (-)-(S)-N-(c-ethylbenzyl)-3-hydroxy-2-phenylquinoline-4-
10 carboxamide.

9, A compound which is (-)-(S)-N-(o-ethylbenzyl)-3-hydroxy-2-
phenylquinoline-4-carboxamide, hydrochloride salt.

15 10. A method for preparing a compound of formula (Ia):

R, ,"B

l _~Ar

N—C

Z R,
Ry X [ (1)
N Ar
wherein:

20 Ar is an optionally substituted phenyl group, or a naphthyl or C5_7

cycloalkdienyl group, or an optionally substituted single or fused ring heterocyclic
group, having aromatic character, containing from S to 12 ring atoms and
comprising up to four hetero-atoms in the or each ring selected from S, O, N;
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9. &% A conpoeund which i s Fer++———pnenyl qui nol i ne- 4car boxam de,

hydr ochl ori

f or mul auéégizﬂ::t gr[err] H“‘“H“‘“““Q“Mﬂ“ % prep‘g\;l Ing chgg{o?gﬂgl F{/

substi t

oup, or *a hapht Myl Sor* [err] [ er PGT/USIUIL | al kdi enyl

group, or an optionally substituted single or fused ring heterocyclic

group, havi

conprisng up to RislineahertbganchedtQngalkyl, €dap cysioalkaks B4+7 aygloalkyladkylest from S, O

34
cycl oal kyl,
group or a
five-menber
sel ect edsfr
[err] 5

ng aromatic character, containing from5 to 12 ring atons and

o uonally subs?tuteii dn§l %{b\ﬁﬁﬁra pﬁénybﬁﬁ@@ik?%r&@ id op bKt%ﬂyi E e(rjr] h |
a stitute en
48 A e i B, 1
gedpcts fféméh@ﬂé%il}’@’?}' g6 albytptiiGeigrksilamipenlieyd F1-61et er oat om
ﬁuylaenra:amyll\c Bmm&ym{yﬁrcﬁrboﬂl €y lg alkdiychbbiiyl, ©; gl kyl am noal kyl ,

al koxycar bo@y@a@oﬁ@% [“%<m% ﬁr%ﬁy?ﬂﬁmﬁiﬁfﬁm nocar bonyl ,

[err] 6 alk

[err] when
hydr ogen or

H“H%?P%rﬁﬂ‘sa&i?“?[éq 2)p- When cygliged $4° or is a group
gyclized onto Ar, where pis 2 or 3; R2 is

[ermg, ik EnG}rC bgm&%rﬁgwl fAggh 10 - R3 and R4, which

Thear 80 br ancRaanReyie [raaefa»?rﬂ%skrﬁ%?rpcﬁﬁ%%ﬁiar%@v?{d%ﬁﬁ%m%[yﬁiL]xyF !

hal ogen,

C)gilingapor hxgram alkyh i(Ch epatkenylaariplo Caugiatkoxy, dmifirpkio halngedo,

trifl uororreinbul m@mafwxy,m&:mdo swn&ﬁaa]mﬁm?&mﬁmmb@&r] in whichr

is 2,3, or

15

20

andad? 61 6 ah&lain‘xenrof ]O(éhkzx-NTz, in which rtls 5 %r T4 fd I'}exs Er Ocz&y{ ' ¢ group

or it forms a heterocyclic group
v, v,

v (CH2L \' (CH,

in which V and Vy are hydrogen anduis 0, 1 or 2;

-O(CHp)s-OW3 in which s is 2, 3, or 4 and W is Cy_g alkyl; hydroxyalkyl,
mono-or di-alkylaminoalkyl, acylamino, alkylsulphonylamino, aminoacylamino,
mono- or di-alkylaminoacylamino; with up to four R3 substituents being present in
the quinoline nucleus;
comprising:

1) adding a compound of formula (III):

o
R o)
N

Formula (1IT)
to base in a suitable solvent, to form a first reaction mixture, adding to the first
reaction mixture a compound of formula (Ila):

R
Ar/l‘k/ 4
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— - e S T T I T ST UE TR \
e [err] in whi ch V and [ et¥7> &¥@D N
hydrogen and u is 0, 1 or 2; [err] in which s is g3, Or 4 and W "4

is [err] alkyl; hydroxyal kyl, nono- or di -al kyl am noal acyl am no,
al kyl sul phonyl am noawbmmLmaTUALPRopmﬂmemxﬂhoﬂl - al kyl'"g@gPoacyl am no;
with up to fou?GR'gbsubstltuents be™ B EEBNt in 20 the quinoline nucl eus;
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